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Pl System Basics

1. Pl System Basics

1.1 Whatis a Pl System?

Objectives

¢ Define the components of a Pl System.
e Draw a diagram of the architecture of a Pl System.

1.1.1 The PI System described

The Pl System collects, stores, and manages data from your plant or process. Your
data sources connect to one or more Pl Interface nodes. The Pl Interface nodes
collect data from your data sources and store into the Pl Data Archive.

Asset Framework (AF) organizes and enhances the data. Users consume the data
by the use of a tool of the PI Visualization Suite (PVS) such as PI Vision.

The following is a diagram of the components of a simple Pl System:

Pl Server Data
consumer
Data
Source —o— PI Visualization Tool
Asset Framework
(@ Pl Interface —— @
Data Archive
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Building PI System Assets and Analytics with Pl AF

1.1.2 Pl System Components

In a more detail, the following components constitute the Pl Server:

Data Archive

The PI Data Archive is a component of the Pl
Server that provides efficient storage and archiving
of time series data enabling high performance data
retrieval by client software.

Note: Traditionally, the Pl Data Archive was referred to as the
"Pl Server”.

Pl Server

Asset Framework

Pl Asset Framework (Pl AF) is a single repository

Data for asset-centric models, hierarchies, objects, and
Archive equipment. It integrates, contextualizes, refines,
(‘ references, and further analyzes data from multiple
sources, including one or more Pl Data Archives
and non-Pl sources such as external relational
Asset . databases.
Framework <=
Asset Analytics
Asse-_t A feature of Pl Asset Framework (Pl AF) used to
Analytics  {} create and manage analyses. Analyses read values
of Pl AF attributes, perform calculations, and write
Event Frames results to other attributes or create event frames.

=

Event Frames

Event Frames help to capture, track, compare, or
analyze important process or business events and
their related data for a repeatable period of time.
Event frames represent occurrences in your process
that you want to know about, such as asset
downtime, process excursions, equipment startup or
shutdown, environmental excursions, product
tracking batches, product runs, or operator shifts.

Notifications

Notifications

The Pl System can send notifications to users or
systems when key events occur. You set conditions
that define these events and specify notifications for
them, including recipients and actions to take, such
as what to do when a recipient is unavailable. In
operation, the Pl System detects the events you
specified and automatically generates and sends
out notifications for them.

e (@ osi:..
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1.1.3 Machine Friendly and Human Friendly Side in the PI System

1

1
| ore i Machine Friendly Side:

Pl Server e PlInterfaces and Connectors
Q e Pl Data Archive
Data Pl A
Framesvsv:)trk o Pl Tag

P294H.FI.PV I ' ;
P294H.PR.PV | !
P294H.STAT !
P294H.TP.PV !
..... :

1

1

Machine Friendly :]

Pl Interfaces and Connectors

Pl Interfaces collect data from external data sources, providing real-time, fault-
tolerant data to the Pl System.

P1 Connectors are similar to Pl Interfaces. They collect data from sensors and control
systems. Different to interfaces, they also automatically create a Pl Asset Framework
(AF) model for your asset. (In that regard, also belong to the human friendly side)

Pl Tag

A unique storage point for data in the Pl System. It is simply a single point of
measurement. A point represents a single named stream of data coming from an
instrument, device or sensor (-> time-series data).

Note: A Pl tag is the same as a PI Point.

( | oSl ) Page 3
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‘The pump is down -
what’s happening?’

|
1 - p . .
\ @‘ : ‘Z Human Friendly Side:
! < Home
Pl Server < Coporate . Pl Asset Framework
G| = -
7 @ Purpt . Assets and Attributes
Data Asset () Fump2 . . .
Archive \Frameworly ——— o Visualization Tools
.
1 Pump1
: E= Flow Rate
1 E=| Pressure
| Cl
1 = status
: = Temperature
1
1
i Human Friendly :)
ﬁ Assets Elernents
= & Elements
In AF, the equipment and processes that you want to monitor B (F Corporake
are called assets. An asset represents a logical or physical B 3 Pump Raom
component of a process. Example assets include company I & Pumpl

locations, sites, and pieces of equipment.

. . i IR R P ]
Assets are configured in AF as elements. The AF representation B R?act;m ,_pia"

of all your assets and processes together is called anasset || | .  Reactorl
model, which is a hierarchical structure. ~—§ ¢+ i G Reactorz

------ (! Reactor3
------ (! Reactord

=l ‘:? Attributes

An attribute represents a unigue property associated with an asset.

Elements
=) 5 Elements
B (F Corparate
Bl [ Purmp Raam 2t 8 &R Name 2 Yalue Data Reference
L] =1 adHoc Pressure Trend http:ffpisup201 5/ coresight#/ /displavs/AdHoc?D...  URI Buider
L] =1 Electrical Current 14 Farrnula
B P FlowRate 193.07056 mi3fh P Paint
- (1 Reackor2
- 6 Reactor3 = =1 Manufacturer Superflux Lkd, <Mone
- (3 Reactord = =1 Nominal Pawer 220w Table Laokup
Elements = &F Pressure 2 psi PI Paoint
= =] Pump Lacation Pump Room String Builder
] & Status Active PI Paint
= <7 Temperature 59,5013 *C PI Point

Attributes for Pump1

Attributes can hold simple values representing fixed information such as the
manufacturer of a pump. Attributes can also reference a PI point, a formula, a value
from a relational database or internal AF table, and other information.

g (@ osi:..
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1.1.4 Architecture of a Typical Pl System

Sometimes the architecture can be very simple. Some customers have as few as
one or two PI Interfaces feeding data to a Data Archive from which the data can be
consumed by various applications. The following is an example of a fully developed
Pl System, which includes most of the widely used OSlsoft products.

Pl System //-\
Network Devices — — — — -
IT Monitor { \ T CMMS
P N )
- Pl I Q ERP
I ~ =
P N S | 3 ~
ToCess D,
Controls I § ° -"’/ sat
DCS /PLC S I R )
S AR l Pl Data Archive L ~
P b v
A e e e et S ] 6‘
Relational \‘\* ;
Database ° o
Thin Client
~
450+ Interfaces l l B S P1 Web Services
//'/\\ (Fadover) - P! Coresight
WML RS | X
e | |
Connect NS L
f MS SharePoint
I P1 AF Server l ‘\\ - Pl WebParts
° - P1Datalink Server
- N i S
Test/
Flat Files
P! Visuakzaton
S < Sutte; PB Viewer
P R N o«
A Manual Logger o SN %
‘\\ —
A Pl ACE l\' x
S
Process Control Demilitarized Zone
Data Sources Corporate LAN Internet
Network (PCN) (DMZ) P
- — — —

In the diagram above, two Pl Data Archive computers are shown to represent a Pl
Data Archive collective. A collective is a configuration of multiple servers that act
as a logical Pl Data Archive server in your Pl System to provide high availability
(HA), disaster recovery, load distribution, and increased scalability. A collective
consists of one primary server and one or more secondary servers.

For information on high availability options for Pl Asset Framework refer to KB
article: KB00634 - High Availability (HA) options for Pl Asset Framework (Pl AF)

Note: In computer security, a demilitarized zone, named after the military usage of the term and
normally abbreviated to DMZ; also known as a Data Management Zone or Demarcation Zone or
Perimeter Network, is a physical or logical subnetwork that contains and exposes an
organization's external services to a larger, untrusted network, usually the Internet. The purpose
of a DMZ is to add an additional layer of security to an organization's Local Area Network (LAN);
an external attacker only has access to equipment in the DMZ, rather than the whole of the
network. [Reference: http://en.wikipedia.org]
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1.2 The Basic Building Blocks in the Pl System

Z

Point Assets

1.2.1 Point Properties

Data Archive points have a set of properties that define them (these properties are
called attributes of the tag). Some common properties are defined in the following
paragraphs.

Point Name

This is the unigue name used to create points for storage in the Data Archive.
Examples: P294H.FI.PV, M03_E1P1_MOTDRV1202_RUNSTAT

Descriptor

This is the human-friendly description of the Data Archive point. The descriptor is
often a search criterion since the point name is not always intuitive. Often the point
name is some sort of abbreviated convention and the descriptor captures the “full
name.”

Point source

Points can be related to their interfaces that collect the data by a point attribute
called pointsource. Grouping by point source allows all of points associated with a
particular device to be identified by searching for all points of a certain point source.
This assumes that the user knows the point sources in use and that will not be true in
some situations.

Point type

This is the attribute that specifies the data type for the values that a point stores. The
possible point types are:

intl6, int32, float16, float32, float64, digital, string, BLOB, timestamp

s (@ osi:..
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1.2.2 Attribute Data Reference Types

Attributes represent a unique property associated with an asset. The Data Reference
Type of an attribute defines from where to get the data for the attribute. The following
Data Reference Types exist:

e & Pl Point

e ©¥ P| Point Array
e =l Formula

e =l Table Lookup
e =1 String Builder
e =1 URI Builder

Note: <none> means there is a static value for this attribute.

Data Reference Types (Setting Examples)

=IR=lilgid \\MyPIDataArchiveServer\sinusoid

\\MyPIDataArchiveServer\Point.1
|Point.2|Point.3

SELECT Density FROM [Material
Specifications] WHERE MateriallD =
@Product

"%Attribute% value is*

Builder

elinaPIEW D=Density;V=Volume;[D*V]

U R| https://MyDataServer.int:443/Coresight/#/displays
. /{AdHoc?Dataltems=\\pisrv1\Tanks\Tank1|Level
2106 =1 &Mode=Kiosk

(‘ OSl:=ofi. Page 7
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1.2.3 Directed Activity — Assets Defined: Data Reference Types

You are invited to watch what the instructor is doing or perform the
same steps at the same time to explore the different concepts
presented in this chapter or section.

Problem Description

Identify the type of attribute data references in the AF Server.

Elernents
= 5 Elements
Bl (J Corporake
& @ Pump Room # ¢ 8 &8 Name £ Yalue Diata Reference
¢ - [ Pumpl
i () Pump2 =1 adHoc Pressure Trend hktp: fipisup201 5 caresight) # idisplawsfadboc?D, . | URI Builder
[ - 0 Pump3 =] Eleckrical Current 1A Farmula
B (J Reactor Hal
i [J Reactorl EO’ Flow Rate 193.07056 m3fh PI Paint
- (J Reactorz
. Reactors = =| Manufacturer Superflux Led, <Mone=
-~ @ Reactord = =1 Mominal Power 220 W Table Lookup
Elements = &F Pressure 2 psi PI Paint
= =| Pump Location Pump F.oom String Builder
] &F Status Active PI Paint
= G” Temperature 59,8013 *C PI Poinkt
Attributes for Pump1
Questions

Identify the corresponding Data Reference Type of the following attributes:

1. Nominal Power: There is a list with the nominal pressures for all the pumps
in the pump room and information can be read out of that list.

2. Flow Rate: receives actual measurements from the data source. There is a
related tag in the Pl Data Archive.

- @@ ost
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3. Pump Location: Specifies the location of the pump. The location
corresponds to the name of the parent element.

4. Electrical Current: maximum amperage of a pump. The electrical current of
a pump is calculated from the nominal power of the pump and the voltage
(220 V).

5. Manufacturer: brand of the pump. This information never changes.

6. AdHoc Pressure trend: link to PI Vision with parameters to specify the
element and the attribute and the start and end time for the trend.

( | oSl ) Page 9
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1.3 Time and the Pl System

Objectives

(DST).

Define the time abbreviations in the Pl System.
Define the time expressions in the Pl System.

Introduction to Future Data.
Explain how the Pl System handles times zones and daylight savings time

You can use a special syntax, called Pl System time, when specifying inputs for
timestamps and time intervals. The Pl System time uses specific abbreviations,
which you combine to create time expressions.

1.3.1 PI System Time Abbreviations

When specifying a Pl System time, you can use specific abbreviations that represent
time units and reference times.

Abbreviation Time-unit
s second
m minute
h hour
d day
w week
mo month
y year

To specify time units, you can specify the abbreviation, the full time unit, or the plural
version of the time unit, such as s, second, or seconds. You must include a valid
value with any time unit. If specifying seconds, minutes, or hours, you can specify a
fractional value. You cannot specify fractional values for other time units.

Abbreviation Full Reference-time
* Current time.
t(orT) today 00:00:00 (midnight) of the current day
y (orY) yesterday 00:00:00 (midnight) of the previous day

Page 10
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Abbreviation Full Reference-time

sun Sunday 00:00:00 (midnight) on the most recent Sunday
mon Monday 00:00:00 (midnight) on the most recent Monday

tue Tuesday 00:00:00 (midnight) on the most recent Tuesday
wed Wednesday 00:00:00 (midnight) on the most recent Wednesday
thu Thursday 00:00:00 (midnight) on the most recent Thursday
fri Friday 00:00:00 (midnight) on the most recent Friday

sat Saturday 00:00:00 (midnight) on the most recent Saturday

1.3.2 PI System Time Expressions

The Pl System time expressions can include a reference-time and a time offset,
indicated by a direction (either + or -) and a time unit with a value. Pl System time
expressions might include:

o Only areference time, such as “y
¢ Only atime offset, such as “+3h”
e Areference-time with a time offset, such as “y+3h”

A reference-time can be a fixed time, such as “24-aug-2012 09:50:00”, or a valid
reference-time abbreviation, such as “t”.

You can only include one time offset in an expression. Including multiple offsets can
lead to unpredictable results. For example, the following time expressions are not

valid:
"l tIReCh

1.3.3 Timestamp Specification

To specify inputs for timestamps, you can enter time expressions that contain:
Fixed times

A fixed time always represents the same time, regardless of the field or the current
time.

Input Meaning
23-aug-12 15:00:00 3:00 p.m. on August 23, 2012
25-sep-12 00:00:00 (midnight) on September 25, 2012

(‘% OS' ) Page 11
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Reference-time Abbreviations
A reference-time abbreviation represents a time relative to the current time.

Input Meaning

* Current time (now)

3-lor3/1 00:00:00 (midnight) on March 1 of the current year

2011 00:00:00 (midnight) on the current month and day in the
year 2011

25 00:00:00 (midnight) on the 25™ of the current month

t 00:00:00 on the current date (today)

y 00:00:00 on the previous date (yesterday)

tue 00:00:00 on the most recent Tuesday

Reference-time Abbreviations or Fixed Times with a Time Offset

When included with a fixed time or a reference-time abbreviation, a time offset adds
or subtracts from the specified time.

Input Meaning

*-1h One hour ago

t+8h 08:00:00 (8:00 a.m.) today

y-8h 16:00:00 (4:00 p.m.) the day before yesterday
mon+14.5h 14:30:00 (2:30 p.m.) most recent Monday
sat-1m 23:59:00 (11:59 p.m.) last Friday

Time Offsets

Entered alone in a time field, time offsets specify a time relative to an implied
reference-time. The implied reference-time depends on the field where you enter the
expression:

e For a start time, the reference-time is the current clock time.
e For an end time, the reference-time is the start time.
¢ For a single time stamp, the reference-time is the current clock time.

Time field Input Meaning

Start time -1d One day before the current clock time (24
hours before the current clock time)

End time +6h Six hours after the start time

End time -30m 30 minutes before the start time

Time stamp -15s 15 seconds before the current clock time

Page 12 (‘s OSI ®
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1.3.4 Future Data

Future data is data associated with a future time stamp. Data Archive 2015 allows
storage and retrieval of data with time stamps beyond current time, allowing you to
store data within a time range of January, 1970 through January, 2038. With Data
Archive 2015 you can capture and analyze data with future time stamps, and use PI
visualization tools to graphically create possible forecasts or predictions for your
business.

Just as with historical data, to specify inputs for timestamps, you can enter time
expressions previous discussed fixed time, reference times, and reference-time
abbreviations or fixed times with a time offset. The difference being the timestamp
will be in the future. Some example expressions are:

Input Meaning

*+1h An hour from now

t+3d Three days from today at midnight
Y+1ly A year from yesterday

1.3.5 How Does the PI System Adjust for Time Zones and DST?

The short answer is: we do not!

When we collect data, we convert it to UTC (Universal Coordinated Time), or what
used to be called Greenwich Mean Time (GMT). This means that each day has
exactly 24 hours. The local machine clock of the user looking at the data makes any
adjustments for time, such as time zone or DST.

If your region observes DST, once a year the day will look like it has 23 hours and
another 25, but the PI Server never knows anything other than 24-hour days.

In addition, because the clients and Pl Server know what time zone they are in, the
data can be viewed with respect to the server time or the client time. This is
determined by a setting in the client tool.

( ) OSlI=0ft. Page 13
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1.3.6 Exercise — Pl System Times

This solo or group activity is designed to maximize learning in a specific
topic area. Your instructor will have instructions, and will coach you if you
need assistance during the activity.

Problem Description

Determine the “real” dates and times indicated by the Pl System times in the table
below:
(assume now: Tuesday, 20-May-2014 10:12:23 AM)

Abbreviation Answer
*-30m

T-1d

y + 8h

12 8:
Tuesday — 2d

Express the following times in valid Pl System time abbreviations:

Abbreviation Answer
Today at 6:30 AM
Monday at 5:45 am

12 hours ago

The first day this
month

Tomorrow at 7:00 AM

2 hours from now

Page 14 (‘s OSI ®



Introducing Asset Framework

2.Introducing Asset Framework

2.1 Pl AF Server

2.1.1 AF Server Installation and Software Requirements

In a production environment, the AF Server component is typically installed on a
dedicated Windows server machine.

For the database management the AF Server is using a Microsoft SQL Server,
which has to be defined during the AF server installation. The default name of the
SQL database used for AF is PIFD.

The client program for AF is Pl System Explorer (PSE), which is used to configure
and maintain the asset structure.

AF Server is compatible with several SQL Server versions (SQL Server 2008 or
later; for a complete list refer to AF Server software requirements). The Pl AF server
works with 32-bit or 64-bit SQL Server versions.

Several SQL Server editions are supported: Express, Standard, Business
Intelligence, Enterprise, Datacenter. The Express version is free of charge, but has
several limitations. Depending on your AF asset structure size and the AF functions
you are using (such as audit trail functionality), the Express version may not be
sufficient. Refer to related OSlsoft Hardware System Sizing recommendations.

The SQL Server can reside on the same machine as the AF Server or on another
machine. It is possible to use an existing SQL Server that is also used for other
applications.

SQL Server Requirements for Pl AF High Availability

To take advantage of the Pl AF High Availability (HA Collective) feature, the primary
collective member must run SQL Server Standard Edition, SQL Server Business
Intelligence, SQL Server Enterprise Edition, or SQL Server Datacenter Edition. SQL
Server does not need to reside on the same machine as Pl AF Server.

SQL Server Requirements for Pl AF Audit Trail Functionality

The Pl AF Audit Trail feature requires SQL Server Enterprise edition for supported
SQL Server versions of SQL Server 2014 and earlier.

The Pl AF Audit Trail feature is also supported in:

e SQL Server 2016 (Windows Update or Microsoft KB 3164398 required)
e SQL Server 2016 SP1 Enterprise or Standard Editions
e SQL Server 2017 Enterprise or Standard Editions (Windows Version Only)

For complete information about the system requirements for the AF Server, refer to
the AF Server software requirements.

( ) OSlI=0ft. Page 15
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2.1.2 Asset Framework Key Features

Asset Framework provides an additional data layer in the Pl System. It is based on
an asset model of your plant that is defined by the customer. The model consists of
elements and attributes.

The model organizes and structures the data according to &b gements

() PaperCo

objects that customers are most familiar with, such as TR & it
physical objects in their processes like reactors, | | O sleaching
i [=- (J) Papermaking Machines

transformers and meters. L] 8 e

. . . [ b @ MTLPM2
Since the AF asset model can span PI Data Archives, it | B~ 6 Recydled Pulp Process
allows customers to organize and search for Pl System ;“P;ef‘;fa’:hfn“l‘;?“’c“s
information across multiple PI Data Archives. b @ Seattie Mill

The basis for the asset model is an Element, which contains Attributes that can
reference Pl System data, design data or data from other systems:

|Elements| | | MTL:PM1
& Elements \/ General | Child Elementsl Attributes IPorts | Analyses | Notification Rules l Version‘
= ) PaperCo M
= ) Montreal Mmill ’
] Filter -\/-
i () Bleaching
—i~ () Papermaking Machines Z ¢ B & R Name 4| Value
- @ MTL:PML @ @ | BassWeight 51.95576 b
[ [ @ Profile - p-
! e ) MTL:PM2 <% Broke Cost 93.75 8%
- () Recycled Pulp Process o <7 Broke Flow 228.65 ft/m
- @ Virgin Pulp Process R| =1 Chidren Element Attribute 71
- () Paper Machines
(- () Seattle Mill | = Grade RECYCLE3
£ Element Searches = <7 Grdindex 5
[ 23 Attribute Search 1 B - ¥ Gross Tons 84 tpd
= = ID MTL:PM1
m «% Machine Avaiabilty Avaiable

AF Event frames allow users to associate or bookmark events, which occur over a
time span with those assets.

Asset Analytics provides real time calculation engine that allows users to configure,
schedule and run calculations written using Performance Equation syntax acting on
their AF attributes. Calculation results can be stored as time series data in P1 Points
or create event frames, notifications can automatically be sent out for them if
needed.

Client applications including but not limited to, Pl Vision, P1 DataLink, PI
ProcessBook and PI Integrators can utilize the asset models to provide context
driven displays, reports and analyses.

Page 16 (‘s OSI ®



Introducing Asset Framework

2.2 Pl System Explorer Components

2.2.1 Directed Activity — Familiarize with the Pl System Explorer Components

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Problem Description

You may follow along as your instructor shows and explains the Pl System Explorer
components and their general use.

Approach

Click on the PI System Explorer icon O in the task bar to start the program.

Note: the very first start of Pl System Explorer can take some time. In the beginning, no dialog
box is displayed. Subsequent starts will be much faster.

Browser Menu Bar Toolbar Palette

jelocil y Terminals - PT System Ev- urer (Administrator)

@ostabse [Touedoae - © @ Oeack H, Chockin %) « &JRefresh | (3 New Element + P~
Elements Terkol =
& Benncts General | Chid Biments  Attributes | ports | Anslyses | Notification Rues | Version | P
B O Velocky Torminsls Gopby: ¥ category [ Tempiate || Formuds
D Thvsions 5+ AP1point
@ O Ostrbuion 2 ===
B B Receiving @] Description: |
& g ‘;a:-{:iyey Broperties: [configuration Irem =] || waratie Loohe
o I Categuries: [ @ || Gk
& Tavoz [osoen
8 a0y N R vln
& Tanos Ve Te:  [ooube
8- @ Sydoey @8 e 78.35092163085%4 % o
v 0000 Us
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Navigator Panel

Pl System objects are grouped into sections displayed in the Navigator Panel.
Groups appearing by default include Elements, Event Frames, Library, and Unit of
Measure and Management.

Menu Bar / Toolbar

Use these options for such tasks as opening/creating a database, searching for
elements or contacts, applying and checking in changes, setting view options, and so
forth. Menus and the Toolbar are context sensitive and will present different options
depending on what section is selected from the Navigator Panel.

Browser

Use the Browser to select the objects you want to work on and display in the Viewer
panel. The Browser displays the Pl System objects that have been added to the AF
database, such as elements, templates, notifications, etc. Depending on the section
selected from the Navigator Panel, the following will be available from the Browser:

o Elements: Elements represent either physical or logical entities in your
process. They can be organized in several hierarchies. An element can be
created from a template or created from scratch. When based on a template,
the element derives its initial attribute configurations from the template. Later
modifications to the template will propagate to all elements based on said
template.

o Event Frames: An event frame is any event, defined by a start time, an end
time, and a context. Event frames also have attributes containing supporting
data. Event Frames can represent downtime events, process and
environmental excursions, material transfer events, equipment maintenance
events, batch processing steps, safety incidents, and any other events
important to your organization. A transfer is a special type of event frame that
marks the movement of material in discrete quantities.

e Library: This is a collection of objects that can be re-used throughout the AF
hierarchy. Types of objects that appear in the Library include Categories,
Element Templates, Enumeration Sets, Reference Types, and Tables.

e Units of Measure (UOM): The UOM database provides automatic handling
of simple conversions between units of measure for attributes of the same
UOM class. A UOM class is defined by the fundamental dimensions of its
measurement. Examples of UOM classes are Mass, Volume, and Density.
The UOM database comes preloaded with numerous standard unit-of-
measure classes and conversion factors. You can extend these classes by
adding new units of measure, as well as new measurement classes. The
implementation of UOM is based on the International System of Units (SI).

e Management: This section provides a summary of all analyses and
notification rules configured on the current AF database. It allows you to
perform administrative tasks like starting, stopping and backfilling.

5
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Viewer

This is the primary work area. Use it to create and edit elements, attributes,
templates, tables, contacts, notifications, analyses, and so forth. When configuring
attributes through the Viewer, the Configuration Panel comes into view allowing you
to make configuration changes.

Configuration Panel

The configuration panel is used to configure properties associated with attributes.
These properties include categories, attribute references, units, data types, and
values for static attributes.

Palette

The Palette displays templates, data references and contacts that can be associated
with objects being defining in the Viewer. Often the Palette is hidden to optimize
screen real estate.

Status Bar

Check the status bar after clicking an item in the Browser to see its status. For
example, last modification time, if the object is checked out or if a notification is
currently loading.
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2.3 Connecting to a Pl System

Objectives

Describe the different ways we can connect to a Pl System.
Connect to an AF Server.

Examine your connected credentials.

Connect to a Data Archive.

Create a new connection to a Data Archive.

2.3.1 What Do We Connect for Data?

During this class, the Pl System data will be retrieved mainly using PSE. A
connection to an AF Server will be needed to access all the metadata related to your
assets while a connection to the Data Archive will be required to access the process
data from the Data Archive points.

2.3.2 Connecting to a AF Server

To connect to the AF Server simply open PSE. The default AF Server was set during
installation, so you will be automatically connected to it. If a default AF database has
already been defined, PSE will automatically connect to it as well. If no default AF
database has been defined, a window will pop up and you will be invited to create a
new AF database.

It is possible to see which AF server the user is connected to by selecting the

@postsbsse pytton on the toolbar. The Select Database dialog box will show the current
server name in the top drop-down “AF Server” list.

Select Database X
aﬂew Database X Delete Database 3 Database Properties (5] Edit Security
_— -
Asset §erverl|w PISRVO1 ~ |m l‘
Databases:
Filter R
Mame Degcription Last Modified
@ABC Mining Company P1 AF Class Edition - Version 2016 3/29/2019 7:22:47 AM
@aF starup PI AF class 3/28/2019 3:29:09 PM
@Cmﬁguraton A store for configuration data. 3/29/2019 7:33: 10 AM
@Damo P1 AF Class - demo showcase 3/27/2012 3:54:44 FM
@PI Big Tires Co. P1 AF Class 3/29/2015 7:31:40 AM
@PI Big Tires Process Simulation P1 AF Class - tire production process simulation 3/28/2019 7:47:03 AM
@TxLake Windfarm P1 AF dass 3/29/2019 7:33:46 AM
@\u’elndt\r Terminals P1 AF dass 3/29/2015 7:30:47 AM
oK Close

To connect to a different available AF server, simply select it from the drop-down AF
Server menu and click on the Connect button.
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2.3.3 Directed Activity — Examining Credentials When Connecting to the AF Server

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.

Your instructor will have directions.

Problem Description
You may follow along as your instructor shows you how to validate connections to

Data Archives and AF servers.

Approach
Click on the PI System Explorer icon O in the task bar to start the program.
To find out the credentials being used for connecting to the AF Server, go to File >

Connections...

Servers O x
aAdd Asset Server '-i Add Data Server Connect @ Set as Default ﬁEroperties @ﬁuf‘fering Manager @ Refresh
Filfer oo
Mame Host User Buffer Status Description Type Default Database
Mot Running Data Server
Asset Server

PISRVO1
PISRMO1

#pP1srvo1
“IPISRYOL

O0L\student01 (Administrators | PI Users | World)

PISC

Close

Buffer status update is complete.
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2.3.4 Connecting to a Data Archive

You can validate your connection to the Data Archive via PSE. Notice AF Server icon
( @) is different than Data Archive server icon ( ¥ ).

The PI SDK utility provides you with more features to configure and diagnose
connections to the Data Archive.

Open the PI SDK Utility (Pl System > PISDKUtility (64-bit)). From the PI-SDK >
Connections section, the Data Archive servers configured on the local machine are
displayed. To validate a connection to a Data Archive, simply check the checkbox
next to its name or IP address. If connection succeeds, connection information will
be shown.

@ PISDK Utility (Administrator) — O s
Eile Buffering Toolz Connections Help
a@gsm( ‘@ PISRVOD1 MNetwork Node: [PISRVDT
About PISDK
Port Number: v
& Connections o fumoer e
@i Snapshot Tool Default User Name: pidema
= #* Tools Connection Timeout: 10 Seconds
@ Message Log Data Access Timeout: &0 Seconds
‘;i Support Data
& Error Lookup
B Tracing Setup Connection Type: PI3 protocol 3.5
& KST Cleanup ServerlD: dehabb87-a1be-4188-ab3bc85b51d12c4%
lConnec’(ed User: PISCHOOL \student01 as piadmins | PIWord
; ey
Pl Version: P13.4.420.1182
Operating System: Windows NT AMDE4 6.2 5200

Save

PISRVD1 connected as piadmins | PIWarld

The user that was used to authenticate on the Data Archive will be shown in the
status bar and the connection information section on the right.

Note: The Pl SDK Utility is a particularly useful tool to troubleshoot permission issues.
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2.4 Finding Data

Objectives
e Demonstrate the ability to find element data within the Asset Framework (AF)
hierarchy.
¢ Demonstrate the ability to search for points from within Pl System Explorer
(PSE).

e Examine point attributes.

2.4.1 Directed Activity — Finding Elements and Attributes

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Pl System Explorer has two element search options: a quick search and an advanced search
with multiple search criteria.

Activity Objectives

o Perform a quick element search based on a name pattern
¢ Perform an element search with multiple search criteria.
e Perform an attribute search.

Approach
Quick Element Search

1. Open the PI Big Tires Co. AF database in PSE, select Elements in the
Navigator.

2. Explore the element hierarchy: it contains 3 locations (Houston, Montreal and
Philadelphia (“Philly”)) with four presses in each location.

3. Enter HOU into the quick search and click on Enter.

‘HOU ® v|

Group by: [ Category [] Template

4. Enter HOU*Press into the quick search and click on Enter.
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E
Note: The search is shown with a little asterisk = When you select Save from the
context menu, the search will be available the next time you log into Pl System Explorer.
When you select Rename from the context menu, the search will be renamed and
saved.

Advanced Element Search (multiple search criteria)
From the PSE menu, select Search — Element Search...

(optional) If criteria were cached from the last search, click the blue “x” in the
search line on the top to reset.

7. Enter criteria to search for the presses in Montreal (Element Search Root=
Montreal, template= PressTemplate), click on Search to get the results.

8. Enter *1 in name field to specify another criteria, click on Search to get the
results.

Note: All Descendants specifies whether the search returns elements from the selected
levels and all levels below. The option should be set to true in most cases. The Name
field can make use of the wildcard characters (* and ?).

9. Reset the criteria. When you specify a template (e.g. PressTemplate) you can
add a criteria for an attribute value. Search for all presses with Press Status =
“‘Running”.

o add Criteria ~

Attribute Search
10. From the PSE menu, select Search — Attribute Search...
11. Select PI Big Tires Co. AF database.

12. Enter Press Status into the attribute name field. Make sure the Search Sub-
Elements option is selected. Click Search. Result: the Press Status attributes
for all 12 presses are listed. Click on OK.
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2.4.2 Directed Activity — Finding Points within PSE

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

A Tag Search window is available from PSE in order to find the appropriate point to map to a Pl
Point Element Attribute. This tag search window is accessible from the Search — Tag Search...
menu item.

Activity Objectives

Understand the search capabilities and options of PSE Tag Search.

Approach

1.
2.

From the PSE menu, select Search — Tag Search...

“ "

(optional) If criteria were cached from the last search, click the blue “x” in the
search line on the top to reset.

Search for tags matching the name pattern CD*158

Search for tags matching the name pattern CD?158. What is the difference to
the previous search results?

By default, this window allows searching using a point name mask. If you
click on the control to display extra search features, you will get more options
to further refine the search using additional common point attributes like the

descriptor.

|

S

-

¥ | h Search I

iescription|Show or hide extra search Features|

- = ]

Enter criteria to search for all tags with point source=R and name= sinus*.
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3. A Walkthrough of AF

3.1 What does Asset Framework (AF) do for me?

The PI Data Archive is focuses on a points database and is extremely good at
storing vast amounts of data collected by interfaces. It allows easy and
performant retrieval of time-series data. The Pl Data Archive architecture is
scalable, maintainable and highly available.

The Asset Framework (AF) supplements the architecture by
providing a Meta-data structure for all data in the organization
(“Data Directory”). Asset Framework (AF) has a rich set of
features and functions to organize and enhance the data in the PI
Data Archive. Because it offers user-friendly access to the data it
is the preferred way for users to interact with their Pl system data.

What are the benefits of Asset Framework?

Easy way to navigate throughout the system

The hierarchical asset structure gives a convenient way for navigation that can also
be used by people, who are not familiar with the technical details of how the data is
retrieved from the data source.

Unify data from disparate source systems

PI Point attributes get their data from PI Data Archives. AF is not limited to one PI
Data Archive. Attributes can refer to multiple PI1 Data Archive Servers (either
standalone or collective)

The origin of data can also be a relational database. While some attributes of an
element representing a reactor are time-series data coming from Pl tags (such as the
temperature), data for some other attributes can be from an external database (such
as the physical characteristics or inventory data).

All attributes are listed side by side giving the user a comprehensive insight into all
the relevant data of the asset.
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Supports different Units of Measure

Pl Asset Framework (Pl AF) attributes are associated with specific Units of )
Measure. AF is preloaded with numerous standard unit-of-measure classes and
conversion factors based on the International System of Units (SI). It also
supports user defined classes and Units of Measure. For example, the source
unit for a temperature sensor attribute in a reactor in the USA can be
associated with degrees Fahrenheit, the corresponding attribute for a reactor in
Italy can be associated with degrees Celsius. When working with the data
(doing calculations or displaying the data) this is properly taken into account.

oC oF

Standardization with Templates

At many sites there are no rigorous naming standards for the points. There may be
missing descriptions and/or engineering units. The Pl System is often used to
integrate information from different sources and these sources may not have been
configured consistently:

B1:TI333A.pv CalderaA_temp TE-BLR-996-R BLR_N-M_TR47
622 °F 314 Deg £ 611 K 288 Celsius

Element templates in AF provide the basis for standardization. When applied for
elements that represent the same type equipment, all elements have the same set of
attributes with a consistent, user friendly naming. The attributes have same unit of
measurement, same data type, the same description, etc. This allows a harmonized,
consistent representation of your system.

Another benefit of using templates is the quick creation of many elements of the
same type.

Powerful Calculation Options (Asset Analytics)

Users can configure, schedule and run calculations written using Pl Performance
Equation (PE) syntax acting on their Pl Asset Framework (Pl AF) attributes. PE
expressions, Rollup calculations and generation of Pl Event Frames based on trigger
conditions are all supported analysis types. In addition, analysis templates enable
users to manage their analyses in a standardized and consistent manner. Typical
applications are Key Performance Indicator (KPI) calculations and condition based
maintenance (CBM).
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3.2 Introducing Elements and Attributes
3.2.1 Directed Activity — Velocity Terminals

In this part of the class, you will perform a learning activity to
explore the different concepts presented in this chapter or section.
You may be invited to watch what the instructor is doing or perform
the same steps at the same time. Your instructor will have
directions.

Activity Objectives

e Create an AF element with attributes using Pl Point, Table Lookup, and
Formula data references.

o Define the value types and units of measure for attributes in the element and
in the element template.

e Create and populate an AF table.
e Create an AF element template from an element.

e Extend the template with new attributes and see how these affect the original
element.

e Create an AF enumeration set and use it for data validation in a template.
e Create an element from a template.
¢ Move AF Elements under a parent element.

e Create more elements with the PI Builder Excel add-in.

Problem Description

You are working for Velocity Terminals, a chemical company producing various
chemicals. The company has a number of storage tanks located in different countries
that they would like to monitor. You have been tasked with creating an asset model
for these tanks in AF.

Approach

Follow the instructor as he or she performs steps to create various AF objects that
will lead to the creation of a single Pl ProcessBook display to monitor all of Velocity
Terminals’ tanks.

You will have opportunities to work on your own later on in the course. For now
follow and listen closely to the information in this initial exploration of AF.
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3.2.2 Creating and Selecting AF Databases

Open PSE from the start menu and, if necessary, connect to the AF server PISRVO1.

If PSE opens normally, choose File > Database. If PSE does not open and a pop-up
appears, click on the Select option to get to the Select Database window.

To create a new database, right-click anywhere in the list of databases and choose
New Database or click on the New Database button on the toolbar.

To select the existing database for entering the Velocity Terminals structure, select
AF Startup and click the OK button or double-click on it to open the database.

Select Database *

aﬂew Database ¥ Delete Database ﬁ) Database Properties |5} Edit Security

Asset gerver: |w PISRVO1 w | ||
Databases:
Filter p ]
Mame Description Last Modified
@ABC Mining Company PI AF Class Edition - Version 2016 3/28/2019 10:23:26 AM
@V AF startup PI AF dass 3/28/2019 10:23:28 AM
@Conﬁguraﬁon A store for configuration data. 3/28/2019 10:22:45 AM
=" Demo P1 AF Class - demo showcase 3/27/2019 3:54:44 PM
@PI Big Tires Co. PI AF Class 3/28/2019 10:20:10 AM
@PI Big Tires Process Simulation PI AF Class - tire production process simulation 3/28(2019 7:47:03 AM
@TxLake Windfarm P1 AF dass 3/28/2015 10:13:27 AM
@h‘elodty Terminals PI AF dass 3/28/2019 10:22:35 AM
ose

About Databases

PISRVO01 setup for training has many AF databases, which are specific for class exercises. In
practice, it may be better to build fewer, larger databases. That is because references in AF only
work within the same database; it is not possible to compare elements and values across
databases. Companies may find it better to organize their database at the business unit level
and not the plant level.

The Configuration database
As an administrator, it is possible to view a database called Configuration. Do not use this

database to organize your assets as it is only shown to administrators and used to store
configuration data for Pl System software.
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3.2.3 Creating AF Elements

Make sure the Elements section is selected from the Navigator Panel and create a
new element called TankO1.

From the Browser, right-click on %Elemerrts and select New Element or click the
PNew Element button from the toolbar and select <None> as the element template.

Under the General tab from the Viewer, change the name of the element to TankO1.

About Elements

The element is the basic building block of AF. It is an organizational feature that can be thought
of like a folder. It has relationships with other elements and has searchable characteristics. An
elements has no Data Reference and does not have a value. Elements are generally organized
hierarchically, though this is not required.

Elements represent physical or logical entities in your process, this can be: equipment, lines,
products, systems, organizations or sites. They can be based on a template or created without
one, although later sections will emphasize the fact that templates are highly recommended.

Elements in a AF database must be uniquely named to their path. An element named
“Transformer” can exist under an element named “System A” while another element named
“Transformer” can exist under “System B”. However, two elements named “Transformer” can
not coexist under the same element “System A”. It is recommended that unique names are
considered for all elements regardless of their position in the hierarchy.

The name of an element can contain any character except control characters or any of the
following (; 2~ ““\ | {4 10).

(0}
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3.2.4 Creating AF Attributes

From the Viewer, select the Attributes tab and then right-click on the white space to

select New Attribute to define attributes or click the =1Mew Attribute button from the
toolbar.

As with elements, attributes must also be uniquely named along their path within the
element they belong to. Attributes can have a configured constant value or can get a
value dynamically from a Data Reference.

Value Type

The Value Type field for the attributes defines the format the value itself will have.
The various types will be familiar to those with programming experience. In general,
value type Double can be used for most analog/numeric values and value type String
for everything else. Other types may also be useful in certain circumstances. For
example, a value type of Boolean allows either a O or a 1, which is represented as
False (0) or True (1).

Display Digits

The Display Digits field (new in AF 2018) can be used to control the number of
digits you want to see for the attribute: zero or positive numbers indicate the number
of digits to display to the right of the decimal point. A negative number indicates the
number of significant digits to display. In this case, the absolute value of Display
Digits is the number of significant digits

If your AF Server version is before 2018, the functionality is like for Display Digits = -5

Example (Value= 23.45)

Display Digits Format
3 23.450
2 23.45

1 235

0 23

-1 2E+001
-2 23

4 23.45
-5 (default) 23.45
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Three (3) attributes will be created for TankO1. Start configuring the attributes using
the table below:

Attribute Name Default UOM Value Type Value Dig,p_lay
Digits
Capacity US gal (Volume) Double 20,000 -5
Level % (Ratio) Double N/A
Volume m3 (Volume) Double N/A 3

Units of Measures for Attributes

Attributes will generally be assigned units of measures (UOM). These UOM are organized into
comparable classes. The Default UOM configuration field defines the default unit of measure to
use to display the attribute’s values. This default unit of measure does not need to be the same
as the instrumentation. Later sections will show how this can be used.

Note: Always assign a unit of measurement! Do not leave this undefined. This will avoid
misinterpretation of the measurement in all subsequent operations.

e To enter an UOM, select the UOM from the corresponding UOM Class (here:
UOM class= Ratio, UOM= percent). Alternatively, enter the first characters
(such as per), then select from the list of matching UOMs.

|| Quankity
parts per billion (ppb) | R.atio
patts per million (ppmm) Specific Energy Defaulk Lop: Iper| j
percent (%) Specific Wolume Vel Tvne I percent Ev

" Speed
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Level Attribute

o With the Attributes tab selected, select the Level attribute, change its data
reference to PI Point, and then click on the Settings button.

Data Reference: PI Point et

<Mone >
Formula
PI Paoint Array
String Builder
WPISRVO1TANKD U Table Lookup
IURI Builder

Display Digits:

e Select the correct Data Archive at the top and enter TANKOLLI.PV (or use the
tag search (). Change the Source Units from “<Default> (%)” to “%".

Pl Point Data Reference *
Data server: PISRVO1 w
(®) Tag name: TANKDILLPY =3P
() Attribute: | |
Unit of Measure
Source Units: <Default= (3 ~
<Default=> %i
Value retrieval metho
ppb
By Time: pPm o
ratio
Relative time: |

Note: Make sure you always assign a unit of measure (UOM) rather than just keeping
the default. This prevents that the PI Point value is misinterpreted in case the attribute

UOM is changed later in time.
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Volume Attribute

e Select the Volume attribute and set Data Reference to Formula.

e Clicking on Settings to bring up the Formula Configuration window.

¢ Use the formula data reference to calculate the volume using the level (%)
and the capacity (m3h

e Use the new button (_*") to add parameters to use in the formula.

o Expand the list of functions from the equations section (@) to pick the
operators/functions to use in the formula.

|

Parameters Equations

C=Capacity;UOM=m3 . |c=|:u1nn)
L=Level:JOM=%

] Default Values Allowed

Result

LICM: I m3 - ' Minimum:

Evaluate

[C] Stepped

Units of Measures in Formulas

You can perform unit conversions by setting the units of measure (UOM). Units of measure can
be explicitly set for the parameters as well as for the result. Do this from the parameters
configuration section by choosing the appropriate UOM from the Unit of Measure drop down. Do
this also in the Result section at the bottom left.

Note: It is recommended that you always assign the units explicitly! If you leave units selector
at “<default> then no unit conversion takes place. If the default UOM of an attribute is changed
later on, then no corresponding conversion will happen and results will not be correct!
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o Press the [#|Refresh button on the toolbar and then the HvCheck In button or
select it from the menu: File > Check In to save these changes.
The following table will help you to evaluate whether the calculation is correct.

TankO1 Level Volume (US Gallon) Volume (m3)
0% 0 US Gallon 0m3
20 % 4,000 US Gallon ca.15m3
40 % 8,000 US Gallon ca. 30 m3
60 % 12,000 US Gallon ca. 45 m3
80 % 16,000 US Gallon ca. 60 m3
100 % 20,000 US Gallon ca. 75 m3

About Saving Modifications

The AF Server uses a sandbox concept for modifications. It holds the changes until they are
published to the end users. When @« Check In is pressed, the changes made in your active
session are published as the single public version that others can now see.

Until you check in, other users will not be able to edit a checked out object. The checked out

icon will be shown (3@). As for the user currently editing an object in AF, the object icon will
signify some changes were made to the object, that are not yet published (ﬂ'@). The “Undo all

changes to the Database” button ("::'*) next to the check in button will reset your sandbox
changes and set your sandbox back to the database state as it was before you started working.

o To explore the Display Digits setting, change Capacity from 20,000 ->
200,000. Once you have entered the modified value, the value will be shown
as 2E+05 US Gal. This is because the value cannot be displayed with just
five digits (Display Digits = -5), and the display is switched to scientific format.
2E+05 has to be interpreted as 2.0 * 10 ~ 5 (= 200,000). Change Capacity
back to 20,000.

To familiarize with scientific format, open Windows Calculator and switch to Scientific View.
Enter 200,000 and change to scientific display (F-E button).
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3.2.5 Creating AF Tables

Building the table is similar to building a table in other programs that have simple
table building capabilities.

In the PSE, first navigate to the Library section from the Navigator (7 Elements

Panel. Right-click on the Tables item to select New Table, or click on
the ElNew Table button from the toolbar.

2 Event Frames

Under the General tab, change the name of the table to “Material ~] Library

Properties”.

|ﬂmm Unit of Measure

Select the Define Table tab and add two (2) rows by right-clicking in the blank area to

select Insert or by selecting the starburst “Insert a row” button (@) on the right-hand
side. Define the table as follows:

Column Name Value Type Unit Of

Measure

MateriallD String <None>
Density Double kg/m3 (Density)

Under the Table tab, enter the following fictitious chemicals:

MateriallID Density
AQ4500 2100 kg/m3
HC1500 3422 kg/m3

WX1200|Old Recipe 8943 kg/m3
WX1200|New Recipe 9213 kg/m3

About Tables

Tables are held in the AF database to provide contextual information through the Table Lookup
data reference. Tables can provide information about the equipment or process entities or they
can be used to store tag names or other configuration information to be used in AF.

Data Reference:

<Mone = j

=Mone =
Formula

PI Paoint
PI Paoint Array
String Builder
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Tables can be created internally (like in this exercise), imported from an external relational or
tabular data source, or linked dynamically to an external relational data source. In this way,
Tables can expose information in maintenance, production planning, or equipment databases
for use by PI client applications.
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3.2.6 Creating AF Enumeration Sets

About Enumeration Sets

An enumeration set is an ordinal list of sequential integer values, which are mapped to names. It
allows AF attributes to refer to a common term instead of a number. This is analogous to the
Data Archive digital state sets used by Digital points. It is not needed to rebuild the digital state
sets or maintain them in AF. Enumeration sets are just a meaningful way to display information,
perform data validation and maintain data consistency across the AF structure.

Hierarchical enumeration values (new in AF 2017 R2):

Enumeration values can be nested in hierarchy. The hierarchy can have as many levels as
needed. In our case, WX1200 is produced with different recipes, which result in different
physical characteristics and so in different density values. In a different level below the WX1200
value we can distinguish between the old and new recipe.

From the Navigator Panel, select the Library section.

Right-click on the Enumeration Sets item to create a New Enumeration Set, or click
the ‘©New Enumeration Set button from the toolbar and name the new set MateriallD.

Enter the material IDs from the table below as the names of that set:

Value Name
0 AQ4500
1 HC1500
2 WX1200

To distinguish WX1200 produced with either the old or new recipe, we will add two
child values in a level below WX1200:

Value Name
3 WX1200|Old Recipe
4 WX1200|New Recipe

Yalue 4 | Name
i AQ4500 Ge
1 HC1500 Parent: [tz

b 1

2 Mew Enumeration Value

=1 Mew Child Enumeration Value

Description: I
Renumber Enumeration Yalues. ..

3 Copy

Copy Path

y, Paste

. Delete...

Properties QK I Cancel Apply
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Note: Hierarchical enumeration value feature is available since AF 2017 R2

v Check In to save newly created objects to the AF database.

3.2.7 Creating AF Element Templates

Select Tank01 from the Elements section in the Navigator Panel and right-click on it
to select Convert > Convert to Template (note this does not delete or change the
element, but does set it to a new template). When converting you have to decide,
how the PI Point Data Reference for the Level attribute should be set. Select
Substituted, which will set the PI point name according to a naming pattern rule.

The default naming rule is %Element%.%Attribute%.%I1D%.
Under Suggested Point Name, enter %Element%LI1.PV and click Apply.

These attributes have data references to specific PI Points,
Choose how each data reference should be defined in the template by selecting andjor editing the choices below:

Suggested Point Marne: |°a’oE|Bment°a’oLI.P'v' apply I

™ Include Tag Creation

Attribute ‘l_ Current v | substituted [~ Mo Data Reference

VIPISRY 1| TAMKOILLPY V\PISRY 1| S Element sl Py

If you create elements for another tank based on the template, the substitution
parameters in the point reference (enclosed with %) for the Level attribute will be
replaced according to the name of the new element:

Naming Pattern: %Element%LI|.PV

Element Name Pl Point Name
Tank02 Tank02LI.PV
Tank03 TankO3LI.PV
Tank04 TankO4LI.PV

etc.

Substitution parameters will be explained later.
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Locate your new element template from the Library > Templates > Element
Templates section and change its name to “Tank”.

Under the Attribute Templates tab, add four (4) new attribute templates by clicking

the “mMNew Attribute Template |y 1ton from the toolbar.

Attribute Name Default UOM Value Type Data Reference Display
Digits
Product <None> Self:imlvlee{?gr?aﬂlD <None> NA
Density kg/l_d(aDSeSr)lsity Double Table Lookup >
Mass kg (Mass class) Double Formula -6
Tank Name <None> String String Builder NA
When you create the Product attribute, enable the Configuration Item Property.
Configure the Table Lookup data reference for the Density attribute using the
following:
Table Result Column Where
Material Density MateriallD = @Product
Properties
Configure the Formula data reference for the Mass attribute using the following:
Parameters Equations
Variable Attribute Unit of Measure
D Density kg/L D*V
\Y Volume L
Gl Configuration &Jﬁ
Parameters Equations
D=Density;U0M=kg/L D ye

I~

W=\olume; UOM=L

HEA
) >[]

To configure the String Builder data reference for the Tank name attribute:
Select String Builder from the Data Reference dropdown selection and click on the Settings...

Click on the Add New String LI button, click on |+ to get further selection options, then select
“%Element%” from Substitution Parameters:
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String Builder Data Reference E

Specify the strings and attribute values to concatenate to produce the string output value:
||_>I Literals

Attribute Values
Related Attribute Values
Substitution Parameters

3
3
3
3
3

" SkarkTimese"
"YEndTime%:"
"eUbcTime %"

Functions

i

e Time" ‘

String Builder Data Reference

Specify the strings and attribuke values to conc

"aElement "

ldv CheckIn the changes.

Go back to the Elements section, select the Tank01 element and look at its
attributes.

Pick material “HC1500” for the Product attribute enumeration list and then click on
ELIHEfresh.

Note the value of the Density attribute. Check the correct tank name.

Note: Elements should always be created from a template, even if at the moment of creation
only one asset would make use of that template. This ensures consistency in the creation and
management of AF elements.

However, for elements that would act only as organizing assets (folders) and that have no
attributes, a template is not required.
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3.2.8 Creating New Elements from Templates

Create a new element called “Tank02” based on the Tank element template and
assign to its attributes the values found in the table below.

Attribute Name Value
Capacity 30,000
Product AQ4500

Commit these changes to the AF database (v Check In).

The Power of Templates

The term template suggests a cookie-cutter way to create new objects with consistency. AF
element templates do this and more for elements. They ensure similar equipment stay alike in
AF.

When changes (in default values, attribute definition, or structure) are made to the template, the
elements created using that template are automatically updated.

Note: If changes were made at the element’s attribute level, a change to the attribute template
will not replace the modifications made by the user. That is, if you uniquely set values or
configuration strings in the data references of unique elements’ attributes, they will not be
overwritten by a modification of those attributes’ default values at the element template level.

Attributes derived from a template have a Reset to Template option on their right-click menu to
remove any unigue value or configuration string definition for this attribute and reset it to the
default values established at the template level.

This allows to create, but also to maintain many elements with the template, knowing that
changes are applied to all appropriate related elements.

Templates also allow the AF database to grow into an analysis tool when ready to do so. It is
possible to add calculations and analytics into the template at any time since that information
will be propagated to all of the elements automatically. It is not necessary to have the complete
analysis at the time of template creation.

In this example we created a template from an existing element, but it is possible to go directly
to the Library to create a new template by right-clicking Element Templates and selecting New

Template or by clicking the @ New Template hytton from the toolbar.

AF Templates have an || Allow Extensions check box under the General tab. Checking this box
allows for additional attributes to be created at the element level, outside of the element
template. Obviously, this will no longer guarantee all elements have the same set of attributes.

Templates may be the most powerful and unique feature in AF. Very few applications would not
benefit of the use of templates when building AF elements.

(0}
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3.2.9 Moving Elements under a Parent Element

Elements can be moved under other elements (then called Parent Elements) in order
to represent a logical hierarchy to be used by your applications

When dragging and dropping elements under a parent, make sure that
parent element was first saved to the database (check-in)! If the parent
element was not checked in before moving another element under it
(child element), the move operation might cause the child element to be
deleted because AF doesn’t yet know the parent element exists.

Moving Elements Around

You can move elements around in the Viewer using the mouse and keyboard. This will result in
creating an element reference, or making a copy of the element or simply moving it.

Dragging an element

while pressing the... Action

Copies the original element under another parent

ity X2y element. The original and the copy will not be linked.
Shift Key Moves the element.
Creates an Element Reference. The element will now
exist in two places in the hierarchy. In this case, the
No key

element icon has a “link” designator (ﬁl), like in the
case of a file shortcut.

Create a new element not based on any template named “Montreal”. Check-in the
changes.

Select both tanks using the mouse and drag and drop them while holding the Shift
key on the keyboard in order to move those elements under the Montreal element so
they become child elements of that location.

Select the Parent-Child Reference Type for each tank element. The different
reference types will be discussed in the next chapter.

Tip: When moving an object, be deliberate with the shift key, drag and drop manipulation. It is
safer to right click the element, copy it to the new location and then delete the original.
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3.2.10 Creating AF Objects in Bulk Using the Pl Builder Add-in

PI1 Builder is an add-in to Microsoft Excel 2007 and later allowing rapid creation and
edition of AF objects and PI points in bulk.

Open Microsoft Excel, and select the PI Builder ribbon menu.

In the Connections section, select the Asset Server (AF Server: PISRV01) and the
AF database (AF Startup).

To connect to your AF database click on Database.

H B Bookl - Excel T E - O X
HOME IMSERT PAGE LAYOUT FORMULAS DATA, REWIEMY WIEWY FIDATALIME FIBUILDER Team -
Data Server: @ PISRVL~ _,é () Zelect All \/&” gu % D Show Walues in Rous Ij Headers oAbDut
Asset Server: @ RISRA € ) Deselect &1l = Show Values in Columns Settings @ Help
Publish - FIPaints  Library Elernents Ewvent Refresh
Database: a\-’elocwtyTermmals' m  Resebto Ternplate - - Frames =
Connedions Build Retrigve [F] Attribute Data References Resources ~

Pl Points from the ﬁ ﬁ PI AF objects from
Pl Data Archive Pl AF

Import the tank elements from AF. To do this, select Elements > Find Elements from
the PI Builder ribbon menu, then select the Tank Template to search and find both
tanks.

Make sure to search child elements.

Conneckion Options (1\PISRY1\Velocity Terminals) ¥
Search Siring — > [Template:Tank % -] Search |
Criteria ES
Mame: I *  Element Search Roat: I J &
3::&:{:”'3— = | all Descendanits: ITrue j % Template: ITank j X
Categary: |<al> =] x

i Add Criteria ~

Results A

Group by: ¥ Category [~ Template

Im Bi Name < Description Type Template ] IL

=] Category: <None>

B g Tanknt ] Hone Tank

B | g Tankoz Hone Tank

Select to import the Template configuration of the element.

|:| lsCorfigL
i) Type
- [ Typetiuz i ] lypetduaiter
=[] Element EI|:| Blement
i W] Template
ClearAll | [ ¢ EIN[yName
v ¢ i) UniquelD
Mezrrintinn: H [ S P T
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Select capacity and product attributes to import their configuration and values.

i Select Object Types and Column Headers [ X

Object Type: |Element

Template: -

Object Types: 1 selected, Columns: 8 selected

=) 2 Required Columns A
: Sefected(x}

- [ Mame
[ ObjectTipe
=4[] Attribute Columns (from Template 'TanK')
| e OLevel
[ Product
: Capacity
- [OQoensity
~[OMass
| - [Ovolume
B . Element
v Template
O newname

- [ UniquelD &

O Y PSP e S

Clear All I Select all More Attribute Columns. .. I

Description:

=
k4|

QK Cancel Reset I

7]
- [ Parent i

4

Once you click OK, the objects imported from AF on the spreadsheet should look like

the following:

A B C D E F G
1 |Selected(3) Parent Name ObjectType Template |Capacity |Product
2 Montreal Tankol  Element Tank 20000 A04500
3 Montreal Tank02  Element Tank 30000 HC1500
4

Use Excel functionalities (find-replace, Ctrl+H) to create records for two (2) additional

tanks (Tank03 and Tank04).

(@ osi-o.
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Make sure the Data Archive name is correct for the Level attribute definition.

Verify the Product name matches one of the valid material from the Material
Properties AF table.

Name |Capacity |Product
Tank03 10000 HC1500
Tank04 10000 WX1200|0ld Recipe

The records are now ready to be exported to AF; which will create two new tanks.
Click on the “Publish” button from the ribbon menu (ﬁ>).

Confirm your work by going to PSE > Elements and pressing the 2|Refresh button or
the F5 key on the keyboard.

Note: To rename an element, simply right-click on it in Pl System Explorer > Elements and
select Rename. Or use the NewName column in the Pl Builder in Excel.

Because AF keeps relationships using the elements’ GUID, elements can be renamed without
breaking relationships between elements or elements and their attributes or their templates.
GUIDs are also used in the relationships of elements in data references as well.
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3.2.11 Attribute Traits

Attribute traits hold characteristic information for their parent attribute. These can be
limits, forecast values, geolocation information, reason codes, asset health, and
analysis start triggers. They can either be defined as a fixed value or in combination
with a Data Reference such as e.g. Pl Point or Table Lookup. Attribute traits are child
attributes.

Limit attribute traits: limits typically represent the expected range of a process
variable. Following limit traits are defined:

e Minimum and Maximum (very lowest/highest possible value)

¢ LolLo and HiHi (very low/high value for an abnormal situation, typically
initiates an alarm)

¢ Lo and Hi (low/high value that needs attention, typically initiates a warning)
e Target (aimed-for value such as setpoint)

Forecast attribute traits: forecasts contain predicted values, which allow to
compare actual value with the parent attribute. It typically comes from a future PI
point.

Location attribute traits: use location attributes to define longitude, latitude, and
altitude information for an asset. You can use this information to identify the location
of the asset on a map. Used by Integrator for ArcGIS.

Reason attribute traits: use reason attribute traits on event frames and transfers to
enable users to select a reason code for excursions, downtime, and other events.
The reason attribute trait must be an enumeration set that is previously defined, or a
system enumeration set delivered with Pl AF.

Analysis start-trigger traits: When users configure analytics to generate event
frames, they can optionally elect to store the name of the start trigger in the value of
an attribute (string) and mark that attribute with the analysis start trigger trait. This
enables clients like Pl Vision to indicate the start trigger that created that particular
event frame.

Health attribute traits: use health attribute traits on elements and models to enable
users to set a numeric health score and a health status (for example, healthy, out of
service, in maintenance, warning, or error). The HealthStatus attribute trait uses
values from the Health Status enumeration set, which is delivered with Pl AF.
Administrators can modify the Health Status enumeration set as required.
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3.2.12 Directed Activity — Adding value limits for the tank level

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Problem Description

You would like to use attribute traits to maintain limits for the normal operation of the
tanks. For all tanks the limits are the same.

Approach

1. Inthe PSE Navigator, select Library and open the Tank element template in
Pl System Explorer.

2. Select Limits... from the context menu of the Level attribute:

Tank

"General Attribute Templates |P0rts I Analysis Templates I

|f i @ & Name & Description Default Yalue

= Category: <Mone:
& =g Capacity 0us gal

=g Density 0 kglL

=g Mew Child Attribute Template
S Mass 3 Mew pttribute Template
=g Product I}E Mew Analysis Template
=4 Tark Name @ Set as Default Attribute
=3 Volume L, Categarize...
[ timis...
Forecasts...

3. Set the limit traits as follows and click on OK.

25 Limits
é] Refresh
Level
W Trait Attribute Value Data Reference  Settings... |
V| Minirmun Minimum 0 % <Mone>
W |Lolo LoLo 15 % <Mone
¥ Lo Lo 5-2-;;.;; --------------- E =Mone=
I Targek Target -5-5;.;; --------------- =Mone=
W |Hi Hi 80 % <MNone»
¥ |HiHi HiHi a0 e =Maone=
¥ | Maxirnum Maximum 100 % <MNone >
OK I Cancel |
4
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3.2.13 Units of Measure (UOM)

The units of measure (UOM) feature allows automatic unit conversions for data
values. AF considers the technical unit for a measurement and allow to display it with
a different unit.

For example, suppose AF attributes of a tank represents the diameter and the height
and have a UOM of meters. AF considers the selected unit of measure. This
provides the option to show the diameter and height in other units than in meters,
e.g. to show it in inches. Another consideration is in attributes with a formula. It is
possible to calculate the tank volume in liters based on the physical dimensions
provided in meters. AF does the automatic conversion for you.

The relations between UOMs are defined with simple or formula conversion
methods.

There is one repository with all units of measurement

(@ Elements (UOMSs), which is shared by all AF Databases. In other

ie{ Event Frames words, the UOMs defined for one AF database maybe
— used in any other AF database.

1 Library

Unit of Measurements are organized in UOM classes.

™ Unit of Measure UOM classes represent measurable properties, such as
T y—— temp.e_rature, length, time, and mass. To faqilitate r_egion
specific use of UOMs, the UOMs are associated with a
& Management UOM group, which can either be Metric or US Customary
(additional UOM groups can be defined).

Click on Unit of Measure in the PSE Navigator to edit UOMs, UOM classes and UOM
groups.

o Mew Class mm New UOM
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3.2.14 Directed Activity — Exploring how UOMs are organized and how they are used

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

¢ Understand the organization for UOMs, the UOM classes and the UOM
groups and their relationships.
¢ Apply unit of measures for a calculation of liquid in a container

Problem Description

A container at your plant has a shape of a
cylinder. The diameter is 1 m, the height of
the liquid inside (PI point: sinusoid) varies
and is measured in number of centimeters
Fill Level (f)  (range O ... 100 cm). Use a formula to
: 0..100cm  calculate the reactor volume in liters. Apply
~~Diameter (d) = 1m " units of measures properly.
Material Volume= Area of the Base x Height
pi x df2 x d/2 x f

o 1 meter (m) = 10 decimeter (dm) = 100 centimeter (cm)

e The volume of a body in liter is calculated from dimensions in decimeter
(1 liter = 1dm x 1dm x 1dm).
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Units of Measure, UOM classes and UOM groups

1. Navigate to Unit of Measure and from the list of UOM classes, locate the
UOM class for Length and display its properties. What is the canonical UOM?

2. From the list of UOMs for Length, open the Properties for centimeter. What is
the conversion between meter and centimeter? What is the corresponding
unit for the US Customary UOM group?

Note: Per default, attributes are displayed in the Pl System Explorer with the unit of measure in
which they were defined. With Tools > Options you can change that the attribute is displayed
with a unit from the selected UOM group.

3. Add new UOM for decimeter (1 decimeter = 0.1 meter), click on OK and

Check In.
& Unit of Measure Properties
General |
Marne:
Abbreviation: Idm
Description: I
Qrigin: IUser Defined
Canonical LIOM: Imeter
Reference LOM; Imeter j
Method: Tt
&+ Simple " Formula
Factar: ID.l
Cffset: ID
jo.tm
UM Group Mappings
Group Mapping
Metric <
U5 Custamnary inch {in) -
QK I Cancel | Spply |
A

4. Locate the UOM class for Area and display its properties. Note that the base
units is Length ~ 2. Locate the UOM class for Volume and display its
properties. Note that the base units is Length ~ 3.

5. Use the Conversion Calculator at the right hand side and convert 1 m® (cubic
meter) into liters.

6. (bonus) Use the Search UOMs control at the top right
and search for units starting with sec. What is the i
difference between the two units you get?

7. (bonus) How many kW has the motor of your car? Convert into horsepower.
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Container Element with attributes for Diameter, Fill Level and Liquid Volume
1. Select the Demo AF database, select Elements in the Navigator.
2. Locate the Container01 element (below UOM Demo).

3. Add an attribute for the Diameter, set the default UOM to meter (from UOM
class Length), Value Type= Double, and set value to 1

4. Add an attribute for the Fill Level, set the default UOM to meter (from UOM
class Length), Value Type= Double.

Set Data Reference to Pl Point. Click on Settings to define tag name
SINUSOID, and under Unit of Measure set the Source Units to cm.

Values for SINUSOID are in range 0 ... 100, in which range will the values for
Fill Level attribute be? Answer: Om ..... m

5. Add an attribute for the Liquid Volume, set the default UOM to liter (from
UOM class Volume), Value Type= Double.

Remember that you get the proper value in liters, when you multiply the
values in decimeters. Set data Reference to Formula and define it as follows:

Formula Configuration:{Liguid Yolume)

Pararmeters Equations
[rmDiarmnt ar ;IO =dm : [ (T g { T e o ¥
F=Fill Level: oM =dm I ]
P '
¥y g
?
¥

Hint: you get pi() from the Functions drop-down

E Yariables

3
Operakors k
Functions k
Substitution Parameters  #

6. Select Tools > Options and set Display UOM Group = US Customary. Click
Refresh to display UOMs from the US Customary group. Revert the setting
back to <None>.

7. (bonus) Remove the Read Only flag for the Fill level attribute and enter
maximum fill level of 1m. What is the Liquid Volume? Confirm result by using
the Windows calculator.

|f t @& K Name 2 Value Unit OF Measure | Yalue Type Data Refere...  Settings... s |

Categary: <Mone:

& =] Diameter im meter Double <Mone =
<7 Fill Level El m imeter Single FI Point WPISRY LY SINUSOID; UOM=cm;ReadOnly=False
=1 Liquid Volume | 785.398163397448 L liter Double Formula D=Diameter; IOM=dm;F=Fill Level; UOM=dm;[pi{ /*(Df2 {023+ F];uom=L
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4. Modeling and Organizing the Assets

4.1 Starting to Build a AF Structure

In a AF database, assets can be organized or structured into hierarchies. According
to its definition a hierarchy is “a system of persons or things arranged in a graded
order” (thefreedictionary.com). Logical hierarchies of assets or people are common in
companies from any industry. They are used to convey the place/location of each
entity in the company. Since the AF system is probably not the only enterprise
system in your company, other systems in place might already make use of asset
hierarchies (maintenance systems, etc.).

Those systems will often have an option to export the hierarchy information into a flat
file (.csv, .txt, .xml, etc.). The content of this file can then be opened in Microsoft
Excel and be used as a starting point to build the hierarchy in AF using the PI Builder
add-in.

Note: The whole company does not need to be modeled in AF for you to be able to get value
out of it. In fact, the AF structure build-up is often project-driven. This means to begin with, a
small structure containing your pumps might be built for use in Pl ProcessBook displays. As
more and more applications start making use of AF, the structure will continuously grow to
include more and more of your assets.

That being said, it is still a good idea to define the various hierarchy levels that will be
represented in the AF structure (divisions, locations, production lines, process, etc.) before
gradually adding the assets to that hierarchy.

4.2 Styles of Approach for Designing Assets

There are several styles for designing asset models in AF.

Note: Even if the following approaches will result in a complete asset model, there will always
be more information to add in the future. That is fine and is in fact a relief, since it means the AF
model does not need to be perfect and complete the first time.

4.2.1 Bottom-up

Often a Data Archive is already in place so one approach is to group the assets by
similar Data Archive points. These “similar object” groups become AF element
templates, and the “objects” become AF elements. Any foreign data that is available
is imported. Next, analytics that may seem useful are added, and finally consumers
such as PI ProcessBook displays or Pl Datalink reports.
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The bottom-up approach has the advantage of being a clear, reality-based path to
follow. The Data Archive points are known and analytics can be added on top of
them.

However, a clear disadvantage is that this approach lacks vision. This approach
does not guarantee the result to be useful since the asset model was not built with a
particular goal in mind.

4.2.2 Top-down

Another approach is to start by asking theoretical questions:
v' What is the goal of the asset model?
v" What do the consumers need from AF?
v' What are the business requirements?
v' What analytics will be desirable?
v' What sort of foreign data might be useful?

After answering these questions, the element templates and elements can be
sketched, and organized in a hierarchy. Next, AF attributes can be added for the
desired data points, even if the source for the data is not known yet. The first stage is
simply to add the placeholders for that data, i.e. non-configured attributes. If these
attributes are confirmed to be the ones needed, then the analytics can be added, the
Data Archive tags can be mapped, and the model can be fully implemented.

This top-down approach has the advantage of planning for the usefulness of the AF
model. Confidence that the model will be well designed and reusable is assured.
This advantage cannot be understated and usually outweighs all of the following
disadvantages. One disadvantage is that the design can drift away from reality and
be incredibly hard to implement while having little benefit over an easier alternative,
which is hard to tell beforehand. Another inherent disadvantage is that much of the
available raw data that is not “necessary” will be ignored from the model.

4.2.3 Design top-down, then work bottom-up

The preferred approach will be a compromise: begin top-down, identifying goals and
trying to identify a “good” design for everything, then quickly move to a mix of this
theory and bottom-up experimentation. If a piece of data looks useful, add it to the
model because it is rarely a mistake to do so.

This planned approach combines the advantages of top-down and bottom-up:
assurance that the model will be useful, yet a good grounding in reality and
completeness during construction. The steps of this approach are:

Define the assets.

Design the element templates and inheritance tree.

Add attribute templates.

Configure the attributes to point to foreign data or Data Archive points, all with
proper units of measure.

Add calculations/analytics.

e Test the model using consumers (sample reports, displays, etc.).

Page 54 (‘s OSI ®




Modeling and Organizing the Assets

4.3 Organizing AF Elements in Hierarchies

Avoid same names for different devices

If you have multiple devices in different environments, do not assign the same name
to them, as this can cause confusion. The following structure is possible but not
recommended:

Elernents
@ Elements
El (F Montreal
b () Tanki
fee () Tankz
B (§ Houston
f [ Tanki
------- ( Tankz

not recommended

To avoid this situation, either assign unique names (such as Tank1, Tank2 in
Montreal and Tank3 and Tank4 in Houston) or make the names unique by adding a
location code:

Elernents

E Elements

B~ (F Montreal
© e [ MITL Tankl
i [ MITL Tankz
= (1 Houston
fe (1 HOU Tankl
b (51 HOLU Tark2

Different Views for the assets

Once a hierarchical structure has been built in AF and the assets have been defined,
it is possible to organize the assets underneath that structure. Depending on the type
of hierarchy that was created, the equipment will be organized by geographical
locations, by enterprise divisions, by type of equipment, etc. However, having one
kind of asset organization does not imply another type cannot also be used in the
same AF database.

AF has this ability to let the system manager organize their assets in multiple
different ways. It is then possible to have different “views” of the same information
but without duplicating that information. This can be done using Element References

(),
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4.3.1 Directed Activity — Familiarize with multiple asset views

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Understand how to organize assets in different views in order to
accommodate different AF user groups in the company.

Problem Description

= (J Asset Views Demo

. [ (J Equipment
@ Inventory
- [ Locations

Approach

In the Demo AF database there is a branch for Asset
Views. The main view is organized according to the
geographical location of the devices, a second view is
maintained based on the equipment types, and in a
further view is a general inventory list. You would like to
locate the first boiler in Frankfurt in all the views.

Open the Demo database in AF. Expand both the Locations, the Equipment and the
Inventory branch and locate the first boiler in Frankfurt in all the views. Explore that
the same information is represented in two locations of the asset tree.

e

[ Locations

El (P Frankfurt

- [ FRAReactorl
- [J FRAReactor2
- (3 FRAReactor3
El 3 London

; - [ LND Boiler 1

~ [ LMD Boiler2

~ [ LMD Reactorl

H - [ LMD Reactor2
= F Montreal
e [ MTL Boiler 1
o (G MTL Reactor 1

e ﬂ Equipment

- ( Bollers

| 450 FRABoier1
- P LND Boiler 1
- P LND Boiler2

i ke MTL Boiler
E- & Reactors

-~ ) FRAReactorl
- ) FRAReactor2
-~ ) FRAReactor3
- P LND Reactor 1
-~ P LND Reactor2
- g0 MTL Reactor 1

El F Inventory

- ) FRA Boiler 1
- ) FRA Reactorl
- @ FRAReactor2
- @ FRAReactor3
- @l LND Boiler 1
- G LND Boiler2
- G LND Reactor 1
- ) LND Reactor2
- @ MTL Boiler 1
- G0 MTL Reactor 1

The main view for the boiler is
according to its location. FRA Boiler1
is defined below Frankfurt.

Another view organizes the devices according
to their types. FRA Boiler1 is included by an
element reference.

There is one more view that contains all devices
in a common list. FRA Boiler1 is included by an
element reference.
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1. Select the Demo database in AF. Select Elements in the Navigator and
explore the Asset Views branch. Locate FRA Boilerl in all the three views.

2. Open the General tab for the FRA Boilerl element.
Click on the Parents link: Find: Barents
The three positions in the element tree are listed by their corresponding
paths. The icon for the element itself has a little checkmark in the top right

corner (ﬁ?).

Parents of FRA Boilerl

Fifter
Mame Path
7 Boilers Aszet Views Demo'Eguipment'Boilers

67 Frankfurt Asset Views Demo'Locations\Frankfurt
& Inventory Asset Views Demo\Inventary

3. Select the element under Locations - Frankfurt and enter an element
description. Check-In the change. Then select one of the element references
in the other views and verify the modified description in there.
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4.3.2 Element Reference Types

Whenever you create a new element or element reference in the asset tree, you are
asked to define the reference type related to its parent element.

Composition

The composition relationship binds two elements together so that whenever one is
changed or calculated, the other is too. Deleting the parent element deletes the child
as well.

For example, a valve attached to a tank may be represented as a separate element in
AF, but is really a part of the tank asset and cannot exist outside of it. Removing the
tank from a site removes the valve as well.

Typically, an element having a composition relationship with its parent would not be referenced
elsewhere by itself.

Parent-Child

With a Parent-Child reference, the child can have multiple parents. The child element
can thus be part of multiple hierarchies.

Parent-Child is the default for a new child element creation. When you use that reference type
substitution parameters in the element attributes are resolved according to the hierarchy the
element is in.

Weak Reference

A Weak element reference is like a Parent-Child element reference, but a weak
referenced element cannot exist on its own.

Weak is applied for element references when you have a main view (e.g. master view organized
according to geographical location) and you create additional views for your assets (e.g.
organized according to business function). Different to a parent-child reference the element
reference in an additional view will not exist on its own when removed in the master view.

(0}
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4.3.3 Directed Activity — Understanding Reference Types (optional)

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Understand the use of different reference types in context with what happens
when you delete an element.

Approach

Open the Demo database in AF. Expand the Reference Types Demo. Explore the
reference types between the elements in the structure below.

Composition

The HeatExchanger01 in Production Line B has a valve that is an integral part of the
exchanger that can not exist on its own. Therefore, the relation between the valve
and the exchange is Composition.

1. Select Heat Exchanger01 and click the Child Elements tab on the right.
Check the Reference Type option:

Heat Exchangeril
“eneral  Child Elements |.ﬁ.ttributes I Ports I analyses I Motification Rules | version |

Group by: Categ-:urs[p Reference Typa_ Template
L |
& [ Mame £ Descripkion Zakegory Typ@
= 4+ Reference: Composition
O walve Maone

2. Select Heat Exchanger01 and select Delete... from the element context
menu. Select Delete option to delete the object and all references to it.

Delete x

'] How would you like to delete element ‘Heat Exchanger01'?

(@) Delete this object and all references to it. Check in is required to complete the action,
() Only delete this reference to the ohject. Chedk in is required to complete the action.

() Permanently delete; this action is irreversible,

Gorc
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3. Check-In and Refresh. Result: the valve element and all the valve element
references disappear (this is independent from whether the valve element
reference has a strong or weak reference to the parent element)

Weak Reference

PumpOLl is located as a child under Production Line A - Pumps. This is the main
view for PumpO1. An element reference for PumpOL1 is below the Secondary View
element, which is an additional view. For this view, the reference Type between
Secondary View and PumpO1 element reference is Weak Reference.

1. Select Pumps and click the Child Elements tab on the right. The child
element PumpO1 has a Parent-Child reference with its parent.

2. Select Secondary View and click the Child Elements tab on the right. The
PumpO1 element reference has a Weak Reference with its parent.

3. Select Pumps and select Delete... from the element context menu. Select
Delete option to delete the object and all references to it. Check-In and
Refresh. Result: the element reference for Pump01 below Secondary View
disappears, because by deleting Pumps and PumpO1 you have deleted the
last strong parent.

Typically you will be using Weak References for element references as you usually have one
main, primary view and further views are additional, secondary ones. However, the next part of
the exercise is to explore the use of Parent-Child with element references.

Parent-Child

PumpO02 is located as a child under Production Line A - SiteABC. However, this is
not considered as the only view for this pump, because an element reference for
Pump02 is also below the Strong Families element, which is another view that is
considered with the same importance Reference Type between Strong Families
and PumpO02 element reference is Parent-Child.

1. Select Site ABC and click the Child Elements tab on the right. The child
element Pump02 has a Parent-Child reference with its parent.

2. Select Strong Families and click the Child Elements tab on the right. The
PumpO02 element reference has a Parent-Child reference with its parent.

3. Select Site ABC and select Delete... from the element context menu. Select
Delete option to delete the object and all references to it. Check-In and
Refresh. Result: the element reference for Pump02 is promoted to an
element. It changes from an element reference icon to an element icon.
(Sometimes the PSE does not show that properly even after a Refresh.
Switch to another database and back to the Demo database for a complete
refresh.)
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4.3.4 Exercise — Organizing the Tanks for Velocity Terminals

This solo or group exercise is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the activity.

Exercise Objectives

o Build additional elements with PI Builder.
e Create parent elements to build a hierarchy.
¢ Organize the elements into hierarchies with drag & drop.

Problem Description

Now that four (4) of your tanks are defined and organized under their site (Montreal,
Canada), you now want to model and organize the tanks for other sites in your
company, Velocity Terminals. The sites are:

e Montreal, Canada
e Tokyo, Japan
e Sydney, Australia

You also want the ability to view the company’s tanks as part of a separate hierarchy
containing the receiving and distribution divisions. After searching on the enterprise
portal, you find the following documents:

Velocity
TERMINAL Siic
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) INALS\/

Locations Divisions

| | .

Montreal Tokyo Sydney Receiving Distribution

0

DB
2@
\
S|
J o\

03

0 EO7

oifall- ot

&% Elements
= ﬁ Welocity Terminals
El ﬂ Divisions
- I (7 Distribution
G- (§ Receiving
B (J Locations
- (3 Montreal
------ [ Tankol
------ [ Tankoz
------ [ Tanko3
------ [ TankD4
B @ Sydney
------ [ Tankoa
------ [ Tanko?
------ [ Tankln
B G Tokyao
------ [ Tankos
------ [ Tanko&
------ [ Tanko?

Model the extra tanks in AF using the VelocityTerminals_Assets.xlsx worksheet

located in the Class folder.

1. To create the elements for the tanks Sydney and Tokyo, open the
spreadsheet. Use PI Builder Publish ("ﬁ>) function to create the new elements

in your AF database.

2. Using PSE, create new elements, not based on any template, to model the

locations and divisions.

3. Use the drag and drop techniques discussed previously to move the tanks

into their appropriate hierarchies (Shift Key = Move Element).

4. To create the element references under the Divisions, drag the tank elements

into the corresponding element under Divisions (No key pressed = Create

Element Reference).

Note: Make use of Element References. Use Parent-Child references under the locations and

Weak references under the divisions.
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4.4 Using the Import and Export Feature in PSE

From PSE, it is possible to use an Import and Export feature to export an entire AF
database or just a AF object to an XML file. With the Import functionality, it is
possible to import this AF object into another AF database. This can also be used to
back up a AF structure before performing potential destructive actions.

It is possible to export almost any AF object by simply right clicking that object and

selecting the = Bxpert to File... option. To export the whole AF hierarchy along with all
the necessary information to rebuild it completely, simply use the File > Export to File

option.
[ @ Export to File ﬁ1
File: B

Bxport Options

Include All Referenced Objects Include Default Values
[ Include Security Settings [7] Include Unique 1Ds
[] Fatten XML [7] Library Objects Onby

[ Simplfy Configuration Strings

[ Include Event Frames, Transfers, and Cases

Start:  *-30d End: *

In order to be able to rebuild the structure as is, it is required to check the Include All
Referenced Objects, so that Templates, Tables, UOMSs, etc. are also exported to the
xml file.
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4.4.1 Directed Activity — Export and Import a Database

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Learn how to export an XML file from an AF Database and import into another
AF Database.

Problem Description

The AF structure for Velocity Terminals has been created in an AF database
dedicated to training and checkout. We would like to release it to production in a
different AF database. To do that, we will export contents of the AF Startup
database and import it into another AF database called Velocity Terminals.

Approach
¢ With AF Startup database opened, select File > Export to File from PSE
menu.
e Click on the L icon and change settings to save the XML file as

C:\Class\Exercises\01_Velocity Terminals\My Velocity Terminals.xml. Click
on Save button (Note: this will not actually create the XML file!)

e Check the Include All Referenced Objects option. Click on OK.

e (optional) Use the editor and inspect the . XML file: locate units of measures,
the Tanks templates, the table, the elements created for the VT Tanks etc.

« Click on the @Database pytton and select the Velocity Terminals database.

e Select File > Import from File from PSE menu and select the file that was
saved recently.

Import from File

File: IC:'I,CIass'I,Exercises'l,D1_\-'e|0city Terminalsi\iy Yelocity Terminals.sml I

Import Options
¥ allow Create [~ createar Update PI Foints
¥ allow Update

V¥ aukamatic Check In

OK | Cancel |

o Verify that objects in production database have been created successfully.
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5.Visualizing Data

5.1 Visualizing AF Data in Pl Vision
P1 Vision is a modern and intuitive web-based visualization tool allowing ad hoc
analysis through rapid display creation. PI Vision allows you to:

e Search for Pl data on desktop or mobile platforms.

e Visualize Pl data as symbols, such as trends, tables, values, and gauges.

e Configure multi-state symbols to create visual alarms for critical process
states.

e Design, format and save displays for easy retrieval and further analysis.
e Analyze and compare process events.
e Monitor process data in displays.

e Share displays with other members of a group or anyone with access to Pl
Vision.

o View Pl ProcessBook displays.

Note: Before version 2017 the previous name for Pl Vision was P| Coresight.

Pl Vision homepage:

search box display thumbnail new display link

Gainah
O Pl Vision © New Display | m | PiscHoovstudennt | @

"] Show privatd displays All Displays (3)

Search All Displays

Filter by Keywords

= All Displays
¢ Favorites
My Displays
(O Recent

SL Reactor 101

BUILTINVAdministrators

ACME Reactors

PISCHOOL\student01

Big Tires Press

PISCHOOL\student01

{3t Home

P8 Processbook Import >

P1 Vision makes use of an efficient search engine to let you browse through the
organization’s AF structure and rapidly find the information you are interested in. As
you begin looking at and analyzing some data, PI Vision will find related information
that might also be of interest to you.

If you have added a new database in AF and would like to access with Pl Vision, you
have to update the list of allowed AF Databases in PI Vision:
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Open the PI Vision Administration Page, then select AF Servers tab in the
Configuration section. You may have to expand the structure under the AF Server
name to see available databases. To add an AF database, select the checkbox next
to the AF database name and click on Save.

5.1.1 Directed Activity — Visualizing Velocity Terminal Data in a Pl Vision Display

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

Create a PI Vision display with tank data (AF database: Velocity Terminals)
Incorporate objects with current data (trend, table, value object, gauge)
Incorporate a picture

Asset swap in Pl Vision displays

Problem Description

Your manager has asked to visualize the tank data in a PI Vision display (name:
Velocity Terminals Tank) in the following way:

ts

Tank02|Capacity 30,000 USgal

T a n k 0 2 Tanld".lzll:mdur.t AQ4S00

8.7600 %

80—

80—

60—
50—
40—

AQ4500

30—

Velocty

I I I

The display is setup for one of the tanks and should allow to swap between all tanks
at Velocity Terminals.
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Approach

1. Click on the desktop link to open PI Vision. The link is http://pisrv01/PIVision.
There is also a bookmark ©FIYEeN tor by vision under the favorites.

The homepage provides an overview with thumbnails of the displays, which
have been prepared for the training.

2. To create a new display, click on the link

Note: you are in Modify Display operation: the operation icon background is orange £ and the

canvas border is orange. To switch to Monitor Operation (you can do that in any non-empty
display) click on the operation icon, the canvas border will disappear and the operation icon

background switches to blue IE You can toggle back and forth between the two operation
modes.

3. The search pane displays search paths for elements in the AF databases and
for tags in Data Archive.

Search in Pl System m

] = ABC Mining Company w
] = ACME Enterprises : AF databases
>

] & Pl Big Tires Co.

[ B PISRV1 e Pl Data Archive

>
W] = Training
W] = Velocity Terminals <::I AF databases

4. Expand the asset structure to navigate to the Tank01. Select AF database
Velocity Terminals and penetrate to Locations > Montreal > TankO1. Select
TankO1 to get the attributes for that tank.

Assets
H BB [ =

< Home *
< Velocity Terminals

£ Locations

Montreal

@ Tank01

& Tank02

@ Tank03

@ Tank04

~
Attributes

Tank01
= Capacity

r

[=] Density

= Level >

( ) OSlI=0ft. Page 67


http://pisrv01/PIVision

Building PI System Assets and Analytics with Pl AF

5. Select Level attribute and drag it to the display canvas on the left hand side.

« AdHoc Dispiay I

= Capacity
[= Density
= Level 3
[E Mass

[ Night Shift Operator

[= Product

[ Tank Name

= Temperature

[ Volume

6. Click on the > of the Level attribute to expand the structure and display the
traits. Drag Hi, HiHi, Lo, LoLo and Target into the trend. Select Format Trend
from the right mouse button menu.

Under Single or Multiple Scales select Show Single Scale.

Under Scale Range select Use database settings.

Click into the canvas to close the Format Trend settings.

Click on the time selector at the bottom and switch time display range to one
hour.

1 'l 1

-1 62017 7:32:52 AM 11672017 8:32:52 AM
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7. Click on Image icon and drag a rectangle in the display canvas. Under
the Browse.. selection navigate to VT Tank.jpg under
C:\Class\Exercises\01_Velocity Terminals

Display: Click Save lcon* Asset | Tank01 ¥ + Ad Hoc Display

2] 2

(N - n L L P B S— e
6/232016 6:22:46 AM 8 612312016 2:22:46 PM

8. From the object list, select the Value object . Drag Tank Name to the top

of the tank picture.
=
Tank01|Tank Name

6/23/2016 2:26:30 PM

9. From the right mouse button menu of the Value object, select Format Value.
Uncheck Label, UOM and timestamp. Change Value color to black.

Tank01

10. Accordingly, position a value object for the Product attribute in the right
bottom corner

HC1500

Velocity
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11. From the object list, select the Vertical Gauge object ﬂ Drag Level to the
center of the tank picture. Use Format Gauge to change the appearance.

Tank01

N779%
100 _—

HC1500

Velocity

NN

12. From the right mouse button of the gauge object, select Add Multi-State.
Change the colors as following:

Bad data: magenta
HiHi — Maximum: blue
Hi — HiHi: light blue
Lo — Hi: light green
LoLo - Lo: orange
Minimum — LoLo: red
Configure Multi-State
Multi-State Attribute
Tank01|Level i
. Bad data
— Maximum
HiHi
Hi
Lo
~ Lolo
~ Minimum

13. Click on < for TankO1 to collapse the structure again.

From the object list, select the Table object . Select Capacity, Density,
Product and Volume (keep Ctrl-key pressed). Then drag them above the
trend. You get a table with a header row and four rows for the four attributes
you had selected.
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Select Table Columns... from the right mouse button menu and uncheck
Description, Trend, Minimum and Maximum.

Name Value Units

Tank01|Capacity 20,000

Tank01|Density 3422 ko/L

Tank01[Volume 10.343

Tank01|Product HC1500

14. Click on the Save icon m on top right corner. Save display as Velocity
Terminals Tank.

Asset | TankO1 W .
15. Use the Asset selector to switch to another tank, Tank02.

16. Use the time control at the bottom to change the display ranges. Use the left
arrow to step through past time periods.

17. Position the cursor in the bottom area of the trend and drag it to switch the
time range.

+100

50

!
lo i ! i
1152016 73104 AM 1152016 3:31:.04 PM

18. To revert to the last hour from now, click on the Now button, then select the
1h from the time range selector.

19. Note: the display name has an asterisk at its end to indicate there have been
changes.

Display: Velocity Terminals Tank*

Click on the Save icon m to change these changes. To save the modified
display under another name select Save As from the dropdown next to the
Save button and save under another name.

20. Add a symbol from the library to your dispﬁ The library is opened by
i

clicking the symbol on the left hand side:
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5.2 Pl ProcessBook Element Relative Display
Open PI ProcessBook and use the File > New menu to create a *.PDI (standalone
display document) named “Tank Monitoring”.

From the View menu, select Element Relative Display and note the panel, which
appears on the left.

There is a PSE icon , select it and select your AF Server-AF System-Database
from the resulting Element Search dialog.

Make sure to check the Search Sub-Elements check box and then click the Search
button and select the four (4) tanks.

The tanks will be added as Elements of Interest.

p A PI ProcessBook - [Tank Display®]
BEle Edt Wew Inert Took Draw Amsnge Window Help
= File Edit Wiew Insert Toolks Draw Arrange Win
OfH &3 (b2 & H o v & K ia= [ ) T @, Edit ¥ Ir L Cr Arrange Wi
AP\ DEO CEE L L E B E 2y & o O=H & [ G4
S
— A[ANDDOocEO Y A
o /® Element Search 3]
Search ] =
A Sysers (UHTRAINTI ) Elemant Relative Display o x
Database: Mava ~[-)#) .
[t et
Name i
Categayis | kb v
Template is: <A v
Type is Any v Search
(M G 1000 Elements of Interest
Sesrch esuls: The search found 11 Elements matchingthe seaich citeria Group by [[] Template

Description Cotegory

1 \ Ed
E| Name 4 Description Category
& Tank3 WTRAINTSMa Tenks None Tark Templ =l H
 Tarkd WTRAINT3Ma, Tarks Nore Tank Templ ‘ﬂ__Tank»_A\_l Tanks
@ Tiger ATRAINT 3 Ma. Tanks None. Tank Templ. ] i} ﬂ Tank B Tanks

Select from the menus Tools > Build and then Draw > Symbol Library.

Now, from the drawing area of the screen, add a new symbol from the symbol library
by dragging out a square of approximately 1 % inch on the screen, as shown below.

%Eile Edit Wiew Insert Tools Draw Artange ‘Window Help

Qe H 2B &G & H 100w E’D
AANOEO O L L, @5 EEE LR
Element Relative Display s x - F

Tark 16

Categories
Pumps -~
safety

Scales

Elements of Interest

Segmerted Fipes

Sensors @
Group by: [] Template Sisco Electrical Distribution Ieon
| o - ‘ Tank Cutaways
E| Name . Description Categary Jerm’es
alves
B (@ Tank A H Tanks Yehicles v g
________________________ < S

& (J Tark B Tarks

This brings up the Symbol Library window.

Select a tank symbol from the Tanks category to add to the display.

Make sure you are still in Build mode (if not click again on the hammer (}") icon).
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Add a Bar next to the tank to represent its level by selecting Draw > Bar and then

dragging out a bar shape on the screen.

From the Define Bar window, open the pull/down fly-out menu next to the Tag

Search button and select Element Relative.

Define Bar

Server: Trainl3 v

Tag:

Upper = | TagZero{)+TagSpan()

Lower = | TagZero{)

[ Taq Search...

The selected tank should appear with its attributes.

Select Level and use the down arrow to push it into the Selected Attributes list, then

click OK.

Add a dynamic value by selecting Draw >
Value and clicking just below the tank symbol
on the drawing area.

Still using the Element Relative option, select
the Level attribute again.

Add a trend by selecting Draw > Trend and
dragging out a rectangle the size of the trend
wanted.

Still using the Element Relative option, select
the Mass attribute to be shown on that trend.

Add another Value symbol above the tank,
but this time select to Add Element Name by
clicking this button at the bottom of the Select
Attributes window (refer to the picture on the
right).

(Optional) Add two other value symbols to
display the Capacity and the Volume
attributes.

& Select Attributes

Current Element of Interest:

G Tank A

Altributes for the selected element:
9’| H |E|| Mame

@ =] Capacity
E| ] Density 8943 ka/L

&8} 7 Level 0.442346394062042 %
&| =] Mass 449241 746064834 kg
=
=

A| Walue

30000 1S gal

=1 Mass_Share |0.32167649757732 %
& h £ 93509622504367 ph

e ~

Selected Attributes:

&F Level

( dd Element Name | O] Use Ful Path

(@ osi-o.
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1) P1 ProcessBook - [Tank Monitoring.PD

@Eile Edit View Insett Tools Draw Arrange Window Help

Oe=H &0 24 & s @A H wx -~ 58 ‘B  #>r &
A2 NOD=HO WO L v %, &% 60 H B IREr M e [l
Arial 12
£ & < 06-Mar2013 @Mar201D> 3 8 55 B9 O @ b bk
e by - C\Users\Ipagemorin\DocumentsiMozyBackup\Documents\Displayl PDI - Q - {3 {4
Element Relative Display LT x
o @
:{1 LEIED = M Mass (last hour)
H Search Mask 2
= - i 350000 : 206538
Elements of Interest — ; kg
Group by: [7] Template 260000 pe ;
ES o - 200000 1] :
= 53 % 150000 Iln_ﬂ’ﬂﬂl :
‘Name v&| L} i
F 100 12 :
EI- & Mortreal 30 50000 / :
e G Tankn >
. ” Capaci 30000 US gal
b B Tank03 40 apacity ga
& Tenkd4 20 Volume 60.36 m3
B @ Sydney £ 0
| @ Terkts

Switching to Run mode from Tools > Run.

Select a different tank from the left panel to confirm the Pl ProcessBook display is
now element relative; meaning the information shown depends on which tank is
selected on the side pane.

Leveraging the AF structure and templates allows creation of reusable PI
ProcessBook displays to represent similar equipment.

Note the Mass attribute shown on the trend symbol has a history displayed, even
though the attribute was created moments ago. Formula results are not stored in the
Data Archive, rather they are calculated on demand when data is requested by a
client.

AF has the power to transform Pl System data into information.
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5.3 AF-based symbols in Pl Processbook (optional)

With Element Relative displays, switching between tanks is made easy, but what if
you don’t want to switch between the tanks. You want to have all tank information in
one display, e.g. information for all Montreal tanks in one display?

Velocity Terminals Montreal

< O
Ready Server Time = ¢ [

To support that capability, Processbook has AF-based symbols which can be assign
to an AF asset element template or element.

@ OSl=oft. Page 75



Building PI System Assets and Analytics with Pl AF

5.3.1 Directed Activity — Assigning Symbols to Templates or Elements

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives
e Demonstrate assigning symbols to template.

Problem Description

The four tanks at Montreal are experiencing problems. Your manager does not want
to switch displays to compare tank properties. He would like to see the four tanks on
one display for troubleshooting purposes.

Approach

Let us create a Pl Processbhook group of symbols for one of the tanks, which we will
associate with the tank template in AF. Then it is easy to duplicate this for the other
tanks.

Open PI ProcessBook and open the display Tanks Montreal.PDI (located in the
class\exercises folder):
| Pl ProcessBook - [Tanks Montreal.PDI] | = | o e

@Ewle Edit View Inset Tools Draw Amange Window Help
DEHBLR B o | 2w 8 8 ‘8 oA
AP NDHorE0t vy LuEr DB EE

Velocity Terminals Montreal

Tank01 Tank02

Material:

Capacity:

Current Volume:

... Tank03: : : : : : : : : Tank04 ..

Server Time R o [l
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In the area for Tank01, add value objects for Material, Capacity and the Current
Volume. In Build Mode, click on Draw > Value and click into the display to position
the symbol on the right hand side of the text Material. In the Define Value dialog box,
click on the drop down arrow and select AF2:

Define Value

Server: |GPZ-PIZDI4 W | | Tag Search
'_I'ag:| Tag Search
Pl Calc
e e ODBC i
Format | = e
Mumber: Tag: Time stamp: Element Relative L
General v| |(None) v| |(None) I
Show Units [+]
Sample:
-10000 Units L L
o | [ cancel | | e SRR

Note: The AF2 dataset provides access to the AF database allowing you to configure a Pl
ProcessBook symbol with an AF attribute.

In the Select AF attribute dialog, click on Tank01 in the AF asset tree and select
Product Attribute, UOM= <none>:

Select AF Attribute -
Database:
| ﬁ‘v’elocit',' Terminals_Training 2014 W ” |
Element:
5 Elements ~
+-(3 Distribution
=@ Mortreal -
[ b Tank0l -
----- & Tank02
@ Tank03
(G Tank04
1A Danaivinn >
Attribute:
|Pn:n:|uct v” Search. .. |
Uom:
|cNDne> V|
| ok || cancal || Hew |
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Repeat the same for attributes Capacity (attribute: Capacity, UOM=US Gallon) and
Current Volume (attribute: Volume, UOM=cubic meter).

In Build Mode, click on Draw > Bar, position the cursor on the tank symbol and click
to open a rectangle for a vertical bar. In the Define Bar dialog box, click the drop
down arrow and select AF2. In the Select AF attribute dialog, click on Tank01 in the
AF asset tree and select Attribute Level, UOM= %.

Tank01
Material: AQ4500
Capacity: 20000 US gal

Current Volume:

23.6582 m3

Now select the objects in the bottom rectangle (the tank, the bar, the texts and the
value objects) and select Arrange > Group to combine them into one object.

Tank01

| | |
m\Material=
] | | |
| | | | . .I
:Capemty.:

H EH =N
HAQ4500m
H EH =N
u u | |
m20000 US galm
| | |

u u L ] n ]
sCurrent Volume:m m26.2315 m3m
| ] m B | |

From the context menu select Assign Symbol to Template... and select the Tank
template.

Note: if the Assign Symbol to Template... menu item is greyed out, select another object in the
display, then reselect the group symbol. The menu item should now be available for selection.

Click on View > AF Browser. To duplicate the tank symbol for the remaining tanks,
select Tank02 in the AF Browser and drag it into the corresponding space in the
display. Repeat for Tank03 and Tank04.

(0}
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5.4 Pl Datalink

PI Datalink is a Microsoft Excel add-in that allows you to import data from your PI
System into a spreadsheet. Combined with the computational, graphic, and
formatting capabilities of Microsoft Excel, PI Datalink offers powerful tools for
gathering, monitoring, analyzing, and reporting Pl System data.

5.4.1 PI Datalink Support for AF

With PI Datalink 2013+, it is possible to create reports that will leverage the AF
model, allowing reports to be reusable across similar assets. Pl Datalink 2013+
benefits from the new integrated search engine, allowing searches for tags and
assets all at once.

Pl Datalink 2014 introduces support for Event Frames, which will be discussed later
in the class.

Q search _ [T

Home - @BP1sRy1 - @ velocity Terminals = (3 Velocity Terminals = (3 Locations = (3 Montreal = £ Tankot =

I 8 x|

=] Lewel

| Root path | Data item | Description
WWPISRVTWelocity Terminals\Welocity Terminals\Locations\MontrealhTank01  Capacity
WWRISRYT\Welocity Terminals'Welocity Terminals\Locations\MontrealhTank0T  Dengity
WWRISRVT WWelocity Terminals\Welocity Terminals\Locations\MontrealhTankl  Level
WWRISRVTWelocity Terminals'Welocity Terminals\Locations\MontrealhTank01  Mass
WWRISRYT\Welocity Terminals'Welocity Terminalsh\Locations\MontrealTank01  Product
WWRISRVTWWelocity Terminals'Welocity Terminals\Locations\MontrealhTank1  Tank Mame
WWRISRVTWelocity Terminals'Welocity Terminalzs\Locations\Montreal Tank0T  Waolume

W EEE L

J [ 5]
Drata item length Inzert roat pathes in:
\J = Drop-down list
Full path Mame anly ¢ Column ar row
oK Cancel
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5.4.2 Directed Activity — Pl Datalink Basics: Access Sampled Tag data

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

This exercise is a brief introduction into PI Datalink. It familiarizes with recommended steps to
create a spreadsheet with dynamic data from the PI system.

Activity Objectives

e Use the Sampled Data function to get interpolated data for a tag in specified
time intervals.

¢ Understand how to reference spreadsheet cells to specify parameters for
Datalink functions.

Problem Description

You would have a report with interpolated tag values from tag TANKOLLI.PV. The list
should cover the last 4 hours and list values in 15 minute intervals.

Approach

1. Open AF Class Datalink Exercises spreadsheet located in the
c:\class\exercises\01 Velocity Terminals folder.

2. Select the PI DataLink ribbon. Explore the different groups of PI Datalink
functions (see also the list on the next page). Which is the function that you
have to use?
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Group Function Name Function Example
Retrieve the current or What is the current outside air
Current Value most recent value of a temperature?
, data item
Single
Value : .
Retrieve a data item What has been the tank level

Archive Value value for a specified this morning at 8:00 AM?
point in time
Retrieve data item What are the values stored in

Compressed o )

Data \{alues for a specified the archive for the pressure
time range sensor for yesterday?
Retrieve evenly-spaced, | What is the generated Wind
_ Sampled Data interpolated data _it_em turbine power, listed for every
Multiple values for a specified full hour on the last Sunday?
Value time range
Retrieve interpolated What are the CO2 level values
data item values that for the tank at those times
Timed Data match with an array yesterday when there is value
specified of time stamps | in the archive for the pressure
sensor?
Retrieve calculated data | What are the hourly averages
item values. The for the reactor’s internal
Calculated Data calculatiqn performs_ an | temperature for yesterday?
aggregation over a time
period (like minimum,
Calculation maximum, average etc.)

Time Filtered Calculate the amount of | How long has the motor been in
time over which a the “Running” state yesterday?
performance equation
evaluates as true for a
specified time range.

(@ osi-o.
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8.
9.

Select the Spreadsheet tab named Tags.
Enter the tag name TANKO1LI.PV into cell B1.

Put the cursor in cell D1. This is where we want to have the result from the
Datalink function.

Note: before selecting a P1 Datalink function, select the cell in the spreadsheet where
the result from the Datalink function should be output! This should be a free area in your
spreadsheet, so that existing contents is not overwritten!

Select Sampled Data function from Multiple Value group. Result: you get the
Sampled Data parameter window on the left hand side. Put the cursor into
Data Item(s) to select this parameter.

Note: click on the upper half of the icon. If you select the lower half, you select the
function along with pre-defined parameters.

With Data Item(s) selected, click cell B1 to reference the tag TANKO1LI.PV.
Result: the parameter is set to ‘Tags’!$B$1

Put the cursor into Start time to select the parameter, then click cell B2.
Put the cursor into End time to select the parameter, then click cell B3.

10. Put the cursor into Time interval to select the parameter, then click cell B4.

11. Check Show time stamps.

Sampled Data

Foot path [optional)

Data item(s)

tag TANKOLLLPY [ Tags3841 |
start *.4h \Start time:
end 1 | Tags13842 |

interval 15m

\End time

[ Tags138$3 |
Time interval
[ Tags13844 |
Output cell
[ Tags15D$1 |

Shaw time stamps

Page 82

) OSI




Visualizing Data

12. Click on OK button. Result: data is returned into cell area D1 ... E17.

Note: if you click Apply instead of OK, the Sampled Data parameter window is not

closed.

e @ 6 AEELIEIT =
- == © @ Help
Current Archive Compressed Sampled Timed Calculated Time Explore Compare = Search Asset  Properties Update Settings
Value Value - Data -~ Data~ Data Data~  Filtered - - - - Filter © Feedback
Single Value Multiple Value Calculation Events Search Properties = Update Resources ~
D1 = S« || {=PISampDat(Tags!SBS1, Tags!5B52, Tags! SBS3, Tags!SBS4,1,"")} v
A . B | ¢ D E | F | & | H [~
1 [teg TANKO1LLPV [20-mar-19 06:25:03] 0 Sampled Data Ve
2 |start *-4h 20-Mar-15 06:40:03 45.14331 ?
3 | end * 20-Mar-15 06:55:03 56.10803 (@) Dataitem
4 | interval 15m 20-Mar-19 07:10:03 10.16824 () Expression
3 | 20-Mar-15 07:25:03  67.1845
6 | 20-Mar-15 07:40:03  20.06949 Root path (optional)
7| 20-Mar-19 07:55:03 37.49671 ‘ |
8 | 20-Mar-159 08:10:03 9.664823 o
g | 20-Mar-19 08:25:03 69.56335 fem(=)
10| 20-Mar-19 08:40:03 19.14506 Tags'sBs1 1]
11| 20-Mar-15 08:55:03  30.75434 Start time
12 | 20-Mar-15 09:10:03  85.04003 "Tags'!SBSZ |
13 20-Mar-15 09:25:03 8.103433 End i
.| Ime
14| 20-Mar-15 09:40:03 33.72939 "T e |
15| 20-Mar-15 09:55:03 96.54696 i
16 | 20-Mar-15 10:10:03 0 Time interval
17 20-Mar-19 10:25:03  39.97021 [Tags'sBs4 |
]8- Filter expression (optional)
19 | ‘ |
20
21 ) Mark as filtered
22_ Qutput cell
23| [ Tags1sDs1
24_ Show time stamps
25
26- ® Column
2?: O Row
22 i oK Apply
b Tags Attributes (1) | Attributes (2 ... (¥) [ 3
(@ osi- Page 83
3 ®



Building PI System Assets and Analytics with Pl AF

5.4.3 Directed Activity — Pl Datalink Basics: report with data from AF

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

This exercise repeats the previous exercise, but instead of referring to a tag, an attribute in AF
(with PI Point Data Reference) is referenced.

Activity Objectives

¢ Understand how to specify an AF attribute in PI Datalink functions.

Problem Description

The report from the previous exercise should be built by referring to the Level
attribute of TankO1 in AF.

Approach
There are two ways to do that:

o refer to the Level attribute with the full AF path in one parameter for the
Datalink function

o refer to the Level attribute with the path and the attribute name in two
parameters
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Full AF Path
1. Select the Spreadsheet tab named Attributes (1).

2. Putthe cursorinto cell B1, then click on the lower part of the Search icon and
select In a row. Result the Datalink Search window appears. You can either
search for tags or for information in AF. Select the AF Server PISRVO0L1.
Result: PISRVO0L1 is shown in the search path above.

3. Click on Velocity Terminals database, then penetrate further on to elements
Velocity Terminals — Locations — Montreal.

4. Enter Level into the search field and click on the magnifier glass at the right
side. Result: four Level attributes are listed, one from each of the four tanks in
Montreal, Tank01 ... Tank04.

Drag the slider for Data item length to the left position, which is Full Path.

o o

Select the line for TankO1 is the list above, then click on OK. Result: the full
path appears in cell B1:
\\PISRV01\Velocity Terminals\Velocity Terminals\Locations\Montreal\TankO1|Level

Note: the | character separates the path from the attribute name.

13. Select Sampled Data function from Multiple Value group. Result: you get the
Sampled Data parameter window on the left hand side. Put the cursor into
Data Item(s) to select this parameter.

14. With Data Item(s) selected, click cell B1 to reference the cell with the full

path.
15. Set parameters for Start time, End time and Time interval and check Show
time stamps.
Sampled Data
Root path [optional]
\ |
D ata itern(s]
|item (with path) YWRISRVOLYWelacity Terminals\yvelocity TerminalshLocationsyhantreahTankol | Level ‘M"b“tes 11113841 |
start *-gh Start time:
and - [ttibutes (1715852 |

interval 15m
End time

| ttributes (1715843 |

i

Time interval

[‘tibutes (1115884 |

Output cel
[ Agtibutes (17150 $1 |
Show time stamps

16. Check Show time stamps. Click on OK button. Result: data is returned into
cell area D1 ... E17.
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Path and Item (attribute name) in two parameters
1. Select the Spreadsheet tab named Attributes (2).

2. Putthe cursorinto cell B1, then click on the lower part of the Search icon and
select In a row. Result the Datalink Search window appears.

3. Run the same search as in the previous exercise (it is probably still preset)
and get the same four Level attributes listed as before.

Drag the slider for Data item length to the right position, which is Name Only.

Select the line for Tank01 is the list above, and select Insert root paths in:
Column or Row. Click on OK. Result: the path appears in cell B1, the attribute
name appears in cell B2.

6. Putthe cursor in cell D1. This is where we want to have the result from the
Datalink function.

7. Select Sampled Data function from Multiple Value group. Result: you get the
Sampled Data parameter window on the left hand side. Put the cursor into
Root path to select this parameter.

8. With Root path selected, click cell B1. Result: the parameter is set to
‘Attributes (2)’'$B$1

9. Set parameters for Start time, End time and Time interval and check Show

time stamps.
Sampled Data
Foot path [optional]
[‘ttributes (214841 |
/ D ata item(z]
path YWPISRWDLWelocity Terminals\velocity Terminal s\Locationsyaontreal\Tankol / |'Attributes [2)1$B%2 |
|item Level Start tme
start “-4h T [tutrbutes (219543 |
end * }
interval 15m \ End ime
[ attributes (2113854 |
Time interval
[ttributes (2113845 |
Output cel

[‘ttributes (214D $1 |

Show time stamps

10. Click on OK button. Result: data is returned into cell area D1 ... E17.
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5.4.4 Directed Activity — Pl Datalink: switch asset context in a report with data from AF

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

PI Datalink search window allows the possibility to generate drop-down lists in Excel to allow a
report to be applicable to multiple similar assets. This exercise repeats the previous exercise,
but shows how to create a cell with a drop-down selection to switch the asset context.

Activity Objectives

o Create a Datalink report that can be switched between different assets.

Problem Description

The report from the previous exercise, which gives values for the Level attribute of a
tank, should be enhanced to allow the switch between the twelve tanks.

Approach

1. Select the Spreadsheet tab named Attributes (3).

2. Putthe cursor into cell B1, then click on the lower part of the Search icon and
select In a column. Result the Datalink Search window appears.

7. Expand the search for tanks in all locations. You can do that by click on
Locations in the search above. Enter Level into the search field and click on
the magnifier glass at the right side. Result: twelve Level attributes are listed,
one from each of the twelve tanks, Tank01 ... Tank12.

Drag the slider for Data item length to the right position, which is Name Only.

Select the all lines in the list above (you can click on the checkbox in the
header line for that), and select Insert root paths in: Drop-down list. Click on
OK. Result: the path appears in cell B1, the attribute name appears in cell B2.

5. If you click cell B1 you get a drop-down selector icon for one for your 12
tanks.

6. Putthe cursor in cell D1. This is where we want to have the result from the
Datalink function.

7. Select Sampled Data function from Multiple Value group. Result: you get the
Sampled Data parameter window on the left hand side. Put the cursor into
Root path to select this parameter.
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8. With Root path selected, click cell B1. Result: the parameter is set to
‘Attributes (2)!$B$1

9. Putthe cursor into Data Item(s) to select this parameter. With Data Item(s)
selected, click cell B2.

10. Set parameters for Start time, End time and Time interval and check Show
time stamps.

11. Check Show time stamps.

Sampled Data

Raat path [optional]

[t4tributes (3115841

/ Drata item(s)

path [\\pI1SRvO1\Velacity Terminals\welocity TerminalsiLocations\Montreal\Tankn1 |~ |‘Atrbutes (318862
item Leval Start time

start *-4h

T ['attributes (318853

end * _
interval 15m \ End time

['attributes (318854

Time interval

['attributes (31$BS5

Output cel

[tttibutes (315D $1

Show time stamps

12. Click on OK button. Result: data is returned into cell area D1 ... E17.

13. If you switch the tank selection in cell B1, the report will retrieve data for the
selected tank.
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5.4.5 Exercise—Tank Level Report

This solo or group exercise is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the exercise.

Objectives

e Exercise the searching in Pl Datalink.

o Get familiar with Pl Datalink function to retrieve archive data.
Problem Description

The production supervisor needs an Excel report displaying the change in the level
of tank in Montreal between 8:00 AM and 9:00 AM today.

Approach
Select the Spreadsheet tab named LevelReport.

Use the Archive Value function to retrieve the level at 8:00 AM and at 9:00 AM today.
Once you have the level in two columns, you can calculate the difference using
Excel. Watch and follow along while the instructor creates this PI Datalink report.
Use Excel conditional formatting (Excel Home tab, Styles group) to highlight a
negative change.

H - s Tanks Level Reportxdsx - Excel ? BH - O X
HOME INSERT PAGE LAYOUT FORMULAS DATE, REWIEM WIEWY PIDATALIME PIEUILDER Team -
X Calibri Ju s == e EF‘J General - %Cond\t\onalFormatting' %"Insert - z - %Y H]
Egy ~ DFUrmat as Table = " Delete - E' Sort & Find &
LoEm . . L. === &= 5= . . ©n 00 s a in
v BIU-H- O-A- E=S=EE $-% 7 BB Easyles- EiFormate @ v Fitere Select~
Clipboard & Font [Pl Alignment [Pl Mumber [Pl Styles Cells Editing ~
A8 - fe e
A B C D E Fo=
1 VELOCITY TERMINALS: TANKS LEVEL CHANGE REPORT
2 Yalue at |Value ot
3 T+8h T+9h Delta

4 \WPISRY1\Welocity Terminals\Locations\Montrealh\TankQ1 | Level 35,5204 18.12223| 20.15449679
E WWPISRY1vWelocity TerminalsiLocations\Wontrea\Tank02 | Level 8.63174 1.700155| 7.475257158

& [WWPISRY vWelocity TerminalsiLocations\Wontrea\Tank03 | Level 50.053| 85.166k6| 2407732391

7 [\WPISRY I\Welocity Terminals\Locations\Wontrea\Tank04 | Level 93.2338| 50.05351 -3

8 |

9

L Ra) -
LevelReport @ [ 3

READY  CALCULATE
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5.4.6 Exercise—Building an Element Relative Pl Datalink Report

This solo or group exercise is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the exercise.

Objectives

e Experiment with Pl Datalink’s Asset Relative feature.

o Follow the steps needed to create a report applicable to similar assets.
Problem Description

Create a small report that has the hourly averages for the level and mass present in
one of the Velocity Terminals tanks for the previous day. The report should have the
data for one tank, but should allow switching to another tank.

A B c D 3 F G
1 o o (=]
(0 fa\
: Velocity Terminals - Tank Analysis
3
4
. Analyzing:l \\PISRVO1\Velocity Terminals\Velocity Terminals\Locations\Montreal\Tank01 ’, — ‘?fvgl\tcncgtzi:r?nfmfsetg;ﬁ
6 From:  19/Mar/2019 o use Excel time functions to set start and end in a way,
that it corresponds to the whole day yesterda
, To: 20/Marj2019 €« P vy y
0o A o fime weighted averages ...
3 Level YW Mass 7"V VYIA
9 19-Mar-19 00:00:00 19-Mar-19 00:00:00 [ 111099.0394 4——— for the time 00:00:00 - 01:00:00
10 19-Mar-19 01:00:00 15-Mar-13 01:00:00 IIT107017.7107 & for the time 01:00:00 - 02:00:00
1 19-Mar-19 02:00:00 19-Mar-19 02:00:00 etc.
12 19-Mar-19 03:00:00 19-Mar-19 03:00:00
Approach

Select the Spreadsheet tab named Tank Analysis Report.

Which Datalink function allows to aggregate data such as getting the average over a
period of time?
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Hint: Cell C8 and F8 were prepared to show spark lines. Here is how the spark line
has been added for the Level data:

— Select the cells with the data (just select the values, not the timestamps)
— From the Excel Insert ribbon, select Sparkline
— Select the output cell (C8)

Create Sparklines

Choosze the data that you want
Data Range: ICH:C32| E,‘}E

Choose where you want the sparklines to be placed

Location Range: |$C$E E‘ﬂ

] 4 I Cancel |

.

(Accordingly for the Mass spark line)
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6. Adding Analytics to the Assets

Pl Asset Framework provides several options to enhance the data with calculations
that are carried out on top of the values in the PI Data Archive. These calculations
transform raw process data into decision making information that is provided by the

Pl System.

AF Calculation Option

Examples

Value Retrieval Methods
(defined in PI Point data Reference)

Get interpolated value for a PI Point from a
particular point in time (e.g. from 2 hours
ago), get aggregated data for a Pl point for a
defined time period (e.g. maximum from the
last 24 hours)

Formula Data Reference

Ad-hoc calculation (add volumes from two
tanks)

Asset Analytics
(Expression, Rollup, Event Frame
Generation, SQC)

Expression: perform all kind of simple and
complex calculations such as summaries,
consumptions, metric data, KPIs etc.
Rollup: aggregate/summarize data over
several levels in the asset hierarchy (e.g.
maximum temperature for all reactors, overall
production in all production lines)

EF Generation: monitor process for special
conditions and capture in event frames (e.g.
downtimes, process excursions)

SQC: online statistical calculations

For a decision on what calculation options to use, consider the following aspects:

How complex is the calculation?

What load will the calculation place on the Pl System?
Do | need to keep the history for the calculation?
Will the calculation be applied to multiple assets?

For related information refer to the Comparison table at the end of the next chapter.

Beside options in AF, there are further options in the Pl System: Performance
Equations (PE) points and Totalizer tags (tag-based analytics in Pl Data Archive
(*)),Calculated Data function and Pl Expressions (Pl Datalink), PI Calculation
datasets (Pl Processbook) and Pl Advanced Computing Engine (Pl ACE).

(*) Note: Rather than using tag-based analytics in Pl Data Archive, OSlsoft strongly
recommends that users upgrade to asset analytics that support event frames, formula data
references, and other newer features of Pl Asset Framework.
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6.1 AF Calculation Options Overview

This section is an overview of calculation options in the Pl System, all options are
explained individually in more detail later.

Value Retrieval Methods
e Configurable option within the P1 Point Data Reference
e By default the current value of a tag is displayed

e By Time: get data from another point in time
(e.g. value from 2 hours ago)

e By Time Range: get aggregated data
(e.g. maximum value from last 15 minutes, total amount of material based on
the inflow)

—Malue retriesval methods

By Time: I.ﬁ.utumatic j
Relative time: |-2|‘|

Bw Time Range: IStart Tirme j
Calculation basis: ITime Wigighted j
Min percent good: IE“:I

Formula Data Reference
e Ad-hoc calculation, no history saved
e Calculation is defined in one or multiple equations

e [Equation syntax based on variables,
operators (+, *, ...) and functions (sin, cos, abs, sqrt,...)

e Examples: volume based on capacity and level, value of your stock based on
amount of goods and current prize

Formula Configuration:{Mass)

— Parameters —Equations ——
o

D=Density; I0M=kgiL
W=\ alume; oM=L

&% |
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Asset Analytics (Analyses)

e Analysis Types: Expression, Rollup, Event Frame Generation, SQC

Expression Analyses:
e Calculation defined based on attributes, variables, operators and functions

¢ Functions include Performance Equation (PE) functions
(e.g. FindEq, TimeGE, TagMax, Tag Avg,...)

o Results stored in attributes (Analysis Data Reference, Pl Point Data
Reference)

Marne Expressicn |

HourlyTotal |TagTot({ 'Gross Generation','*-1h',"*')*24

Utilitzaticon|HourlyTotal/ "Hourly Capacity’

Note: This is for a first orientation. Expression Analyses as well as the other analysis types will
be explained in more detail later on.

Comparison

To help you with the selection for the best calculation option, use the following table.

Value Formula Data Expression Expression
Retrieval Reference Analysis Analysis
Methods (Output to non PI (Output to PI
Point Attribute) Point Attribute)
Creation Method Configuration Expression Expression Expression
Functions No Limited PE PE
Historization No No No Yes
Recalculation/ No No No Yes
Backfilling
Calculation Load Server Client Client Server
Time Awareness Relative No Yes Yes
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6.2

Formula Data Reference

Formula Data References allows the creation of simple custom calculations.
Calculations can be in the form of a single formula or a sequence of calculations.
The calculations are executed on demand, and the results are not archived
anywhere. The functions available are limited and they are not time-weighted.

6.3

Formula Configuration:(Vol
Pammetars Equations

C=Capacity (2] [e=esom » .
,'.-.".-."r'."....l.. ..................................... — “j Variables ’
> Operators v
’E Functions k
+
¥
Defzul Values Allowed
Result
LIOM: <None> *|  Mnimum: Maggrmum
Stepped
[ Evakate |
[ o Cancel |

Value Retrieval Modes

By default, the Pl Point Data Reference retrieves the current value of a particular
point. The value retrieval methods of the Pl Point Data Reference can be configured
so that the value will be either

the value of a point at a specific time (By Time retrieval mode)

the result of a calculation on the point’s value over a time range, e.g. an
average
(By Time Range retrieval mode).

For full information refer to "Configure value retrieval by time" and

EEI "Configure value retrieval by time range" in Chapter "PI point data

references" in the PI System Explorer User Guide, version 2015, p.
140 and 141.
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By Time - Retrieving a value other than the current one.

180
150
120

90
60
30

now

After: 180
Interpolated: 150
Before: 120 Q b
&
NL I I I I L ; L 4 . L | -
Vay T T T T T T T I T T 1 L=
12:00 12:05 12:10 1215 12:20 12:25 12:30

)
-

-15m

. . By Time: [N or Before v]
By Time mode options are After, At or Before, At or After, _ Hier
. . Relative Time: At or After
Automatic, Before, Exact Time and Interpolated. To get a N
H . Ime Range: lomatic
value other than the current value these options are used in T
context with the Relative Time field. Relative time Voot g, ok sated
expressions have to be in the PI System Time format (see . Trme Rorge Overde
examples below).
ok || cancel

Value retrieval methods

By Time Relative
Time

Meaning

At or After -15m

Returns the recorded value from 15 minutes before the current
time. If no value exists at that time, the next recorded value is
returned.

After -2h Returns the first recorded value after the point in time that is two
hours ago. If a value exists exactly at that time, it is not returned.
Exact -2h Returns the recorded value from two hours before the current

time. If no value exists at that time, “No Data”-error is returned.

Interpolated | T+6h

Returns an interpolated time for 6:00:00 of the current day.

Note: Do not choose the Not Supported, Time Range, and Time Range Override options for By
Time. These options are for attribute values based on time range calculations (see below)
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By Time Range — Retrieving the result of an aggregation.

now
A Aggregation over 10 minute time range
Flowin (12:00 - 12:10) :
Ilhour |
: 6
180 + Average: 60 l/hour
150 T Maximum: 120 I/hour
120 | X
U A Total (timeweighted): 10 |
s 3 Assuming a tank is empty at 12:00 and the inflow of
30 T P g fluid is measured (in liters per hour). Then the (time-
— I .x" NN ; > weighted) total represents the total amount of fluid in
the tank at 12:10.

12:00 12:05 12:10

By Time Range options are:

Average (time-weighted), Count, Delta, Maximum, Minimum, Population Standard
Deviation, Standard Deviation, Start Time, End Time, Total.

In case of Total, an extra drop-down appears to specify the time units of the rate
point or attribute over which the calculation is performed. That is required since the
Data Archive always assumes a rate point to be in units/day. Selecting the right time
units is thus essential to retrieve a correct result.

The options in the By Time field for a By Time Range retrieval are Not Supported,
Time Range and Time Range Override. Depending on what time context the client
application is providing the behavior is in the following table.

By Time Meaning
Setting

Not Supported | If client application sends a time range, it is considered for the
calculation. If client application sends point in time (and not a time
range), an error is returned.

Time Range If client application sends a time range, it is considered for the
calculation. If client application sends point in time (and not a time
range), the time range specified under Relative Time is used.

Time Range The time range specified under Relative Time is used in any
Override case.
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6.3.1 Directed Activity — Understanding Value Retrieval Modes for Times Ranges
(optional)

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

¢ Distinguish retrieval modes for time periods: Not Supported, Time Range and
Time Range Override

Problem Description

e You are measuring a temperature and would like to get minimum and
maximum for the last hour as well as for the time period applied in your PI
Vision trend.

Approach
Open the Demo database and select the Value Retrieval Demo element.
1. Display the elements attributes and get their function.

Attribute Name Value
Temperature Actual Value from now
Temperature.Min. Temperature Minimum for a time period: The time range

TimeRangeNotSupported | is taken from the client (here: PSE). Because the PSE
does not supply a time range, a corresponding error (The
attribute requires a time range...) is displayed.

Temperature.Min. Temperature Minimum for a time period: If the time range

TimeRange.1HR is supplied by client (here: PSE), it is used. Because the
PSE does not supply a time range, the specified range is
used (1hr).

Temperature.Min. Temperature Minimum for one hour time period

TimeRangeOverride.1HR

(according to the three minimum attributes, there are three corresponding maximum
attributes)

2. (optional) From PSE Tools > Options > Time Context set a time range for
PSE of e.g. last five minutes. Discuss the value attribute changes. Reset the
time context back (Query Date Time= Latest Available)
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Click on the desktop link to open PI Vision and select the Retrieval Modes Demo
display.

1. Displai the elements attributes and get their function. Set time period selector
to 1h:

Attribute Name

Value

Temperature

Actual Value from now

Temperature.Min.
TimeRangeNotSupported

Temperature Minimum for a time period: The time range
is taken from the client (here: Pl Vision). Pl Vision time
range is one hour. This means the Temperature
Minimum is for a hour time period.

Temperature.Min.
TimeRange.1HR

Temperature Minimum for a time period: If the time range
is supplied by client (here: PI Vision), it is used. PI Vision
time range is one hour. This means the Temperature
Minimum is for a hour time period.

Temperature.Min.
TimeRangeOverride.1HR

Temperature Minimum for one hour time period

(according to the three minimum attributes, there are three corresponding maximum

attributes)

2. Set the time period selector to 8 hours.

Attribute Name

Value

Temperature

Actual Value from now

Temperature.Min.
TimeRangeNotSupported

Temperature Minimum for a time period: The time range
is taken from the client (here: Pl Vision). PI Vision time
range is eight hours. This means the Temperature
Minimum is for an eight hour time period.

Temperature.Min.
TimeRange.1HR

Temperature Minimum for a time period: If the time range
is supplied by client (here: PI Vision), it is used. PI Vision
time range is eight hours. This means the Temperature
Minimum is for an eight hour time period.

Temperature.Min.
TimeRangeOverride.1HR

Temperature Minimum for one hour time period

(@ osi-o.
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3. Set the start time to y+22h, set the end time to t. This is the time period of the
two hours before midnight today.
(yesterday 22:00:00 — today 00:00:00).

Attribute Name

Value

Temperature

Value from today midnight (today 00:00:00)

Temperature.Min.
TimeRangeNotSupported

Temperature Minimum for a time period: The time range
is taken from the client (here: PI Vision). PI Vision time
range is two hours. This means the Temperature
Minimum is for the two hour time period before midnight
today.

Temperature.Min.
TimeRange.1HR

Temperature Minimum for a time period: If the time range
is supplied by client (here: PI Vision), it is used. PI Vision
time range is two hours. This means the Temperature
Minimum is for the two hour time period before midnight
today.

Temperature.Min.
TimeRangeOverride.1HR

Temperature Minimum is for the one hour time period
before midnight today (yesterday 23:00:00 — today
00:00:00)

(@ osi-o.
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6.3.2 Directed Activity — Apply Value Retrieval Modes for Tank Level Attribute

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Use the Value Retrieval mode to get the value of a tag from two hours ago
and its average for the last two hours.

Problem Description

¢ In addition to the actual material content level in the tanks, the operational
personnel would like to see what the level has been 2 hours ago and what
the average level has been for the last 2 hours.

Approach

Open the Tank template in the Library of the Velocity Terminals database.
Select Attribute templates tab.

For the value from two hours ago:

1. Select the line with the Level attribute and select New Child Attribute
Template from the right-mouse button context menu.

2. Attribute Name = Level.2HoursAgo
Default UOM = percent

DisplayDigits=2
Data Reference = Pl Point

Diata server: [reserveras =]
3. PI Point Settings: C raguamer | =l
Tag Creation
5
& attribute: fILevel =]

—Unit of Measure

Source Units: I

r—Yalue retrieval methods

By Time: Inutomatic j
Relative time: |-2h

By Time Range: IEnd Time j
Calculation basis: ITime Weighted j
Min percent good: ISD

oK I Cancel
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For the average value of the last two hours:

1. Select the line with the Level attribute and select New Child Attribute
Template from the right-mouse button context menu.

2.

3.

Attribute Name = Level.2HoursAverage

Default UOM = percent
DisplayDigits=2
Data Reference = PI Point

Pl Point Settings:

Verify the results:

1.

PI Point Data Reference
Data server: |°a’oServer% j
" Tag name: I ) |
’—r Tjag Creation
(" Attribute: =l
r—Unit of Measure
Source Units: I
—Yalue retrieval methods
By Time: ITime Range Owverride j
Relative kime: |-2h
B Time Range: Inverage j
Calculation basis: ITime weighted j
Min percent good: |SD
V¥ Read only
oK I Cancel
Y

Open one of the Velocity Terminals tanks (look at Tank03 because Level for
Tank01 and Tank02 changes too often).

Select the lines with the Level attribute and the two recently created child

attributes and select B Trend from the right-mouse button context menu.

Fast |
Set Start Time= *-8h and End Time= * and click on Refresh button.

#5 Trend

Stark Time: I*-Bh

TankD3 Level Tank03 Level

100 1

2| » | end ime: [

® Locations|Montreal | Tanko3|Level © Locations|Montreal|TankD3 | Level| Level. 2HoursAverage

4{11/2017 8:28:13 AM

=] B3

EEEED

Add Attributes... | Add Pl Paints. .

Traces.. |[ clos= |

C

' OSI
4 ®
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6.3.3 Directed Activity — Simple Calculations for PI Big Tires Co.

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Use the Formula Data Reference and the Value Retrieval modes to create
analytics.

Case study

As a consultant for a tire manufacturing company, Pl Big Tires Co., you help create a
smarter AF structure; your client wants to have more insight on his operations by
taking advantage of the calculation and analytics features provided by the Pl System.
The tire curing presses are an essential part of the production process and currently
there is a lack of key performance metrics; your client wants you to start working on
this section of the factory.

Here is how a Tire Curing Press works: raw tires are loaded individually into a Tire
Curing Press. Once the tire is loaded, the press closes up and temperature and
pressure is applied to cook and mold the tire. After the cooking time has elapsed, the
press opens up and the tire is unloaded into a cooling unit where fans blow air until
the tire reaches a specific temperature.

Below a screenshot of the current press template. Open PSE, connect to the AF
Server and AF database indicated by the instructor and take a minute to familiarize
yourself with the template and attributes.
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| General I Child Elements | Attributes |Purts I Analyses I 'l.n'ersiun|

B | ¢F Main Clodk
B | <F Press Status

= Category: Process Variable
B | ¥ Curing Phase
B | ¥ Internal Temperature
B | <7 Mold Temperature
B | ¥ Pressure

= Category: Production
B | ¥ NetTires Produced
B € <7 Production Rate
] =1 Production Target
B | ¥ Reference Type

B | ¥ Scrap Tires

Problem Description

| Fifter
@€ Name = Yalue
=l Category: Energy
B isF Steam Inlet 52.?59156 ka/h
= Category: Mechanics
B | <F Lid Position Closed

52.4298245291016 %

Running

Malding
52.4293243291016 ol
35.5094223022461 oC

97.5701751708984 psi

453 Tires

2 Tires/hour
& Tires/hour
Truck

79 Tires

1. The maintenance coordinator would like a new attribute to display the total
steam consumed during the last 24 hours. He does not need to archive the
result of that calculation in the Data Archive.

2. The cost of a scrap tire is 20 dollars. The quality inspector would like
everyone to see in an AF attribute how much money the company has lost in
scrap tires. The production supervisor agreed to display this in AF but not to

archive the result in the Data Archive.

(@ osi-o.
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Approach

1. Create a new attribute on the press template and use the value retrieval
methods to calculate the total.

Group by: [#] Category [ | Template

Name: |T013I Steam 24 hrs |
Description: |24h -Rolling Total Steam consumed |
Properties: | “Mone = v |
Categories: | |||
Default UOM: |kj|ogram
P| Pgint Data Reference -

Value Type: |Double
Default Value: |[:l ka Data server: YeServer ¥
Data Reference:  |PI Point .

ata Reference | oir ) Tag name: | |
| Settings... Tag Creation

|Steam Inlet; TimeMethod =TimeRangeCverride;RelativeTime =-
24h;TimeRangeMethod =Total;IOM=ka;RateConversion=hour

® Attribute: [isteam Inist v|

Unit of Measure

Source Units: |k.g vl ! |hour v|

Value retrieval methods

By Time: |'I'|me Range Cverride LY |
Relative time: |-24h |
By Time Range: |To13| W |
Calculation basis: |'I'|me Weighted W |
Min percent good: |80 |

Read only

| oK | | Cancel |

2. Create a new attribute and use the formula data reference to calculate the
cost of scrap tires.
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6.4 Pl Analysis Service, Expression Analysis

Asset analytics is a new feature of Pl Analysis Service released with AF 2014 (2.6).
Asset Analytics allows you to create and manage analyses on top of your AF assets.
An analysis is a scheduled calculation that gets input values from attributes in any
level of your AF hierarchy and outputs its results to other AF attributes.

Asset analytics features three types of analysis:

e Expressions: Wide range of functions to create powerful analyses.
Expressions use the Performance Equation syntax.

¢ Rollup: Aggregation calculations for a group of selected attributes.

e Event Frame Generation: Specify conditions to trigger the start and the end of
an event.

e SQC: Uses Statistical Quality Control (SQC) methods to monitor that attribute
values lie within pre-determined boundaries.

Asset analytics provides the following capabilities:

e Historization: When the output attribute is mapped to a Pl Point, the
calculation results are archived in the Data Archive.

o Backfilling/Recalculation:
Backfilling: Run the analysis over an earlier time period to backfill data for the
Pl Points mapped to its outputs. Example: a new analysis to calculate daily
overall consumptions is created on April 1%. With Backfilling the overall
consumptions are calculated for a past period such as e.g. January - March
and stored in the archive of the output tag.
Recalculation: In case the values for the inputs of a calculation have changed
the recalculation feature allows to update the calculation results accordingly.

e Security: Itis possible to configure and manage permissions to limit access to
analyses and analysis templates.

e Preview and Test: Calculation results can be previewed before putting the
analyses into production.

¢ Calculation Dependencies: The result of a calculation can be used as an
input to another calculation.

e Scheduling options: Calculations can be configured to be executed according
to a schedule or they can be event based.

Every analysis is associated with an element and can be created directly on that
element by selecting the Analyses tab; however, it is recommended that analyses
be associated with an element template. In order to do this, select the corresponding
Element Template and then use the Analysis Templates tab (see figure below).
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@ '\ PISRY1%PI Big Tires Co. - PI System Explorer {(Administrator)

File  Wiew Go  Tools  Help

@B Database P Query Date ~ (0 & | Back H, checkin %) « [#]Refresh | g8 Mew Template -
Library PressTemplate
| @ FI Big Tissee "General | attribute Templates | Ports€_Analysis Templates |>

= Templates

= % Elzment Templates ME
i+ [ PressTemplate &l | Mame I
H DCowntime

OEE Metrics
H  Cut Of Control Event Frames
fieg Production Rate

- 7 Transfer Templates
- B Enumeration Sets

Analysis Types:

E-- *, Reference Types
[ B Tables Expressions f&
------ By Table Connectians Example .
B (] Categaries Event Frame Generation H
b (@] Analysis Cateqories Ro”up @
Attribute Categories
Mame

(&1 Element Categaries
E Reference Type Categories Availability| TimeEq('Press Status',’'t','*","Running”
o Table Cateqaries

Quality ('Tires Produced'-'Scrap Tires')/'Tires

Performance | {"Tires Produced'/('Production Target'*

DEEScors {Performance/10@)*(Quality/108)* (Avalla

(3 Elements

Analyses can be managed (e.qg. start, stop, backfill) directly at the element level
under the Analyses tab, or by using the Management plug-in from the navigator
panel. See below a screenshot presenting a short description of the different
components of the Management plug-in.
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Management of your Analyses List of the Analyses along  Start, Stop, Backfill/Recalculate
or your Notification Rules with their status one or multiple analyses

5\ PISRY1'\P1 | lig Tires Co. - PI System Explorer (Administrator)
@oasbaze [T fusryDste ~ © @ | e H, Checkin %3« [2)Refresh
Mansgement Anatyses I
Choosa 3 type 1 total anabyses sslectad (1 on this page) PREY 2P Operations
@ snaiyses
 Notfication Rules F S 8 Eement Hame Templste _ Backfiing | hoseenedanages
e Stop 1 sebected anaivess
oo oo @ fo PhibyieHl prass 0 OEE Mevics  OEE Metrcs ) o
';,m—_‘“% r Q  fid Phily\pHLPress.03 OFE Metrics  OFE Metrics )
i 3 T @™\ PhivieriLsressn O Meics  OFE Metcs )
o Termpiate (0] w C @ NhaeHLeres 0 OFE Metics  OFE Metrics )
oreTemploel i) T @ fs PNl MTLpress0s OEE Merics  OFE Metncs )
reTemelionl i Trsooosd 6 || 7 @ flo oM rascs OEE Memies  OFE Matncs o
resiTemplate|Tr wiime (12) > :
PreceTamplate\Trackiey Out Gf Contrel P 9§ muer\. R 02 OEE Merries  OEE Metries o
@ entreal}HTL Fress e |
T @ i Houstan\sOuPress0n OFE Mewics  OEE Metrics )
T @  fio Houston\HOU.Press.03 OEEMemics  OEE Metrics 9
T @  fo Housteniroupesoe Oeememes e Metncs )
T © o Houstan\oufrese0l OEE Metrics  OEE Metrcs )
y Pending Operations.

or by Template all your analyses o

Anatysis Details ©

g [ ovenew | Emors and warmings
3 Hements fip OEE werris confiourarion G saks

Aralvastpe:  Expreson 2| | e Enabled
| Event Frames Descrotion: In? Analysic Service:  Aunning
4] Libeary Element path:  Montreal\MTL Press.01

x Tempte:  0EE Matncs
== Unit of Measure: " =y
38 Contacts E
e

Anahes Pl ~ \

~ ~ |

Shortcut to Element Status in AF (Enabled, Disabled) Right-click in this pane for
Status in Analysis Service (Running, Analysis Service statistics
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6.4.1 The Expression Analysis

The expression analysis allows you to create and schedule calculations using the
Performance Equation (PE) syntax and a broad gallery of functions. Before
discussing expression analysis in detail, it is essential to review the syntax for
expression analysis (also referred as Performance Equation (PE) syntax).

6.4.2 Syntax for Expression Analysis (PE Syntax)

The syntax for expression analysis is an algebraic syntax used to perform
calculations and filter data in multiple client and server products from the Pl System

suite

. Besides Pl Analysis Service, the following products use this syntax:

Data Archive through a PE points.

Pl ProcessBook through a PI Calculation dataset.

PI Datalink through use of Filter Expressions or Pl Expressions.
Notifications through use of a Pl PE Trigger Condition.

This syntax has three (3) rules when it comes to writing expressions:

1.

AF Attributes or Data Archive tag names and time stamps are written enclosed
in single quotes (°):

For example: ‘Pressure’, ‘CDT158’, *-1h’, ‘03-Feb-2013 13:38’

Text (strings) or digital states are written enclosed in double quotes ():
For example: “This is a comment.”, “OFF”, “Active”, etc.

Mathematical operators and PE functions are written as is.

For example: +, -, *, A, TagTot(), FindGT(), etc.

The expression functions reference guide is available under the PSE help menu.
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6.4.3 Directed Activity — Checking Out the Expression Functions Reference

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited
to watch what the instructor is doing or perform the same steps at the same
time. Your instructor will have directions.

Activity Objectives

e Learn where to find information about analysis expression functions.
e Explore the functions of the Expression Analysis syntax.

Approach
Information about analysis expression functions can be found at:

1. Analyses tab (Elements and Element Templates): Select the Demo AF Database and
locate the Analysis Demo element. Select the Analyses tab. Expression Functions are listed
at the right hand side. Use the drop-down for segregation according to functionality.

» Functions
Insert functions into the expression
Time Series Value Statistics j
EventCount =
LinRegr . .
p(tGong For some functions, click
Zﬂ;ge on right/left arrow to
tDev
Taghvg display alternative
TagMax -
Taghtean parameter lists.
TagMin
TagTat —
lof2m =
TagAvg(attribute attname, time startTime,
time endTime)
Find the time-weighted average of values for an [
attribute during a specified time range, _'I
~ Attributes

2. PI System Explorer Help: Asset Analytics > Expression functions reference

With the instructor, examine the highlights of Expression Analysis syntax and its
available functions.

¢ What function would you use to calculate the time-weighted average of an
attribute over the last 8 hours?

e You want to find the total time that an attribute was greater than 100.What
function would you use?

Note: Each function presented in the reference guide features examples that can be copied
over to notepad or to other Pl System products directly.
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6.4.4 Exercise — Applying Expression Analysis Syntax

Exercise Objectives

This solo or group activity is designed to maximize learning in a
specific topic area. Your instructor will have instructions and will
coach you if you need assistance during the activity.

e Learn to apply the Expression Analysis Syntax to different calculation and

filtering problems.

Problem Description and Approach

You may want to construct your equations in Notepad or another text editor rather

than in the space below so you can cut and paste from the help file.

Problem

Your solution...

Hints

Get a ten-minute “rolling”
average of the SensorX
attribute

TagAvg()

Get the time-weighted
total for the SensorY
attribute over the last 24
hours, but only if at least
80% of the values used in
the calculation are
considered “good”.

TagTot()

The amount of time the
Mode attribute was
“Manual” during the past
four days.

TimeEQ()

The amount of
time returned is in
seconds.

Display “Overload” when
the SensorX attribute is
greater or equal than 90,
“‘Normal” when between
10 and 90 (excluding the
boundary values), and
“Empty” when lower or
equal than 10.

If... then... else

Try to do this exercise on your own before referring to the exercise solutions section

at the end of the book.
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Familiarize with the function entry (optional)
Open the Demo database and select the Analysis Demo element.
Select the Analyses tab

1
2
3. Click on the ] New Analysis icon.
4

Enter the expressions in the Expression tab.

Analysis Demno

General Child Elements  Attributes  Ports  Analyses  pNotification Rules  Version

iﬂ [ Marne: Analysis1
o B O = MName  Backilling SED LT

I fea Sum (/] Categories:

@ 8 @ fiv Sum2 (] Analysis Type: (@) Expression
) ¥t Anal.

Add a new variable
MName Expression Value at Evaluatio Value at Last Tge  Output Attnbute
Variablel| Tagfvg( SensorX", '*-1@ém", '*") 67.06 67.228 Map ®
Variable?| TagTot( SensorY ', "*-24h", "*', 8@) 50,08 5008 Map @
Variable3| TimeEQ( "Mode®, "t-4d','t","Manual™) 20663 s 20663 s Map ®
Varisbled| If 'SensorX' »= 98 then "Overload" els MNormal Normal Map )

5. The analysis is not needed any more, so you can click on Check-out to undo
the entry.
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6.4.5 Directed Activity - Overall Equipment Effectiveness (OEE) Metrics

In this part of the class you will perform a learning activity to
explore the different concepts presented in this chapter or section.
You may be invited to watch what the instructor is doing or perform
the same steps at the same time. Your instructor will have
directions.

Activity Objectives
e Create and configure an expression analysis.
e Create an analysis template.
e Backfill an analysis.

e Manage an analysis via the Analyses plugin.

Problem Description

Management would like to track the productivity of the tire curing presses by using
Overall Equipment Effectiveness (OEE). In short, OEE, developed in the mid 1990’s,
enables the monitoring of plant floor productivity and improvement of the efficiency of
a manufacturing process. OEE is composed of three different metrics: Availability,
Performance and Quality.

Metric Description Formula
Availability Percentage (?f time that an equipment is Qperatlng Time / Planned Production
up and running Time
Performance Actual yield to the target yield Total pieces / Target
Quality Percentage of good units that are Good pieces / Total Pieces
produced
OEE Availability*Performance *Quality

For this exercise, OEE metrics will be calculated daily.

Approach

The metrics represent a ratio, which can be in the range 0 ... 1. We could also
represent this as a percentage in the range 0 ... 100. We will use units for ratio and
percentage to convert the figures accordingly.

Each press has a status attribute. A press is considered to be operating whenever it
is in the running status; any other status indicates that the press is out of order.

Follow the instructor as he or she performs the steps to create an analysis to
calculate the availability of the presses. You will later be working on your own.
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Adding a unit of measure for the ratio

There is already a UOM class for ration, which has percent in it. Let us add another
unit of measure for the ratio.

With Unit of Measure selected in Pl System Explorer Navigator, navigate to the UOM
class Ratio. Add a new unit of measure named ratio:

ﬁ!Unit of Measure Propetties

General I
Mame:
Abbreviation: Iratio
Diescripkion: I
Crigin: IUnknown
Canonical LOM: Ipercent
Reference LIOM; Ipercent j
Method: Type
@ Simple  Farmula
Factor: IIDD
Offset: ID
o0 %

USM Group Mappings

Group Mapping
Metric 2
US Custamary -

[o]'4 I Cancel Apply

Note: A ratio of 1 means 100%.
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Adding an Analysis Template

As indicated previously, it is recommended to configure the analyses directly at the
template level. So let's open the press element template and click on the Analysis
Templates tab. In this window (see figure below) you will be able to set up analyses
that will be automatically created when a new instance of the corresponding element
is added to the AF structure.

First, enter a name and a meaningful description for the analysis (e.g OEE Metrics),
and then select the expression analysis type using the radio buttons.

PressTemplate
General Attribute Templates  Ports ~ Analysis Templates  Notification Rule Templates

L{E MName: CEE Metrics
& = MName Description: | OEE Metrics for Curing Press
fisd OEE Metrics Categaries: -

Analysis Type: (@) Expression () Rollup () Event Frame Generation () SQC
Enable analyses when created from template

Note: We have selected to enable the analysis right-away when it is created from the template.
Uncheck the option if you are not confident that your analysis does the right calculation. The
analyses can be started at a later time for the related elements.
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Entering an Expression

The next step is to enter the expression, which is the equation that will be executed.
An expression can be written in a single row or multiple rows. Asset analytics allows
you to assign the result of a row to a variable; this variable can be used later in
another row.

Tip: Take advantage of the variables to simplify complicated expressions; testing and
debugging will be much easier since you will be able to evaluate smaller expressions one at a
time.

Let us use the first row to calculate the OEE availability. Start by giving a name to the
variable, for example Availability. The pane on the right lists descriptions of all
available functions that you can use to build your equation.

How can we get the time the press was running today?

In what way will the time be returned?

Let us assume the press should run all time. How can we get the number of seconds
until now since midnight?

The ratio between these two times will be in range 0...1.
To assign the appropriate engineering unit, use the function Convert.

Note: The Convert function converts a value from its current unit of measure (UOM) to a
specified UOM. For a value with no UOM, assign the specified UOM.

Example:
Convert ('Outside Air Temperature’, "degC")
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So the complete expression is:

Convert(TimeEq('Press Status','t',"*',"Running"”)/DaySec('*'),"ratio")

Here are some tips concerning entry of expressions:

e Tipl: Auto completion (aka. IntelliSense) is available to assist you with the
syntax.

o Tip2: If you enter something that is syntactically incorrect, a curly underline
will occur:

TimeEq{'Press Status’,"t', "' ,"Running”)/DaySec(*")1ee

e Tip3: If you click on Functions in the right hand side, the pane will list all
available functions. The drop-down on the top allow to filter function groups
(e.g. Date and Time). Select a function and click on the green Plus icon to
add it into the expression (you don’t have to type it)

Functions
Insert functions into the expression

Date and Time j

Bod

Bom

Bonm

Day

Day5ec &) Ins=rt

Hour

e Tip4: You can add comments to explain what you are doing. Comments start
with two forward slashes (//). To start a new line use Shift-Enter.

Mame Expressicn

Availability

E

Conmvert{TimeEg( Press Status",'t',"*',"Running”)}/DaysSec{ *"), " ratio™)
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e Tip5: If you click on Attributes in the right hand side, the pane will list all
available attributes. The upper part allows to navigate in the asset tree.
Select an attribute and click on either one of the green Plus icons to add it
into the expression (you don’t have to type it)

Functions
Attributes

Select an element and then insert a relative or absolute path to one of its attnbutes into the
EXpression

=1 & PIBig Tires Ca.
(§ Houston
 Montreal
(3 Philly

¢F Curing Phase

¢F Internal Temperaturs

«¥ Lid Position

&F Main Clock

¥ Mold Temperature

=| Press Name

&F Press Status Q) Relative () Absolut=
¢F Pressure

-
o Plm d ekl Dimdm

| v

Relative .
w Insert Relative:

The attribute is inserted without the path in the element tree:
This refers to the attribute in its actual element context.

G Abselst= oot Absolute:

The attribute is inserted along with the absolute element path. This refers to
the attribute in the specified element path.

You can pick attributes from other elements by navigating in the asset tree
shown above. An example for use of an absolute path is when the attribute
has a general meaning, e.g. the outside air temperature at a location:
"\Houston |OutsideAirTemperature'
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Mapping the output to an attribute

The output of an expression can be mapped to either an existing or a new attribute. In
order to map it to an existing attribute click to Map and select the corresponding
attribute. We will be mapping the result of the availability calculation to a new attribute,
so select New Attribute Template, which will open the Attribute Template Properties
window. Set the hame to OEE Availability.

Attribute Template Properties ] I

Save Output Histery: % ves € Mo

Name: | OEE Availability

Description:

Data Server: Spoerveria j
Value Type: I Double j

A PI Point data reference attribute template will be created.
ok |  cancel |

Switch to the Attributes Templates tab and select the OEE Availability attribute. Set
Default UOM to percent. Assign a new attribute category OEE Metrics. Under Settings,
you can now select a Pl Point as an output. If an appropriate Pl Point does not exist,
you can enable automatic point creation; simply check the Tag Creation checkbox
under Settings.

Tip: In case the output attribute’s data reference is a point, calculation results will be stored in
the Data Archive; therefore you will be able to trend them in Pl Vision or Pl ProcessBook.
Moreover, points also provide improved performance for AF.

PI Point Data Reference
Daka server: I%Server% j |
oy Tag name: I°.-".:-E|ement°.-"o.°a"o#\.ttri|:|ute°.-’o."‘.-’oID"a"o S |
ag Creation

I':u:uintt‘;.fpe=FIu:uat64 |

 akkribute: I j
Unit of Measure

’75|:|urce Units: %o hd

Note: When automatic tag creation is enabled, you can use substitution parameters to name the
points. %Element%.%Attribute%.%ID% is the default for asset analytics output points.
Substitution parameters will be presented later in the class.
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Scheduling an expression

Now that the calculation has been written, it is time to schedule it. Two scheduling
options are available: periodic and event-triggered.

e Event-triggered scheduling is event driven: the calculation is executed
whenever one or multiple input attributes receive a new value. You get to
choose which input attributes trigger the calculation.

e Periodic scheduling is clock-based and in the configuration window, you can
specify a period and an offset. Let us schedule the OEE calculations to be
executed every minute (00h 01m 00s).

Perindic Schedule B

Set a Periodic Schedule

(= Hours, minutes, and seconds
' sub-seconds
€ Daily

Period

Specify the amount of time between evaluations.
IDD h Iﬂl m I{JD =
[ Specify Offsat

Example evaluation times

6/21/2016 12:00:00 &M
G5/21/2016 12:01:00 &AM
6212016 12:02:00 &M

OK I Cancel

(@ osi-o.
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Testing an expression

Now that the calculation has been written and the scheduling is defined, it is time to
test it. The Evaluate button executes the expressions against values at evaluation (i.e.
now) and against values at Last Trigger (in our case when the current minute has
started). This will help you determine whether the results makes sense. Since we are
working from a template, you will have to click on Example Element before you can
test the expression.

Example Element: Houston\HOU Press.01
EE|
Mame Expression Value at Evaluat  Value at Last Tric  Qutput Attribute
Availability |Convert(TimeEq('Press Status','t",'*","Running"}/DaySec('*'),"ratic") ‘ 040477 ratio 0.40434 ratic | OEE Availabili ‘@

Another great way to validate your expression is to run it against archived values; we
call this feature “preview results”. Right click the analysis name and select Preview
Results (see screenshot below).

Tip: You can export the results table to a spreadsheet or you can copy selected rows from the
results table into other applications.

PressTemplate

General | Attribute Templates | Ports ~ Analysis Templates

i

&) | MName

MNamea

Availabiltiy

feo  Analysis Template3
Wfth OEE Metrics

Example Element: Montre

Expressic

TimeEqi

| TimeEq('Press St:

o New

X Delete
Resst to Template

E Preview Results
Convert to Template
Backfill
Backfill Status

“.a Copy
Paste

(&) Security...

Preview results for DEE Metrics

Start Time: | *-15m

Generate Results

End Tima: | * i Export Results |
Trigger Time Availability  Press Status
1/6/2017 11:19:00 AM | 0.47865 Press set-up
1/6/2017 11:20:00 AM | 0.47794 Press set-up
1/6/2017 11:21:00 AM | 0.47724 Press set-up
1/6/2017 1 100 AM | 0.47654 Press set-up
1/6/2017 11:23:00 AM | 0.47584 Press set-up
1/6/2017 11:24:00 AM | 0.47515 Mo Operator
1/6/2017 11:25:00 AM | 0.47445 Mo Cperator
1/6/2017 11:26:00 AM | 0.47376 Mo Operator
1/6/2017 11:27:00 AM | 0.47307 Mo Operator
1/6/2017 11:28:00 AM | 0.47238 Mo Operator
1/6/2017 11:25:00 AM | 0.4717 Mo Operator
1/6/2017 11:30:00 AM | 0.47101 Mo Cperatar
1/6/2017 11:31:00 AM | 0.47033 Mo Operator
1/6/2017 11:32:00 AM | 0.465965 Mo Operator
1/6/2017 11:33:00 AM | 046898 Mo Cperator
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Checking in an Expression

To the left of the analysis name the following icon is showing 4% This indicates that
the analysis has been modified and it needs to be checked-in for the changes to take

effect. Go ahead and click on B Check In_

Upon Check In, the Analysis Service will create the points for the output attribute and
start the analyses for all presses.

If you go to the Elements plugin and navigate to one of the presses you will notice
under the Attributes tab that the analysis’ output attribute (OEE Availability) is referring
to a tag that has been created based on the settings in the template. In case the
attribute value is “Pt Created” click on the Refresh button (after the full minute has
elapsed) so you get a calculated value. In case the attribute would be showing “PI
Point not found”, select Create or Update PI Point.

Tip: By right clicking the parent element (i.e. Montreal) and selecting Create or Update Data
Reference, Pl Points for all presses will be created; so you do not have to do it one by one.

Managing Analyses (Start, Stop, Backfill)

The Analyses tab allows you to manage the analysis. You can even create new
analyses for a particular element, however, as we said before, we recommend using
analysis templates.

Analyses should start-up automatically unless there is an error with the configuration.

You can use the play (®) and stop (®) buttons to either start or stop an analysis.
Below a screenshot of the management analysis pane.

Start/stop

‘General | Chid Elements | Attributes | Ports  Analyses | version |

g . |
0 I o I & I Name I Backﬁlling| |
Create New © B J® OFE Metrics
Status Analyses on this element
Template

Analysis type
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An analysis can be in one of several states. The icon to the left of the analysis name

indicates its status. See the table below for the meaning of each icon.

Icon

Meaning

=2,

New analysis

Starting or stopping

Running

Disabled

O
@
2,
0

Error

Warning

7

Unknown status

Since the analysis has been started, the OEE Availability attribute should now be
showing results. You may have to wait for a few minutes or refresh the screen to see

updates.
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6.4.6 Exercise — OEE Metrics — Performance and Quality

This solo or group exercise is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the exercise.

Exercise Objectives

e Create and schedule an expression analysis.

Problem Description

Create analyses to calculate the remaining two OEE metrics: performance and
quality. After doing this you will be able to compute the OEE score.

Approach

Using the analysis template you just created (OEE Metrics), add two more expressions
to calculate the quality and performance metrics.

Quality

The quality is calculated as net production of good items / net production count. The
total number of tires produced on the day (this includes the scrap tires) is tracked
under Tires Produced, the daily bad quality items are tracked under the Scrap Tires
attribute.

Expression:

Performance

Performance is calculated as the net production count / expected production count.
The daily production count is tracked via the AF Attribute Tires Produced; the
production target is expressed in tires/hour under the AF attribute Production Target.

Hint: Since the production target is expressed in tires/hour, you will have to find the
expected production count by multiplying the Production Target by the number of
hours elapsed during the current day.

Useful functions: hour(**’) and minute(**’)

Expression:
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OEE Score

Calculated as the product of Availability*Performance*Quality. Expression:

Tip: Every variable of an expression can be mapped to an output attribute.

6.4.7 Backfilling/Recalculation

An analysis writes new data to its output attributes starting from the moment it is
created. It is however also possible to calculate the data for past periods of time.
There are two related options for that, which control how existing data should be
handled.

Example: you create a new analysis on March, 1st 2017 to calculate the heat energy
consumption, which is added from various sources. The designated output attribute
with the total consumption will have values for the time from that date onwards. To
get values for January and February 2017 as well you can use the backfill feature.

Backfilling or recalculation for OEE Metrics ]

Start Time: | #-1d B

End Time: | * e

‘What should we do with =xisting data?
(% Leave existing data and fill in gaps
' permanently delete existing data and recalculate

Ready to backfill from 1/5/2017 1:57:45 PM to 1/5/2017
1:57:45 PM

sat | [ Cancel |

4

The two options are:

1. Leave existing data and fill gaps: existing data is retained and only
missing data is back filled.

2. Permanently delete existing data and recalculate: existing data will be
deleted before the new data are backfilled.

Notes:

e The option for existing data handling is new with AF 2016 R2. In previous AF
versions data were never deleted. This had to be carried out manually before
the backfill.

o Backfilling/recalculation requires that the output attributes have been mapped
to PI Points.

e Backfilled data is added into the archive files. With Pl Data Archive versions
before 2012 an upfront intervention could be required to make backfilling to
work properly (e.g. Pl archives reprocessing)

¢ For an event-frame-generation analysis, data is automatically deleted and
recalculated (which is the only mode allowed). Be aware that annotations on
those event frames will be lost.
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6.4.8 Directed Activity - Backfilling OEE Metrics

In this part of the class, you will perform a learning activity to
explore the different concepts presented in this chapter or section.
You may be invited to watch what the instructor is doing or perform
the same steps at the same time. Your instructor will have
directions.

Activity Objectives
e Learn how to backfill a calculation.

e Get familiar with the Analyses plug-in and perform some administration tasks.

Problem Description

Management is very happy seeing real-time updates for the OEE score so they want
more details. They have asked you to trend the OEE score for the last week for all
presses belonging to the Houston site where they recently acquired innovative
technology.

Approach

First, make sure that the OEE Metrics analyses are running and showing no errors.
In order to do this, you can take advantage of the
Management plugin under the Navigator pane.

7 Elements

== Event Frames
i Library

e Unit of Measure

&2 Contacts

To backfill an analysis, one option is to browse to the corresponding element and
then right click the desired analysis and select Backfill/Recalculate.

HOLU.Press.01

| General I Child Elements I Attributes I Ports  Analyses |NUtiﬁEat\Ul‘\ Rules | Wersion |

&l m
o @[ & [ Name [ Backfilling |
@ B jw OFE Metics ] tew

% Production Rate
o £ Delete:

@ Preview Results

# BackfiljRecalculate

Backfill/Recalculate Status

=+E Go to Template
Reset to Template

Mame Ex ion Convert to Template

p
Availability |Convert(TimeEq( 52 Copy unning”)/Daysec('*"), "ratio™)

Paste

Quality Convert({( Tiresc Chack In /'Tires Produced',"ratio")
erformance |Conver ires : [arget'*Hour('*")+'Production Target'*Minute
Perf C £(('Ti J;‘:;ng:k‘:“t get " *H #')+'Production Target'*Minut
CEEScore Convert{Availak & Security... s "ratio”)
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However, since we want to backfill an analysis belonging to multiple elements, it
would take too many clicks to complete this task element by element. The Analyses
plug-in offers the possibility to perform backfills in bulk. All you need to do is select
the analyses, click on Queue backfilling for selected analyses under the Operations
pane. Next, enter the start time and end time then hit Queue.

Analyses
12 total analyses selected (12 on this page) 1-120f12 < | > Operations
Status @@ E  Element Name Template  Backfilling Enzble | Disable selected analyses
] S| Philly\PHLPress.04 OEE Metrciz) OFE Mefras Enable | Disable automatic recalculation for selected analyses
o fsd | Philly\PHL.Press.03 | OEE Metrcis OEE Metrcis ) _
o 9 Philly\PHLPress.02 OEE Metrcis OEE Matrdis QE#:';EELCanceI backfilling or recalculation for selected
o fis Philly\PHIL.Press.01 OEE Metrcis OEE Metrcis
o fis9 Montreal\MTL.Press.04 OEE Metrcis OEE Metrcis start |‘_1 i “1
[v] fi9 Montreal\MTL.Press.03 OEE Metrcis OEE Metrcis = | o
[v] fi® Montreal\MTL.Press.02 OEE Metrcis OEE Metrcis End | Iu-u1
[v] féd Montreal\MTL.Press.01 OEE Metrcis OEE Metrcis What should we do with existing data?
[v] fid  Houston\HOU.Press.04 OEE Metrcis OEE Metrcis (@) Leave existing data and fill in gaps
[v] feo  Houston\HOU.Press.03 OEE Metrcis OEE Metrcis (") Permanently delete existing data and recalculate
[v] f#9  Houston\HOU.Press.02 OEE Metrcis OEE Metrcis 3
ucue
o f9  Houston\HOU.Press.01 OEE Metrcis OEE Metrcis

6.4.9 Improving analyses for robustness and readability

We have seen how to write an analysis to calculate OEE KPIs. There are some
options to make the calculations more robust and improve readability. The following
screenshot provides an example how to avoid divisions by zero and how to distribute
the calculation into more steps to achieve that.

Mame Expression
OperatingTi . .
pErEtIngiine TimeEq( 'Press Status','t',"*',"Running™)
PlannedProductionTime DaySec(**")
Availability If PlannedProductionTime=@
then @ else Convert(OperatingTime/PlannedProductionTime,"ratio™)
GoodPicces 'Tires Produced'-'Scrap Tires'
TotalPi . .
atrasces 'Tires Produced
Quality IF TotalPieces=@
THEN @ else Convert(GoodPieces/TotalPieces,"ratio™)
Target . . —— . v T
are 'Production Target' *Hour('*'}+'Production Target *Minute('*')/60
Performance if Target=2
then @ else Convert(TotalPieces/Target,"ratic”)
Score Convert(Availability*Quality*Performance,"ratio™)}
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The following two articles provide more related information :

Tips and Tricks for Asset Based Analytics
https://pisquare.osisoft.com/community/all-things-pi/af-library/blog/2016/08/30/tips-and-
tricks-for-asset-based-analytics

KB01520 - Asset Analytics Tips and Tricks
https://techsupport.osisoft.com/Troubleshooting/KB/KB01520

6.5 The Rollup Analysis

The rollup analysis allows you to perform aggregations or summary calculations
based on attributes associated with an element. The power of rollup analyses lies in
their ability to perform aggregations on an element’s children.

As an example, you might need to calculate the total energy consumption for a group
of motors in a paper mill. To do this, you create a rollup analysis on the parent
element (the paper mill) that sums the energy consumption attributes from its child
elements the motors.

When designing and building a AF hierarchy, the use of categories is going to pay off
when you start using the rollup analysis type. This is because when configuring a
rollup analysis, the attributes to be included in the calculation are selected by name
or category.

6.5.1 Directed Activity — Comparing Sites using Rollups

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited
to watch what the instructor is doing or perform the same steps at the same
time. Your instructor will have directions.

Activity Objectives

e Configure and test a roll-up calculation.

Problem Description

Management of our fictitious tire company would like to start comparing the
performance of the tire presses across all sites in the organization; the first metric
they would like you to develop is the total production of good tires.
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Approach

Each press has an attribute for the current day’s total production and another one for
the current day’s scrap tires; however, no attribute holds the count of good tires
produced, so you will have to come up with one.

Let us start by creating the Good tires production counter attribute. Since you do not
want to archive the results of this intermediate calculation, you can use a AF Formula

Data Reference.

Under the press template, add the new attribute and calculate the difference
between the Tired produced (represents the total production) and the Scrap tires.
This new attribute should belong to the production category.

Marne:
Descripkion:
Properties:
Categories:
Default UOM:
Value Type:

Default Yalue;

[rata Reference:

Group by: W Category [ Template

IGnnd Tires

|<N0ne>

S=3crap Tires; T=Tires Produced;[T-5]

=
J Formula Configuration E
IPrnductinn
[~ Parameters —Equations
IT\ras j S=5crap Tires;JOM=Tires 3 T-5 =l
IDouhIe j T=Tires Produced;UCM=Tires q
st Pal
ID Tires Yo %
IFUrmuIa j
s
Settings... En: ;

r Default Yalues Allawed

[~ Result

LI ITlres ‘I Minirnuri: Mazimumn:
|| I |l Stepped
Evaluate I
corcel_|
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Creating aroll-up analysis

Now it is time to shift focus to the parent elements, the sites. Select the Houston site
and go to the Analysis tab, give a meaningful name to your analysis and select the
Rollup analysis type.

Site Template
General | Attribute Templates | Ports @
ug | Name: ITotaI Good Tires produced
@ l Name | | Description: ICurrent day's good tires produced

@' Total Good Tires...

Categories:

Analysis Type: (" Expressio Event Fi

A list of all available attributes is displayed on the right pane. It is now necessary to
select from that list the ones that will participate in the rollup calculation. You can
narrow down your search by filtering by element category or template. You can then

type-in the attribute name or category. The matching results will show a checkmark (
W),

Note: A rollup identifies input attributes each time it is executed, hence it automatically includes
any new attributes that meets the selection criteria. You do not need to update the rollup
configuration when you create a new element.

Rollup attributes from Sample Child Element: [FHOU Press 01 = Group By: [Niane =
(= Chilg elements of Houston - — - | Tl
. ame arent Element ategories
€ This element -
Thisel Houston 7 Good Tres Producton Tres
To select atiributes set criteria below Cost of Scrap Tires Production usD
Curing Phase Process Varistle
Atiibute Name: [ Good Tied Delta Temperature Coefficient ress.01
Internal Temperature HOU.Press.01 Process Vanable degree Celsius
Attribute Category: | =] | Cavoston HOU Press.01 Mechanics
Main Clock HOU.Press.01 Mechanics percent.
Element Category: | =l | Mold Temperature HOU Press.01 Process Variable degree Celsius
Net Tires Produced HOU.Pre 1 Production Tires
Element Template: | =l | ok avaitavitty HOU Press.01 percent
OFE Performance HOU Press.0 percent
Select the functionis) to write to an attribute Evaluste| |  OFE Quality HOU Presz. percent
OEE _Score HOU.Pre 1 percent
Function [ ouputts) [ value | | Press Status HOU.Press.01 Mechanics
sum Pressure HOU Press.01 Process Varisble pound-force per
Production Rate HOU Press.01 Production Tires/hour
I~ Average Production Target HOU Press.01 Production Tires/hour
F i Reference Type HOU.Press.01 Production
Fik Scrap Tires HOU Press 01 Productio Tires
el Steam Inlet HOU.Press.01 Energy kilogram per hour
[~ Count Total Steam 24 hr HOU.Press.01 Energy kilogram
™ Median
I~ Population standard deviation
™ Sample standard deviation

( ) OSlI=0ft. Page 131



Building PI System Assets and Analytics with Pl AF

Selecting the roll up function

Now that you have selected the attributes for the rollup, it is time to specify the

function or type of summary calculation the rollup analysis will run. There are six

available summary functions:

e Sum

e Average
e Minimum
e Maximum
e Count

¢ Median

Since we want to calculate the total number to tires produced on a particular site, the

summary function to select is Sum.

Tip: You can select multiple functions in a rollup calculation, each one mapped to a specific

output attribute.

Mapping the output to an attribute

Once the function is selected, you can map the output to an attribute. In case the
output attribute does not exist yet, you will be prompted to create a new one. Let us

create a new output attribute and name it Total Good Production.

Rollup attributes from

Sample Child Element: | HOU.Press.01 v

Group By: [None -
 Child elements of Houston — — — —
" This element - Houston e e fenen: e l Tires il
To select attributes set criteria below )
- G se
Attribute Neme: | Good Tires Delta Temperature Cosfficient
TR Gaterym el [ j Intemal Temperature degree Celsius
Main Clock percent
Element Category: | = Mold Temperature Process Variable degree Celsius
rodu Production Tires
Element Template: | | percent
ercent
Select the function{s) to write to an attribute Evaluate| OFE Quality percent
- OFE Score percent
Function [ Ouput) | Vaue | | | press status Mechanics
s M Pressure Process Variable pound-force pe
e L Production Rate Production Tires/hour
[~ Average Production Target Production Tires/hour
I~ Minimum Bimdiction]
M Production Tires
I~ Maximum Save Output History: @ ves € no Energy kilogram per haur
I Comnt Name: Total Good Productior] Energy ilogram
I™ Median
[~ Population standard deviation D=ptics
I~ Sample standard deviation Data Server: pisrvl <
Value Type: Double =]
A PI Point data reference attribute will be created.
oK Cancel
b
5
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Scheduling the roll-up calculation

Finally, it is time to schedule the calculation. The same two scheduling options
presented for the expression analysis type are available for rollups: event-triggered
and periodic. For this exercise, it makes sense to update the result every time a new

good tire is produced, hence, select event-triggered scheduling.

Tip: Before starting the analysis it is a good idea to click on the evaluate button to preview the
result. Furthermore, you can right-click on the analysis name and select Preview Results; this
will show you a trend with the result of the calculation had it run for a previous period of time.

These two actions will help you validate your rollup calculation.

l._‘l Preview results for Total Goed count

Start Time: |t

End Time: | *

A |

=10l x|
Generate Results
Export Results |

Time

Sum

MNPress1|Good Tires (Tires)

\Press2|Good Tires (Tires)

J\Press3|Good -

08/04/2014 12:00:02 AM

0

0

-

08/04/2014 12:02:32 AM

0

0

08/04/2014 12:15:32 AM

1

0

08/04/2014 12:22:02 AM

2.3333

0.33333

08/04/2014 12:24:02 AM

2.4359

0.4355

08/04/2014 12:28:32 AM

2.6667

0.66667

08/04/2014 12:35:02 AM

3

1

DEIFD‘I-."ZDH 12:37:02 AM
4

3

1

N EEEREE

(=RE=0I=NE=RE=RR=0I=0i=]

® 75230 21
80

60
40

20
0

08/04/2014 12:00:00 AM

Valus Scale: (% Single

10.32 hours

' Multiple

e

08/04/2014 10:19:23.37864 AM

The calculation is ready to be started! Check-In your changes.

Note: If the PI point of the Total Good Production attribute is not created use Create or Update
PI Point function from the attributes right-mouse button context menu.

Check the status of the calculation for any errors and validate that the output
attribute is updating.

(@ osi-o.
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6.5.2 Group Question — One Site, Multiple Sites

The following questions are intended to reinforce key information, or to
discover a new insight. Your instructor may choose to have you try to
answer the questions on your own or have the group answer them together
out loud.

Objectives
e Convert an analysis to an analysis template.

Questions

The rollup calculation has been deployed to the Houston site only. What feature of AF
can you use to deploy it to the remaining sites?

What steps would you take to achieve this?

Notel: In the Convert Attribute to Template dialog box, enable the Include Tag
Creation checkbox. This is needed because no tags have yet been created to store the
results of the Analysis.

Note2: set the PI Point naming pattern for Total Good Tires Produced attribute to
follow the default pattern, which is %Element%.%Attribute%.%I1D%

Bonus Question
How to display the three (3) Total Good Production Counters in one list?
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6.5.3 Exercise — Perform an advanced attribute search (optional)

This solo or group activity is designed to maximize learning in a
specific topic area. Your instructor will have instructions and will
coach you if you need assistance during the activity.

Exercise Objectives

e You have recently created attributes in several places of your asset hierarchy
that contain the string “Good”. Use the attribute search to get all their values
in one list.

Approach

1. From the PSE menu, select Search — Attribute Search...

2. Enter *Good* into the attribute name field. Make sure the Search Sub-
Elements option is selected. Click Search. Result: attributes containing string
“Good” are returned. Click on OK.

Element Criteria

Attribute Search - x
Server: WBrisnint
Database: EDPI Big Tires Co. S SR
Where
Attribute name: ‘*Good* - |
Attribute description: ‘ |
Attribute category: <Ay = =
Attribute value type: <Anything ~
Maxirnurm resulks: ‘ lUEIEIl

Search Root: ‘Spgfrfymam‘l roof elament

| Search Sub-Elements

[lame: ‘ |
Description: ‘ |
Category: <l - \&I
Template: <Al= ~
Type: Any ~
Search results: |The search found 15 Attributes matching the search criteria, |
5 Elements FI Big Tires Ca. Group by: ] Category
F Houston |F:ﬂ‘er r 'l
[#-F Montreal
B Fhily 2|t &| R Hame | Value Path @ ~
=] Category: <Mone>
s B | ¥ Total Good Production 176 Philly| Total Good Praduction
s B | ¥ Total Gond Production 183 Montreal| Total Good Production
s B | ¥ Total Good Production 147 Houston|Total Good Production
= Category: Production
= =1 Good Tires 48 Tires HoustoniHOU.Press. 04|Good Tires
= =] Good Tires 15 Tires HoustoniHOU, Press, 03| Good Tires
= =] Good Tires 54 Tires Montreal\MTL.Press.01|Good Tires
= =] Good Tires 44 Tires Mantreal\MTL.Press.03|Good Tires
= £] Good Tires 24 Tires MontrealiMTL.Press.02|Good Tires
% B | =l Gand Tirs A1 Tires MantrRAlMT] Pracs.n4lGand Tires = =
[e]4 Cancel Reset

3. Click on the name of the Search to populate the Search Results at the right

hand side.

( ) oSl

®
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6.6 Visualizing Calculation Results in PI Vision

6.6.1 Directed Activity — Visualize OEE Metric calculation results

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives
o Duplicate an existing PI Vision display for the tire presses
e Visualize the OEE Metric calculation results.

Approach

Save the existing PI Vision display for PI Big Tire Presses under another name.
Add Good Tire Production Counter into the existing trend.

Add a trend for the OEE Metrics

Duplicate a PI Vision Display
1. From the PI Vision overview page, open the Big Tires Press display.
2. Click the dropdown link in the upper right corner to open the Save As menu.

« AdHoc Dispiay (30

Save As

3. Enter Big Tires Press Training as display name and click on Save.

Note: If you have added a database in AF and would like to access with Pl Vision, you have to
update the list of allowed AF Databases in Pl Vision. For more information see Visualizing AF
Data in PI Vision above).

Add data into a trend
1. Switch to Modify Display operation:

« Ad Hoc Display IEE E
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2. Inthe Assets

Assets

pane, navigate to HOU.Press.01

) HOU Press 01
@ HOU Press 02
& HOU Press.03
) HOU.Press.04

3. From the Attributes pane, drag the Good Tires attributes into the trend with
the Tires Produced counter.

Configure the trend to have just a single scale.

L L 1 P

L L L L il |
6/21/2016 5:55:51 AM 6/22/2016 5:55:51 AM

Add atrend for OEE Metrics
1. Verify that trend has been selected in the symbol gallery.
Assets

M E H

2. From the Attributes list, select the OEE Metric category and drag it into the
display canvas.

L L 1 L L 1
62212016 6:20:20 AM
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7. Tracking Important Events

Events are important process or business time periods that represent something
happening that affects your operations. In the Pl System, events are known as event
frames. Thanks to Event Frames, you can analyze your Pl data in the context of
these events rather than by continuous time periods. Instead of searching by time,
Event Frames enables users to easily search the Pl System for the events they are
trying to analyze or report on.

With Event Frames, the Pl System helps you capture, store, find, compare and
analyze the important events and their related data.

Event Frames represent occurrences in your process that you want to know about,
for example:

e Downtime tracking e Environmental monitoring
excursions
e Process excursions e Product tracking batches
e Equipment startups and e Operator shifts
shut downs

The following table presents some of the features and advantages of Event Frames:
v' Reference multiple elements within the
same event.

v Support multiple overlapping events on a

Flexibility AF element

v/ Capture any event; a “batch” is just one
type of capturable event.

v' Search by time range, type of event or
event frame attribute.

Powerful search v Most common search attributes can be
configures as indexed attributes to speed
up end-user searches

Scalability v' Event Frames are extremely scalable.

A Event Frame is defined by three characteristics:
1. Name.
2. Start time and end time: defines the event’s time range.

3. Context: event attributes and related assets.

5
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7.1 Tracking Production Downtime Periods
7.1.1 Directed Activity - Downtime Tracking

In this part of the class you will perform a learning activity to
explore the different concepts presented in this chapter or section.
You may be invited to watch what the instructor is doing or perform
the same steps at the same time. Your instructor will have
directions.

Activity Objectives

e Create an event frame template.
e Configure an event frame trigger.

Problem Description

PI Big Tires Co. has been falling behind their production schedule because, for
various reasons, the tires presses are frequently down. To improve the situation they
want to use Event Frames in AF to track the downtime periods for all their presses in
Houston, Montreal and Philadelphia.

The Maintenance engineer has asked you to trace the root cause for every
downtime. The curing press can be in one of five states, which have different
criticality.

Press Status:

Running v

Press set-up
Planned Maintenance
Maintenance !!

No Operator !!!

They want to have a record of the investigations performed by the maintenance
team. Therefore it should be possible to acknowledge and save individual comments
for each Downtime Event Frame.
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Approach

1.

© © N o

For the first press in Houston, inspect the history of the Press Status value
and create one event frame manually. Set the name, the Start and End Time,
and the element reference. Define an event frame attribute to track the Press
Status value at the beginning of the downtime (i.e. the reason code of the
problem).

Create a corresponding event frame template (convert the event frame
created in the previous step into a template).

Define a naming pattern for new event frames from that event frame
template.

Add an analysis for the first press in Houston that monitors the Press Status.
Distinguish the different Press Status values and associate them with
corresponding severities.

Use an Output Expression to get and store the event frame duration to ease
future analysis of the event frame data with Excel Power Pivot.

Preview the analysis to assess whether the triggers were set correctly.
Start the analysis.
Backfill the analysis for the time since midnight today.

Include the analysis into the press template to apply the analysis to all
presses.

10. Backfill the analyses for all presses for the time since midnight today.

The instructor will show these steps and ask you to follow along in directed activities.
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7.1.2 Manual Event Frame Generation

To begin with, we will create a single event frame manually to have an example of
what we would like to capture for the period of a press downtime.

To begin with, let us identify a downtime period for the first press in Houston,
HOU.Press.01, based on the Press Status values.

1. Select Elements from the navigator panel and select Attributes tab for
HOU.Press.01.

2. Select the line for Press Status. Select Time Series Data... from the right-
mouse button context menu and display the values for the last two hours.

3. Identify a period, when there was a downtime. It starts with a value that is
different from Running and ends with a value of Running again. In our case
below, the press was not running after 1:22:05 PM because of Planned
Maintenance, and was not running again before 1:35:05 PM because of
another Maintenance.

Attribute: IPress Status J
Start Time: I*-lh F5| » | End Time: [*_____— El_bl ﬁﬁl f-'l
Retrieval Type: ITime Range ;] Boundary Type: IInside j
Filter: I ™ Show Filtered
Reset | Refresh I
Data S
0?2 || 2| TimeStamp | value

¥ | Planned Maintenance
11/17)2017 1:28:35 PM Ma-intenance
11{17/2017 1:35:05 PM | Running Iend of downtime
11/17/2017 1:54:35 PM | Press set-up
11/17/2017 2:01:05 PM | Maintenance
11/17j2017 2:07:35 PM | Press set-up

Fill in the information for your case in the table below and close the window.

Example above: Your case:
Start Time 13:22:05
End Time 13:35:05
Time in seconds 780
Reason Planned Maintenance
for the downtime
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4. Select Event Frames from the navigator panel and click on the
| Tt Event Frame

button. Select <none> for Event Frame Template.
5. For name, enter Downtime Sample Period for HOU.Press.01. Enter Start

and End Times in hh:mm:ss. As you do not specify a date, PSE will assume it
is for today.

Downtime Sample Period HOU.Press.01
General I Child Event Frames | Referenced Elements | Attributes

Mame: IDowntime Sample Period for HOU,Press.01

Description: I

Template: I ;I Severity: INone

=
Start time:  [13:22:05 2] nd time: f13:35:05 =
Categories: I @I Default Attribute: |<None> _:_|
6. Onthe Referenc_ed Elements tab, select the blue Add Element Reference
link, click on the —I button in the Single section.
7. Inthe Element Browser navigate to Houston -> HOU.Press.01 and click on
OK.
&) Elements
E] @ Houston

HOU.Press,01
HOU.Press.02
HOU.Press.03
HOU. Press.04
B~ (@ Montreal

& (@ Philly

| OK I Cancel l
4
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Event Frame Attribute for the Downtime Reason Code

8. Let us track the reason, why the press had a downtime. It is the value of the
Press Status attribute at the start of the problem.
On the Attributes tab, click on the blue New Attribute link. For the attribute
name, enter Reason Code. For value type, select Press Status from
enumeration sets. For Data Reference select Pl Point. Click on Settings.

9. The dropdown offers the attributes of HOU.Press.01, select
\Elements[.]|Press Status. For By Time Range select Start Time. Click on

OK.
PI Point Data Reference | X
Data server: IPIEiP V1 ;I

- Tag name: I ﬁ'_'_l

% Attribute:

— Unit of Measure

Source Units: I

i Value retrieval methods

By Time: IAutomatic ;]
Relative time: |

By Time Range: IStart Time ZI
Calculation basis: le 1 Weighted LI

Min percent good: |'5:;;\

IV Read only

OK | Cancel I

Z

You will get the Press Status value for the beginning of the event frame
period as it has been recorded before.
Note: If the value type was reset, switch it back to Press Status.

Event Frame Attributes
The generic format for attributes of event frames is .\Elements|[.]|Attribute.

The attribute reference starts with .\Elements].]| to indicate the primary element of the
event frame's Elements collection. .\ is the current reference, [.] is the default object of
the collection. The pipe character (|) is used to separate the element from the attribute

name.
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Create a new Event Frame template based on our manually created event
frame.

Now, that we have defined what we would like to record for press downtimes, let us
make a template out of it.

1. Hcheskin o4 changes

2. Select the event frame you created, and from the right mouse button menu,
select Convert > Convert To Template.

Bwent Frames Downkime Sample Period For HOU, Press, 01

F=3 Event Frame Searches Gereral | Child Event Frames | Referenced Elements  Attributes
[ Py Event Frame Search 1

F=3 Recent Evert Frames
] Dontime Samnle Perind Frr Hiol 1L |

—:‘_g Transfer [ b hame 2y alue L
B =3 Tra
| Convert 4 || E%  Convert ta Template
+,
+  Create o Update Data Reference "8  Change Template.., <

3. Forthe Reason Code, keep
A\Elements[.]|Press Status;TimeRangeMethod=StartTime
Click on OK.

4. B Checkin your changes
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7.1.3 Finalize the event frame template

Let us have a look at the event frame template that has been created and adjust and
finalize it.

1. Select Library from the navigator panel and expand the structure Templates >
Event Frame Templates and select Downtime Sample Period for
HOU.Press.01Template. Rename to Press Downtime.

2. The Naming Pattern field enables you to dynamically build the name of the
event frames produced from the template so that each event frame will have

. o e .
a unique, identifiable name. Use the arrow on the right (|—|) for a list of
available substitution parameters. The most common ones are presented in
the following table:

%ELEMENT% Referenced element. Asset
where the event happened.

%..\ELEMENT% Name of the parent element of
the referenced element. To
retrieve further ancestors, use the
..\ notation, such as

%..\..\Element5%.

% TEMPLATE% Name of the event frame
template.

%STARTTIME:yyyy-
MM-dd Event start time and format.
HH:mm:ss.fff%

3. What naming pattern should we set so the downtime events are called
something like the following?

DownTime HOU.Press.01 (Houston) 2015-12-24 23:22:21

Note: In case the Naming Pattern field is not set, event frames created with asset analytics
will be named NameOfTheAnalysis — Starttime (i.e. Press Downtime — 20140725 11:20:00).

4. To track, whether the event frames was read by an operator, enable the
¥ CanBe Acknowledged Option
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5. Open the Attribute Templates tab. The Reason Code attribute we have
defined before is listed here.

6. Add an Event Duration attribute (default UOM: second, value type: Int32).
The attribute value will be set by the analysis, which we will create in the next
step.

7. Producing one tire takes approximately 5 minutes. Based on the duration of
the press downtime the number of tires can be calculated that could have
been produced in case the press would have been running.

Add a Production Loss attribute (default UOM: tires, value type: Double),
set Data Reference to Formula. To get the amount of production loss, divide
the duration in seconds by 300:

Press Downkime

General Atkribute Templates |

# 1 8 Name & Unik Of Measure | Value Type Data Reference  Settings. ..
=@ Event Duration second Ink32 <Mone >
E =@ Production Loss ETires Double Formula D=Ewent Duration;[0/300]
Reason Code <Mone> Press Status P Paink MElements[.]|Press Status; TimeRangeMethod=5Start Time

8. Check in the changes.
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7.1.4 Creating an EF Generation Analysis

Let us create an EF generation analysis to track the downtime events in our curing
presses. Create it directly under Houston’s press1. Once we validate that this is
working fine we will convert the analysis into a template for deployment to all the
presses in our company.

Event frame analyses are configured in a similar way to expressions and rollup
analyses. Browse to Houston’s press1 and under the Analyses tab select Event
Frame Generation. Give a meaningful name and description to your analysis.

An event frame analysis is based on an event frame template, go ahead and select
the template from the dropdown list.

Tip: Before you create an EF generation analysis, be sure an event frame template is available
for it.

FressTemplate

General | Attribute Templates | Ports  Analysis Templates

& Name: | Dewntime
@ [ Name | Description: IGeneranoH of Downtime events
H Downtime .
fid OFE Metrics Categories: M
H  Out Of Control Event Frames Analysis Type: (" Expression ( Rollup (% Event Frame Generation  (~ SQC
foa  Production Rate
¥ Start analyses when created from template
Example Element:  Houstor\HOU.Press.01
EF Template
Event Frame Template: [ Press Downtime < — : P | Functions
. (required) X oot fanctions o -
Triggers =HE e nsert functions into the expression
Al -
Name Expression True for Severity Value at Evaluati_ Value at Last Trit 5]
O Stah, Aggers Abs E
A e
Stal =r1|'Press Status'="Planned Maintena |Set ( 1) [infermatien =] ] And
Ascii
sta ‘Press Status'="Maintenance” Minor B ® Asin
Atn
StartTrigger3|'Press Status'="No Operator” L) | Major j 3] Atn2
A
& End trigger 9
=2 BadVal
EndTrigger 'Press Status'="Running" | ‘ Bod
il Bom
Bonm
Time True Option - Ceiling
P Advanced Options Char
; such as root cause child Compare
Click here to add . - Concat El
more triggers BUEIE T EET T Absinumber 1)
@ Retur the absolute value of an integer or real number.
@ | Example: Abs(1)
Add a new variable Add a new start trigger e e e
Multiple start triggers are configured. Child event frames will be generated when the trigger changes. See documentation for more details. Attributes
Scheduling: (= Event-Triggered € Periodic
Trigger on  Any Input ]
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Triggering Conditions (Start Trigger Only)

It is time to enter the conditions that will trigger the start and end event: StartTrigger
and EndTrigger. These conditions are entered as expressions using the PE syntax
presented earlier.

When a single condition triggers both the start and the end of an event frame, only
the StartTrigger expression is needed. When the expression evaluates to TRUE the
event frame is started, and when it evaluates to FALSE the event frame is closed.
For example a tank’s level rising above a threshold might start an overflow event, the
event would end when level is below the threshold.

Event Frame Generation with Start Trigger only

Event Start Event End

Start Trigger True False

Triggering Conditions (Start and End Trigger)

You can specify an EndTrigger expression when the start and end conditions are
different:

Event Frame Generation with Start and end Triggers

Event Start Event End
Start Trigger True False
End Trigger False True

In the case with Start and End Triggers, the end of the event is dependent on the
End Trigger condition only. So after the event has started, the event ends when the
End Trigger becomes true, independent from whether the Start Trigger is True or
False.
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Tip: If using start and end triggers, make sure the expressions never evaluate to TRUE at the
same time since this may lead to event frames with zero second durations. Try to configure your

event frames to use only a StartTrigger expression.

For example, if the temperature rises in your reactor the foam level rises accordingly.
When the temperature drops again, the foam level drops as well, but with some

delay in time.

You would like to capture the time, when temperature is too high until foam level is

back to normal:

FoamLevel

B //r—\\“\\k,///
Mame

Expression

StartTrigger

"Temperature ' 5@

50 °C N
\J/M EndTrigger

"FoamLevel ' <30

Temperature

Start EventFrame End EventFrame
when Temperature > 50°C when FoamLevel < 80%

(® osi:o.
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Defining Triggering Condition for the Press Downtime

Since AF 2016 it is possible to define several start trigger conditions and associate
them with different event frame severities. This meets our requirement to have event
frames with different severity based on the reason why the press was down. Let us
look at the first situation, when the press stopped running because of a Planned
maintenance or a Press set-up.

The expression to start the event in that case is:

Assign an Information severity level.

To enter start and end triggers, click on blue Add... link and select
corresponding option from the dropdown.

Variable

Start Trigger

Enter the start and end trigger expressions and assign the severity levels as follows:

Event Frame Template: I Press Downtime

o |

MName Expression True for Severity

B Start triggers

"Press Status’

"Planned Maintenance™

or 'Press Status'="Press set-up”

Set (optional)

L=}

Information j

StartTrigger? |'Press Status'="Maintenance" Set (optional) Minor j
StartTrigger3 |"Press Status'="No Operator” Set (optional) Major j
B End trigger

EndTrigger '"Press Status’'="Running” ‘

Tip: Use the StartTrigger True for option to require the start trigger remain true for a set time
interval before creating the event frame. This is useful for attributes with continuous, non-
stepped data to prevent spikes in the input data from generating unwanted event frames.
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Store the duration in the corresponding event frame attribute

> Functions
Since AF 2017 R2 there is an EventFrame function, which R s e S
allows to get event frame properties such as the event frame Event Frame Properties =
duration in an easy way. Eventrame

EventFrame(string parameter)

Retumn the value of an event frame property.

Example: TagAvg('attl’, EventFrame("StartTime"),
EventFrame("EndTime")) [Find the time-weighted average

To store the event frame duration in the Event Duration of values of L' during an event frame]
attribute of the event frame:

1. To enter an output expression, click on blue Add... link on top of the triggers
section and select Output Expression option from the dropdown.

For the expression, enter EventFrame("Duration™)

Click on the blue Map link at the right hand side, and select the Event
Duration attribute.

B Outputs at close

Outputl EventFrame( “Duration™) Duration (4]

Scheduling an Event Frame Analysis

The last thing to do is to schedule the event frame analysis. As with expressions and
rollups, two scheduling options are available: Event-Trigger and Periodic. For this
exercise, schedule it as Event-Triggered.

7.1.5 Previewing Event Frame analysis results and starting the analysis

You can now use the Preview Feature to validate whether the events that would be
generated are as expected. Select the Downtime analysis in the list of analyses.
From the right mouse context menu, select Preview Results.

HOLLPress.01
General I Child Elements | Attributes | Ports  Analyses | Matification Rules I Wersion I
i [ |

nIEII@l IEII'\Iame vIBack‘ﬁIIingl
H Downtime

E}!]New

7 Delats

E Preview Results
Gf Backfill/Recalculats
E= BackfilllRecalculate Status

'ﬂ,; Check In

If the results are OK, click on
running:

changes. Result: the analysis will start

nI B |ﬁ| E] | MName | Backﬁ[lingl
H Downtime
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7.1.6 Backfilling Event Frame analysis

The analysis we have created will monitor the Press Status from now on. However,
with the Backfill function of analysis, it is possible to also backfill past periods in time!
This means that the archived values for Press Status will be examined and event
frames with dates in the past will be created accordingly.

To backfill the time since midnight:

1. Select the Downtime analysis in the list of analyses. From the right mouse
context menu, select Backfill/Recalculate.

HOU, Press.01

" General I Child Elernents I Attributes | Ports  Analyses |Notificatinn Rules | Version I

1] [ |
OI B Iﬁ)l E] | Mame vl E-aclcﬁllingl
H Downtime ] g_ﬂ] New
# Delste

@ Preview Results

#  BaddillfRecalculate
= Backfill/Recalculats Status

2. For Start Time, enter a t (=today midnight), for End Time enter a * (=now).
Click on Start button. The Backfilling column will show the progress of the
backfill activity.

HOU, Press. 01

General I Zhild Elementsl Attributes | Ports  Analyses | pokification Rules

e |
| =5 |6| @ | Name + | Backfilling
E h

3. After backfilling is completed, switch to the General tab and click on the blue
Event Frames link. You will get a list with all event frames linked with that
element.

(optional) Verification: what is the start time of the first event frame?

(optional) Scroll through the list and locate the manually created event frame.
There will be a further corresponding event frame with same start and end
time that was created by the analysis. Select the manually created event
frame and select Delete... from the right mouse button context menu. This
event frame is not required any more.
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7.1.7 Converting an Analysis into a Template

It is very common that customers create and test an analysis directly on an element
(e.g. Houston’s Press01) before adding it to a template (e.g. Press template).
Analyses can be added to a template so you do not need to configure them once
again at the template level. Just right click the analysis and select Convert to

Template as seen in the figure below. Then check-in.

Note: Convert to Template does not create an element template; it just adds an analysis to an

already existing one.

HOL.Press.01

General | Child Elements | Artributes I Parts  Analyses |N0tificati0n Rules I Wersion I

i ]

Name: I Downtime

o=@ @[ Name + [ Backilling |

| Description: I Generation of

H Downtime

Catannrias

umMew

7% Delet=

Event Frame Template: | Press Downtime

@ Praview Results
@4: Backfill/Recalculate
ES Baddill/Recalculate Status

Add.. v

Mame Expression

True for

B Start triggers

"Press Status’="Planned Maintenance™ or ‘Press Status’="Pre

StartTriggeri

Attribute

Downtime Events

|n " Rollup (% Even
le for Downtime

Evaluate

'Press Status'="Maintenance"

'Press Status'="No Operator”

1  Check Out

Check In

Undo Check Out

3 End trigger

Audit Trail Events...

&) Security...

EndTrigger 'Press Status'="Running"

& Outputs at close

Cutputl

EventFrame("Duration™)

Duration

Note: The analysis will be added to all assets created from the element template. Analyses will

be started automatically after the Check-in.

(@ osi-o.
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7.1.8 Exercise — Backfilling Event Frames

This solo or group exercise is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the exercise.

Exercise Objectives
o Define and save a search that returns the downtime analyses for all presses.
e Backfill the analyses in bulk.

¢ Understand the backfill options.

Problem Description

Downtime events are now being tracked in real time for all presses in our company.
Management does not want to wait for new events to start analyzing the causes of
production loss; they want you to create the event frames for all presses since today
midnight.

Approach

(7 Elements

== Event Frames
Use the Management plugin in the Navigator Panel 55 Library

to backfill multiple event frames.

) Unit of Measure

Initially, all analyses in that AF database will be listed. 82 Contacts

To work with a specific set of analyses (all the downtime analyses for all presses),
you can define and save a search that will filter just those analyses:

1. Click on the green il sign to add a new search:

Analysis Searches

+ |

£, |
Enabled .pﬂ\I
Disabled .pﬂ\I

2. For the search name, enter Press Downtime Analyses and select Template
under the Add Criteria dropdown.

3. From the Template dropdown, select Press Template\Downtime and click on
OK. Result: the list of analyses on the right hand side lists twelve analyses
(four from each location).
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To perform a backfill for all Presses:

1. Click on the checkbox on top of the list to select all presses.

Analyses

12 total analyses selected (12 on this page)

¥  Status @ &  Element Name Template Backfilling
v 9 H  Philly\PHL.Press.04 Downtime Dowentime
v ] H  Philly\PHI.Press.03 Downtime Downtime
7 ﬂ)  Philly\PHILPress.02 Downtime Downtime
v & H  Philly\PHI.Press.01 Downtime Dowentime
[ ] H Montreal\MTL.Press.04 Downtime Cowntime
[ ] HH Montreal\MTL.Press.03 Downtime Downtime
v ] HH Montreal\MTL.Press.02 Downtime Downtime
! ] H Montreal\MTL.Press.01 Downtime Downtime
! ] HH Houston\HOU.Press.04 Downtime Downtime
v ] H Houston\HOU.Press.03  Downtime Downtime
7 ﬂ) H Houston\HOU.Press.02  Downtime Downtime
! ] HH Houston\HOU.Press.01 Downtime Downtime o

2. Click on blue Backfill/Recalculate 12 selected analyses link. Acknowledge

that existing event frames in the time range will be deleted, then click on

Queue button.

0

Analyses

12 total analysas selected (12 on this page) 1-120f12 | & | . |
¥ Status @ B  Element Name Template Backfilling
v ] I  Philly\PHI.Press.04 Downtime Downtime

v /] I+  Philly\PHI.Press.03 Downtime Dawntime

[ [v] H | Philly\PHIL.Press.02 Downtime Downtime

™ & H | Philly\PHLPress.01 Downtime Downtime

™ @ H Mentreal\MTL.Press.04 Downtime Downtime

v & H Montreal\MTL.Press.03 Downtime Downtime

v ] H  Montreal\MTL.Press.02 Downtime Downtime

v /] H  Mentreal\MTL.Press.01 Downtime Downtime

v (/] H Houston\HOU.Press.04 Downtime Downtime

™ & H  Houston\HOU.Press.03 Downtime Downtime

™ & H Houston\HOU.Press.02 Downtime Downtime

v & H Houston\HOU.Press.01 Downtime Downtime /]

Enable 12 selected analyses

Disable 12 salected analyses

Enable automatic recalculation for selected analyses
Disable automatic recaloulation for selected analyses
BackfillRecalculate 12 selected analyses

Start | *-1d |
End |* \‘_‘]l
‘What should we do with existing data?
(¥ Leave existing data and fill in gaps
" Permanently delete existing data and recalculate

[V 1 acknowdedge that my selection contains event
frame analyses. Event frames in the time range
will be permanently deleted. This will result in
loss of annotations and acknowledgements
associated with the event frames.

Queue I

Note with regard to the required acknowledgement: For an event-frame-generation analysis
(different to the backfill case in context with non event-frame-generation analyses), data is
automatically deleted and recalculated. This is the only mode allowed. Be aware that
annotations on those event frames will be lost.

(@ osi-o.
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Automatic Recalculation: (AF 2017 R2 and later) ﬂr

In case you expect that data from your inputs will be late-arriving or be out-of-order, you can
request automatic recalculation for an analysis. The Management list allows to set this option for
multiple analyses within one command. To set the option on an individual analysis base, use
Advanced Options on the Analyses tab of an element or an element template.
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7.2 Consuming Event

Frames

Event Frames are stored in the AF Server. Visualization clients, such as Pl Vision
and Pl Datalink access the AF Server to retrieve the events and their related data

providing you with powerful tools to analyze important events.

Note: Pl ProcessBook, Pl BatchView, and Pl Manual Logger do not support event frame

visualization.

7.2.1 Event Frames in PSE

In this section, we will be exploring how to consume event frames in Pl System
Explorer (PSE). As an administrator, you can use PSE to search for events and
analyze them. The results are presented in a practical table format that features a
Gantt chart and columns for the attributes. Moreover, this is a quick way of verifying

the creation of event frames.

In order to access event frames in PSE, click on the Event Frames plugin under the

navigator panel.

Note: Unlike elements, it is not possible to browse events. You actually have to search for them.

The following screenshot presents the main features of the Event Frames plugin:

WPISRY1'PI Big Tirgataed o
P Mew Search

File Search  Wiew
@Database mQuery[

Event Frames

p! Mew Attribube Search
== Mew Event Frame
|#] Refresh

[ vt Frame Search
H]-- 3] Dowintime Events Last 4 Hours

3] Downtime HOU Press 1 Last 4 Hours
[ OOC Events Last 4 Hours

[ OOC Houston Press 1 Last 2 Hours

=7 Transfer Searches
=% Transfer Search 1

Recent Searches

I[=] E3
Advanced Search Quick Search
g CheckIn ¥} o || Refresh | Mew Event Frame (by name) I:>4 o '|
Ewvent Frame Searches
oo

[ Elements

| Event Frames

i Library

e Unit of Measure

@ MyP1

F Notifications

82 Contacts

[ﬁﬂ Analyses

Mame

| Quer

3 Downtime Events Last 4 Hours

=3 Downtime HOU Press 1 Last 4 Hours
I3 00C Events Last 4 Hours

=3 00C Houston Press 1 Last 2 Hours

IMax: 1000 Search:'Starting After' Time. ..
Max: 1000 Search:'Starting After' Time. ..
Max: 1000 Search:'starting After' Time. ..
Ma: 1000 Search:'Starting After' Time. ..

4 Event Frame Searches

(@ osi-o.
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Event Frame Search Results

Event frames are listed with their information such as the event frame name, a Gantt
diagram, the event duration, the severity, and the start and end time:

) che 21 B A Lt click here to 1
permtnet - Refer to table below customize columns
15~
|E 5 B Al Name &..[04:07:00] ... Duration Start Time End Time Severity Primary Element | | Event Duration | | ProductionL... | | Reason Code {03 |L|
v
B # oK == Downtime MTL Press.02 (Montreal) 2016-06-23 05:07 M 0:06:30 6/23/2016 5:07:23 AM | 6/23/2016 5:13:53 AM | Major MTL Press.02 390s 1.3 Tires Mo Operator
B # oK == Downtime PHLPress.03 (Philly) 2016-06-23 05114 H 0:26:00 612312016 5114123 AN |6/23/2016 5:40:23 AM | InFormation PHL Press.03 15605 5.2 Tires Planned Mainkenance
B & ok = Downtime MTL.Press.0Z (Montreal) 2016-06-23 05:20 H 0:06:30 BI232016 S:120:23 AM | 8232016 5:26:53 AM | Minar MTL.Press.02 3905 1.3 Tires Maintenance
B # [2) 0% == Dowmntime HOU.Press.01 {Houston) 2016-06-23 05:25 H 0:13:00 6(23/2016 5:25:23 AM | 6/23/2016 5:38:23 AM | Information HOU.Press.01 7805 2.6 Tires Press set-up
B # ok == Downtime MTL Press.01 (Montreal) 2016-06-23 05:26 " 0:06:30 6[23/2016 5:26:53 AM | 6/23/2016 5:33:23 AM | Minar MTL Press.01 3905 1.3 Tires Maintenance:
B # ok = Downtime MTL.Press.03 (Montreal) 2016-06-23 05:26 H 0:13:00 6I23/2016 5:126:53 AM | 6/23/2016 5:33:53 AM | Major MTL.Press.03 780 2.6 Tires Ma Operatar
B & ok = Downtime MTL.Press.04 (Montreal) 2016-06-23 05:26 " 0:06:30 GZ32016 5:26:53 AM | 6/23/2016 53523 AM | Minar MTL.Press. 04 3905 1.3 Tires Maintenance
B # ok b= Downtime PHLPress.01 (Philly) 2016-06-23 05:26 " 0:06:30 6(23{2016 5:26:53 AM | 6/23/2016 5:35:23 AM | Information PHLPress. 01 390s 1.3 Tires Planned Maintenance
B & B) A == Downtime PHL. Press.02 (Philly) 2016-06-23 05:27 Il 00830 6iZ3i2016 5:27:23 AM | 6j23j2016 5:33:53 AM | Information PHI Press.02 3905 1.3 Tires Prass set-up
B # ok = Downtime PHIPress.04 (Phily) 2016-08-23 05:27 H 0:13:00 6f23/2016 5:127:53 AN |6/23/2016 5:40:53 AM | InFormation PHL Press.04 7805 2.6 Tires Planned Mainkenance
B & A = Downtime HOU.Press,02 (Houston) 2016-06-23 05:31 H 0:15:00 6232016 5:31:53 AM | 6/23/2016 54453 AM | Minar HOL.Press.02 7805 2.8 Tires Maintenance
B # A = Downtime HOU.Press.04 (Houston) 2016-08-23 05:32 M 0:06:30 6(23{2016 5:32:23 AM | 6/23/2016 5:38:53 AM | Information HOU Press.04 390s 1.3 Tires Press set-up J

Displaying the Event Frame attributes
By default, the event attributes are not displayed in the result window.

By right-clicking and selecting Column Visibility, you will be able to choose the
attributes you want to display.

149:59:35AM  [02:55:31] 4/16/2014

p New Search
F Mew Attribute Search
= Mew Event Frame '_|
¢+ Create or Update Data Reference
#  Capture Values
5, Categorize...
| Column Visibility v |[v] Template
Show Full Paths [v] IsLocked
#] Refresh [¥] Name
Paste Z Gantt
= ¥ | Duration
_$ Irmport from File... —
= . ~ | Start Time
E&  Exportto File.. —
« | EndTime
53 Copy [v] Description
Copy Cell ™ Category
Copy Path [v] Template
H seve [v] Primary Element
X Delete... —
~ | Show Attribute Columns
Rename
Select Attributes...
. DeleteAl.. Attribute Columns 3
5 Security.
& Properties

&)

i

in the header

Tip: To change the column visibility you can also click on the Settings icon
row of the search results.

OSlsofi.
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¥

Column Column EF Row Meaning
(Meaning) (Header Icon) | Information
Is Template Hover with the mouse over this column
E E to get the event frame template.
<empty> Event frame is not based on an event
frame template.
Is Locked Captured Values: values for the event

frame attributes are saved in AF (see
note below).

<empty>

Values for the event frame attributes are
not saved in AF (see note below).

Is Annotated

=

Event Frame is annotated. Hover with
the mouse over the icon to get the
annotation(s).

Use EF right mouse button menu option
Annotate... to enter new annotations.

<empty>

Event Frame is not annotated.
Use EF right mouse button menu option
Annotate... to enter new annotations.

Is Not
Acknowledged

A

Event Frame can be acknowledged.
Use EF right mouse button menu option
Acknowledge... to acknowledge the EF.

D

Event Frame is acknowledged.

Hover with the mouse over the icon to
get acknowledgement info (by whom?,
when?).

<empty>

Event Frame cannot be acknowledged.
Whether an event frame can be
acknowledged is defined in the
corresponding event frame template
(General tab)

Note: You capture values to save the values for event frame attributes in a table in
the PI AF database. This can improve performance since Pl AF does not execute
any data references. If you add new attributes to event frames with captured values,
you should recapture those values to ensure that values are also captured for the

new attributes.

(@ osi-o.
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7.2.2 Directed Activity - Downtime Event Frame Searches, Acknowledgement and
Annotation

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Exercise Objectives
o Familiarize yourself with the event frame search in PSE.

¢ Acknowledge and annotate event frames.

Problem Description
You have AF analysis that will capture press downtimes.

Due to a staffing issue in your plant, you want to get the details for any downtimes
after 10PM yesterday triggered by a “No Operator” root cause so you can annotate
the events, and acknowledge them.

Approach
Use the Event Frame Search window to perform the following:

1. Select New Search from the right mouse button menu of the Event Frame
search root.

2. Enter following criteria: start time: y+22h, event frame template: Press
Downtime, element name: Hou*, Reason Code= No Operator ( you have to
use Add Criteria to enter that)

Hint: you can enter the criteria one by one and click on Search every time. If you enter
more criteria, then you get less event frames that match your criteria. Click on OK when
the returned event frames meet the desired scope.

3. Rename your narrowed down search: Downtime Events No Operator after
10PM yesterday

Background: Once performed, your searches and their criteria are saved. Use Rename
from the context menu of a search to assign a descriptive name for the search. To
further refine an existing search, while keeping the existing search saved, select New
Search from the context menu of the search and then modify the new one.

4. Add columns for the Reason Code and the Event Duration attributes. Verify
the Reason Code is No Operator in every case.
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5. Select the first event frame and add annotation: “Bob was busy with
representative from press manufacturer.”

6. Select all event frames that started before midnight and acknowledge them in
one action.
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7.2.3 Exercise — Perform multiple Event Frame Searches with different criteria

This solo or group exercise is designed to maximize learning in a specific topic
area. Your instructor will have instructions and will coach you if you need
assistance during the exercise.

Exercise Objectives

e Perform medium to advanced event frames searches.

Problem Description
Perform the following event frame searches in PSE:
1. Find all downtime events for Montreal’s press2 for the last 12 hours.
2. Add columns to show the Production Lost and Reason code.
3. Narrow down your search to find events that lasted more than 10 minutes.
4

Narrow down your search to find downtime events caused by Press set-up.

Approach

Use the Event Frame Search window to perform your searches. Make sure to add
the necessary search criteria.
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7.2.4 Event Frame Reports in Excel with Pl Datalink

Explore versus Compare Events functions

You can use PI Datalink (2014 or later) to import event frames from AF into Excel
and then create reports for viewing and analyzing those events. Pivot tables and
pivot charts are great Excel features for summarizing the data and getting better
insight into event frames

Under the PI Datalink ribbon in Excel you will find two functions (buttons) to import
event frame data into Excel: The Explore Events function and the Compare Events

function.

The Explore Events function returns one event per row, which is useful to analyze
events sharing the same EF template.

o
Event name
Batch 1222
Batch 1317
Batch 1327
Batch 1410

v W Ry e

Start time
30/01/2015 12:23:07
30/01/2015 13:18:37
30/01/2015 13:28:07
30/01/2015 14:11:07

Endtime

u] E
Primary element
30,/01,/2015 14:05:07 REL00
30/01/2015 14:19:37 RE200
30/01/2015 14:04:07 RE300
30/01/2015 14:47:07 RE300

Temp.ax
83,56497355
73.08377073
92,61405345
101.1487427

Here: maximum temperature of event frame named Batch 1222 has been highlighted
above in yellow (89.56).

In case an event frame has child events, it is possible to also list child elements in
further lines below the parent event. In the example below, there are nine child event
frames (Material Add 1, Agitate, ,...):

S
Event name
Batch 1222
Batch 1222
Batch 1222
Batch 1222
Batch 1222
Batch 1222
Batch 1222
Batch 1222
Batch 1222
Batch 1222
Batch 1317
Batch 1317
Batch 1317
Batch 1317
Batch 1317
Batch 1317
Batch 1317
Batch 1317
Batch 1317
Batch 1317
Batch 1327

Ortrk 1997

[F=I--E  , ITUR

R R el R R
R = T T R T TEIR N S =)

o
0

Child 1

Material Add 1
Agitate
Material Add 2
Agitate

Heat

Dwvell

Agitate

Cool
HFER_OUT

Material Add 1
Agitate
Material Add 2
Agitate

Heat

Drwell

Agitate

Coal
HFER_OUT

[ R P R |

(G

Starttime

30/01,/2015 12:23:07
30/01/2015 12:24:37
30/01,/2015 12:35:07
30/01/2015 12:41:37
30/01,/2015 12:56:37
30/01,/2015 12:07:37
30/01,/2015 13:14:07
30/01,/2015 12:34;37
30/01,/2015 13:39:37
30,/01,/2015 13:53:37
30/01,/2015 13:18:37
30/01,/2015 13:20:07
30/01,/2015 13:25:07
30/01,/2015 13:32:37
30/01,/2015 13:42:07
30/01,/2015 13:46:07
30/01,/2015 13:55:37
30/01,/2015 14:06:37
30/01/2015 14:08:37
30/01,/2015 14:13:37
30/01/2015 13:28:07

anfn1danie 10090007

[a]

Endtime

30/01,/2015 14:05:07
30/01/2015 12:35:07
30/01,/2015 12:41;37
30/01/2015 12:56:37
30/01,/2015 13:07:37
30/01,/2015 1311407
30/01,/2015 13:3437
30,/01,/2015 12:39:37
30/01,/2015 13:53:37
30,01,/2015 14:05:07
30/01,/2015 14:19:37
30/01,/2015 13:25:07
30/01,/2015 13:32:37
30/01,/2015 13:42:07
30/01,/2015 13:46:07
30/01,/2015 13:55:37
30/01,/2015 14:06:37
30/01,/2015 14:08:37
30/01/2015 14:13:37
30/01,/2015 14:19:37
30/01/2015 140407

andn1daniE 130107

E F

Primary element Temp.Max
RE100 89,56497355
12.45047363
13.08228683
14.34287834
16.33535957
41.38076401
89.26369147
89.56497955
89.56497355
47.95473671
REZ00 73.08377075
19.77932739
19.77932739
19.32192421
18.90079117
7209648132
7308377075
71.17395782
60.78563031
3.42448926
RE300 92.61405345

21 FoTFI0A90
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Here: the maximum temperature of child event frames Material Add 1 and Agitate
have been highlighted in green (12.45 and 13.08).

The second function, Compare Events, allows you to compare hierarchical events,
in other words, events with child events. The compare events function shows
attributes from both the parent event and the child event(s). In the following example
maximum temperature for the complete production batch as well as for the first child
event frames Material Add 1 and Agitate is returned:

A B = ] E E G
1 |.|Event name .| Start time |Endtime .|Frimary element .| Temp. Max SMaterial Add 1] Temp.Max  Sadgitate[1]]| Temp.ax
2 |Batch 1222 30/01/2015 12:23:07 30/01/2015 14:05:07 REL00 83.56497355 12.45047563 13.08228683
3 |Batch 1247 30/01/2015 12:48:07 20/01/2015 13:49:07 RE400 113.7231445 3576528931 43.35500873
4 Batch 1317 30/01/2015 13:18:37 30,/01,/2015 14:19:37 REZ00 73.08377075 15.77332738 19.77932735
5 Batch 1327 3040142015 13:28:07 30/01/2015 14:04:07 REIO0 92.61405945 21.78729439 239196682
& |Batch 1410 30/01/2015 14:11:07 20/01/2015 14:47:07 RE300 101.1487427 21.77057078 22.690973
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7.2.5 Directed Activity — Creating Downtime Event Frame Reports with Pl Datalink

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Learn how to import event frame data into excel.

Problem

Management wants to answer the following questions about the downtime events:
¢ Whatis the most offending cause of downtimes?
¢ How much production are we losing because of downtime events?

The best way to find an answer to these questions is by creating an Excel report
which imports the event frames into an Excel spreadsheet. Excel offers some useful
business intelligence tools that will help us aggregate the data so management can
make decisions.

Approach

We will be using PI Datalink to import the event frame information and then use
Excel PowerPivot and PowerChart to analyze the downtime events.

Building the DownTime Analysis Report

For this exercise, you will be using a template: Press DownTime Analysis.xIsx,
located in the class\exercises folder. The template contains two sheets; we will be
importing the event frames data into the Raw Data sheet, which will be read from the
Report sheet via a pivot table and a pivot chart.

Since we want to analyze the downtime events which are all based on
the same EF template, we will be taking advantage of the Explore
function in Pl Datalink. Go to the Raw Data sheet, set the cursor into
cell A2 and click on the Explore function in the PI Datalink ribbon
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Configuring the Explore Events Function

The Explore Events pane will show up.

This pane offers several fields for you
to refine your event frames search.
Moreover, it features a results preview
section.

For the Search start and Search end
fields point to the corresponding cells
on the Report sheet (see figure).

Keep * for event name and element
name.

Note: It is expected you will not get

Event Frames that are not yet finished.

To exclude Event Frames that are not
finished, click on More Search Options
and select entirely in range under the
search mode.

Explare Events

Database Ewent name

I\\PISFI\-"‘I\F'I Big Tires Co. |

Search start Ewent template

I'Fleport'!$C$2 IF'ress Drowntime j _ﬂ
Search end Elernent narne

|'F|e|:-c-rt'!$C$3 |

Element template

v Limit to database level

Mare search options

Presiew

b3 Ewents [221 found) il
b pf Diopnitivne MTL Press.04 (Montreal) 2018-03-05 23:43.04
e = Downtine PHI. Press. 01 [Philly] 2018-03-05 23:4.3:04

f== Downtime MTL Press.03 [Montreal) 2018-03-05 23:49.34

= Downtime PHI.Pregs. 04 [Philly) 2018-03-05 23:49.34

== Downtime HOU. Press. 07 [Houston) 2018-03-05 23:43:34

i = Drowitirne HOL. Press. 03 (Houston) 2018-03-05 23.56:04

e p=| Digwntime HOU Press.04 [Houston) 2018-03-05 23.56:04

-
b Thmrsimnbinem RATL Dl T Thd mabrm 219070 0003 OC O 017224 J

I PrezsTemplate

Select the seven columns to display; you can as well set the column order. The
columns are actually the event frame attributes. The following columns are needed

for the analysis:
Columnz to digplay

[¥ Select &l

Event name
Start time

End time
Prirmary element
Ewvent Duration
Production Loss
Feazon Code

Diuration

I TR RRRRIA

Make sure you selected Event Duration attribute (gives you the number of seconds),
and not Duration (would give you the time in a format hh:mm:ss, such as e.g.

0:06:30).

Hit OK to display all event frame information in the Raw Data sheet.
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A

B

[

1 This sheet retrieves the event frames raw data. The "Report" sheet queries the data from this spreadsheet
2 |Evem narme

Downtirme PHI.Press.03 (Philly) 2017-01-08 23:37.53

Dowwntime MTLPress.03 (Montreal) 2017-01-05 235053
Dowwntime MTLPress 01 (Montreal) 2017-01-05 235053
Dowwntime MTLPress 01 (Montreal) 2017-01-05 235053
Downtime PHI.Press.03 (Philly) 20017-01-08 23.57.23

Dowwntirne MTLPress 03 (Montreal) 2017-01-08 2357 23
Dowwntirme HOU Press 03 (Houston) 2017-01-08 235723
Dowwntirne HOU Press 01 {(Houston) 2017-01-08 2357:23
Diowntime PHI Press 04 (Philly) 2017-01-09 00:03:53

Dowwntirne PHI.Press.03 (Philly) 2017-01-09 00:03:53

Downtirme MTL.Press 01 (Montreal) 2017-01-09 00:03:53
Downtirme HOU Press.04 (Houston) 2017-01-09 00:03:53
Dowentirme PHI.Press.03 (Philly) 2017-01-09 00:10:23

Dowentirme PHI.Press.01 (Philly) 2017-01-09 00:10:23

Downtirme MTL.Press 03 (Montreal) 2017-01-09 00:10:23
Downtirme HOU Press.01 (Houston) 2017-01-09 00:10:23
Downtirme HOU Press.01 (Houston) 2017-01-09 00:10:23
Downtirme MTL.Press 04 (Montreal) 2017-01-09 001655
Dowwntirne MTLPress.04 (Montreal) 2017-01-09 00:16:53
Dowwntime MTLPress 01 (Montreal) 2017-01-09 00:1653
Dowwntime MTLPress 01 (Montreal) 2017-01-09 00:1653
Dowwntime HOU Press.03 (Houston) 2017-01-09 00:16:53

&

RN ATE A0 U steT UL-Us Lue

|starttime

08-lan-17 233753
08-lan-17 235053
08-lan-17 235053
08-lan-17 235053
08-lan-17 235723
08-1an-17 235723
08-1an-17 235723
08-1an-17 235723
09-1an-17 000353
09-Jan-17 000353
09-Jan-17 000353
09-Jan-17 000353
09-Jan-17 00:10:23
09-Jan-17 00:10:23
09-Jan-17 00:10:23
09-Jan-17 00:10:23
09-Jan-17 00:10:23
09-Jan-17 001653
09-Jan-17 001653
09-Jan-17 001653
09-Jan-17 001653
09-Jan-17 001653
) (PR U TR
d9-lan-17 021558

End tirme

09-lan-17 00:23:23
09-lan-17 000353
09-lan-17 000353
09-lan-17 00:10:23
09-lan-17 000353
09-1an-17 00:03:55
09-1an-17 00:03:55
09-1an-17 00:03:55
09-1an-17 00:10:25
09-Jan-17 00:10:23
09-Jan-17 00:10:2:

09-lan-17 00:10:23
09-Jan-17 00:
09-Jan-17 00:
09-lan-17 00:23:23
09-Jan-17 00:
09-Jan-17 00:
09-lan-17 00:23.53
09-lan-17 00:43:23
09-lan-17 00:23.53
09-lan-17 00:36.:23
09-lan-17 00:23:23

o

ne

5]

Prirnary element Event Duratior Production Loss

PHI.Press .03

MTL Press.03
MTL Press.0L
MTL Press.0L
PHI.Press.03

MTL Press03
HOU Press.03
HOU Press.01
PHIPress 04

PHI.Press 03

MTL Press 0L
HOU.Press.04
PHI.Press .03

PHI.Press 01

MTL Press 03
HOU.Press.0l
HOU.Press.0l
MTL Press.04
MTL Press 04
MTL Press.0L
MTL Press.0L
HOU.Press.03

2730
730
730

1170
390
390
390
390
390
390
390
390
780
390
780
390
780
780

1950
730

1170

F [ H

Reason Code
9.1 Press set-up
26 Mo Operator
2.6 Maintenance
3.9 Maintenance
1.3 Maintenance
1.3 Planned Maintenance
1.3 Planned Maintenance
1.3 Mo Operator
1.3 Planned Maintenance
1.3 Planned Maintenance
1.3 Press set-up
1.3 Mo Operator
2.6 Mo Operator
1.3 Planned Maintenance
2.6 Mo Operator
1.3 Press set-up
2.6 Press set-up
2.6 Mo Operator
6.5 Mo Operator
2.6 Planned Maintenance
3.9 Planned Maintenance

1.5 Press set-up

N,

Wl

Just by looking at this spreadsheet, it is very difficult to identify the most offending
downtime cause or the production lost. By using an Excel tool, Pivot tables, we will
be able to automatically extract, organize, and summarize the event frame data.
PivotTables, and their graphical companions, Pivot Charts, are very versatile and
easy to create. No formulas needed!
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7.2.6 Directed Activity — Summarize Event Frame Data with Excel Pivot Chart functions
(optional)

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Use Excel functionalities to summarize event frame information.

Creating a PivotChart and a PivotTable

Go to the Report sheet, select the Insert ribbon and select the PivotCharts option to
create a PivotTable and a PivotChart.

H = Press DawnTime &nalysis s - Bxcel
POl 1omE TNSERT  RAGELAYOUT  FORMULAS  DATA  ROVIEW  VIEW  PIDATAUNK  PIBULDER  Tearm

» B ldd®®™ 5 & i 35 gy B EnE

e e T
PivotTable Recommended Table  Pickures Online Shapes Srarkfrt Screenshot Apps for - Recornmended .‘ i PivotChart  Power Line  Column Wit
PivotTables Pictures = - Office = Charts A g - Wiew Lo¢

Tables Tlustrations Apps Charts 5 Reports Sparklines
PivotChart
£9 - Jx

Use PivatCharts ta graphically
A B C D summarize data and explore
complicated data.

1 Press DownTime Analysis
! Analysis Time Range Start Time ¢
El EndTime  t+8h
4
5
;
& PIVOT TABLE
]
As input for the PivotTable select the cell range in  ERINGEEES [2]x]
the Raw Data sheet where the ExploreEvents Choese th dat thatyouwantto sraze
. . . * Select a table or range
functlon_has returned the data (including the able/Range: [rom v 5735830 =
header Ilne) (o Use an external data source
Then choose to place the PivotTable and Choose Connection |
PivotChart in the Report sheet. Connection name;
Choose where you want the PivotTable report to be placed
Tip: if you want to correct the source area later in € HewWorkshest

time, select all cells of your PivotTable (or choose o EXiS':ing:\fDrlkslh:et _ _
the Analyse ribbon), then from the Analyse o e
Ribbon, select Change Data Source.

Choose whether you want to analyze multiple tables
™ Add this data to the Data Model
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The PivotChart field list should now be shown in your Excel worksheet and a range
of the worksheet should be designated where the pivot table will be located, as
shown below.

) M s

A ] c o E 4]
1 Press DownTime Analysis PivctTable Fields %
2 StartTime Choose fieldsto addto reparts | & =
Analysis Time R

o [nalysis lime Range EndTime  t8h

4

s

12

8 PIVOT TABLE

To build areport, choose fields from the PivotTable Field Ust Chart1

0 To build 3 Pivotchan, chooseiields from the PlvotchartField st

i

Select the PivotTable, and review the PivotTable Field list. These fields come from
the column names of the Raw Data sheet.

To perform a downtime analysis for our Event Frames based on the corresponding
reason code, select the Reason Code line and drag into the Values area. The
applied Aggregation for the reason codes is COUNT, because these are non-
numeric values. Select the Reason Code line again and drag into the Rows area:

A9 - e Row Labels v
A B [ ] E F -
. i i v X
1 Press DownTime Analysis PivotTable Fields
2 . Start Time t Choase fields to add to repart: &~
Analysis Time R: .
3 End Time t+8h Event narme -
4 Start tirne
5 End time
[ Duration
7 Frimary element
3 PIVOT TABLE Primary element path
Production Loss
9 |Row Labels v Icuunt of Reason Code
- +| Reason Code

10 |Maintenance 21 ount of Reason Code -
11 Mo Operator 25 Total
12 |Planned Maintenance 45 Drag fields between areas below:
18 (Fress st o * T FILTERS Il COLUMMS
14 |Grand Total 136 40
15

30
16
17 ey mTotal
18 10
1 . = Rows 3 yALUES
20 Maintenance  No Operatar Planned Press set-up Reason Code ~ | || Count of Reason Cade -
21 Maintenance
22

Reason Code
23
24
25 -

T @ H S Defer Layout Update

iii] M o-——+
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Select the Production Loss line and drag into the Values area. The aggregation
applied for these numeric values is SUM. Your PIVOT table is extended by another
row, which summarizes corresponding production losses, based on the reason
codes:

Chart 1 - = v
g c D 3 F G +
ivotChart Fi - x
1 Press DownTime Analysis PivotChart Fields
2 . Start Time t Choose fields to add to report: -
Analysis Time R: i
3 End Time t+8h Event name
4 Starttime
5 End time
6 Duratio
7 Primary element
8 PIVD-I-TABI.E Primary element path
. 7| Production Loss

2 Row Labels ~ | Count of Reason Code Sum of Production Loss S Romson oo
10 Maintenance n 63.7 Count of Reason Code  Sum of Production Loss +
11 No Operator 5 68.3 ‘
12 Planned Maintenance 46 128.8 &
13 Press set-up a4 1444 Drag fields between areas below:
14 Grand Total 136 405.2
2 Values FILTERS LEGEND (SERIES)
10 I u Count of Reason e Walues -
17 Sum of Productit
18 &
19
20
ks £)IS (CATEGORIES) VALUES
22 Code - ason C -
I T Reason Code Count of Reason Code

Sum of Production Loss ~
24
5
6
27

Report | Raw data 3 . s Defer Layout Update

H M -——+ %

Tipl: if the PivotTable Fields pane was closed and you want to have it available again, select a
cell of your PivotTable. From the right-mouse button menu, select Show Field List.

Tip2: to change the aggregation that is applied to your data, select the dropdown icon on the
field, and choose Value Field Settings... to select another aggregation type.

Insert Slicers [ 2] %]

Let us enhance our Pivot table for analysis depending on individual press Ep—

[ start time

selections. Dersome

Clouration
[EPrimary element

Which column of our data represents a press ? Dosamion

[CReason Code

Select a cell in the Pivot table, and select the Analyze ribbon from the Pivot
Table tools. Click on insert slicer, select primary element and click on OK.
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The slicer for the primary element is added. It allows selecting any combination of
one or more presses for our analysis. Check various combinations (use Shift- and
Ctrl-key for selections in the slicer):

o all presses
e PHI. Press01 only

e all “Number 01”- presses (i.e. HOU.Press.01, MTL.Press.01 and PHI.
Press01)

e all presses in Houston

[ 3 o e 3
Press DownTime Analysis
Start Time T

Analysis Time R
End Time t:8h

PIVOT TABLE
- | Count of Reason Code Sum af Production Loss

x
1 HOU,Prass. 01 =
n HOU,Prass. 02
2( O, Prass, 03
n HOU,Press. 04
“ WTLPrass 11

% ML Prass 02 fsaen cose =

MTLPrass 13

WL Prass 14 =l Renzon Code - | co

The PivotTable and the PivotChart will update to show you what reason code is
causing most of the downtime events. In the screenshot above, it is clear that during
the observed period of time, planned maintenance has caused most of the
production losses for the Houston Presses.
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7.3 Tracking Production Excursion Periods

7.3.1 Group Exercise — Tracking a Controller out of Control

This group exercise is designed to maximize learning in a specific topic
area. Your instructor will have instructions, and will coach you if you need
assistance during the exercise.

Exercise Objectives

o Review steps to create an event frame analysis, starting from the creation of
the event frame template up to the analysis configuration and testing.

Problem Description

The process control team is concerned about the number of scrap tires and want to
investigate the production conditions in more detail. They are asking for a list with
those periods of time, when the internal temperature exceeds 25 C during the
loading Phase and the lid has closed.

In order for the process control team to start fixing the problem they’d like to keep
track of these undesired events by monitoring how the internal temperature and
pressure behaves for the rest of the cycle, until the press lid opens. Moreover, they
care to know the maximum temperature and pressure during each of these events.

It was observed that pressure and internal temperature behavior 3 minutes before
the problem starts can provide them useful information to understand why there is an
excursion from the normal production process.

PI Big Tires company calls these events “Out of control events”. The event names
should reference the concerned press, the start time and the kind of tires currently
produced. Examples:

OOC HOU.Press.02 2018-02-21 10:25:00 (Winter-Tire Production)
OOC MTL.Press.02 2018-02-21 08:41:30 (Motorcycle-Tire Production)

Approach

As a group of 2 — 3 students, go through the table below to discuss common
understanding of the steps required to monitor the tire production cycles and detect
out-of-control situations. In an out-of-control situation the internal press temperature
is too high during the Loading phase of the Press.

Hint to get the kind of tires currently produced:

Sine AF 2017 R2, the event frame naming pattern allows to use values from event frame
attributes. If an event frame has an attribute called ProductType, %@ ProductType% in the
naming pattern will give you the value of that event frame attribute.

Fill in the open positions in the table below.
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Create Event
Frame Analysis
on an element

Convert analysis
to template

StartTrigger

EndTrigger

Scheduling

Child Root Cause
Event Frame

[ Generate child root cause event frame

Testing

[1 Evaluate

[1 Preview Results

Backfilling

Backfill Last 24 hours

Element template [J Analysis in template.
[J Analyses started
Analysis plugin [J Analyses status

1 Backfill all presses (optional)

@ OSl:ofi.
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7.3.2 Directed Exercise: Review the Steps for Out Of Control Events

The following information is provided to discuss your solutions with the
instructor. You will also perform the steps in a directed activity.

-

‘ IMaximum Pressure pound-force per s... |Double PI Paint NElements[.]|Pressure; TimeMethod=Mot Supported; TimeR angeMethod=Maxirum
‘ Maximum Temperature | degree Celsius Double PI Point JNElements.]|Internal Temperature; TimeMethod=motSupported; TimeR.angeMethod=Mazzimum
& Refersnce Type <Nonez Tire References | PI Point JNElements[ ]| Attributes; TimeRangeMethod=5tart Time
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StartTrigger

'‘Curing Phase'="Loading" and ‘'Internal
Temperature'>25 and 'Lid Position'="Closed"

EndTrigger

‘Lid Position'="Open"

Severity

Critial

Child Root Cause
Event Frame

Create Event
Frame Analysis
on an element

M Generate child root cause event frame

Adwvanced Event Frame Settings... |

Advanced Event Frame Settings B

[ Generate child root cause evant frame before parent event frame starts
Duration: I 3 I Minutes j

I Root Cause

MName:

casgr: | 3

Scheduling

Event —Triggered any input

Testing

M Evaluate M Preview Results

Backfilling

Backfill Last 24 hours, then verify the
backfill status:

| Backfilling |

Completed at 6/21/2016 8:08:34 AM

Start Time 6/20/2016 8:05:30 AM
End Time 6/21/2016 B:08:14 AM
Last Evaluation 6212016 B:07:53 AM
Events Processed 2222

ProssTermplate

Cornrd Alirkuls Tengldes Purls | ST01¢3 TEDSLES  Nalftion Pk Tenoites

Ry
(] Enatie anslyses when crested from template
o0 Ot OF Corvrd

Exampie Bement.  HoustortHOU Pres 02

Generstion Mode: | Expict Trgger

Senecling: (8) Event-Tiggered Berodc

Triggeran Any input

Evert Frame Templste: | Gul of Contral.

Aitvanzed Event Frame Settings..

(@ osio.
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Enter the following Search Criteria for
Event Frame Search:

1. Starting After *-4h
2. Template= Out Of Control
3. Element Name= HOU*1

Event Frame 4. Uncheck All Descendants
Search and Event | (otherwise the root cause events will also
Frame Attributes | be returned in separate lines)

Validating Event
Frames via PSE

Click on Search button.

To display the event frame attributes, click
on the k2 button to customize the columns
for the Search results. Click on Select
Attributes... Add Maximum Pressure,
Maximum Temperature and Reference Type

Event Frame Search

[Template:'out of Control Elementhame:HOU*1 TR % ~] Search

Criteria 8

Search: Starting After ~| I" nProgress
Search start: [*-2h FH| v | T alDescendants

Hame: [ % Element Mame:  |HOU*1 % Category: <allz J [
Template: Jout of Control = =

o Add Criteria ~

Results £

Group by: [ Category [ Template

53 A Name [01:45:00.939... Duration Start Time < End Time Seweriky Primary Element | Maximum Press... | Maximum Temperature &

o - QOC HOU Press.01 2016-06-23 07:49:00 H 0:05:23 6/23/2016 7:49:00 AM | 6/23/2016 T:54:23 AM | None HOU.Press.0L | 107.3739316847... | 61.9879417419434 °C

L Q0OC HOU.Press.01 2016-06-23 08:02:00 H 00523 6/23/2016 §:02:00 &AM | 6/23/2016 8:07:23 AM | None HOU.Press.0L 112,3229522705. .. | 65.8656463623047 °C

Click on OK. Rename the default name of the Search (Event Frame Search X) to
OOC Houston Press 1 Last 4 hours.

Record the start time and end time and the two maximum values for two selected
event frames (do not select event frames that are not yet finished). In the next
exercise, we will see how information for these Event Frames are presented in Pl
Vision.

Element template | M Analysis in template.

Convert analysis M Analyses started

to template Analysis plugin | M Analyses status

M Backfill all presses (optional)
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7.4 Event Frames in PI Vision

P1 Vision discovers events related to assets on the display and it lists them in a
dedicated Events tab. The time range and duration of the display determine for which
period of time the events are listed. In case any event frames exist in that period, the
icon for the event frames has a little blue dot on the top left edge. Click on the icon to
switch from Assets pane display to Events pane display:

© PI Coresight © PI Coresight

@ Events
'-@ =] B | =

Assets

M B B | =

Search in Houston @ Automatically refresh the list

0OC HOU Press.01 2016-06-21 08:22-:30 ~
6/21/2016 8:22:30 AM - /2172016 8:27:23 AM

Houston
@ HOU Press.01
) HOU Press.02

0OO0C HOU.Press.01 2016-06-21 07:04:30
00C HOU Press.01 2016-06-21 06:55:00
QOC HOU Press.01 2016-06-21 06:05:30

0OO0C HOU.Press.01 2016-06-21 05:20:00
QOC HOU Press.01 2016-06-21 03:49:00
0OO0C HOU.Press.01 2016-06-21 02:31:00

@ HOU Press.03
@ HOU Press.04

00C HOU Press.01 2016-06-21 02:24:30
QOC HOU Press.01 2016-06-21 01:58:30

Any event frame for the asset, where the start and/or the stop time falls into the time
period is listed:

2Pt Caresic
o e s Faones s b

v BF Gt Workromerm i B it e <)oo s - Y e
© PI Coresight

@  Events

S © @B | =

“r B e Creagh-ga e %

o Auromacany remesn me st

OGC HOU Press. 01 2016.06.21 082230
212016 .32 30 AM - 6012015 22723 Al

QGG HOU Press. 01 2016.06-21 07.04-30
Name Vahe

O Prese 011 Poson. et |
- 3

DOC HOU Press. 01 2016-06-21 06:56-00
D0 HOU Press 01 2016-06-21 06:05:30
0GC HOU Press.01 2016-06-21 05:20-00
0OC HOU Press. 01 2016.06-21 03:49-00
0GG HOU Press. 01 2016-06-21 02:31-00
DO HOU Press. 01 20160621 02:24-30

0O HOU Press.01 20160821 04:58:30

Aftributes

OO HOU Press.01 2016-06-21 08:22-30

] Maximum Pressure: 61348 psi

] Maximum Temperature: 25956 °C
§) HOU Press 01
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If you select one of the event frames and click the right mouse button, you have
three options:

Apply Time Range:

Applies time range of the
selected event to all symbols

on the dlsplay [/] Automatically refresh the list

Event Details: ® 00C HOU Press.01 2017-01-09 09:04:300 > A
_ T I e | i e R

Opens a dedicated screen to 12017 6:41:30 AM - 1920] Hide Even

analyze, acknowledge and ¥ 00C HOU.Press.01 20| Event Details

annotate events A 00OC HOU Press.01 20

Compare Similar Events By Name

¥ 00C HOU.Press.01 20 Compare Similar Events By Type

Compare Similar Events © 00C HOU.Press.01 20 T7UT-U9 U352000 b3
By Name / By Type: © 00C HOU.Press.01 2017-01-09 03:46:000 >
Opens another Browser tab to O 00C HOU Press 01 2017-01-09 03:00-000 > .
Compare process data across A 00C HOL Prass 01 2017-01-09 0208300 >
multiple events on a single Eat Search Crtera |

“overlay” trend.

Compare Similar Events By Name

Compare Similar Events By Type

By Name When comparing events by name, the Event Comparison screen
displays up to 11 events with the same name, Event Frame
template, and referenced asset.

By Type When comparing events by type, the Event Comparison screen
displays up to 11 events based on the same Event Frame
template and same referenced asset.

When you change the time range for your display, the events list will be refreshed
automatically. Uncheck button for Automatically refresh the list to avoid searches
whenever you make a change for the time range of the display.

) OSI
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7.4.1 Directed Activity — Visualizing Events Using Pl Vision

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives
e Explore the process data for Houston.Press.01 during out-of-control periods
e Analyse the out-of-control event details

Approach

e Switch the display time range to show data for several out-of-control periods.
e Display the details of a particular out-of-control Event to get related asset
information.

Change the Display Time Range
1. From the PI Vision overview page, open the Big Tires Press display.

Switch to the Events list display ﬂ

To just get OOC events, edit search criteria and filter for event type = Out Of
Control

4. Set the time range to the last two hours: enter -2h into the field for the start
time. The Now button on the left hand side should still be in green, so that the
end time is current time.

Because the time range is reduced from one day to two hours, the list of
events will become smaller (Automatically refresh the list must be enabled).

5. Select one of the out-of-control events and select Apply Time Range from the
right mouse button menu. Display time range is adjusted to the time range of

the event. ReEeat for other events.

Get Event Details
1. From the right mouse button menu of a selected event, select Event Details.

2. Explore related attributes for the Houston Press 01. Get minimum and
maximum for the pressure and the internal temperature.

, Back .
3. Click on the Back control to return to the Press display.
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7.4.2 Directed Activity — Comparing Similar Events Using Pl Vision

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

o Display process data from multiple events in one trend (overlay trend) for
comparison

e Use PI Vision functions to highlight particular event frames and to hide
selected event frames for improved comparison experience.

Approach
Open a second browser tab for event comparison.
Customize the display by highlighting and hiding event frames.

1. If needed, adjust the time range so that you get the event frames you
recorded before. Increase or decrease the start time (from -2h to -3h or to -
90m). When the time range is changed, the list of events will become smaller
or greater (Automatically refresh the list must be enabled).

The Now button on the left hand side should still be in green, so that the end
time is current time.

2. Select Compare Similar Events By Type from the right mouse button menu.
An additional browser tab will be added for the Event Comparison.

Event Comparison can display data for up to 11 trends (including the one selected).
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3. Select an event frame to hide it. Select an event frame and select Hide Event
from the right mouse button menu to remove it from the display. (You can do
that in the Events list pane or in the Gantt Chart pane)

© PI Coresight

Events
® 00G HOU Press.01 2016-06-23 09:46:30

0OC HOU Press 01 2016-06-23 09:33.00
M OOC HOU.Press.01 2016-06-23 09:00:30
/A OOG HOU Press 01 2016-06-23 08:41:00
‘¥ OOC HOU Press 01 2016-06-23 08:28 00

e

Internal Temperature (°C)
™

vV Vv

00C HOU Press 01 2016-06-23 08:09:00
[ Maximum Pressure: 108.95 psi
[= Maximum Temperature: 61.839 °C

& HOU Press 01 > = ® 00C HOU Press. 01 2016.06.23 09.46:30
s

Root Cause.
e

=% 00CHOU Press 01 2016-06-23 093300
Root Cause.

+ ¥ 0OC HOU Press.01 2016-06-23 09:00:30
_

+ 4 0OC HOU Fress.01 2016-06-23 08:41-00

4. Remove all trends except Internal Temperature and Pressure.

To remove a trends, click on the icon.
Add a trend for the Curing Phase. To add the trace, expand attribute structure
below the HOU.Press.01 element and drag the Curing Phase attribute

studentD (2]

© PI Coresight

bd

Events Curing Phase
® 0O0C HOU Press 01 2016-06-23 09-46:30 ==

0OC HOU.Press.01 2016-06-23 09:33.00

I 00C HOU Press.01 2016-06-23 03.00:30

4 0OG HOU Press 01 2016-06-23 08:41:00
62372016 8-41-00 AM - 62312016 8:45:23 AM

¥ OOC HOU Press 01 2016-06-23 08:28:00
1

Hdokaing

v v vy

Hremolding
0OC HOU.Pres
l
10U Press
00C HOU.Pres
l
Internal Temperature (*C)
[

Afttributes
00G HOU.Press.01 2016-06-23 08:41:00
[E Maximum Pressure: 108 51 psi

[=] Maximum Temperature: 56.404 *G

Q) HOU.Press.01 > = ® 0OC HOU.Press 012016-06-23 09:45:30
= e

Rool Cause
———

=% 00C HOU Press.012016-06-23 09:33.00
R0t Cause

4+ W 00C HOU.Press 012016-08-23 020030
_—— e

+ 4 0OC HOU.Press 012016-08-23 02.41.00
e S

5. (optional) Save the display.
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8. Taking Full Advantage of AF Functionalities

8.1 AF Object Security

Beginning with AF version 2.7, a security model similar to Data Archive security was
implemented. This model relies on Windows integrated security for authentication,
but provides its own authorization to AF objects using AF Identities and Mappings.

In AF version 2.6 and before, permissions in AF were set based on Windows user and groups.

8.1.1 AF Identities and Mappings

An AF identity represents a set of access permissions on the AF server.
8 Each AF mapping points from a Windows user or group to an AF identity.
Built-In AF Identities are Administrators, Engineers and World

According to the specific security requirements, AF identities are created on the AF
Server, and the permissions for the AF server resources (such as an element
collection or objects) are granted for these AF Identities.

With AF Mappings, Windows users and groups are mapped to the AF Identities:

v

d 8 8

Bob Trainers

Pl Trainers Trainers

Windows user mapped to an AF Identity Windows group mapped to an AF Identity

Note: It is preferable to define the AF Mappings for Active Directory (AD) groups instead of
individual windows users. Since it is inefficient to maintain individual user accounts directly, it is
recommended that the mapping on a user basis be the exception.

Members of the Windows groups that are mapped to an AF identity are automatically
granted the access permissions for that AF identity.

For example, the Active Directory (AD) group Engineering Team is mapped to
Engineers, so all the members in that AD group have read/write permission for the
Elements collection.
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In case of multiple identities user is granted permissions based on all AF Identities to
which he or she is mapped. In example below, Bob has all permissions from Pl AF

Identity 1 and Pl AF Identity 2.
ADGROUP, 8

PIAF IDENTITY 4

— g

ADGROUP,
" PI AF IDENTITY ,

Built-in AF ldentities:

AF Identity Description

Administrators By default, this identity has all access permissions to every collection and
object on the AF server, including all databases. It cannot be modified or
deleted.
It is recommended that access to this identity is restricted to only a few
users.

Engineers This identity has the same privileges as Administrators, with the

exception of the Admin (a) permission. This identity is also not allowed to
delete AF databases.

It is recommended that this identity be restricted to those users who are
defining the asset database. Additional identities should be created to
narrow the scope of access within AF.

World This identity has read access permissions to every collection and object
on the AF server. More information see below.
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World ldentity:
By default, World identity is mapped to the Windows Everyone users group:

PI AF Servers

|J add Asset Server Conneck @ Set as Default =5 Properties

ot

Marme Hosk ser
PISRY1 PISRY1 domaintbob (Trainers | Warld)

By default, World Identity has Read permissions on all items. World identity cannot
be modified or deleted. However, Mappings for World can be removed and
Permissions for World can be removed.

8.1.2 AF access rights

Access permissions can be granted for all AF Objects. Examples:

A & r1sav - Corkacts

8 Allow: Read S i

L J

) BRIV - Mokification Contact Templates
& B p15av - Securky Ideriities

& BaFIEVI - Sacurity Mappings

[ Er1sav1 - Databasss

Trainers o] et
Elements
& Allow: Read, Write [ Z cements
) - o &
Trainers b (@ ElementZ] 5) Security...
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The following table describes the access permissions you can assign to AF identities
for all objects in the AF hierarchy.

Access right

Abbreviation

Definition

Read

r

Enables a user to view the object.

Write

w

Enables a user to create and modify an object. The
exception is that event frames and transfers also
require Write Data permission on the element template
from which they are created.

Additionally, if users do not have Write permission on
the AF database, they cannot modify any object within
the database, regardless of the specific permission on
that object.

Read/Write

Enables a user to read and write to the associated
object.

Read Data

rd

Enables a user to read element’s attribute values (non-
configuration items).

Write Data

wd

Enables a user to modify element’s attribute values
(non-configuration items). Additionally, this permission
controls whether a user can create or modify event
frames.

Subscribe

Enables a user to subscribe and unsubscribe to a
notification.

SubscribeOthers

SO

Enables a user to subscribe and unsubscribe other
users to a notification.

Delete

Enables a user to delete an object.

Execute

Enables a user to perform most actions on an analysis
case.

Only used in Pimsoft SigmafineTM data reconciliations.
The Pl Analysis Service does not use this permission.
The Write permission is required to modify, run, and
stop asset analyses.

Admin

Enables a user to modify the security settings, or
owner, of an object. Also allows to force an Undo
Check Out on an object that is checked out to another
user, as well as to lock and unlock an event frame..

Setting permissions can be done for individual AF objects or for collections of
objects. When you create new objects, except for child elements, the collection
security is used as the default security. When you create a child element, the
security descriptor of the parent element becomes its default security.

( ) oSl
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8.1.3 AF Security Hierarchy

The following chart shows the structure of the AF objects in a AF Server. Each
securable AF object (element, event frame, and notification, and so on) throughout
the hierarchy has an associated security descriptor that contains the access
permissions information for that object.

All AF objects of the same type belong to a collection. For example, every AF
element in a database belongs to the Elements collection for that database. Each
collection also has an associated security descriptor that contains access permission
information.

i Contacts

{ Notification Contact Templates

! Identities
‘;77 Mapp ipgs
Databases ! Database
Analyses
Analysis Templates
Categories
Elements
Element Templates
Enumeration Sets

Event Frames
Notifications
Reference Types
Tables
Table Connections

Transfers
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8.1.4 AF Server Security

Setting the security for a AF server
To open Security Configuration window for AF Server: On the toolbar, click the
Database button. In the Select Database window, click the Edit Security button.

Alternatively, click the AF Server Properties button & to open the AF Server
Properties window, then click the blue Security link below the Aliases field. The
Security Configuration window displays the defined access rights and allows to
change them.

Security Configuration !lil E

Items to Configure:

Iv Item | Security Skring b
ﬂ PISRY1 World: Ar, rd)|NT AUTHORITY\METWORK SERVICE: Alr, v
& PIsRYL - Contacts Warld:Air, i NT BUTHORITY{NETWORK SERVICE: A, wi|
HPISR'»-'I - Matification Contack Templates Adrinistrators: &lr,w,rd, wd,d,x, a,5,50,an) | Warld: &, rd) |7
&PISRUI - Security Identities ol Adr, rdi|MT AUTHORITYIMETWORK SERWICE: Ak, wi|
ﬂPISR'v'l - Security Mappings earld: Ay, rd)|MT AUTHORITYMETWIORK SERYICE Al wii|
aPISR'u'l - Databases ol Acr, rdi|MT AUTHORITYIMETWORE SERVICE: Ay, w, ¢
@PIER\-‘I - Database - Analyses Administrators: e w,rd, wd, d,x,a8,5,50,an) | World: A, rd) |
o | Mr\rcnui [ S S e PP N o P Adrmimicbe ke A e v ed d A e o - mm SR A AT .,i'j
d [
Identities: i Remaove | Petrnissions For World:
Mame | Permission | Alow | Demy | I;
& world Al r r
s MT AUTHORITY\METWORK SERVICE Read " r
= Adminiskrak
d__, riniskrators . Write r r
@y PISCHOOLYPIServicedocount
Read)irite - -
Read Data v r
Write Data r r I
Readirite Data - r
Subscribe r r
Subscribe Others r r j
— Child Permissions
™ Do not modify child permissions
% Update child permissions for modified identities
" Replace child permissions For all identities
(o] Cancel Amply |
#
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The Items to configure list for the AF Server contains the following items:

FBLUEEER PR @

AF Server

Contacts Collection

Notification Contact Templates Collection

Identities Collection

Mappings Collection

Databases Collection (entire AF hierarchy)
Analyses Collection (entire AF hierarchy)

Analysis Templates Collection (entire AF hierarchy)
Categories (entire AF hierarchy)

Elements Collection (entire AF hierarchy)

Element Templates Collection (entire AF hierarchy)

The Security Configuration allows adding, removing or changing the permissions for
AF Identities.

You can uncheck/check items to control the scope of the changes you are
going to apply.

You can modify permissions for one of the AF identities that is listed, or add
or remove identities, as needed.

The child permissions option defines the handling concerning permission
inheritance.

Setting the security for an AF database

To open Security Configuration window for . =
an AF database aNew Database X Delete Database % Database Properties (5 Edit Security
On the toolbar, click the Database button. psset server: [T Grz-p014 v[-1H]
In the Select Database window, right-click Databases:
a database in the Databases list and Flter L -]
1 Name Description -
select Security.
@Y ACME Enterprises PIAF Class E| g MNew Database
@Eig Tires Co PIAFClassEl @  Setas Default Database
@Conﬁguraﬁon A store for cg
|#] Refresh
X Delete...
Rename
|: & Security..
% Properties
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In the Items to Configure list of the Security Configuration window, the selected
database and every collection is checked.

Security Configuration !EI

Items to Configure:

Iw Ttem | security string -
@ACME Enterprises Warld Ay, rdd[MT AUTHORITYIMETWORE SERYICE : Alr, w,rd
EACME Erterprises - Analyses Administratars: Ay w,rd,wd,d,x, 8,5, 50,an) | World: acr, rd) M
EACME Enterprises - Analvsis Templates Administrators: Afr,w,rd,wd,d, x, a,5,50,an)|World: A, rdi 1M
[Jacme Enterprises - Categories Bdministrators:air, wrd,wd, d, 2, 8,5, 50,800 World: &6, rdd [N
& ACME Enterprises - Elements Administrators: Ay, w,rd,wd,d,x, 8,5, 50,an) | World: acr, rd) |4
ﬁ.ﬁ.CME Enterprises - Elernent Templates Administrators: ar,w,rd,wd,d,x, 8,5, 50,an) | World: Ay, rd) | P
@ ACME Enterprises - Enumeration Sets Administrators: Ay, w,rd,wd,d,x, 8,5, 50,an) | World: ar, rd) |4
:n._l [ ¥ | il 0 SN S Ciimembk Cv =reee- I A Armimicke ke A e 0 v d A A e = A R Al A w—lﬂj
Identities: Permissions For \Warld:
Mame | I Permission | alow | Deny | |=
ke Wi Ll F
Y T ALTHORITYINE TWORK SERVICE et
L fdminiskyatore =

The Items to configure list for the AF Database contains the following items:
AF Database

Analyses Collection

Analysis Templates Collection

Categories

Elements Collection

@2 bDEEE@

Element Templates Collection

The Security Configuration allows adding, removing or changing the permissions for AF
Identities. You can uncheck/check items to control the scope of the changes you are going to
apply. You can modify permissions for one of the AF identities that is listed, or add or remove
identities, as needed. The child permissions option defines the handling concerning permission
inheritance.

Setting the security for an AF collection

You can configure access permissions to collections (Elements collection, Event Frame
collection, Templates collection...) at several points in the AF hierarchy. You can set them at the
server level or at the database level. If set at the server level, the permissions assigned to
identities on the server are also assigned to the same identities in every database.
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AF Object Security

You can set specific access permissions for an identity that differ from the default settings
inherited from elsewhere in the AF hierarchy on any object (or object group) and collection in a

database.
Elernents
5 Elements
= (7 ACME Enterprises
=I-- (3 Division
- (@ Chemicals Division
= [ Houston
= 9 00 - Equipment List
= (J Flow Meters
e (1 HOU FM 001
L
(§ HOUF New
& HouF
. § HOUF Convert
- (@ HOUF o+ Create or Update Data Reference
P
+- [ HeatExcha .
+ & Pumps «%  Reevaluate Maming Pattern
+-- [ Reactors (., Categorize...
+ [ Tanks :
+- (@ 01 -Research a Find
+- (@ 02 -Production Make Root Mode
+l- (G Montreal
: &
+l- (G San Leandro 'ﬂ =Tl
+ G Power Distribut_ion D_iv.is_ior By Copy
+- () Power Generation Division
+- [ Geography ,  Paste
(3, Element Searches |4 Paste Reference
+- £ Attribute Search Flow rate Attribute
Export to File...
«  Check Out
‘D Create Version...
> Delete...
&% Delete Reference...
Rename
¥4 Show History...
) Security...
“  Properties
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Permissions inheritance

When you change the access permissions for an element, the following applies for
access permissions of child elements:

Reference Type Behavior

Composition Access permissions for child and parent are always the
same.

Weak Access permissions are never inherited.

Parent — Child When access permissions are set on a parent, the Child Permission
settings in the Security Configuration window depend on option
used

Child Permissions

() Do not modify child permissions

(@) Update child permissions for modified identities
() Replace child permissions for all identities

Option Description

Do not modify child Prevents access permissions that have been set for the

permissions current object or collection from being replicated to child

collections and objects in the AF hierarchy.
Default for AF server 2.5 and earlier

Update child permissions for | For each selected item on the Items to Configure list in the
modified identities Security Configuration window, replicates the access
permissions for all child collections and objects for each
identity on the Identities list whose access permissions have
been modified.

Default for AF server 2.6 and later.

Replace child permissions for | For each selected item on the Items to Configure list in the

all Security Configuration window, replaces all child permissions
identities for every identity on the Identities list with the parent access
permissions.

Hint: Before you apply this option, review access permission
settings for all items on the Items to Configure list to avoid
unintentionally overwriting custom permissions that may have
been applied elsewhere in the collection hierarchy!
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UOM Database security

The AF Unit of Measure (UOM) database is shared across all AF databases. You cannot set
permissions for individual UOMs or UOM classes. Permissions can only be set for the entire
UOM database.

To open UOM Security Configuration window:
In the Navigator pane, select Unit of Measure.
On the toolbar, click the UOM Security button.

Security Configuration == -

Ttems to Configure:

Item Security String
% Unit-of-Measure Database World:A(r) |Administrators:A(r,w,d,x,a) INT AUTHORITY\NETWORK SERVICE:A(,w

£ m >
Identities: Add... | | Remove Permissions for World:

MName Permission Allow Deny

B world Al O O

8. Administrators . M !

e M AT HORITVNET v/ iU LERT,

Security Tips

Administrator privileges at the server level, provides access to every object
regardless of their security settings.

If you want to edit an element, you need write permissions on the Elements
collection and on the particular element.

Library objects, such as templates, enumeration sets, UOMs and reference
types always have read permission regardless of their security settings

Deny settings override any granted allow permissions
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8.1.5 Directed Activity — AF Objects Security

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited
to watch what the instructor is doing or perform the same steps at the same
time. Your instructor will have directions.

Exercise Objectives
o Create AF Identity and use it for a mapping to a Windows user account.

e Assign Permissions for an AF database and for AF elements.

Problem Description

Sheila, the new intern (student0O4@PISCHOOL.INT) has been hired at Velocity
Terminals. To prevent unauthorized read access and unintended changes, the
engineering supervisor has to change the security for the AF database:

Because of confidentiality, only designated Windows users should be able to read
the data for Velocity Terminals. Beside Administrators and Engineers, just the intern
should be able to read the data.

Sheila should not be able to see tanks in Sydney or Tokyo. Of course, if the intern
browses to the Distribution or Receiving divisions he should only see the tanks
belonging to Montreal.

She will be doing some research on Tank01; hence, she should be able to edit this
tank’s data and configuration.

Note: In order to avoid negative impact on the Velocity Terminals production database, perform
the steps on the AF Startup AF database!

Approach

1. Click on the AF Server Properties button ( & ) to open the AF Server
Properties window. Identities and Mappings tabs: Add a new Interns AF
Identity and map the student04 account to it.

2. Click on the Database button (@DatabasE ), select Security for AF Startup
database:
e To remove the permissions for the World Identity:
Select World identity, then click on  Remove | button.

e To add Read and Read Data permissions for the Interns Identity:

Click on Ll button, select the Interns identity.
Uncheck Allow All, then enable Read and Read Data

Select Update child permissions-Option and click on &l button.
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3. Forthe Tank01 element in Montreal...

e To add Read/Write and Read/Write Data permissions for the Interns
Identity:

Select Security... from Tank01 element.
Select the Interns identity.
Enable Read/Write and Read/Write Data

e Select Do not Modify Child Permission-Option, click on button.

4. For the Tokyo and the Sydney element...
e Remove all permissions for the Interns Identity:

Select Security... from Sydney element
Select the Interns identity.

Click on _ Remove_ | button

Select Update child permissions-Option and click on button.
(accordingly for Tokyo).

Verification
1. Maximize PI System Explorer (PSE).

2. Open a second Pl System Explorer (PSE) instance for connection with the
intern’s account:

Q PI 3yskem Explorer
;f‘ Unpin this program Frarm taskbar
@ [ Close window

With Shift key pressed, right-click the System Explorer icon in the Windows
taskbar and select Run as a different user. Supply student04 credentials.
(optional, for improved distinction) If needed, resize the window and bring it in
front of the first PSE window.

3. Onsecond PSE: click the Database button (@De‘te‘basE ). In Select database

window, click on the L1 button next to the AF Server name.

4. The current connection is with pischool\student04. Note the effective identity
permissions for pischool\student04 are (Interns | World)
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5. Click on OK. Select the AF Startup database and verify the permissions on
the tanks. Attempt to change descriptors for Tank01 and Tank02.
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8.2 AF Attribute Properties

When attributes are created, there are four associated properties (configuration item,
excluded, hidden, indexed). You have the option to set those properties for each
element attribute. In case of an element derived from a template, the properties of
the attributes cannot be changed any more except for the Exclude property:

MName:
Description:
Properties:
Categories:
Default LOM:
Value Type:
Default Value:

Data Reference;

Group by: [+ Category [ ] Template
|Capa|:it§.r |

Configuration Item W
Configuration Ttem

[] Excluded

[ ] Hidden

[] Indexed

|zn|:u:|n Us gal |

| <Mone =

Configuration Item

You assign the Configuration Item property to an attribute with a
constant value that represents inherent properties of an asset (e.g.
a device serial number). In Pl System Explorer, configuration
attributes are marked with a pencil icon (#*).

When you change the attribute value of a configuration item Pl
System Explorer automatically checks out the attribute. To commit

the change you need to & =tkin

Indexed

Indexed attributes are attributes that are optimized for fast search
results and fast value retrieval. You can only index attributes
whose values are stored in the AF database. This means that you
cannot index attributes that get their values from Pl point data
references or from linked table references.

Excluded
(new in AF Server
2015)

In situations where not all attributes in an element template apply,
attributes that are not applicable can be excluded.

Example: only some of the tanks have a second container
coating. Set the attribute for the material of the second coating to
Excluded property for the tanks with a single coating.

Hidden
(new in AF Server
2015)

The Hidden property is useful if an attribute is being used to hold
an intermediate result, such as a table lookup result that can then
be retrieved by a Pl point data reference, or is being used solely to
populate a tag name in a substitution parameter.
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8.2.1 Directed Activity — Use of attribute properties

In this part of the class you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives
e Assign properties for attributes for specific use cases.

Problem Description

The Capacity attribute for a tank is considered as a constant that represent an
inherent property for the tanks at Velocity Terminals. The value will always be the
same except for a change of the equipment itself. Capacity changes should require a
Check-Out and Check-In sequence in AF.

Only the first tank in every location of Velocity Terminals (Montreal, Sydney, Tokyo)
has a dedicated night shift operator. Add attributes with the operator names, which
should only exist for tanks Tank01, Tank05 and Tank08.

The tag name convention for process values at Velocity Terminals is the abbreviation
“.PV” at the end of the tag name. The abbreviation should be defined in an AF
attribute, but the attribute should not appear in PI Visualization Tools or in Pl System
Explorer Searches.
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Approach

Open the Velocity Terminals database in AF and navigate to the Tank template in
the Library. (Do not use the AF Startup database any more.)

Select the Capacity N |.;apa.;iw .

attribute and
enable the Description: |
Configuration [tem Properties: Configuration Item =]
ropert T —T——ry——
property ol % I_IFI'IIJ:ItII_Irl Item
wchide
Default LCk: [] Hidden
Yalue Type: L] Indexed
[] Manual Data Enkey
Default Value: TS gal
Add a nght .Shlft ame: If‘-.light Shift Operator
Operator attribute
with Value Type Drescripion: |
String and Default Properties: [<hione> <]
Value Bob.
Cakegories: I
Default LCHM: [ <mone: |
Yalue Type: IString j
Default Value: IEh:ll:l
Ciaka Reference: I::I'-.I::une:b j
Adq a PVque Mame; IF"-.-'C-:ude
attribute with Value __
Type String, enable Description: |
the Hidden property Properties: [idden =]
and enter the Default . |
Value PV. LIz
Default LOM; |<Mone= |
Yalue Type: IString j
Default Yalue: IF"-.-'
Data Reference: I::I"-.Iu:une:b j

Check-In the new attributes.

Switch to elements and select Tank01. Change the Capacity from 20,000 to 22,000.
Notice, that the Tank01 element has been checked out. It is marked accordingly in

the Asset tree . If you select the element PI System Explorer status line
displays details of the checked out element:

Tanknl Checked out to PISCHOOLU studentl at 6/20/2016 12:17:00 PM from PISRY1, Version: 1171970 12:00:00 &AM, Revision 2 (Dirty)

Click on Undo Checkout button ™ in the toolbar to revert to the initial setting.
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Notice that the PVCode attribute is marked as hidden % = **&% perform an attribute
search (search > Attribute Search) for all attributes in Montreal that start with P*.
PVCode is not returned.

Perform an attribute search for the Night Shift Operator attributes under Locations.

Select the lines for tanks without a Night Shift Operator (Tank02, Tank03, Tank04,
Tank06, Tank07, Tank09, Tank10):

Element Attribute Search Results 1

Group by: W Category

o
[# ¢ 2 & tame Value Path & |
B (=] Categary: <Hones

B =] Might Shift Operatar Bob Velodity TerminalsiLocationsiTakyo| Tanki7|Might Shift Cperatar

= = Night Shift Operatar Baob Yelocity Terminals\Locations) Takyo| Tank0s|Might Shift Operator

B | [=] Might Shift Operator Bob Velocity TerminalsiLocations) Tokyo| TankDS|Might Shift Cperator

= = | Might Shift Cperatar Bob Yelodiky TerminalsiLocations\Sydney|Tank10|Might Shift Operatar

B =] Might Shift Operatar Bob Yelocity Terminals\LocationstSydney|Tank3|Might Shift Operator

B | (=] Might Shift Operatar Bob Velodity Terminals\LocationstSydney!|TankD8|Might Shift Cperstar

= = Night Shift Operatar Baob Yelocity Terminals\LocationsiMaontreall Tanko4|Night Shift Operator

B = Might Shift Operator Bob Velocity TerminalsiLocationsiMontreali TankD3|Might Shift Operator

= = | Might Shift Cperatar wmwns\mntrealwanmzlmght Shift Operator

® | = Night Shift Operatar Bob  |B e te Temelate InstMantrealiTanka1t [Night Shift Operator

(9, Categorize...
B rend
B Addto Trend
(#] Refresh
& Copy
Copy Cell
Copy Path

|j“ Properties

Select Properties and set Excluded. Click on OK. The change applies to all the
selected attributes. Change the names for the first tanks in Tokyo (Akane) and
Sydney (Alex):

Elements Element Attribute Search Results 1
=) ﬂ Elements
Bl (3 Welocity Terminals
B [ Divisions
(F Distribution ;f * @ £ Name Yalue Path
; - (3 Receiving B [Z] Category: <Mones
B (@ Locations 3
E| & Mortreal = =1 Might Shift Operator Yelocity Terminals\Locations Tokyol Tanko? [Might Shift Operator
I G Tarkol =1 Might Shift Operator Yelocity TerminalsiLocations) Tokyol Tankos [Might Shift Operatar
#
""" g ;anﬁg = =1 Might Shift Operator Akane Welocity TerminalsiLocations) Tokyol Tankos|Might Shift Operatar
..... i
..... 53 Tanko+ = 1 Might Shift Operatar Yelocity Terminals\Locations)Sydney Tank10|Might Shift Operator
Sydney = =1 Might Shift Operatar Yelocity Terminals\Locations!,Sydney) Tank09 Might Shift Operator
----- (F Tankos - -
m | =] 7 ] ' . . .
_____ 5 Tarkoa =1 Might Shift Operatar | Al iVelocity TerminalsiLocations)Sydney) Tankna|Might Shift Operator
----- Wi Tanklo =] Might Shift Operatar Yelocity TerminalsiLocationsiMontreall Tanko4 [Might Shift Operator
g T%WO » = =1 Might Shift Operator ‘elocity TerminalsiLocationsiMontreall Tankn3 Might Shift Operator
TankDs
_____ 5 TarkDe ] =1 Might Shift Operator Welacity TerminalsiLocationsiMontreall Tank0z [Might Shift Operator
""" YT Tarko? = =1 Might Shift Operatar Eob Yelocity Terminals\Locations\Mantreall Tanko1 [Might Shift Operatar
Bl (53, Element Searches
L Element Attribute Search Results 1

Click on Check-In. Then click on Refresh. Now the search returns only the non-
excluded attributes for Tank01, Tank05 and TankO8.

Select the tank elements individually and observe what is displayed for the Night
Shift Operator.

Under Tools > Options select the General tab and uncheck the Show Excluded
Attributes option. Click OK. Select the tanks individually again and observe what is
displayed now for the Night Shift Operator.
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8.3 AF Advanced Template Design

8.3.1 Substitution Parameters in an Attribute Template

Substitution parameters are variables that you place in attribute templates for PI
point data references. AF resolves a substitution parameter when elements are
created. As an example, the substitution parameter %Element% would resolve to the
attribute’s element name.

For example, in a truck template, the tag for the speed attribute is configured as
%Element%.%Attribute%.PV. Once Truckl is created from this template, AF would
try to find a tag named Truckl.Speed.PV.

Truckl
. Attribute Name: Speed
(LAl 1 /f T Mume: Truck | Speed PV
Attribute Name: Spesd -
Tag Mame: *Elemens YoAiribuieb. PY 2/ Attribute Mame: RPM
M(_f;xh“ T Mame: Truck | RPN Truck?
Attribute Mame: RFM o
Tape Name: %aElement SeAttribute. TT R Attribute Name: Speed
. RR‘ Tag Nume: Truck2. Speed PV
Attribute Name: RPM

Tag Name: Truck2 RPM.TT

TruckM

Attribute Name: Speed
Tag Nume: TruckN. Speed PY

Attribute Name: REPM
Tag Name: TruckM.EPM.TT

Notice the default configuration for a Pl Point Data Reference attribute template:
\\%Server%\%Element%.%Attribute%.

P B
Pl Point Data Reference lél
Pl Server: “Serveric - B
@ Tagname: % Blement % “Attributs™.

1= %ag Creation
I ) Attribute: -
1 Unit of Measure

Substitution parameters can also be applied in Table Lookup and String Builder Data
References.
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8.3.2 Defining the Substitution Parameters

AF supports numerous substitution parameters, which can be used in attribute
templates. The following table lists the ones most commonly used.

Parameter Name Substitution
%Attribute% Name of the attribute that holds this data reference.
%Description% Description of the attribute that holds this data reference.

Name of the element in which the attribute resides. For
%Element% event frames, this refers to the name of the primary-
referenced element.

Name of the parent element of the element in which the
%..\Element% attribute resides. To retrieve further ancestors, use the ..\
notation, such as %..\..\Element%.

Name of the default Data Archive for the computer on which
you create the attribute. The default Data Archive for the
computer on which PSE is running.

%Server% Note: The %Server% parameter does not resolve to the
computer on which the AF database resides. The
%Server% parameter can resolve to a different Data
Archive depending on the default in AF Client.

The following table lists the substitution parameters that are useful for event frames
naming patterns.

Parameter Name Substitution

%EventFrame% Name of the event frame in which the attribute resides.

Name of the parent event frame of the event frame in which
%..\EventFrame% the attribute resides. To retrieve further ancestors, use the
..\ notation such as %..\..\EventFrame%.

0, i 0

/oStart'I_'lme/o, Local start or end time, if obtainable from the time context.
%EndTime%

%UtcStartTime%, Coordinated universal (UTC) start or end time if it can be
%UtcEndTime% obtained from the time context.

See also Appendix A: Substitution Parameters at the end of the book. A helpful
document for the use of substitution parameters is the Guide to Substitution
Syntax in AF-EF Data References. It can be obtained from P1 Square at
https://pisquare.osisoft.com/thread/11188, copy is in the documentation class folder
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8.3.3 Directed Activity — Substitution Parameters and Automatic Tag Creation

This solo or group activity is designed to maximize learning in a
specific topic area. Your instructor will have instructions and will
coach you if you need assistance during the activity.

Objectives
e Use AF attributes substitution parameters.
e Demonstrate automatic tag creation.
Problem Description

A new pressure transducer has been installed on every tank at Velocity Terminals.
You have to add a pressure attribute to the tanks in your AF structure; however, the
Pl tags have not been created. Your colleague from instrumentation tells you that the
tag configuration should be similar to a test tag he created a few weeks ago called
MyPressureTag.

Velocity Terminals would like you to use a meaningful naming convention for the Pl
tags created as part of this project; they would like the tags to be nhamed something
like:

Montreal-TankO1.Pressure.PV

Since our company has sites globally, it is better to use International units for
pressure (Bar)

Approach

Add a new attribute to the Tank template, name it Pressure and use Bar as the
default UOM.

Select PI Point as the Data Reference, and click on Settings to configure it.

Under Tag Name, what should you write?

Since the tags have not been created, check Tag Creation and then the ellipsis (...).
As your friend at instrumentation has already configured a tag to collect the pressure
data, you may go ahead and import its settings (See figure below).

Tip: You could configure the tag settings (PointSource, InstrumentTag,Location codes, etc.)
from the Tag Creation Settings dialog window; however, importing the settings of a working tag
will save you some time.
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Tag Creation Settings =
Point Class: (base -] [ Import... |
Point Type: [Hoaus-; v] \
b ]
Point Attribute Value O Tag Search o — (oS
archiving |
compdev 0.2 PIServers: |yulamolano |~ E]
ot 26600 [rpressure] x v @[ seach ]
compmin 0
compressing 1 Name PI Server Description Point Sour &
descriptor ; 7
MyPressureTag YULAMOLANO  Intrumentation was testin... R
displaydigits 5 < s =
engunits
excdev 0.1
examax 600
ex —— = ™
exd Import PI Point Attributes / &
poir]
caf | Select the PI Point Attributes to import.
shu Only attributes which are not configured as the default value are listed :
spaj
— Point Attribute value Current Configuration & N
compdev 4 0.2 ‘
[V] descriptor Intrumentation was testi... |z
— engunits PSI ‘ |EI -m
excdev 2 0.1 £
[¥] location2 30
location4 1
location5 1
[¥] pointsource R Lab =
Lo J[ co ]|
=)

You probably noticed that the tag’s engineering units
(engunits) were PSI. Since you want to display the
attribute in AF in bars, you can take advantage of the
on-the-fly-unit-conversion feature of AF. Select psi as
the Source Units.

PI Point Data Reference

i3
" (=

%. . \Element - SeElemente, T ttribute®
Tag Creation

PI Server: YoServer e

@ Tag name:

ptoassname =dassic;pointtype =Float32;compdev=4; B

) Atiribute: -

Unit of Measure

Source Units:

Check your tanks: what value is showing for your existing tanks?

What do you do to create the tags for the already existing tanks?

‘ OSlsoft.
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8.3.4 Advanced Substitution Parameters
Not only can substitution parameters resolve to the name of a AF object like an
attribute, but also to the value of an attribute.

Imagine the Velocity Terminals example again. Imagine the tag names are always
built the same way following this tag naming convention:

15Tank01TS.PV
LocationCodeEquipmentNameMeasurementType.DataType
Where
LocationCode

Code for the location (ex.: Montreal is 15)

Equipment Name Equipment name (ex.: TANKO1)

MeasurementType Measurement type (ex.: TS for temperature sensor)

Data Type = Type of data (ex.: PV for process value)

This could lead us to determine that the Tank01’s temperature would have its tag
named 15TANKOL1TS.PV. With that in mind, substitution parameters make it possible
to configure the temperature attribute at the template level in such a way that any
newly created tank in the AF hierarchy would automatically see its temperature
mapped to the correct Data Archive tag. The idea here is to have all the required
information somewhere in the structure so the attribute can reconstruct the tag name
depending on where it is in the hierarchy. A solution to the above tag naming
convention would simply be to add an ID attribute under the city name element.

(@ Velocity Teminals
+-- (5 Divisions
= (3 Locations
— ﬁl Mortreal ——> =] SitelD 15
: b (1 Tank 01
- () Tank02
- () Tank03
oo (G Tank(4
= G Tokyo

Then, the level attribute could be built using the following configuration string:
\%Server%\%@..\|SitelD%%Element%TS.PV

5
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Reading a Substitution Parameter

The above %@..\|SitelD% substitution parameter can be read as: “Give me the value
of the parent-element’s SitelD attribute.” In order to better understand the
configuration string above, refer to the following table:

Symbol Definition Examples

%L...1% Consi_der the expression as a %Eler_nent%,
substitution parameter. %Attribute%
Navigate a level down. %@ .\<ChildElement>|<Attribute>%
Navigate a level up. %..\..\Element%, %..|Attribute%

\ References an element. %..\Element%
| References an attribute. %..|Attribute%, % @|<Attribute>%
o  Folrencesieraleot | wm.cammues
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8.3.5 Directed Activity — Using Substitution Parameters in a Template Attribute

In this part of the class, you will perform a learning activity to
explore the different concepts presented in this chapter or section.
You may be invited to watch what the instructor is doing or perform
the same steps at the same time. Your instructor will have
directions.

Exercise Objectives

e Assemble substitution parameters to automatically map Data Archive tags to
AF attributes.

Problem Description

Velocity Terminals will buy other facilities in the next few months where multiple
tanks are present. They are going to implement the same tag haming convention at
those new locations and will want to save time when adding those extra assets to the
actual AF hierarchy.

They want to use the substitution parameters to speed up the creation of additional
assets in AF. To demonstrate that this is feasible, you are asked to add a new
temperature attribute template to the Tank’s template so that it uses substitution
parameters to automatically find the correct Pl tag.

Looking again on the Velocity Terminals portal, you find the below table in a
spreadsheet:

Site SitelD
Montreal 15
Sydney 23
Tokyo 44

Approach

1. Create an attribute under each location to display its ID (hint: you may want to use the site
template along with a table and a table lookup data reference).

2. Add a temperature attribute to the tank template. Use substitution parameters so that the
tag names are automatically built according to the expected tag naming convention.

3. Validate the new configuration string by browsing the tanks.

Extra Bonus point

Add an (hidden) attribute to the tank template that displays the P1 Point name of tank
temperature. Use String Builder to assemble the tag name. Apply the Hidden
attribute.
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Note: When referring attribute values there are differences between substitution parameters
used in Pl Point Data References and the syntax in the String Builder.

%@..\|SitelD% works in the Pl point reference but has to be ‘..\|SitelD’ instead for the String
Builder.

For more information refer to “String Builder data references” in Chapter “Configuration of data
references” in the Pl System Explorer User Guide, version 2015, p. 124 ff.
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8.3.6 The String Builder Data Reference

The String Builder data reference allows you to use substitution parameters and
functions to manipulate values and output a string.

Below some cases where the String Builder data reference is useful:

v' Concatenate strings (Element Name + Attribute Name + Value).

v
v
v
v

Format dates and numbers.

Build paths to elements and attributes.

Parse comments from operators stored in Pl tags.
Display element information as an attribute.

Note: Since this data reference supports substitution parameters, when used in a template,
value substitutions takes place at run time.

Data Reference:

<MNaone >

<MNone =
Formula
PI Point
PI Point Arra

Table Lookup

String Builder allows you to manipulate strings located anywhere in your hierarchy by
using the Related Attribute Values contextual menu (see figure below).

String Builder Data Reference

[*This is "
"%Element%"
" containing "
‘Product’

Value:
This is %Element% containing Product

Specify the strings and attribute values to concatentate to produce the string output value:

Literals

Attribute Values

Related Attribute Values
Substitution Parameters

Functions

A
»
»
4 \\<Server>\<Database>\<Element> |<Attribute>
» \\.\<Database>\<Element>|<Attribute>

> \<Root Element>|<Attribute>

A<Child Element>|<Attribute>
.\|<Primary Parent Attribute>
.\<Sibling Element> | <Attribute>

Search...

ok || cancel |

Page 208

(@ osi-.



Taking Full Advantage of AF Functionalities

8.3.7 Exercise- Using the String Builder Data Reference

This solo or group exercise is designed to maximize learning in a specific
topic area. Your instructor will have instructions, and will coach you if you
need assistance during the exercise.

Create a new attribute with information in a string like the following:

Tank0l is located in Montreal, level i1s at 99.8%

Approach

1. From the Navigator Panel, select the Library section. Open the Tank element
template.

2. Add the Tank Level Information attribute, value type= String, Data
Reference= String Builder.

3. Use the String Builder Data Reference dialog box to construct the string

String Builder Data Reference

Specify the strings and attribute values ko concatenate to produce the string outpuk value:
"Element "

"is locaked in "

", \Element”

" level is at "

Format(Lewel,"%:3. 1F")

Note 1: to display the level value in the requested format (one digit after the decimal
point), use the Format (real,format) function in String Builder. Format follows
Performance Equation (PE) style syntax, e.g.: "%3.1f". The number before the decimal
indicates the minimum total number of characters to output, pre-padding with blanks, the
number after the decimal indicates the number of digits to display after the decimal point.

Note 2: You can construct an expression on a single line, using semicolons to separate
its terms. But you can also place each term on its own line, which eliminates the
semicolons and makes the expression structure more apparent (see above).

4. Switch to one of the tank elements and verify the attribute string as desired. If
required, correct the String Builder definition.

5. Click on Check-In
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8.3.8 Template Inheritance and Base Template

A powerful feature of the element template is the ability to set a base template. Once
a base template is created, it can be used to create a number of derived templates.
When an element is created from a derived template, the element contains all
attributes from both the base template and the derived template.

Derived Template

Mixing Tank Attributes:
Mixer Speed

Mixer Blade Size

¢ An element created from the Tank element template has three attributes:
Diameter, Height and Fill Level.

o An element created from the Mixing Tank element template has five
attributes: Diameter, Height, Fill Level, Mixer Speed and Mixer Blade Size

A base template is best used when you are modeling elements that have a set of
attributes in common with a few attributes that differ. For example, if you have a set
of tanks, some with two valves and some with one valve, you can create an element
template for the one-valve models and use that as the base template for the two-
valve models. Set the base template of an element template in the General tab;
alternatively, you can set the base template at creation time by right clicking the base
template and select New Derived Template.

- (@ Bement Templates

‘ ...... (@ Heat Exchanger Template

b (@ Mix TankTemplate

i (G Reactor Template

i (@ Tank Template 2967

o Geneic Tank]

'q}--% Event Frame Temf-!l New » J @ New Element
Model Templates J

& Notffication Templ
(- "¢ Transfer Templat
@~ @ Enumeration Sets

(- %, Reference Types

Find » |'@d New Template
2] Refresh I @) New Derived Template
23 Copy @) New Referenced Template
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To view the template inheritance tree from the PSE Library, simply organized the
templates by inheritance.

= Templates

- @

L e [ Site ‘W) Mew Template

L e () Tank _

Evert Frame T Categorize...

Model Templat

Notfication T | Arrange By r | Arrange By Mame

- "y Transfer Temp @ Refresh Arrange By Category
- @ Enumeration Sets | ~ | Arrange By Template Inheritance
Bl %, Reference Types | o Paste A 4 EEI’T F‘l .
rrange emplate References
& Tables Impaort from File... n A P
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8.3.9 Directed Activity — Working with derived element templates

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

o Create a derived template for a special tank that has an additional sensor for
CO2 measurement

¢ Use a derived template to accommodate a different Pl Point reference for the
Level attribute in a special tank.

Two modifications were done on Tank10, which means that the tank deviates from the normal
ones on the following detalils:

e There is an additional sensor for CO2 measurement. The tag name is:
Tank10CO2.PV

e The name for the Level sensor is different now. Instead of Tank10LI.PV the

name is
Tank10LEVEL.PV

This means the name does not follow the normal name pattern
%Element%LI.PV. Instead the name pattern is %Element%Level.

Approach

Create an element template for a Special Tank that has an additional sensor and a
different naming pattern for the Level attribute.

1. Open the Tank template in the Library of the Velocity Terminals database.
2. From the Tank template context menu and select New Derived Template

Library Tank
@ Velocity Terminals General Attribute Templates  ports
= IE) Templates
[ @y Element Templates
% — o P |ﬁ:-ffer
: o Site
N [ lal-lalml.,
% Event |_ Mew » ‘ i3 Mew Element
Model .
~4§, Trans (7, Categorize... w  Mew Template
[H-- [ Enumeratio Location... | wl  Mew Derived Template
I
i % Reference Health... mg Mew Referenced Template
= [ Tables

3. Rename the new element template to Special Tank.
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Additional Attribute for CO2 (PI Point: Tank10CO2.PV)
4. On the Attributes Templates tab, add a new attribute template CO2:

Default UOM = percent (Ratio)
Value Type= Double
DisplayDigits=2

Data Reference = PI Point

5. Click on Settings... to enter the Pl Point name. Use substitution
parameters to define a standard naming pattern based on the element
and the attribute name. Make use of the PVCode attribute string.
What do you write?

6. Change the Source Unit from <Default> (%) to %.

7. In the Navigator, switch to Elements. Select Tank10 and change the
template from Tank to Special Tank.

ﬁ Sydney =] Density 3422k
5 Toiae & evd
S W o " =] Mass 2.6671
EW ]
| Convert 4 |+\ ICI;rlwnerFt‘tcu l‘-rlhzudel... F.IJ
Create or Update Data Reference |E||::‘| Change Template...
R LT By Change Reference Type...

8. Verify the Tank10 has the CO2 attribute, the value is from Pl Point
Tank10CO2.PV.

Attribute Overwrite for Level (Pl Point: Tank10LEVEL.PV)

9. On the Attributes Templates tab, add a new attribute template Level

Default UOM = percent (Ratio)
Value Type= Double
DisplayDigits=2

Data Reference = PI Point

10. Click on Settings... to enter the Pl Point name. Use substitution
parameters to define the different naming pattern based on the element
and the attribute name. Make use of the PVCode attribute string.
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What do you write?

11. Change the Source Unit from <Default> (%) to %.

12. To define the limits, select the Level attribute and click on Limits...in the
context menu. Set the limits in the same way as for the normal tank:

25 Limits E

] Refresh

Level

i

Trait

Attribute

Yalue

Data Reference | Settings. .. |

KU AR R R |

Minimum
LoLo

Lo
Target
Hi

HiHi

Maximum

Minimum
LoLo

Lo
Target
Hi

HiHi

Maximum

0%

f<None

<Mane >

<Maonex

<Mone
<Mone
<Mone >

<Mone

Ok I Cancel |

4

13. In the Navigator, switch to Elements. Select Tank10 and verify the PI
Point for the Level attribute of Tank10 is Tank10Level.PV

14. Check-In your changes.

Show element templates based on inheritance

15. Open the Element Templates in the Library of the Velocity Terminals.
From the context menu, select Arrange By > Arrange By Template
Inheritance. Result; Special Tank is shown below Tank.
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8.3.10 Exercise — ABC Mining Company and Advanced Template Design (optional)

This solo or group exercise is designed to maximize learning in a specific
topic area. Your instructor will have instructions, and will coach you if you
need assistance during the exercise.

Exercise Objectives
e Design Templates for AF, which use template inheritance.

e Create elements, which use Pl Point Data and Formula Data
References from these templates. L

N

Problem Description

You are installing a Data Archive and AF Server for ABC Mining Company and you
are currently focusing on their truck fleet.

ABC Mining Company has eight (8) mining trucks:

License Plate Gas Tank Capacity

ID Model Number

SP1 Mining Car CA HYK427 210 US Gallons
SP2 Mining Car CA HRZ648 210 US Gallons
SP3 Mining Car CA HBB139 210 US Gallons
SP4 Super Carry CA HAR990 317 US Gallons
SP5 Super Carry CA HEED21 317 US Gallons
SP6 Super Carry CA HQB932 317 US Gallons
SP7 Mine Runner CA HOT263 500 US Gallons
SP8 Mine Runner CA HEE563 500 US Gallons

All of the mining trucks have some common measurements:

Measurement

Tripmeter

(miles since last fill up)

Gas Tank Level

Oil Level

Tire Pressure

Data Archive Tag

SP1.Trip, SP2.Trip ... SP8.Trip

SP1.GaslLvl, SP2.GasLvl ... SP8.GasLvl
SP1.0ilLvl, SP2.0ilLvl ... SP8.0ilLvI
SP1.TireP, SP2.TireP ... SP8.TireP

These measurements are sent back to the scheduling department with real-time
updates via radio.
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The Super Carry trucks and the Mine Runner vehicles capture additional data:

Measurement Units Data Archive Tag
GPS - Longitude Seconds (%) SP5.GPSLong... SP8.GPSLong
GPS — Latitude Seconds (%) SP5.GPSLat... SP8.GPSLat

The GPS readings are in Seconds () (from the Plane Angle UOM Class, where
there is a relation between degree, minutes and seconds). The degrees and minutes
are assumed.

ABC Mining Company wants the Fuel Efficiency in miles per gallon (MPG) (double)
for every delivery vehicle.

Your task is to configure the templates, elements, and attributes required to support
ABC Mining Company truck fleet monitoring system.

Approach

1. Use Import from File... to import the Truck Identification and the Truck
Model Specifications tables. The XML files are located
C:\Class\Exercises\03_ABCMiningCompany

2. Create an element template General Truck for the trucks without GPS.
3. Create an element named SP1 based on the template just created.
4. Create another element, named SP2, based on the template just created.

5. Define the attributes for the four measurements (Tripmeter, Gas Tank Level,
Oil Level, Tire Pressure) in the General Truck template. Verify in SP1 and
SP2 that data is received from the right points.

6. Define the attributes for the data you can read out of the Truck Identification
table (License Plate, Model).

7. Define the attributes for the data you can read out of the Truck Model
Specifications table based on the model of the truck (Gas Tank Capacity,
Nominal Oil Level, Nominal Tire Pressure).

8. Create a derived element template Truck with GPS for the trucks with GPS
(Super Carry, Mine Runner)

== e et e

EI Templates
= &4 Element Templates
L B f General Truck

o (G Truck with GPS

) OSI
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9. Define the attributes for the GPS measurements (GPS Latitude, GPS
Longitude) in the Truck with GPS template.

10. Use PI Builder to create elements for the remaining trucks in bulk. Verify the
attributes for the trucks are correct.

A B C D E

1 Selected() Parent Name ObjectType Template

i SP1  Element General Truck
3 SP2  Element General Truck
4 |x S5P3 Element General Truck
S |x SP4  Element Truck with GPS
6 |x SPS  Element Truck with GPS
7 |x SP6  Element Truck with GPS
8 |x SP7  Element Truck with GPS
9 |x SP8  Element Truck with GPS

11. Categorize the attributes by grouping them in categories and display them in
those groups by checking the Group by: [] Category checkbox in the upper right
corner of the attribute Configuration Panel.

Category Attributes
Gas Tank Gas Tank Capacity, Gas tank Level
Identification License Plate, Model
Qil Actual Oil Level, Nominal Oil Level
Tire Pressure Actual Tire Pressure, Nominal Tire Pressure
Trip Data Trip Meter

12. Add a new UOM class Fuel Efficiency that has unit-of-measure MPG as its
canonical unit.

13. Add an attribute for the Fuel Efficiency, Data Reference= Formula. For the
Fuel Efficiency calculation, the mileage since fill-up and the current gas level
are reported, so the mpg (miles per gallon) can be calculated.

Hint: Formula: Tripmeter / (Gas Tank Capacity — Gas Tank Level)

14. (Optional) Also produce the Range calculation in miles for each vehicle (fuel
efficiency * remaining fuel).

(@ osi-o.
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15. (Optional) Add a further unit-of-measure Liter per 100 km (abbreviation:
I/200km) with following formulas:
MPG = 235 / I/100km
[/100km = 235/ MPG
Display the Fuel Efficiency in liters per hundred kilometers (L/100 km). In
order to convert from MPG, the Formula option will be used when specifying
the conversion).

Try to do this exercise on your own before referring to the exercise solutions section
at the end of the book.

About Attribute Categories

Categories can be used to group AF objects like elements, attributes, or tables together to
facilitate the administration of those objects. To add an attribute to a category, simply select one
or more categories from the Categories field of the attribute’s Configuration Panel, or
alternatively write the category name. If that category does not exist yet, a prompt will be shown
to ask if this category should be created.
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8.4 AF and Future Data (optional)

Data Archive 2015 introduces the ability to store future data, which allows to handle
data with timestamps up until January 2038. January 1970 remains the past limit for
all tags.

Now

ﬁ
Future

_
Past

* Forecasts
Targets or Goals
* Predictive Models

« Upcoming Weather
Conditions

Process Measurements

s

Future tags should be used when storing data that is not collected sequentially in
chronological order. For example, process or operational data should be kept in
historical tags because it is measured and collected in real time. On the other hand,
forecasts or any form of predictive data over an arbitrary time range are perfectly
suited for future tags.

Future data and analyses

You can use future data as input to an analysis. You can also use an analysis to

produce future data by specifying a future time stamp for the output from an analysis.

(@ osi-o.
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8.4.1 Advanced Configuration Options (new with Analysis Service 2015)

For any scheduled analysis, the default timestamp for output values is the trigger
time. For periodic scheduling, the trigger time is the scheduled evaluation time, and
for event-triggered scheduling, the trigger time is the time that a specified attribute

changes values.

Using Advanced Option, you can specify the timestamp of analysis output values.

Advanced options )
—Qutput Time Stamp
8 Trigger Time

Doinis,

" Exscution Time
(= Relative to Trigger Time: I *adhy

Mapped outowt sitributes require & future BT poinf to save
oufput Ristory.  For newly mapped outout attributes that
save outout history, PT Analysis Service will creale future PT

— Automatic Recalculation

[ Recalculate analysis for out-of-order input ever
oK | Cancel I
Option Behavior
Trigger Time Default value. The clock time that a schedule specifies or that an

input value changes.

Execution Time

The clock time at which the analysis calculates the value.

Relative to Trigger Time:

A time specified by a Pl time expression. Enter a valid time
expression, such as a time relative to the trigger time or a fixed
time. A relative time in the future will create events with
timestamp in the future. For mapped output points this requires
a future PI point (available for Data Archive 2015).

Automatic Recalculation

In case you expect that data from your inputs will be late-arriving
or be out-of-order, you can request automatic recalculation for
an analysis. The Management list allows to set this option for
multiple analyses within one command.

When can the Relative to Trigger Time option be useful?

You need a daily summary for the raw material consumption in the plant for 24 hour
periods (yesterday midnight — midnight today). Asset Analytics is used to calculate
the sum. However, due to the operation in the plant it is not possible to have all the
required input data ready with a delay of 10 - 15 minutes. With a scheduled daily
execution at 12:15AM for the analysis the Relative to Trigger Time option is set T
(today midnight) so the output result gets stamped at midnight (even though the
summary is done 15 minutes later).
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8.4.2 Directed Activity — AF Attributes with future data (optional)

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited
to watch what the instructor is doing or perform the same steps at the same
time. Your instructor will have directions.

Activity Objectives

e Create attributes which refer to tag with future data.

o Use Asset Analytics to calculate forecast data.

e Explore the display of AF attribute values with future timestamps in
Pl Processbook.

Problem Description

The amount of material, which is delivered by the trucks of the ABC Mining Company
from the mine to the train station for further transportation, is tracked in order to
compare it against a target production plan. The cumulative daily total of material
that has been delivered by the mine trucks is reported into tags SP?.Load every 4
hours. The production management department of the ABC Mining Company
calculates expected loads for next four hours, which are provided in tags
SP?.LoadSim.

Your task is to calculate the cumulative material for end of the coming four-hour
period. These calculations should be stored into future tags SP?.DeliveryPlan in
order to do a comparison on a per truck basis between the actual delivered material
and the corresponding forecasted deliveries.

Approach

Follow the instructor as he or she performs steps to simulate plan data creation and
to create AF attributes in the General Truck template that will lead to the
corresponding visualization in a Pl Processbook display.

Plan Data Creation

Using AF Analytics, we will calculate a new forecast for the load delivery every four
hours by adding the expected load for the next four hours to the current load of the
truck.
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Attribute Creation for General Truck template

e In System Explorer, select the Library section, and open the General Truck

template in the Element Templates section.

e Select the Attribute Templates tab on the right hand side. To segregate these
three attributes from the remaining ones, add an attribute category of Material

Delivery.

e Configure the attributes per the table below. The Load.Next4Hours attribute

should be a child element for the Load attribute:

= Category: MaterialDelivery
<7 DeliveryPlan
S & Load

- i <7 Load. NextaHours

Attribute Name Default UOM | Value Type Data Setting
Reference
Load ton (Mass) Double Pl Point %Element%.%Attribute%
Load.Next4Hours ton (Mass) Double Pl Point %Element%.LoadSim
Delivery Plan ton (Mass) Double Pl Point %Element%. DeliveryPlan

For the attribute category set to Material Delivery in all cases.

Load:
The actual cumulative truck load (on a per Day basis)

Load.Next4Hours:

The expected load for the next 4 hours

Delivery Plan:

The forecasted cumulative truck load (on a per day basis)
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Calculate the expected load for the next 4 hours

e In System Explorer, select the Library section, and open the General Truck
template in the Element Templates section.

o Select the Analysis Templates tab on the right hand side and create new
analysis template Load Delivery Forecast (Expression type).

The following calculation rules apply:

Calculation Time Calculation Result Timestamp

00:00:00 Initial Forecast for the day | 04:00:00
is the expected load for the
next four hours

04:00:00, Forecast is the actual Load | 08:00:00,
08:00:00, etc. plus the expected load for | 12:00:00, etc.
until 16:00:00 the next four hours until 20:00:00
20:00:00 As the accumulation is on 00:00:00

a per day basis, the value
is reset to 0 at midnight.

How does your expression look like?

e Set Output Attribute to Delivery Plan.

¢ We want to do our calculation every 4 hours, and the result will be written
with a timestamp that is four hours into future. Set Scheduling to Periodic.
Click Configure to set a four-hour interval. Do not specify an offset, so the
calculation is performed at the full hour.

To write the results with a future timestamp, select Advanced... and set
Relative to Trigger Time to *+4h. Check in.

Advanced options B |
—Qutput Time Stamp

C Trigger Time
" Execution Time
{= Relative to Trigger Time: I ™

Mapped output attributes reguire a future PT paint to save
output history, For newly mapped output attributes that
save output history, PT Anzlysis Sarvice will create future PI
points.

0]4 Cancel
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¢ Inthe Navigator pane, select Management to list all analyses for the 8 trucks.

e Enable checkbox in the top row to select all analyses. Select Backfill checked
analyses operation. Set start to y and end to *. Then click on Queue to start
the backfill process.

Analyses

8 total analyses selected (8 on this page) 1-80f8 | = | = I o
i Enable 3 selected analyses
[ Swts © @  Element MName Templat Backilling S"a‘:":g*'am‘;m'
- isal selected analyses
~ SP8 Load Del F st Load Dell F st
T @ o aac Detvery Torecast | Load Delvery Torec @ Enable automatic recalculation for selected analyses
™ [v] fea sp7 Load Delivery Forecast Load Delivery Forecast Disable automatic recaleulation for selected analyses
I~ ] fu sPe Load Delivery Forecast Load Delivery Forecast Backfill/Recalculate 8 selected analyses
I ] feoo sps Load Delivery Forecast Load Delivery Forecast
™2 [v] feo spe Load Delivery Forecast Load Delivery Forecast Start | ¥ “j‘
™ [v] feo sp3 Load Delivery Forecast Load Delivery Forecast End | * “,“
v [v] feo spz Load Delivery Forecast Load Delivery Farecast [ , g
‘What should we do with existing data?
I [v] feo sP1 Load Delivery Forecast Load Delivery Forecast Ol e e L heeys

" Permanently delete existing data and recalculate

Queue I
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After the backfilling is completed, verify the results as follows:

g

Trend

Open one of the trucks under the Elements of the ABC Mining Company
database.

Select the lines with the Delivery Plan and the Load attribute and select O
Trend from the right-mouse button context menu.

fast
Set Start Time=y and End Time= *+4h and click on Refresh button.

Verify the trend curve with the forecast values:

=] E3

Skart Time: I‘..f

#® 5P1 | Delivery Plan
Mo Data
t

0 5P1|Load
Mo Data
t

E' 3 | End Time: [*+4h

ml bl @l:&l

Delivery Plan Data for 5P1 Accumulated Load per day for SP1

]

6f16/2016 12:00:00 AM

1.71 days 6f17/2016 5:02:19,90816 PM

Add Attribukes. .. Add FI Paints. .. Traces. .. Close

Tip: For some trucks, actual Load and corresponding plan data value can be very close
together. You can zoom into the trend by dragging a rectangle. To revert to initial scaling, click

on the Refresh button.
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8.4.3 Display of Attributes with future and historical datain Processbook (optional)

e Open the ABC Mining Trucks Material Delivery.PDI file (located in the
class\exercises folder) in Processbook.

e Under View of the Processbook menu, enable Element Relative Display to
open the Element Relative Display window pane.

e Click on the Find and Add New Element Contexts button to open the Element
Search dialog.

e Select the ABC Mining Company AF database and search for the trucks with
the name search pattern SP*.

o Select the eight trucks SP1 — SP8 from the search results list and click on
OK.

o Select one of the trucks. The trend displays the data for a time period from 24
hours back into the past until 24 hours into the future:

6/30/2015 5:32:27 PM #, 2,200 days AW O 7/2/12015 5:32:27 PM
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9. Communicating Important Events

Notifications, which is a feature in Asset Framework, allows alerts to users in real
time about conditions in their system that need specific attention. Corresponding
actions can be taken to be pro-active or to resolve the problem of the current
situation. The information is either sent via email or is passed onto a Web Service.

The recipients for the notifications (“subscribers”) have the option to acknowledge
notifications. In case a situation, that requires action, is not acknowledged in time,
notifications can be sent out again.

Examples for the use of notifications are:

Temperature is outside the normal range

Equipment is shutdown

Runtime counters have elapsed indicating a maintenance is required
Amount of supply material is below a critical minimum level

Note: Notifications have been revised in the AF 2016 R2 version. In previous versions, there
was a different concept for the Notifications, which is now referred to as “Legacy Notifications”.
When upgrading the Pl System to 2016 R2, existing legacy notifications can be migrated to the
new concept using a dedicated migration tool.

9.1 Introducing Notifications

With AF 2016 R2, notifications are triggered when new Event Frames are generated
in AF. Conditions for the trigger are defined in notification rules.

The event frames generation may be related to different sources. It can be
performed by asset analytics, by an Event Frame Generator (EFGen) interface, by a
custom AF SDK application or a manual creation.

Email

Notification
Rules

Web Service
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9.1.1 Notification Components

Pl Notifications

Notification Rule tab Management Plug-In

Service

(Pl System Explorer) (Pl System Explorer)

Pl Notifications Service

The PI Notifications Service processes event frames defined in the Asset Framework
(AF) in real-time and sends out email and web service notifications. The service is
installed from the AF Server 2016 R2 Install Kit.

Notification Rule tab (Pl System Explorer)

Notification Rules can be defined for individual elements or be created as a template.
The User Interface for configuring notification rules in Pl System Exploreris in a
dedicated tab on elements and element templates:

)\ PISRY1%,PTAND Test - PI System Explorer (Administrator)

Fle Wew Go Tools Hslp

@patabase FHqueryDate + O G5 | D Back 0 [H, checkIn <)« [#]Refresh | o New Template ~
Library Heat Exchanger

Q) PLAND Test General | attribute Templates | Ports | Analysis Templatdg Notification Rule Templatss
B Templates
B [ Element Templates Eo)
T

Heat E:

Name: | Dovmtime Alert
eal Exchanger v | Name | Criteria

- 1 Event Frame Templates % Downtime Alert  Analysis Template = Downtime Monitoring, Root Cause = Unplanned

- 5], Model Templates Categories: [Production -
B ¥, Transfer Templates

[y Enumeration Sets

%, Reference Types
Tables

Il E=pies [afert aperetors about oreduction machine dawntime

EEY) Table Connections
E- (] Categories
----- (€] Analysis Categories Tl’igg er
----- Attribute Categories
(&] Element Categories
(=) Motification Rule Categories

Reference Type Categories Referenced Element Template = Heat Exchanger View/Edit Subscriptions
Table Cateqories

Subscriptions

A notification will be triggered when an event frame is created that satisfies all of these criteria, There are currently 1 subscribers to this Notification Rule Template.

Manage Formats
Analysis Template = Downtime Menitoring | | Root Cause = Unplanned

View/Edit Trigger

(7 Elements

— Event Frames

ez Unit of Measure

A Contacts
3¢ Management

Heat Exchanger Modfied:12/8/2016 8:45:04 AM.

Note: There is no entry for Notifications in the Pl System Explorer Navigator (bottom left corner)
any more.

The definition includes the trigger criteria, adding subscribers to the notification rule,
and formatting the message to suit the needs of your organization.
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Management Plug-In (Pl System Explorer)

¢ Allows management of analyses and natification rules on the AF Server.

Management of your Analyses List of the Rules along Start, Stop,
or your Notification Rules with status (enabled, disabled) one or multiple rules

83 \\PISRY1' Vel )ity Terminals - PI System Explorer (Administrator)

He vew fo ook hep
@ oetsbase [T fueryoote + O @) | O Back H, checkIn ¥} « [£]Refresh
Management biotifcation Rules
Chaose a typs 1 otal notification rubss sslectad (1 on this page) 1-10010
e || operations
egories ‘Start | selecied notification rules
 Notfication Rules : e Stop 1 selected notification rules
Level Notification
Chovse 3 lter v e 06 1 Level Notication
Notfcaton RujgTemslaie x elocity Ter 2 l Level Motification
o Template (0) Vg akaf cot Critical Lavel Notfication

TankiCritical Level Wotification (10) | Lavel Notification

| Level Notfication
| Lavel Notification
 Levl Notification
i | Level Notification
ation | Critical Level Nobcobon|

Filter by Status Click here to select —
or by Template all the rules listed o peing eens
Notification Rule Details \"Lf
Overviews | Ermors and wamings |
() Elements Critical Level Notification configuration @ stotus
~ Event Frames. mmr}. Velogity Terminals\Locations\Montreaf|TankD1 e
i3 oy gty s s i otk P50
le=2 Linit of Measure Catagories:
@A Contacts /
HNokfication Rules Pl e
Shortcut to Element Status in AF (Enabled, Disabled)

9.2 Delivering the Events

Notifications Delivery Channels provide for the mechanism by which alerts are
delivered to subscribers. With the standard installation of Notifications, the following
delivery channels are available:

e Email

Email delivery channel supports sending emails with notification alerts via an
SMTP Mail Server.

e Web Service

Web service channel supports providing information to a web service by
calling one of its methods.

Note: Legacy Natifications in earlier AF versions also supported OCS and Custom delivery
channels. These are not supported with the new Notifications in AF 2016 R2.
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9.2.1 Email Delivery Channel

The settings for the Email delivery channel allow you to configure the primary and
backup SMTP server to relay the emails as well as the “From” email address for the
alerts. The IT department should indicate which servers and ports to use for the
primary and backup SMTP servers. As for the “Sender Email”, this address is not
validated and can thus be set to any address desired (i.e.:
PINatifications@domain.com). In most cases, the Allow contacts to set sender email
should not be enabled.

Note: In the Azure-based learning (VLE) setup use notifications@pischool.int.

Email Delivery Channel Configuration

SMTRF Server Ipisw‘l Port |25 3: Test...l
Backup SMTF Server || Part |25 3: Test_,,l

Sender Email Inu:utifiu:atinns@pisu:hml.int

¥ Allaw contacts ta zet sender email

Send Timeout ED I Seconds ¥ |

Backup Failback Time |'| 0 IMinutes j

Mate: The Pl Matification Scheduler Service will need to be restarted for these
zettings to take effect,

] Cancel
Y

Once the email delivery channel is setup, most email addresses should be provided
by Active Directory (AD). If the AD does not include all email addresses needed, it
will be possible to create additional emails within the Contacts section of PSE.

Page 230 (‘s OSI


mailto:PINotifications@domain.com
mailto:notifications@pischool.int

Communicating Important Events

9.2.2 Directed Activity — Email Delivery Configuration and Checkout

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives
e Understand the required settings for the email delivery.

Approach

1. From PSE, select Contacts in the Navigator and navigate to Tools > Delivery
Channel Plugins, then from the Email Delivery Channel Plug-In context menu

select the Settings.

P [=1 E3

Delivery Channels

D escription Werzion

M ame
Email
&é WiehService

23/09/ 2016 11:03:44
23/09/201617:02:44

o Settings... .. 2.6.5.7759
1#] Refresh

s Properties

Cloze

2. In case of the Azure-based learning (VLE) setup, the mail server is installed
on PISRVOL1.

Note: The mail server on PISRVO0L1 is configured just for some user accounts in the pischool.int
domain.

( ) OSlI=0ft. Page 231



Building PI System Assets and Analytics with Pl AF

3. Click on the Test... button to send a test email to studentO1l@pischool.int.

Email Delivery Channel Configuration X
SMTP Server ||:|isrv|}1 | Port |25 |= e
Authentication Options... 7] use
Backup SMTP Server | | Pot (25 |= Test
Authentication Options... [] Use TLS

Sender Email |nu:d'rfications@pischool.irrt|

Allow contacts to set sender email

Send Timeout Fooric v

Backup Faiback Time Minutes w

s

4. Start Microsoft Office Outlook and verify reception of the test email.
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9.2.3 Web Service Delivery Channel

The web service delivery channel allows Notifications to contact and provide
information to a web service by calling one of its methods. To use this delivery
channel, a web service must thus be available on a web server.

About Web Services

A web service is a method of communication between two electronic devices over the web. In
most cases, it is a service hosted on a web server that provides methods to its clients. Those
methods will usually wait for incoming information from one end, then crunch the data, to finally
return the data to the same client or pass that information to another one.

There are many web services commercially available, and many development
environments offer templates and other tools to develop custom Web services.

Example: A custom Web Service could process the received information and
generate corresponding work orders in a customer Maintenance System:

J Notifications
F (AF)

7 ﬂ'&
(o

Maintenance
System

Web Service =)
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9.3 Configuring Notifications

Configuring a notification rule includes specifying the trigger criteria, adding
subscribers to the notification rule, and formatting the message to suit the needs of
your organization.

1. Select element or element template on which Notification Rule will be
created
2. Create a new Notification Rule:

a. Define the notification trigger conditions
b. Add the subscribers
c. Format the Notification message

3. Test the Notification

Tank
General | Attribute Templates | Ports | Analysis Templates Notification Rule Templates |
o Name: [Ciritical Level Notification
. | Name v | Criteria Description: {
=g Ciritical Level Notification Analysis Template = Limit Monitoring, Product = HC1500 s \
g Notification Rule Templ... Name = TesteF* Categories | - § i S
d " who will receive the notification?
Trigger Subscri| ftions
A notification will be triggered when an event frame is created that satisfies all of these criteria. There are cud Patly 2 subscribers to this Notification Rule Template.

Referenced Element Template = Tank | | Analysis Template = Limit Monitoring View/Edit Subscriptions

Manage Formats

Product = HC1500 »

View/Edit Trigger
4 Which conditions

will trigger the notification? what information is included
in the notification message?

Note: If you have created a notification rule for an individual element, you can extend the scope
to the corresponding element template by using the Convert to Template function.

] & Motification Rule 2 " New
75 Delste
E‘& Convert to Template
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9.3.1 Trigger Conditions

The Notification Rules define the criteria that identify, which event frame generation
will initiate a new notification.

There are two possible trigger criteria modes for the Notification Rules:

o Analysis
¢ Event Frame Search

Use the Analysis mode to trigger a notification rule on event frames generated by a
particular analysis.

Criteria Mode @ Analysis  © Event Frame Search
A noti
Referenced Element Template | ElementTemplatel

o o 2 e o T L g T
ation will be triggered when an event frame that matches all of these criteria is created

» Analysis Template [ Analysisl

Attribute Value o= Add attnbute critena

Use Event Frame Search mode to trigger a notification rule based on event frame
name, template and category. In the Event Frame Search mode, you can select a
configured event frame template, from the drop-down list, and then configure the
name and category for the event frames that will trigger your notifications. The name
may contain wildcard characters that are supported by event frame search.

Trigger Criteria
Criteria Mode  © Analysis & Event Frame Search

ol g iy 1 : N - ¥ oy N 'y ! £l + o gy | - 1 -
A notification will be triggered when an event frame is created that satisfies all of these criterio.

Referenced Element Template | ElementTemplatel

Template ol Add template criterion
Mame ol Add name criterion
Category ol Add category cniterion
Attribute Value

For both the modes, you can add additional trigger criteria using event frame
attribute values. Criteria can be any specified for any attribute in the event frame
template that is specified in the notification rule trigger criteria. For example, if your
event frame template defines an event like "downtime" but you only want an email
about "unplanned" downtime, you can configure an attribute value condition where a
"reason code" attribute on the "downtime" event frame template has a value
indicating "unplanned" downtime.

(@ osio.
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Trigger Critena

| Criteria Mode & Analysis € Event Frame Search

A notification will be triggered when an event frame that matches all of these criteria is created by the selected analysis

Referenced Element Template |Element'l'emplatel

> Analysis Template Downtime Monitoring

Attribute Value Root Cause “ Egual ~ |Unplanned + X

Note: Very often at work, the measure of success is made on how many things are produced.
For Notifications, the more alerts that are produced, very often the less successful the use of
Notifications becomes. If too many alerts are provided to a recipient, she/he probably won’t be
able to give each one of them the appropriate attention or response. This will make the
implementation useless, as all of the alerts will become noise to the recipients.

9.3.2 Directed Activity =Triggering the Alerts

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Create an analysis for event frame generation and build a corresponding
notification rule on it.

o Define notification trigger conditions.

e Add a subscriber who will receive the notification.

Problem Description

We will configure notification for the tanks at Velocity Terminals. This notification will
inform whenever tank levels are outside the target operational levels (either too low
or too high). The natification is required only for the tanks containing HC1500
because inappropriate quantities for that product is causing issues. If the tank is
almost empty, the coating inside can corrode and will need treatment. If the tank is
almost full, there is a risk that the material spills and causes environmental damage,
which is even more critical.

The emails alerting about the limit violation should include the values of the level as
well as the value of the temperature, because this information is needed to assess
the condition of the liquid in the tank.

Under the Tank Element Template, we will create an analysis to create event-
frames, whenever level is outside the limits. Notification Rules will be created to
trigger notifications when new events occur and the material is HC1500.
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Approach

Event Frame Template

Open Velocity Terminals database in PSE, select Library in the Navigator and
select New Template under Event Frame Templates.

For the name enter Tank Level Excursion

For the description enter Tank Level Outside Operational Targets
For the naming pattern enter

%TEMPLATE% for %ELEMENT% (%STARTTIME:yyyy-MM-dd HH:mm%)

Once an event frame is created, what will the event frame names look like?

E Event Frame Template Properties

IS[=] E3
General I.D.ttribute Templates I
WE=H |Tank Level Excursion
Description: ITank Level Outside Operational Targets|
Base Template: I::Nune::- j Sewverity: INane j
Categories: I @I Default Attribute: |<:N|:.ne> j
Marming Patkern:  |[%TEMPLATE%: for %ELEMEMNT % (%STARTTIME:yyyy-MM-dd HH:mmm %) _}l

™ allow Extensions ¥ cange Acknowledged

Extended Properties (00 Securiby

Find: Detived Templates Event Frames Referenced Parent Templates

Dertived Event Frames  Referenced Child Templates

K I Cancel | Apply | Check In

5. Check the option for Can Be Acknowledged
6. Click on OK
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Event Frame Attribute Templates

7. Select Attributes Templates tab. Select New Attribute Template.

8. Add attributes for Level, Temperature, Product and Level Excursion

Attribute UuOM Data Value Settings... DisplayDigits
Name Reference | Type
Level percent | Pl Point Double | .\Elements[.]|%Attribute%; 2
TimeRangeMethod=StartTime

Level <none> | <none> String NA

Excursion

Product <none> | String String A\Elements[.]|%Attribute%; NA

Builder

Temperature | Degree | Pl Point Double | .\Elements[.]|%Attribute%; 2

Celsius TimeRangeMethod=StartTime

Tipl: Once you have entered the Level attribute you can use the Copy and Paste function to
create another PI Point attribute which you can use to edit to create the one for Temperature

Tip2: You can enter the setting for the Product attribute manually. Alternatively, select an
attribute value from the menu and edit accordingly. Make sure the setting matches exactly to the
above information.

String Builder Data Reference E
Specify the strings and attribute values
”_bl Literals

Attribute values
Related Attribute Values
Substitution Parameters
Functions

¥

[3
»
»
*
3

i\ <Server »| <Database =\ <Element =| <Attribute =
.\ =Database = <Element =| <Attribute =
\\<Roat Element=| <Attribute =

A =Child Element =] <Attribuke=

..\l <Primary Parent Attribute =

.\ <3ibling Element = | <Attribute =
AElements[.]| <Primary Element Attribute =

Search,.,

The Level Excursion attribute will be used to indicate, whether either the
high or the low limit was violated. Setting the value for this attribute will be
defined later on when configuring the analysis for the corresponding event

frames generation.
9. Check In
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Analysis for Event Frame Generation when limits are violated
10. Select Tank from Element Templates

11. Select Analysis Templates tab and click on the blue link to Create a New
Analysis Template.

12. For the name enter Limit Monitoring

13. Select analysis type Event Frame Generation

14. For the example element select one of the tanks (e.g. Tank01).
15. For the Event Frame template, select Tank Level Excursion:

Tank

"General I Attribute Templates I Ports  Analysis Templates INot\Fication Rule Templates |

I}E | Mame: I Limit Menitoring

& | MName | I

Description: I
7  Limit Monitoring

Categories: -

Analysis Type:  Expression (" Rollup (% Event Frame Generation ( SQC

[ Start analyses when created from template
Create a new notification rule template for Limit Monitoring

Example Element: {Velocity Terminals\Locationsiiontreal\TankdL

Event Frame Template: | Tank Level Excursion j

16. Rename Start Trigger 1 to Too High. Enter expression:
"Level'>'Level |HiHi"

Set severity to Critical.

17. Add a new Start Trigger, set the name to Too Low. Enter expression:
"Level'<'Level|Lolo"

Set severity to Major.

18. Whenever the level changes, we want to check whether any of the limit was
violated. Therefore set Event-Triggered for Scheduling.

Note: The scheduling defines how often the triggers will be evaluated. If this option is Event-
Triggered the triggers will be evaluated whenever there is a change for the attributes in the
Trigger Expressions. This is usually how Analytics are executed if attributes are Pl Point data
references. Use Periodic in case the attribute is of another data reference (e.g. Table Lookup).
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Event Frame Template: ITank Level Excursion j
Add... v =t| |  FEvaluate |
MName Expression True for Severity
3@ Start triggers
Too High "Level' » "Level|HiHi® Set (optional) |Crtical j ®
Too Low "Level' <'Level|lolo’ Set (optional) |Major j (0

Advanced Event Frame Settings...

Multiple start triggers are configured. Child event frames will be generated when the trigger changes. See documentation for
more details.

Scheduling: = Event-Triggered ( Pericdic
Trigger on | Any Input W

19. Click on Advanced Event Frame Settings...Check Save Trigger name to
event frame attribute. Click on Map Attribute and select Level Excursion
attribute. Click on OK.

Advanced Event Frame Settings B

—I Generate child roct cause event frame before parent avent frame starts -

Duration: I 5 IMinut& vl

MName: I Root Causa
Category: I j
Trigger Settings

[ Save start trigger name to avent frame attribute

| Level Excursion |

__Mew Attribute Template .
[ save New Attribute Template lvent frame attribute
& Level
[ = Level Excursion |
i Product
[ol8 Cancel
& Temperature _I _I

Note: the Warning

“The selected attribute template will be converted to a Configuration Item and any existing
configuration of the attribute template will be lost.”

can be ignored.

20. Check In.
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Simulate the level is above the limit

Note: The simulation for the level of Tank01 cycles the value every 10 minute with a violation of
the low and high limit. You can either wait some time, so that the required value change occurs

automatically, or you can force it with a manual entry. Note that a manual entry may be replaced
by a new value from the interface too early to start the event frame

21. Select Elements — Velocity Terminals - Locations - Montreal - Tank01
22. Select Level Attribute — Settings

23. Uncheck Read-Only.

24. Select Product Attribute and change to HC1500 (we need that for later).
25. Check In.

26. Enter 98 into the Value for the Level attribute

Verify generation of event frames when limits are violated

27. Select Elements in Navigator Panel, navigate to Tank01 and select the
element.

28. Click on the blue Event Frames link on the General tab.

Elerments Tank01
= & Elements General |Child Elements | Attributes | Parts I analyses I Mokification Rules | Wersion |
Bl (F Yelocity Terminals
EI () Divisions . ITanle
(51 Distribution Descripkion: I
G Receiving
B- @ Locations Template: ITank
Categories: I

Extended Properties (0} Annotations (0} Locakion  Security

Find: Parents  Childrer, Event Frames

Models  Lavers — Connections

E| & Sydney

Tip: You should have an event frame for TankO1. If there is no event frame, the reason might
be, that the tank was actually already outside the limits. Re-enter a value.
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29. Click on the Wheel icon % in the header line of the results.

Click on Select Attributes. Click on il icon to add all four (4) attributes from
the Tank Level Excursion event frame template. Click on OK. The list will be
extended by the four selected attributes. Click on OK.

Find Event Frames for *Tank01' [_ol=]
Groupby: [ Category [ Template
Eld
5B A Name [00:03: .. |Duration Start Time 2 End Time Sevetity  Primary Element | | Level | Level Excurs.., | | Product | Temperature (O] |
* AE = Tank Level Excursion for Tankil (2018-02-23 14:45:46) i" 0:00:08.092 2{23[2016 2:45:46.907 PM | 2(23{2018 2:45:55 PM | Critical Tankil 99.989997863. .. | Too High AQ4500 73,9267 1203613258 *C
# A = Tank Level Excursion For Tankol (2018-02-23 14:47:05) H 0:00:30 ZI23[2016 2:47:05 PM 2{73(2018 2:47:35 PM | Critical Tankol 97 466468811, .. | Too High AQ4500 95.5867538452145 *C
A/ = Tank Level Excursion for Tankil {2018-02-23 14:49:45) j 0:05:01.863 ZIZ3[2016 2:49:45 PM Major Tankil 40325016375, .. | Too Low AQ4500 12 BS9636088562 *C

Close
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Create a Notification Rule

30. Select Tank from Element Templates. Select Analysis Templates tab, select
the Limit Monitoring Analysis.

31. Click on the blue link to create a new notification rule template

Tank

General I Attribute Templates I Ports  Analysis Templates INDtiﬁcat\on Rule Templates I

8 | MName: ILimit Monitoring
o} | MName | I
-  Limit Monitoring

 Description: I
Categaries: v|

Analysis Type: ( Expression (" Rollup (% Event Frame Generation ¢ SQC

[ Start analyses when created from template
Create a new notification rule template for Limit Monitori

Event Frame Template: | Tank Level Excursion j ﬁ

32. On Notification Rule Templates tab change the name to
Critical Level Notification

33. In the Trigger section, select the blue View/Edit Trigger link.

wle Addl attnbute critena

34. Select the link to add attribute criteria
35. Add Product Equal HC1500. Click on OK.

Criteria Made @ Analysis € Event Frame Search

A notification will be triggered when an event frame that matches all of these criteria is created by the selected analysis.

Referenced Element Template I Tank

> Analysis Template Limit Monitaring

Attribute Value Product ~ Egual v |HC1500 + X

36. In the Subscriptions section, select the blue View/Edit Subscriptions link.

37. Expand student01 so that the email occurs and drag it into the Subscriptions
section. Click OK. Check In.

Subscnptions

Name Cenfiguration Natify Option
=1 student01 - Email Inherited (Global Default Email) v il Event start ™

38. Start Outlook for studentO1.

39. Change the value for the Level attribute of Tank01 to 99 and verify that you
receive an email.

Note: give the system some time to send out the email. It can even take up one to two minutes
before the email arrives.
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9.3.3 Trigger Criteria Options

When the Trigger Criteria are defined, following options can be set:

Resend Interval: IO Seconds v | Choose when to be notified if child event frames are created for multiple trigger conditions

Non-repetition Interval: I—O Seconds v (+ When the severity is higher than any previously true trigger condition

" When the severity is higher than the previous true trigger condition
[ Event Frame can be acknawledged

" When any trigger condition is true

Resend Interval

The time interval after which PI Notifications Service will send additional alerts until
the event frame matching the notification rule is acknowledged or closed.

l Resend Interval Resend Interval

[aa

o)
————————-{

Good Value Range
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Non-Repetition Interval

The time interval during which PI Notifications Service will not send similar alerts
associated with the same notification rule.

Non-Repetition Non-Repetition
Interval | Interval

25t Violation 15t Violation

15t Violation 3rd violation

IGood Value Range

v

Event Frame Can be acknowledged

Option to enable event frame to be acknowledged; the event frame template is also
modified accordingly. This option is automatically selected if the event frame
template has been configured for acknowledgement

Severity Option

This option applies only to event frame generation analyses. If you have configured
multiple start triggers for your analysis, you may choose to be notified in these ways:

¢ When the current trigger severity is higher than any trigger severity
encountered so far.
When the current trigger severity is higher than the previous trigger severity.
o Every time a trigger condition is true, regardless of its relative severity to
other previous triggers.

Choose when to be notified if child event frames are created for multiple trigger conditions
* When the severity is higher than any previously true trigger condition

" When the severity is higher than the previous true trigger condition

" When any trigger condition is true
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9.4 Formatting the Information to Deliver

The Notifications software includes a complete formatting tool, which enables you to
define the formatting, and information that is included in email alerts.

Global Default Formats

The system provides one global format that is used as the default format. You can
edit or rename the global format, but cannot delete it. Additional formats can be
added. To access global default formats, navigate to Tools -> Global Formats .

% Manage Global Formats

[-[01x]
ezge _ Giobal cfaut Emal
ST AF Sarver Properties
— Py Database Properties
Default Email vith Table Nefficatian Rule Froperies

Event: Details Hyperlink
Global Default Email v " = Tpern
4 Event Frame Properties
Name
Design I HTML Preview Plain Text Preview Description
— = ey é‘ Start Time
End Time
: == = sevay
T3 Trigger Name

Trigger Expressicn

Subject I Event Frame:Name | generatad a new notification event. | Notification Rulz:Massage for Closed Netification Unique ID

Attachments Referenced Element Properties

Event: | Event Frame:Name

Name: | Notification Rulz:Name

Server: | AF ServeriName

Database: | Database:Name

Start Time: | Event Frame:Start Time

Target: Targst:Path

Severity: | Event Frame:Severity

Send Time: | Notification Rule:5end Time

Custom Delivery Formats

To edit or add specific Custom delivery formats for a particular Notification Rule,

select the blue Message Formats link. The formats can be distinguished by their
corresponding icons:

1=j a global default format

g 2 custom delivery format
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9.4.1 Directed Activity — Message Formatting

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives
o Prepare a message-formatting templates for email message delivery.

Approach
1. From PSE, navigate to Tools > Global Format.
2. Select the line with Global Default Email (color changes to light blue), and

click on the Duplicate “ icon above. Rename the new format as “Default
Email with Table”.

About Formatting Messages

The Formats window has a Content section on the right side to add extra content to the
message. From that Content pane, simply drag and drop, or double-click on the desired content
to add it to the message. Only generic content can be added within the Global Formats section.
Specific content can be added when configuring the Message tab for a specific notification rule
or a notification rule template.
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3. Select the Default Email with Table format and modify the formatting so that a
table will be available to organize the information related to the notification.
(See figure below)

To add a table, use the controls highlighted in the screenshot above. When
you add the Hyperlink, select the option to send the link as text:

Event Details:
Event Details Hyperlink:Hyperlink EI
Display linkas * Text  Screenshot

We will be able to use the link and open a related display in PI Vision. When
sending an email to someone outside the organization with no access to PI
Vision use the option to send a screenshot.

Note: the mail server used in the AF class VLE environment does not support to include
screenshots in the email!

# Manage Global Formats [-1o=]
- Defouk Emai with Table
9 X B3 I AF Server Praperties
o 1s Default | Database Properties
Default Email with Table | EETE e Bl i

Clobal Default Emai v Event Details Hyperlink

I Event Frame Fropertiss
| Referenced Element Properties
Design | HTMLPreview  Flain T i
= <I P I L()'i
Ahwroni -|f11 - > . A = =l =
LI 3
Subject | Notification Rule:Name | was generated for: Target:Name ?\_7‘
Attachments Test Send -
Action Needed for: Event Frame:Description
Problem Start Time: Event Frame:Start Time
Attribute Value Timestamp
Event Details:
Event Details Hyperlink:Hyperlink j
%

4. To perform atest send click on the =" button.
For the Email address, enter studentO1@pischool.int:

Email Address I student01@pischool.int

et

5. Click OK.
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9.4.2 Directed Activity — Configuring the Tank Level Excursion Notification Messages

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Activity Objectives

e Compose notification messages from message format templates.

Approach

We want to define a particular format for the emails alerting about limit violations to
send to our recipients. The message format includes a table with the values of the
level and the temperature. The message should also provide a link into Pl Vision
allowing an acknowledgement as well as a display for the time after the limit was
violated.

1. Select Tank from Library -> Element Templates, open the Notification Rule
Templates tab.

Tank Level Excursion — Email with Table

2. Click on the blue Manage Formats link in the Subscriptions section. Select
the line with Default Email with Table (color changes to light blue) and click

on the Duplicate icon above. Rename the duplicated format as Tank
Level Excursion - Email with Table.

Message — TonkLevel Bcursion - Ema with e
s X & AF Server Properties
5 e s Database Properties
Notification Rule Template P
3| Dttt El vith T otification Rule Template Properties
Event Details Hyperfink
) (et Dkt Emab Event Frame Properties
il Tonk Level Excursion - Email with table Event Frame Attributes Tank Level Excursion
Element Template Properties: Tank
Element Template Attributes: Tank
Design | HTML Preview  Plain Text Preview
Gicbal User Interlace <[ 115 ~ ¢ A
LR
Subject ‘ Nobfication Rule:Name | was generated for: TargetName
Amachments 4|

Action Needed for: Eve
Problem Start Time: | us

me:Description
amestart Time

[ Aftribute I Value | Timestamp ]
[ LevetName I LeveliValue At Start Time | LevelUOM I LeveiTime Stamp At Start Time |

[ TemperatureName || Temesraturenvaiue At Start Time | Temperatureuom || TerperatureTime Stamp At Start Time ]

Event Details:
Event Details HyperlinkHyperlink

* |
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3. Add the appropriate information to the table by dragging and dropping or
double-clicking on the information from the Content pane on the right hand
side. The second row of the table should include the Level information while
the third row should include the Temperature information. If completed, click

on OK

Action Needed for:| Event Frame:Description
Problem Start Time: | Event Frame:Start Time
Severity: | Event Frame:Severity

Level Is: | Level Excursion:Value At Start Time

Attribute

Value

Timestamp

Level:Mame

Level\Value At Start Time || LevelUOM

Level:Time Stamp At Start Time

Temperature:MName

[
[
l

Temperature:Value At Start Time || Temperature:UOM

Temperature:Time Stamp At Start Time

Event Details:
Event Details Hyperlink:Hyperlink

4. In the Subscriptions section on the Notification Rule tab Click on the blue
View/Edit Subscriptions link.

5. Inthe line for student01 select Tank Level Excursion - Email with Table in
the Configuration column. Click on OK. Check In.

6. Verify with Outlook whether the new notification emails have the new

requested format.
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9.5 Acknowledging Notifications

Acknowledgements of Notifications can be used to confirm that important
notifications are read and acted on.

Note: A pre-requisite for the Acknowledgement feature is that the Can be Acknowledged setting
in the event frame template has been checked.

Ways of Acknowledging
Acknowledgment can be performed in two ways:

o Display the event in PI System Explorer (Event Frame Search Result). Select
the context menu function Acknowledge...

B4EA Tank Level Excursion For Tanko1 {20 imiminns Tt DA 1 0iolons Sen i On] Major
B B4 = Tank Level Excursion For Tankoz (20, hew ‘ Majar
E1 ) P Tank Level Excursion Far Tankos (20, Corert 4 Majar
B # B A F Tank Level Excursion for Tank01 (20| .« create or Update Data Reference M| Critical
#  Capture or Recapture Yalues...

.{’5 Reevaluate Maming Pattern

ﬁ, Categorize...

| A Acknowledge... |

When acknowledged, the red exclamation mark 4 changes into an ok
When you hover with the mouse over the OK you get information about who
and when the acknowledgement was made.

B 2 o Tank Level Excursion For TankOl (20... E12,I'8,I'2EIIE| 3139:41 PM

B[ ‘q.ﬁ.cknnwledged by PISCHOOLU skudent0l at 12/8/2016 3:50:46 PM. fM

e Open the corresponding Event details display in Pl Vision. Click on the
Acknowledgement link for the event frame.
To display the corresponding event details, either follow the Event Details link
in the notification email or use the event search options in Pl Vision.

Tank Level Excursion for Tank01

121872016 35841 PM - In Progress Ty Tk e acureons | Comments

Add Comment

Actions and Comments (1)

Notification sent to 1 subscriber(s).
minctes ago

Y
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9.5.1 Directed Activity — Commenting and Acknowledging Events

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

TankO1 in Montreal is critical for the whole operation at that site. If the material level in that tank
is not proper, it is the duty of studentO1 to add a comment on the problem and to acknowledge
the notification to document that action has been taken.

Activity Objectives

¢ Read the information in the latest notification email for TankO1 and open the
event details in PI Vision
¢ Enter a comment on the current level status and acknowledge the alert.

Approach

6. In Outlook, open the latest notification email for TankO1.
(If the email is quite new there is a high chance that the level has not yet
returned to normal level since it started to violate the limit.)

7. Click on the blue Events Details Hyperlink link. Details page for the event will
be displayed in PI1 Vision.

it 03] |+ | B s BlFcmssor

on fior TankDd

Prcgrsss

[ awnomancany remesn me st

Tarik Level Excursion for TankD (20161209
NG 1TH AN -

Actions ard Comments (1)

Notification sent to 1 subscriber(s)

s

Cunenl
Start Yalug Walue
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8. If the level is still outside the limits, the event is still ongoing. In that case, the
end time is displayed as In Progress. In case you continue to observe the
display for some time, the time span covered in the trend will increase until
the level returned to normal (PI Vision update rate is 15 seconds).

Tank Level Excursion for Tank01

121972016 7:29:51 AM - In Progress

Tank Level Excursion for Tank01

12192016 7:29:51 AM - 12/9/2016 732221 AM

9. Add and remove trend lines by selecting and unselecting them in the list
below the trend.

10. Add a text into the comment field and click on the Add button to enter.

Comments

Add Comment

& Add

Actions and Comments (2)

PISCHOOL\student01 commented
a few seconds ago

Too much material was taken from the tank
during the XYZ production cycle so it fell
below minimum.

Motification sent to 1 subscriber(s).
6 minutes ago
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11. Click on the Acknowledge button to acknowledge the event. Information

about the notifications being sent, the comment and the acknowledgement
are shown in P1 Vision.

Actions and Comments (3)

PISCHOOL\student01 acknowledged v
this event
a few seconds ago

PISCHOOL\student01 commented
a minute ago

Too much material was taken from the tank
during the XYZ production cycle so it fell
below minimum.

Motification sent to 1 subscriber(s).
7 minutes ago
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9.5.2 Directed Activity — Validating the Acknowledgment Process

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to

watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Exercise Objectives

o Compare the commenting and acknowledgment of notification alerts in Pl
Vision and Pl System Explorer.

Approach

1. Open the PI System Explorer and select Event Frames in the Navigator.

2. Select New Search... from Event Frame Searches context menu

3. Set Search to: Starting After
4. Set Search Start to: *-30m
5. Set Template to: Tank Level Excursion. Click on Search.

Event Frame Search
|Template:"TankLevel Excursion”| ® "| Search |
Criteria S

Search: IStarting After j M m Progress

Search start: I*'3Ul'ﬂ ml » | IV all Descendants

Mame: I ES

Element Mame: I ®

Cateqgory: |<.¢\II> j =

Template: ITankLeveI Excursion j ®

S Add Criteria ™
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6. Click on the Wheel icon =

: in the header line of the results.

Click on Select Attributes. Click on il icon to add all four (4) attributes. Click
on OK. The list will be extended by the four selected attributes. Click on OK.

[Event Frame Search

[remplate: Tank Level excursion”

Giteria

sgarch: Starting after ¥| T InProgress
search start; [*-30m B » | ¥ alDescendants

Harme: [ * Element Name: % Category; <al> =] =
Template: [forklevelBsewsion %] x
o Addgrteria ¥

Resuks B

Groupby: I~ Cakegory I Template
FEERS 12, [00:0530] 1z...|Scart T end Time Severty |prinary Ee... | |Lovel | Leval Exars,. | [Prodict | [Temperacirs &l
B A TankLevel Excursion for TankO2 (2016-12:07 14113) ] | 12712016 2:13:25 P 12706 21728 None | Tanknz S2.701210071... |StartTrigger! | HCIS00 95.4315567016602 °C
B+ A TankLevel Excursion for Tank0 (2016-12-07 14:13) | |——r] 12{7/2016 2:13:40 P 12f7f2016 2:16:40PM  None | Tankos 43271360357, |StartTrigger2 | AQAS00 5.70836785171509 °C
B A TankLevel Excursion for TankDL (2016-12-07 14118) H izmrais 216a109pm 12206 216580 (Crtcdl | Tankot %% Too High a04s00 35.41289%01 7334 °C
8 A TankLevel Excursion for Tagflg (2016-12-07 14:18) B 12706 2 1840 11 Major | Tanko3 1 fe73sss37... | Too Low HC1500 1.48595833776381 °C.
8 o] TankLovel Ecrson or koYt 127 1418) | B tzrrizots 21890 b Citied | Tarkin 56255... | Too High He1s00 40.3994255065315 °C
[The search found 5 Evert Frames matching the search ertena
of | caneel | et

Rename default Search name to Tank Level Excursions Last 30 Minutes

Verify whether the event frames with Product= HC1500 have an annotation
icon. If you hover over the Annotation icon it displays Notification sent to 1

subscriber(s).

Tank Level Excursions Last 30 Minute

B 5 B A Name Start Tirme < End Time Severity  Prima... | Level | Lewel ... | | Pro...
# B A = Tank Level Excursion for Tankid (20,,, | 12/7/2016 31140 PM 12)7/2016 311340 PM | Critical Tankid4 |93,289695739,., |Too High  |HC1500
# B A = Tank Level Excursion For Tanki (20,,, | 12/7/2016 31140 PM 12)7/2016 311340 PM | Critical Tanki6 |2,3136354819.., |Too High |HC1500
= B A = Tank Level Excursion For TankDl (20... 12[7j20163:12:28 PM | 12)7/2016 3:13:58 PM | Critical TankOl |91.495063781... |Too High |HC1500
B & A = Tank Level Excursion For Tank0a (20, 12/7/2016 3:13:40 PM 12/7/2016 3:16:10.7... |Major Tarkid 94.021415710... |Too Low | AQ4500
& o B A = Tark Level Excursion For Tank0Z (20...  12/7/2016 3:14:55 PM | 12/7/2016 3:16:28 PM | Critical Tank0Z |91.558166503... |Too High |HC1500
A = Tank Level Excursion for Tank0S (20, | 12/7/2016 3:16:10 PM Critical Tankis |95.203628540.., [Too High  |Wilz00
# B A = Tank Level Excursion For Tankié (20,,, | 12/7/2016 3:116:10 PM | 12/7/2016 311740 PM | Major Tanki6 |4 5584523391, |TooLow  |HC1500
= A = Tank Level Excursion for Tank0s (20... | 12[7/2016 3:16:10 PM Critical Tark0d 95.203628540... |Too High | AQ4500
& # B A = Tank Level Excursion For Tank09 (20, 12/7/2016 3:16:10 FM | 12/7/2016 3:31:40PM | Major Tarkd9 |0.6803678274... |TooLow  |HC1500
P = Tank Level Excursion for Tank01 (20, 12/7/2016 3:16:28 PM | 12/7/2016 3:17:26 PM | Major Tarkdl 0% Too Low e
== Tank Level Excursion for Tank04 (20, 12/7/2016 31710 PM | 12/7/2016 3:15:40 PM | Majar Tank04 | 1,0974667072.., | Too Lo
g 1 Tark Level Excursion For Tank0z (20.., | 12/7)2016 311958 PM | 127/2016 3:22:28 PM | Major Tank(Z | 4.6162185668,,, | Too Low ]

9. Verify that comment and acknowledgement information from the previous

exercise is displayed in Pl System Explorer.

10. To acknowledge alerts in Pl System Explorer, select one or several lines of
the event frame list. From the context menu, select Acknowledge... The icon

in the acknowledgement column changes from Unacknowledged 4 to

Acknowledged ok
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9.6 Adding Contacts

The Contacts section of the navigator panel of PSE allows for the definition of
contacts. The contacts will be receiving the notification messages once they are
triggered. This section defines the various types of contact objects that can be
created and used by Notifications.

9.6.1 Active Directory (AD) access for contacts

Notifications normally gets the contacts and their addresses from the configured
domain AD database. This prevents the administrator from having to do the tedious
task of entering all of the potential subscribers and their contact information in order
to start using Notifications.

Each AF server provides the option to specify the domain and contact sub-folder, as
well as the account needed to access Active Directory and retrieve contact names.
By default, the account under which the AF server application service is running is
used for Active Directory access. The AD access is configurable in the AF Server
Properties dialog box (with Contacts being selected in the Navigator, go to Tools >
Active Directory Properties).

Configure Active Directory Access for Contacts

Active Directory Dornain Narme: ||

Active Directory Contact Sub-Folder: I

— fctive Directory Access Account

¥ Use the account the PI AF Server runs as
" Use the accounk the &F Client is running as

" Use the specified account:

Account Mame: I

Password: I***************

skt ek

Confirm Password: I

™ Use Active Directary's locally cached Global Catalag
I Return all Persons

Ok I Cancel | Apply |

4

By default, the AF server is installed using a virtual account,

NT SERVICE\AFService. However, the AF server service account can be changed.
If the AF server service account does not have the necessary permission to read the
Active Directory, no contact names will be retrieved in the Contacts list. If your Active
Directory security is configured to allow the AF server service account to read the
Active Directory, this is the simplest option.

In the Active Directory Domain Name text box, enter the full DNS name of the Active
Directory domain from which the contact names will be retrieved for the Pl
Notifications Service Contacts.

In the Active Directory Contact Sub-Folder text box, enter the path to the folder
containing the list of contacts for this domain. In larger Active Directory domains,
contacts may be organized within sub-folders. The use of sub-folders can allow for
faster retrieval of a list of Active Directory contacts.
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9.6.2 Searching for Contacts

Because the AD database are often very large, contacts information is only available
from search results. To search for contacts, click the #“New ssarch button under the
Contacts section or use the search field. The star (*) can be used as a wildcard for
that search. In case of the Azure-based learning (VLE) setup a search for student*
will return all the student AD users (student01, student02, student03, student04).

Contacts
A rew - student™® )
= |7 Contacts

|7 Escalation Teams
|7 Groups
| ¥ Delivery Endpaints
3 student0l
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9.6.3 Directed Activity — Adding Contact Information

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited
to watch what the instructor is doing or perform the same steps at the same
time. Your instructor will have directions.

Activity Objectives

e Create a new contact for Notifications.

Problem Description

For those who do not have entries in AD you can enter custom contacts one at a
time. This may be appropriate for vendors or other contacts not in your company who
you may want to receive notifications. Custom contacts are available to all AF
databases.
Approach
Adding a custom contact in PSE:

1. To create a custom contact, select Contacts from the navigator panel.

2. Select New > New Contact from the toolbar and enter your name for the
contact Name.

Right click the contact for you and select New Delivery Endpoint

Enter a delivery endpoint name (e.g. <your name> at Work). From the
Delivery Channel dropdown, select Email.
Fill in your work email address and check in your changes.

Contacts Bob Miller at Wark.
& Mew + X search contacts ,J Mame: IBob Miller at Work
Bl |7 Contacts Descriptian: Iwork email address|
» New search...
Bl - Recert contacts Contact Options
f )
B3 Eob Miller Retry inkerval: ID— Im
2= Bob Willer at Work
|7 Escalation Teams Maximum Retries: [0 3:
|7 Groups

|7 Delivery Endpoints

r Delivery channel:  |Email
A studentot Y I

Email Configuration

Addresses

To Email Type: % Email Address ' Retrieve from Attribute
To Email: Ibob.miller@cnmpany.com
From Email: @ Global © Custom

Inotifications@pischonl.int

5. (optional) Enter a second delivery endpoint for the home email address.

Note: in the Azure-based learning (VLE) setup there are only some email addresses in the
pischool.int AD you can actually use for sending emails to. Refer to the corresponding
information in the Exercise section at the end of the book.
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9.6.4 Notifications Groups

A Notifications Group is an unordered collection of delivery endpoints, which includes
Active Directory recipients. If a notification is configured to send a message to a
Notifications Group, the message is sent to all members of the group simultaneously.

9.6.5 Notifications Escalation Teams

An escalation team is a delayed delivery group, which receives alerts on a
notification only if a specified time period called the Escalation Period has elapsed,
and the acknowledgement requirement is not satisfied. Acknowledgments will be
discussed in a later section, but it is the ability to inform the Notifications server that
the alert was acknowledged by a contact.

A notification alert is sent to the first contact on the list. If the notification is not
acknowledged within a specified time, then notification messages are sent
sequentially to the remaining members of the escalation team until the notification
instance is acknowledged.

Building escalation teams is very similar to building groups and so they can be
included in the subscribers’ area of a naotification. Keep in mind that if an escalation
team is added to a notification, that does not require acknowledgements, they will
never receive alerts.

9.6.6 Subscribing Contacts to Notifications

To maintain subscribers of a notification, navigate to the Notification Rules tab for a
selected element or a selected element template, and then click View/Edit
Subscriptions in the Subscriptions pane.

To add contacts, endpoints or groups to existing notifications, drag and drop them
into the Subscriptions list. To remove, select a line with a subscription and click on
the Unsubscribe icon on the top.

9.6.7 Dynamic Endpoints (since AF 2017 R2)

You can configure an email delivery endpoint as a value of an attribute. This
provides an additional flexibility in situations where notification emails can be sent to
different recipients without making changes to the notification rule template.
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9.6.8 Directed Activity —Sending Notification Alerts to different email addresses
depending on the current time

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Exercise Objectives

¢ Create an analysis to define an email address depending on current time.
e Switch email recipient for notification emails

Problem Description

To balance the workload for the people responsible to handle tank level excursions,
the notification emails should be sent to different email addresses depending on the
actual clock time according to the following rules:

Montreal and Tokyo:
During second half of the
hour send emails to:
student02@pischool.int
During first half of the
hour send emails to:

Syd :
yaney student01@ pischool.int

During second half of the
hour send emails to:
student03@pischool.int

Note: The above rule is likely not a typical real situation, but has rather been selected to allow a
convenient check-out during the class training.
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Approach

Create an Analysis to set the email address according to the time

1. Open the PI System Explorer and navigate to the Tank element template.
Create a new analysis, Email Address Setting.
When you map the output, select the option to save output history. Set the
value type to string. For scheduling, select period of 30 minutes, no offset.

Mame:
Description:
Data Server:

Value Type:

ﬂ Attribute Template Properties >

Save Qutput History: @ Yes (0 Mo

Motification Email Address

FeServeris w

String vl

A Pl Point data reference attribute template will be created.

QK | | Cancel

Tank

" General I Attribute Templates I Parts

Analysis Templates | potification Rule Templates |

il

Marne: I Email Address Setting

ﬂ.l &l | Mame

| Description: |5et email address according to the time

fed Email Address Setting

Example Element: Velocity Terminals\Locations\Montreal\Tank(02

Categories:
Analysis Type: (+ Expression (" Rollup  EventFr
[ Enzble analyses when created from template

Add a new variable = | malate |7 Functions
Mame Expression Output Attribute Insert functicns into the exp
i All
FirstHalfHour Minute('=') < 3@ Map ®
/ i M
Sydneysite *..\|siteID'=23 a0 &
if FirstHalfHour b
then "student@l@pischool.int™
. else N -
SetEmailiddress| o Sydneysite Notification Email Address |(3¢)
then “"student@i@pischool.int”™
else “"student@2@pischool.int™
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Tips:

"..\|siteID" refers to the attribute SitelD in the parent element of
the tank (which is the site)

e To start a new line, use Shift-Enter.
e Do not use blanks for the Variable names.

e To check the analysis, select an example element and run Preview
Results.

e To getinitial value for the Notification Email Address (is calculated
only every 30 minutes), switch to management tab and perform a
Backfill for the last hour.
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Create a dynamic endpoint that refers to the Notification Email Address
attribute and create a related subscription.

1. Select Library in the Navigator and open the Notification Rule Templates for
the Tank element template.

Click on the blue View/Edit Subscriptions link

Expand Dynamic Endpoints in the Contacts section and select Notification
Email Address from the dropdown of the attribute list. For the Endpoint
Name, enter Dynamic Notification Email Address. Click the Create button.

4 Dynamic Endpoints

Select an atfribute that contains an email value

Email Attribute Motification Email Address v
Current Value /)|

Endpaoint Mame I Cynamic Motification Email Address

Create| Cancel

Note: the Warning
“Value must be a valid email address at delivery time.”
can be ignored.

4. Select the line with the existing subscription and click on the Unsubscribe A

icon on the top.

5. Expand Dynamic Endpoints in the Contacts section and drag Dynamic
Notification Email Address to the Subscriptions list. Click on the dropdown
icon in the Configuration column and select Tank Level Excursion - Email
with Table.

6. Click on OK to exit the View/Edit Subscriptions dialog box.
Check in the changes.

Verify whether email delivery is performed as intended. (requires you keep
system running for a while).
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9.6.9 Directed Activity —Sending Notification Alerts in Escalation Sequence (optional)

In this part of the class, you will perform a learning activity to explore the
different concepts presented in this chapter or section. You may be invited to
watch what the instructor is doing or perform the same steps at the same time.
Your instructor will have directions.

Exercise Objectives

e Assign several contacts to an escalation team
¢ Understand and apply options for an escalation team.
e Explore the sequence of notifications for an escalation team.

Problem Description

You want to change the strategy, which people in the organization are informed in
case of a level limit violation. In order to avoid a transitional period, you want to
suspend the notification emails during the time, when you reconfigure the system.

Two people from the operational personnel, the tank operator and the safety
engineer) can handle the situation when the tank level has exceeded a limit. The
tank operator should be informed first. In case he does not take action within 5
minutes, the safety engineer should be informed as well. Do not send email to
student01 anymore.

Use the following email addresses:

Tank Operator: student02@pischool.int
Safety Engineer: student03@pischool.int

Note, that if you are executing this exercise in a local language environment, email addresses
for local language accounts corresponding to student02 and student03 are not supported.

Approach

1. Open the Pl System Explorer and select Management in the Navigator.
Choose Notification Rules type.

Notfication Rules
10 total notification rules selected (10 on this page) 1-100f10 (2] o

[v  Status  Elemsnt Name Template Categories Start 10 selected notification rules
B  Velocity Terminals\Locations\Tokyo\Tanka7 Ciritical Level Netification  Ciritical Level Notification Stop 10 sclected notification rules
okyo\Tank0s Ciritical Level Netification Ciritical Level Netification
okyo\Tank0s Ciritical Level Netification Ciritical Level Netification
Ciritical Level Metification Ciritical Level Netification
Ciritical Level Notification Ciritical Level Notification
Ciritical Level Notification Ciritical Level Notification

\T Ciritical Level Notification Ciritical Level Notification
Montreal\Tankd3 Ciritical Level Notification Ciritical Level Notification
Aontreal\Tanko2 Ciritical Level Motification Ciritical Level Notification

Veledity Terminal:
Velodity Terminal

Velocity Terminal

Velocity Terminals|Lo

Velacity Terminals|Lot
Velocity TerminalsiLos

EEEEERETE
o00000OOGS
&
=
P
3

Velodity TerminalsiLocations\Montreal\Tank01 Ciritical Level Notification Ciritical Level Netification

Note: The status displayed here is based on the notification rule configuration only. The status
does not give information on whether the notification is running or in error.
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2. Enable the check box in the header line to select all notifications for the ten
(10) tanks, then click Disable selected notification rules.

Tip: By selecting any combination of lines with rules, you can start or stop the selected rules.

Select Contacts in the Navigator.

Create a new escalation team called Tank Personnel Escalation Team by
right clicking the Escalation Teams folder and selecting New Escalation
Team.

5. Add the tank operator (student02@pischool.int) as well as the safety
engineer (student03@pischool.int) and select a 5 minutes Escalation period.
Do not repeat the escalation sequence, if the alert was not acknowledged.

Tank Personnel Escalation Team

Marne: ITank Personnel Escalation Team
Description: ||
Escalation period: |5 IMinutes j

If not acknowledged: % End escalation

" Repeat |1 3: kimes

" Repeat while active

+ 3G X

6. Select Library in the Navigator and open the Notification Rule Templates for
the Tank element template.

Click on the blue View/Edit Subscriptions link

Expand Escalation Teams in the Contacts section and drag Tank Personnel
Escalation Team to the Subscriptions list. Click on the dropdown icon of the
team name to expand the team members. Select Tank Level Excursion -
Email with Table for both.

9. Select the line(s) with the other subscriptions and click on the Unsubscribe
7 icon on the top.

10. Click on OK to exit the View/Edit Subscriptions dialog box.

11. Check in the changes.

12. Select Management in the Navigator. Start the notifications in the same way
as they were stopped before.

Page 266 (‘s OSI



Communicating Important Events

Question for different Escalation Option Settings

Assume you have set to repeat the escalation three (3) times, in case it was not
acknowledged. How many emails will be sent out, if no action is taken by the
operators and the violation is there for more than an hour? When will the last email
be sent?

Answers: emails will be sent, the last email is sent minutes after the
problem started.

Explore the escalation sequences (optional)

After some runtime (> 30 minutes), several new level limit violations will have
happened for Tank01 and Tank02.

Note: The simulation of the tank levels repeats the same pattern all over again. The cycle times
depend on the tanks. Tank01: 10 minutes, Tank02: 30 minutes, Tank03...Tank10: > some
hours.

1. Select Event Frames in the Navigator.

2. List the event frames for the Search named Tank Level Excursions Last 30
Minutes (if still displayed from previous activities, click on the Refresh button
in Pl System Explorer Toolbar)

3. Select a completed event frame (End Time not empty) for a Low Limit
Violation of Tank02. Select Annotate... from the context menu. The
Annotations lists the email sequence.

Zamrmenk !

Motification sent ta 1 subscriber(s),

Motification escalaked to 1 subscriber(s),

Hint: Click on the Wheel icon ¥ to show a column with Description information to get more
details on the email that was sent.

4. Select a completed event frame for Tank01. Can you describe why no
escalation was sent?
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9.7 Delivering Notifications via a Web Service

9.7.1 Web Service

The web service delivery channel allows Notifications to contact and provide
information to a web service by calling one of its methods. To use this delivery
channel, a web service must thus be available on a web server.

About Web Services

A web service is a method of communication between two electronic devices over the web. In
most cases, it is a service hosted on a web server that provides methods to its clients. Those
methods will usually wait for incoming information from one end, then crunch the data, to finally
return the data to the same client or pass that information to another one.

There are many web services commercially available, and many development
environments offer templates and other tools to develop custom Web services. Just
to have an idea of a Web service, the http://www.webservicex.net/ website offers
samples like a Global Weather web service.

The configuration necessary to send information to a web service via Notifications
will be done when creating a new Delivery Endpoint of type WebService from the
Contacts section of the navigator panel in PSE.

9.7.2 Web Service example: The Work Order Generator

This is a custom web service designed to act as an automatic work order generator.
Imagine a notification that would trigger whenever a piece of equipment needs
maintenance. Via the web service, the notification would pass all necessary
information to the maintenance system so a work order can be generated. For this
training, a SQL Server database called “WorkOrderGenerator” will act as the
maintenance system. This database is hosted on your local SQL Server instance.
The web service itself should be available at the following URL:

http://localhost:85/\WorkOrderGenerator2013/Servicel.asmx

f,'_:‘ Servicel Web Service - Windows Internet Explorer

|g http:/flocalhost:85/WorkOrderGenerator 2013/Service 1. asmx 1| K I

<. Favorites 2e

quipmentNameFromWorkOrder

5
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9.7.3 Directed activity — Validating the Web Service Functionality (Optional)

This solo or group activity is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the activity.

Exercise Objectives

e Understand the functionality of the sample Web Service for a Work Order
Generator

Approach

The NewWorkOrder method allows a user or an application to create a new work
order entry in the SQL Server database by passing the following information:
equipment name, failure type and action to take.

From the web page of the web service, click the NewWorkOrder method and enter
something for the EquipmentName, FailureType and ActionToTake fields, then click
the Invoke button. If the following shows up, then work order was successfully
generated. Again, remember web services are not meant for user interaction.

<?xml version="1.0" encoding="UTF-8"?>
<int xmins="http.//localhost/”>1</int>

You can go ahead and query the WorkOrderGenerator SQL server database to
confirm that the new work order was successfully created in the system.

1. Open the Internet Explorer and got to:
http://localhost:85/WorkOrderGenerator2013/servicel.asmx
(There is also a link for that under the favorites)

2. Click on New Work Order. Enter the parameters:
a. For the EquipmentName, enter Reactorl
b. Forthe FailureType, enter Pressure Too High
c. Forthe ActionToTake, enter Check Pressure Relief Valve
Click on Invoke. Record the Work Order Number that is returned.

Re-open the page (click on the favorites link again) and select
GetEquipmentNameFromWorkOrder. Enter the work order number from the
last step and submit.

Open SQL Server Management Studio and connect to PISRVOL1.

Expand
Databases > WorkOrderGenerator > Tables > dbo.WorkOrderGen table.

From the right-mouse button context menu, execute Select Top 1000 Rows.

Locate the last entry to verify whether the new work order entry has been
added.
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9.7.4 Directed activity — Creating a WebService delivery endpoint (optional)

This solo or group activity is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the activity.

Exercise Objectives

e Familiarize with the creation of a Web Service delivery point for the Work
Order Generator.

Approach
To add a custom delivery endpoint in PSE:
1. Select Contacts from the navigator panel.

2. Select New Delivery Endpoint from the right-click context menu of the

Delivery Endpoints folder. Enter the name Work Order and a description and
select Web service delivery channel. Check-In.

3. Enter the web service address

http://localhost:85/\WorkOrderGenerator2013/servicel.asmx
and click on Get Web Services

4. Select NewWorkOrder from the drop-down options under Web method.

Work Order

Name: [work oreer

Description: |

Contact Options

Retry interval: D Seconds ~

Maximum Retries: |0

Delivery channel: | WebService
Web Service Configuration
Style
@ soap () REST

Web Service Address |http:fﬂuta\hnst:SSfWDrkOrdErGEnEramrZD 13/Service1.asmx GetWeb
Services
Web Service Servicel

Web Method NewWorkOrder

Parameter
EquipmentMame
FailureType
ActionTotake:

Authentication Option  Windows

5. Checkiin.
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9.7.5 Directed activity — Automatically Creating a Work Order in the Maintenance
System

This solo or group activity is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the activity.

Exercise Objectives

e Set up different types of subscribers to a notification.
¢ Demonstrate how Notifications can provide Pl System information to a work
order system.

Problem Description

In addition to alerting people by sending emails, you would like to create new entries
in the work order database for the critical tank level events.

Approach
To add a subscription for another delivery endpoint in PSE:

1. Select Library from the navigator panel and navigate to the Tank element
template. Open the Notification Rule Templates tab.

Click on the blue View/Edit Subscriptions link in the Subscriptions section.

Expand Delivery Endpoints in the Contacts section and drag Work Order to
the Subscriptions list. You are informed that you have to configure the Web
SerVice: ) Corfiguration needed il

4. Click on the spanner icon and use drag and drop to set for the three (3) web
service methods’ parameters:

a. Forthe EquipmentName, set Tank name:Value At Start Time
(from Element Template Attributes: Tank)

b. For the FailureType, enter Event Frame:Name
(from Event Frame Properties)

c. Forthe ActionToTake, enter Level Excursion:Value At Start Time
(from Event Frame Attributes: Tank level Excursion)

Web Service Configuration

Web Service Address I http://localhost:B5/WorkOrderGenerator2013/service Lasmux

Web Service I Servicel
Web Method | NeviWorkGrder
Parameters

MName Value Type

Equipmentiame System.String | Tank Mame:Value At Start Tamel”

FailureType System.String | Event Frame.'NamelI

ActionTotake  System.String | Level Excursion:Value At Start Time L”

( ) OSlI=0ft. Page 271



Building PI System Assets and Analytics with Pl AF

5. Click on OK.
6. Check In the changes.

To verify the work order entries:

After some runtime, several new level limit violations will have happened for Tank01
and Tank02.

1. Select Event Frames in the Navigator.

2. List the event frames for the Search named Tank Level Excursions Last 30
Minutes (if still displayed from previous activities, click on the Refresh button
in Pl System Explorer Toolbar)

3. Select a new event frame. Select Annotate... from the context menu. The
Annotations lists that notification has been sent to two (2) subscribers.

Comment

Motification sent to 2 subscriber{s),

4. Open SQL Server Management Studio and connect to PISRV01 and access
the dbo.WorkOrderGen table contents again. Verify whether new work order
entry/entries have been added.

Note: the work order database accepts event frame names with a maximum of 50 characters. If
names are too long, no entry is made is made in the table
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9.7.6 Exercise — ABC Mining Company Notifications (optional)

This solo or group exercise is designed to maximize learning in a specific
topic area. Your instructor will have instructions and will coach you if you
need assistance during the exercise.

Exercise Objectives

e Create a new analysis to detect tire pressure problems (implement into
general truck template)

e Create a new analysis to detect low gas level problems (implement into
general truck template)
Distinguish the different root causes of truck problems

e Create corresponding notification rules (apply to general truck template)

e Create custom format to provide detail information about the issue in the
notification email

Problem Description

ABC Mining Company wants to set up two types of alerts, which will be configured
later for sending emails to the manager on duty (studentO1@pischool.int).

ABC Mining Company management wants to be alerted under the following
circumstances:

e Tire Pressure is more than 3 psi below or above the nhominal pressure value
for more than 5 minutes. Severity for this problem is Critical.

e If any vehicle’s gas tank has less than 50% gas left, they need to be aware so
they can schedule a return to the refueling station.
Severity for this problem is Major.

Approach

In order to build the analyses and notification rules that can be applied to all types of
vehicles, the target element template must be one common to all vehicles (in this
case the base template General Truck).

1. Create a new event frame template Truck Operation Issue with following
attributes: Actual Tire Pressure, Gas Tank Level and Issue Root Cause.

Create a new analysis template Tire Pressure Monitoring.
Create a new analysis template Gas Tank Level Monitoring.

Create a new notification rule template Truck Problem Notification and use
the Event Frame Search option to generate notifications whenever there is a
new event frame based on the Truck Operation Issue template. Subscribe
studentO1 to it.
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5. Duplicate the Global Default Email format and change the new format Truck
Problem Email so it will send emails of the following format:

Tue 17372017 422 P

Notifications
Truck SP6 Issue (2017-01-03 16:21)

To  studentOl
Truck Problem Notification: GasT ankL evelT ool ow
Severity: Major

Tire Pressure: 51 9628219604492 pai
Nominal Pressure: 25 psi

Gas Tank Level: 158.354915433554 T3 gal
Gas Tank Capacity: 317 T3 gal

Use the following information how to set up the email fields:

Tue Lr3f2017 422 P

Notifications
Truck SP6 Issue (2017-01-03 16:21)

To  student0l Event Frame name {r

Notification Rule HName

Truck Problem Notification: G asT ankL evelT ool ow
Severity: Major 4

Event Frame Attribute Value:

Issue Root Cause

wvent Frame Security

Tire Pressure: 91 9628219604492 pa

Nominal Pressure: 95 pal Information from the
Element Template Attributes

(General Truck)

Gas Tank Level: 158 354913435524 175 gal
Gas Tank Capacity: 517 TS gal

o o4

6. Assign the Truck Problem Email format for emails to studentO1.
7. Checkin.
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10. AF Best Practices

The following recommendations provide some guidelines on how to best setup your
AF asset structure based on experience from existing AF installations.

Be aware that in real life you cannot follow all these recommendations!

All elements should be based on a template
Even if the template has no attributes in the beginning

Easier maintenance

o All elements at the same level should be of the same type
Enterprise at the first level, Site the second level, Area the third, etc.

Easier use of relative references from child-elements

o Do not only consider Bottom-Up approach
Try to achieve a well-designed structure, plan for the usefulness of the
AF model
e Categories for elements attributes and analyses
Organizes large numbers of attributes/elements
A fast way to search for elements and attributes

e Always set the unit of measure explicitly
P1 Point attributes: set source unit for the tag
Formulas: set units for all variables and the result
Analyses: use the Convert() function
Avoid defaults

e Use inherited templates = (i Element Tempiates
-1 () AssetTemplate
~— (g CondensorTemplate
— (@ HeatExchangerTemplate
— ([ ProcessColumnTemplate
- (& PumpTemplate
- % PistonPumpTemplate
b & MembranPumpTemplate
' (G TurboPumpTemplate

Allows Flexibility but keeps the standardization
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¢ Build Different Views specific for your users Elernents
Use element references B g___“g;a“;:r”ses View by Division
i B (@ chemicals Division
B ﬂ Houstan

- (5 00 - Equiprent List

E| (F Flow Meters

§ b ) HOUFM 001

- (3 HOU FM 002
G HOU FM 003

B (3 Geography .

B & Houston View by Geography
El- (@ Chemicals Division

| g9 00-Equipment List

H - 3 Flow Meters

(F HOUFM 001

G HOU FM 002
- [ HOU FM 003
. Centralerilode
e Use Enumerations Benera
. . . Name: ControlerMode
Limit the choices that N
can be entered in attributes [ Hexadecmsl  Searity
Value Plame Description
[i] Marual Marual Mode
1 Auto Automatic Mode
2 Cascade Cascade Mode
3 3 Program Frosgram Mide
4 Prog-Auto Automatic Program Mode
e Use Hierarchies of Attributes
Group details or aggregations on a different level
= oF Level i5.3097891 8075562 %
i «F Level 2Hoursfgo A,12112993962402 %%
= ¥ Level ZHoursAverage 40,8897792753879 %

e Use all Data References
Many options with Table Lookup and for String Builder

o Keep relational data in relational database
Link AF Tables to results and views

Use Cache and Parameters
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‘ AF Community Library

https://pisquare.osisoft.com/community/all-things-pi/af-library

To improve your AF Skills visit the AF Community Library in Pl Square!

The library is full of tips and tricks, displays, hierarchies, and templates here. See
what others are working, ask for feedback or collaboration, and start exploring how to
use Pl AF to address your business problems.

To learn more about best practices with AF, explore the Asset Based Example Kits
that are available from the AF Community Library! The Asset Based Pl Example Kits
are designed to help you learn how to apply asset- based Pl to common, industry-
specific business objectives.
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11. Final Exercise

11.1 Modeling a Wind Farm in AF

This solo or group exercise is designed to maximize learning in
a specific topic area. Your instructor will have instructions and
will coach you if you need assistance during the exercise.

Exercise Objectives

Design a complete AF database.

¢ Choose the optimum tools to perform the requested tasks efficiently.

¢ Understand the difference between importing AF tables and linking Microsoft
SQL Server tables.

e Explore the AF attribute categories.

Problem Description

You have 50 Wind Powered Turbine units in your wind farm and you have Data
Archive tags built for them. The engineers have interesting data in various
spreadsheets. You also have maintenance data in a Microsoft SQL Server. You
would like to integrate all that data into AF using a common template.

Approach

We will create an asset database primarily using the PI Builder tool. Much of the
work will be accomplished within Microsoft Excel.

There is a spreadsheet pre-configured for you to use in this exercise:
TxLakeWindFarm_WPUs.xlsx

The Data Archive tags used in this exercise are already created.
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Modeling the assets

1.
2.

Create a AF database TxLake Windfarm to represent the wind farm.

A top-level element should be created under which you will create all the wind
turbines (i.e. Wind Farm).

Elements

I Elements
B ( TxLake Wind Farm

Configure a Wind Turbine Template and create an element for the first wind
turbine based on the template.

Elements

_ Elements
= ﬁl TxLake Wind Farm
(-~ & WPU_TxLKEDDL

Create two AF tables: WPU Models Specifications (information about the
four wind turbine models is obtained from TxLakeWindFarm_WPUModels
spreadsheet) and WPUs Identification (information about the fifty turbines is
obtained from TxLakeWindFarm_WPUs spreadsheet). Both files are located
in the C:\Class\Exercises\04_TxLake Wind Farm folder

Hint: Information on how to import data from an Excel File into an AF Table can be found
in the exercise solution section.

Configure the necessary attributes to model the data available in the two
tables.

Create and configure the necessary attribute templates to model the real-time
data coming in the Data Archive tags (TxLakeWindFarm_Tags.xlIsx).

Open the TxLakeWindFarm_WPUs.xIsx spreadsheet to see how many
turbines this wind farm has and then use a blank spreadsheet to create the
AF elements using Pl Builder. The wind turbines are to be called
WPU_TxLKEOQO1, etc. and based on the same template.

Validate that the wind turbines were created by opening PSE.

Hint: Because the tag naming convention includes the wind turbine name, it is possible to use
substitution parameters in the template to populate the Pl Point data references.
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Importing SQL Server data

9. Create a new AF table linked to the wind farm maintenance system (Microsoft

SQL Server database: WindFarmMaint)

Under Table Properties, select Link. In the

dropdown for Connection, select <Build>

Use the Microsoft OLE DB Provider for SQL

Server driver.

Enter the Microsoft SQL Server instance
name you noted at the beginning of this
exercise.

Use Windows authentication.

Enter the Microsoft SQL Database name you

noted at the beginning of this exercise

Link to the TxLakeMaint table (SELECT *
FROM TxLakeMaint).

EF| Data Link Properties b4

Provider Conmection  Advanced Al

Specify the following to connect to SQL Server data:
1. Select or enter a server name:
|PISRVD1 || Refresh
2. Enter information to log onto the server:
(®) Use Windows NT Integrated security

() Use a specific user name and password:

Blank password Allow saving password
3. (®) Select the database on the server:
WindFamMaint ~

() Mtach a database file as 3 database name:

WindFarmMairt

Test Connection

Cancel Help

Table Import &J

MName: TxlakeMaintenance DataBase

Description:

Connection: | Zii=

QLOLEDE. 1;Integrated Sec

Query: SELECT * FR.OM TxLakeMaint

Retain Query Information Prompt For Password

[ OK ] I Cancel I

10. Create and configure the necessary attribute templates to model the data available from

the Microsoft SQL Server relational database.

11. Create attribute categories to organize the attributes into logical groupings.

About Attribute Categories

Categories can be used for various AF objects, such as the attributes. Attribute Categories are
used to group attributes together so it is easier to look, search or perform aggregations on the
attributes of a AF model. Categories are not extensively used in client applications like Pl
ProcessBook or Pl Datalink. However, certain analytics, like the roll-up calculation, take

advantage of this feature.
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Adding Analytics

12. Add an attribute to show the last hour’s average generated power (kW). This is a running
average over the last hour on the instantaneous generation attribute (.GenWatts tag).
There is no need to archive the result of this calculation.

13. Add an attribute to show the WPU effectiveness or yield (%) with the following formula.
The results of this calculation should be historized. The calculation should be executed
every minute. Backfill 1 hour worth of data for the first 10 wind turbines.

Power / Rated Power * 100

14. Calculate the Total Power Generated for the whole wind farm in MegaWatts by using a
rollup analysis.

Tracking important Events

15. Lake Wind Farm’s engineers would like to keep track of high-speed winds; knowing the
duration of wind gusts (speeds faster than 90 mph) is essential for performance analysis.
Furthermore, engineers need to know what the average rotor speed and the maximum
power generated are during a wind gust. Backfill the events for the last hour for all wind
turbines.

Visualizing the data (Optional)

16. Complete the PI ProcessBook display TxLakeWindFarm_WPUStatus.pdi and make it
Element Relative to monitor the wind turbines of the TxLake Wind Farm.

17. Use PI Vision to visualize the high wind speed events.
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12. Exercise Solution Section

12.1 Azure-based learning (VLE) setup

There is a dedicated setup in Azure (cloud based computing service from Microsoft),
which is prepared to perform the exercises of this class. The setup consists of the
following two machines: PIDC.PISCHOOL.INT (domain controller) and
PISRVO1.PISCHOOL.INT (application server). The training is carried out on
PISRVO1.

The Windows domain accounts available for this training are: student01, student02,
student03, and student04. For localized environments, the following accounts have
to be used:

German: de-student01, de-student02,de-student03, de-student04
Spanish: es-student01, es-student02,es-student03, es-student04
French: fr-studentO1, fr-student02,fr-student03, fr-student04
Japanese: ja-student01, ja-student02,ja-student03, ja-student04
Korean: ko-student01, ko-student02,ko-student03, ko-student04
Portuguese: pt-student01, pt-student02,pt-student03, pt-student04
Russian: ru-student01, ru-student02,ru-student03, ru-student04
Chinese: zh-student01, zh-student02,zh-student03, zh-student04

The Mail Server is configured to support the following student accounts:
studentO1@pischool.int, student02@pischool.int, student03@pischool.int and
student04@pischool.int.
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12.2 Exercise Solution: Applying Expression Analysis Syntax

Problem

Solution

Hints

Get a ten-minute
“rolling” average of the
SensorX attribute

TagAvg(‘'SensorX’, *-10m’, *’)

The TagAvg() function gives
the average of a tag over a
given time period.

Get the time-weighted
total for the SensorY
attribute over the last
24 hours, but only if at
least 80% of the values
used in the calculation
are considered “good”.

IF

PCTGood(‘SensorY’, *-24h’,
“*)>=80

THEN TagTot(‘SensorY *, *-24h’,
5*!)

ELSE NoOutput()

or

TagTot('SensorY *, *-24h’, **'| 80)

If... Then... Else... statements
can be used in the PE syntax.

The PCTGood() function gives
the percentage of “good”
values for a tag.

The TagTot() function gives
the time-weighted total of a tag
over a given time period.

The amount of time the
Mode attribute was
“Manual” during the
past four days.

TimeEQ(‘Mode’,'t-4d’,’t',"Manual”)

TimeEQ()

The amount of time returned is
in seconds.

Display “Overload”
when the Level
attribute is greater or
equal than 90,
“Normal” when
between 10 and 90
(excluding the
boundary values), and
“Empty” when lower or
eqgual than 10.

If ‘SensorX’ >= 90 then
“Overload” else if ‘'SensorX’ <= 10
then “Empty” else “Normal”

If... Then... Else... require the
ELSE clause to be present.

(@ osi-o.
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12.3 Exercise Solution: ABC Mining Trucks

Step-by-Step Solution

1. Create tags required for the exercise from the file
ABCMiningCompany_Tags.xlsx located in
C:\Class\Exercises\03_ABCMiningCompany (or the location specified by your

instructor).

(not required in case you are using the Azure-based learning (VLE) setup)

2. Create two tables Truck Model Specifications and Truck Identification.
To avoid manual entry, tables can be imported from files
C:\Class\Exercises\03_ABCMiningCompany\Truck Identification.xml and

C:\Class\Exercises\03  ABCMiningCompany\Truck Model Specifications.xml.To

import the tables, select File > Import from file. Verify the result under Library

> Tables:
Truck Identification
‘General Tabls |Define Tahle I Wersion I
Truck Identification
|
I | License Plate Model
t Ca HYR427 MiningCar
D SP2 CA HRZE45 MiningCar
SP3 CA HBEE139 MiningCar
SP4 Ca HARS90 SuperCarry
SRS & HEEDZ1 SuperCarry
SPa A HOBIS2 SuperCarry
SPT CAHOT263 MineR.unner
PG A HEESGS MineR.unner
Truck Model Specifications
"General Table |DeFine Tahle I Yersion I
Truck Madel Specifications
|
Model Gas Te_ink Marminal Cil Maminal Tire
Capacity Level Pressure
O o B 25 =
I SuperiZarry 317 34 95
MineRunner 500 60 125
*
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3. Create the Base Template. From within PSE, select Library > Templates >
Element Templates > New Template.

= Templates !
o Gy Element e
EI & Gen ml Mew Template
L B @ Arrange By
& |#] Refresh
d Iﬂ Taril 28 Paste
E- @@ B Import from File...
[ Maodel Te -
- l? Notficatic Bxport to File..
(- iy Transfer | Delete Al
(- 2y Enumeration S *
[ %, Reference Tyy & Security...
[ Tables
(7 Elements
2 Event Frames
|4-] Library
- Unit of Measure
@ myPI
 Notifications
4 Contacts

4. Name the template General Truck.

General Truck
General | Attribute Templates | Ports | Analysis Templates |

Mame: I

5. Select the Attribute Template tab.
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6. In the white space, right-click, then select New Attribute Template or select
the New Attribute Template button in the menu.

:—Eé

Mew Attribute Template

Column Visibility k
Expand All
Refresh

Paste

Delete All... =g Mew Attribute Template

Or

7. Create the attributes standard to all the trucks.

Group by: [~ Category | Template

Mame: IGas Tank Level

Description: Iﬁmount of gas left in the Tank
Configuration Item: [ Indexed: [
Cateqgoties: IGBS Tark
Default UOM: [ gallon =l
‘ralue Type: IDnuble j
Default Yalue: IIZI 115 gal

Data Reference: IPI Poink ﬂ

Setkings...

1 Serveric ¥eElement %, Gaslyl; UoM=0U3 gal
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Attribute Type Data UOM Settings
Reference
Actual Oil Level Double | Pl Point liter %Element%.OilLvl
Actual Tire Double | PI Point psi %Element%.TireP
Pressure
Gas Tank Capacity | Double | Table us SELECT [Gas Tank
Lookup Gallon Capacity] FROM
[Truck Model
Specifications]
WHERE Model =
@Model
Gas Tank Level Double | PI Point us %Element%.GasLvl
Gallon
License Plate String Table SELECT [License
Lookup Plate] FROM [Truck
Identification]
WHERE ID =
‘%Element%’
Model String Table SELECT Model
Lookup FROM [Truck
Identification]
WHERE ID =
‘%Element%’
Nominal Oil Level Double | Table liter SELECT [Nominal
Lookup Oil Level] FROM
[Truck Model
Specifications]
WHERE Model =
@Model
Nominal Tire Double | Table psi SELECT [Nominal
Pressure Lookup Tire Pressure]
FROM [Truck
Model
Specifications]
WHERE Model =
@Model
Tripmeter Double | PI Point mile %Element%.Trip
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8. Create a derived template for the truck model with GPS Data.

P

El Templates
& [ Element Templates Default 4
B G
e Gy Tru |— Mew b ||'(F Mew Element
& Event Frame T| )
: Categorize, .. W
B Model Templat 7, g el Mew Template
G- Motification Te Find " | af)  Mew Derived Template |
B ~i§ Transfer Temp @
. afl Mew Referenced Template
------ 2y Enumeration Sets ] Refresh ] _
E- %, Reference Types 33| Copy =4 Mew Attribute Template
EI Tables ~ #%  MewPort
------ ﬁj Table Connections FIELE
. IJE Mew Analysis Template
E; Export to File...
g8  Add Template Reference...
«  Ched: Out I

9. The Truck with GPS Data template is derived from the General Truck base
template.

Truck with GPS

General |Attribute Templates | Ports | Analysis Templates |

Mame:
Description:
Base Template:

Catenories:

ITrun:k with GPS

IGeneraI Truck

10. Add attribute templates for GPS Latitude and GPS Longitude to the template
for the Truck with GPS:

Attribute Type Data UOM Settings

Reference
GPS Latitude Double | PI Point seconds | %Element%.GPSLat
GPS Longitude Double | Pl Point seconds | %Element%.GPSLat
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11. Check in and refresh the Browse window, If you right-click Elements
Template in the tree on the left hand side, you have the option to arrange
templates by template inheritance. That way you will see the relation between
the templates. The default is to arrange by name.

== e et e

EI Templates
= &4 Element Templates
P & General Truck

fo (G Truck with GPS

12. Create individual elements for the eight (8) trucks currently operated by ABC
Mining. Name them according to the initial table with vehicle listing.

&
(5]
el
b=
m
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13. Verify all the expected fields are present in the individual elements
representing the appropriate model. Truck SP1 is shown below for reference:

STE
-Generall Child Elements ~ Abtributes |P0rts I .ﬂ.nalysesl 'u'ersionl

| L -]
& @2 Name 2 Yalue @ |

s B | F Actual Oil Level 26, 2267799377441 L

&% Actual Tire Pressure &4.00991521 28906 psi

E i=| Gas Tank Capacity 5210 15 gal

&% Gas Tank Level 127 797164916992 LS qal
=] License Plate CA HYK427

=1 Model MiningCar

=] Nominal Oil Lewvel 251

=] MNominal Tire Pressure a7 psi

<7 Tripmeter 52 mi

14. Verify all attributes are being updated based on the Pl Points. For example,
Gas Tank Level is based on %Element%.GasLvl but the tag should be listed
as SP1.GasLvl with the appropriate Element ID in place of %Element%

Group by: [ Categary I Template

MName: IGas Tank Level

Description: I.ﬁmnunt of gas left in the Tank

Configuration Item: r

Categories: IGas Tank ___.||

Default UOM; IL.IS gallon

Value Type: IDnubIe

Value: |150.6842956 54297 US gal

Data Reference: IPI Point j
Settings... |

Vipisup2014\5P 1. GasLvl;UomM =05 gal

15. Add a new UOM class Fuel Efficiency that has unit-of-measure MPG as its
canonical unit.
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16. Add the Fuel Efficiency calculation to the base template. As mentioned in the
hint, the Fuel Efficiency can be calculated using the gas tank level, trip meter,
and gas tank capacity. Assign MPG as the Default UOM.

Group by: [ Category r Template
Mame: IFueI Efficiency

Description: I

Configuration Item: r

Cateqaries: ISEtisﬁcs =]

Default UOM:  [MPG

Value Type: IDuubIe

Value: |1.28127956733107 MPG

Data Reference: IF.;.rmuIa j
Settings...

C=Gas Tank Capacdity;L=Gas Tank Level;T=Tripmeter; [T/{C-L]]

17. Add a further unit-of-measure Liter per 100 km (abbreviation: 1/100km) to
UOM class Fuel Efficiency.
Enter the formulas as below:

&’ Unit of Measure Properties I [ |
General |
MName:
Abbreviation: IIJ’ 100km
Description: I

Canonical UOM: IMPG

Reference UOM:  [MPG |
Method: Type
" simple % Formula

MPG = [235 /1/100km

If100km = [235 [ MPG

oK I Cancel Apply

18. Add Fuel Efficiency (European Units) as a child attribute for Fuel Efficiency.
Assign L per 100 km as default UOM. Use a Formula Data Reference and
refer to the Fuel Efficiency. Set Result UOM to MPG:

(‘ OS' Il e Page 291



Building PI System Assets and Analytics with Pl AF

Group by: [ Category I Template

MName: IFueI Efficiency (European Units)

Description: I

Configuration Item: r

Categories: ISEtisﬁcs _AI
Default UOM: |L per 100 km

Value Type: IDuubIe

Value: |183.4104U 1595266 |/100km

Data Reference: IF.;.rmuIa j

Settings...

F=|Fuel Efficency; [F];UOM=MPG

19. After adding this to the base template, check in the template, then verify the
elements have the fuel efficiency attribute added.

SP1
.Generall Child Elements ~ Attributes |P0rts I Analysesl 'u'ersionl

|i ! @ & Name & Yalue @ |

= Category: Gas Tank
= =1 Gas Tank Capacity 21003 gal
s B | ¢F Gas Tank Level 83.7376861572266 US gal

= Category: Identification

= =] License Plate CAHYK427
= =1 Model MiningCar
= Category: Oil
;@ 0' Actual Oil Lewvel 26, 2085742950439 L
=] Mominal Oil Lewvel 251

= Cateqary: Skatistics
E|'§'" =1 Fuel EFficiency 1.25136309632934 MPG

] = | Fuel EFficiency (European Lnits) 91 |f100km

= Category: Tire Pressure
&% Actual Tire Pressure 84.3212127685547 psi
=] MNominal Tire Pressure a7 psi

= Cateqary: Trip Daka

s B | ¢ Tripmeter 158 mi
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12.4 Solution: How to import data from an Excel File into an AF Table

The following steps describe how to import data from an Excel file (here:
TXLakeWindFarm_WPUModels.xlIsx, located in c:\class\Exercises\04_TxLake Wind
Farm folder)

H B TeLakewvindFarm MPLUModels - 2014215z - Excel T EHEH - O X
HOME  IMSERT  PAGELAYOUT  FORMULAS  DATA  REVIEWY  WIEW  PIDATALIME. PIBUILDER  Tearmn =
M Calibri -ln - == e =3 General - E[%Conditional Formmatting - E‘“Inser‘t - %
; Lﬁ g~ B I U~ A A === - 5 -9 0 GFormatasTahle' E" Delete ~ Editing
aste e
. ~ . D A == - n 4 cell Styles - ] Farmat + -
Clipboard e Font T Alignment o Mumber Shyles Cells ~
A5 - ,f‘\v: 1.5s W
A B C D E F G H I~
1 Wodel Manufacturer Rated Power (kW) Blade Length (ft] Total Height (m)
2 Wa0 Westas 2000 143 123
2 |5T4 Siemens 1630 135 111
4 TT1 Gamesa 2000 128 a7
5 |1.55 .lGE 1500 116 93,95
&
7
@ -
Models * 1 »

HH M -——F———+ 100%

Step-by-Step Solution (64-bit Pl System Explorer)

In Pl System Explorer, navigate to the AF table or create one as described in Create
AF tables.

1. Inthe Library pane, expand the Tables node, and select New Table.
The table details display in the right pane.

2. Click Import.
The corresponding window opens.

3. Click Build.
The Data Link Properties window opens.

4. On the Provider tab, select the provider according to the version of Microsoft
Office that you are using and click Next.

For Office 2007 and higher: select Microsoft Office 12.0 Access Database
Engine OLE DB Provider.

Note: though we have Excel 2016 (16.0.4266.1001), do not select Microsoft Office 16.0
Access Database Engine OLE DB Provider
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5. On the Connection tab, specify the following and click OK.
Data Source
The location and file name of the workbook:
c:\class\Exercises\04_TxLake Wind Farm\TXLakeWindFarm_WPUModels -
2014 .xlsx
User Name

Login credentials of a user that has been granted read access to the
database or workbook. Keep Admin, blank password.

6. Onthe Advanced tab, in the Access permissions list, select Share Deny
None.

7. On the All tab, select the Extended Properties value and click Edit Value.

The Edit Property Value window opens. Enter: Excel 12.0

8. To verify that the spreadsheet is accessible, return to the Connection tab
and click Test Connection.

9. If the settings are valid, a Test connection succeeded message displays.

To dismiss the window and return to Pl System Explorer, click OK.

10. To define the data to be returned from the spreadsheet, enter an SQL query
in the Query field. To dismiss the window, click OK.

Into the query line, enter: SELECT * FROM [Models$]

11. To review the resulting data, examine the Table tab. If the query is specified
correctly, the tab contains a table displaying the results.

12. To save your changes, right-click the table node and choose Check In.

Step-by-Step Solution (32-bit Pl System Explorer)
1. Open the .xIsx file in MS Excel and Save as Excel 97-2003 Workbook (.xIs).
2. Follow the same steps as above.

As Provider, select Microsoft Jet 4.0 OLE DB Provider
Under Extended Properties, for Excel 97 — 2003, enter Excel 8.0
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13. Resources

13.1 Training Options

The OSlsoft Training page is located at https://learning.osisoft.com.

x

L) )| @) httpsy/learning.osisoftcom/default O~ adl P &e;

@) Home Page - OSlsoft Leami... %

E Cart (Empty)

el cart s procsad o checket

Virtual Learning “lassroom Training dnline C s fouTube Learning
Environment nel

Things to Do = Course Descriptions + Course Descriptions =+ Watch a Video on Our
‘YouTube Leaming Channel
23 Where Do | Start?  Training Center Locations = Register for an Online
Course # Solutions for Blocked Users
3 Schedules by Location = Register Now
+ FAQ % Download Our YouTube
i Browse the Course Catalog = Request a Class at Your Site Videos
= Visit the Learn Pl Space on
=1 Ask a Question = Download Course Materlals Pl Square

=1 Check Out the FAQ Page

Upcoming Classes

'
0Slsoft. ] Building Asset Hierarchies with PI AF Online Course (English)

EMEA USERS CONFERENCE. Jun 13- Jul 01, 2016 | Online
28, 2018

BERLIN, GERMANY + SEPT 26-

Building P! System Assets and Analytics with Pl AF (English)
REGISTER NOW } Jun 14 - Jun 17, 2016 | Houston, USA.
—

o - Pl System Administration for IT Professionals (English)
YOUR Jun 14 - Jun 17, 2016 | San Leandro, USA

(Espafiol) (Spanish)

Pl Systs inistration for IT
Jun 14 - Jun 17, 2016 | Ciudad do Mexico, Mexico

Visualizing Pl System Data (English)
Jun 14 - Jun 16, 2016 | Philadelphia, USA

Building P System Assets and Analytics with P! AF {Espafiol) (Spanish)
Jun 21- Jun 24, 2016 | Ciudad do Mexico, Mexico

PI System Administration for IT Professionals (English)
Jun 21- Jun 24, 2016 | Ponsenby, New Zealand

Pi System Architecture, Planning, & Implementation (English}
Jun 21- Jun 24, 2016 | Houston, USA v

®100% v
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13.1.1 Instructor Led Training

Instructor led training at our public training site - Our classic offering - Learn about
the PI System at OSlsoft Training Centers with classes in several languages and
growing!

Instructor led training at your site - Our personalized offering - Learn with customized
curriculum and get coaching at your site, at your time, with your data!

13.1.2 OnLine Training

Small Private Online Courses - Our latest offering - Learn about the Pl System from
your own office or home, on your own schedule, with your own data! For more
information go to https://pisquare.osisoft.com/community/Master-PI

On Demand Learning: YouTube Channel - Learning Anywhere, Everywhere - Learn
about the PI system by watching any of our 1000+ free videos on You Tube! Playlist
for various topics are available to help guide you through your training topic.

VLE - Virtual Learning Environment - is a fully functional Pl System running in our
Microsoft Azure cloud. We have a wide array of defined labs, from Pl ProcessBook
to AF to developer technologies.

13.2 OSlsoft Community

Pl Square is OSlsoft's Community. Here you can make connections with
e other OSlsoft employees and customers;

o Pl Dev Club to assist in your development projects;

Page 296 (‘s OSI



Resources

13.3 Tech Support

We recommend visiting the Tech Support site, http://techsupport.osisoft.com.

Lﬂ OSlsoft Tech Support Enter & keyword..

- My Stppert contactbs froubieshooting .

Things to Do Ask the Community My Downloads Pl System Roadmap
=4 Generate a License File Search Knowledge Base Browse All Downloads Pl Server
=3 Open a Support Case Watch Learning Videos My Download History Pl Visualization
= Download Software Browse the Live Library Pl System Access
= Update My Profile System Manager Resources Search for Interfaces
Sign In Product Alerts Product Releases
User Name April 10, 2014 April 8, 2014

Security Bulletin - Heartbleed Vulnerability PlInterface for DNP 3.0 v3.1.2.54 is released
Password

April 8, 2014 April 8, 2014

From here you have many options.

You can download anything your company is licensed for using the Download
center.

You can view OSlsoft’ s Roadmap to get information about the most current
releases and predicated release dates and features for new version or
products.

You can login and view your support calls, both currently open and previously
closed.

You can also search through our Knowledge Base to try and troubleshoot any
issues you may be having on your own.

The phone number and email address for OSlsoft Technical Support:

Phone: (01) 510 297-5828 US or search
https://techsupport.osisoft.com/Contact-Us/ for your local contact number.

E-Mail: support@osisoft.com
Before you contact Tech Support, collect
o the name of the product and the version number..

o Determine the PI version and build numbers using the Operation >
Version option in SMT.

o Get computer platform (CPU type, operating system, and version
number) as follows:
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= On Windows, right-click on My Computer icon and select
Properties tab.

= On UNIX, type uname -a

o Note the time that the difficulty started, and be prepared to report the
contents of the message log at that time. The message log is found in
the Operation > Message Log Viewer option in SMT.

o You will likely also need the PIPC log covering the applicable time
range. This log is located in \\pipc\dat.

13.4 Further Questions

For questions about Licensing, if you are in the US, you can find your salesman
listed at http://www.osisoft.com > Contact Us > US Sales. If you are outside the US
you can find your salesman listed at http://www.osisoft.com > Contact Us >
International Sales.

For questions about existing Support Issues, you should call technical support at 510
297-5828 or visit http://techsupport.osisoft.com > My Support > My Calls.

For questions about unresolved training issues, contact your instructor or email
learning@osisoft.com.

For all other questions, please contact our Customer Service group via email at
customerservice@osisoft.com.
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14. Software Versions Used in this Document

The list below describes the software versions used in this version of the course.

Software Version
Windows Server 2016

Data Archive Server 2018 SP2 (3.4.425.1435)
P1 System Management Tools 2018 (3.6.3.30)

AF Server 2018 SP2 (2.10.5.9050)
Pl System Explorer 2018 SP2 (2.10.5.9050)
Pl Analysis Service 2018 SP2 (2.10.5.9050)
P1 Notifications Service 2018 SP2 (2.10.5.9050)
Pl Vision 2017 R2 Update 1 (3.3.0.9)
Pl Web API 2017 R2 SP1 (1.11.0.640)
PI Datalink 2019 (5.5.0.0)

P1 ProcessBook 2015 R2 SP2 (3.6.2.271)
Microsoft Office (64-bit) 2016

Microsoft SQL Server (64-bit) 2014 (12.0.2000.8)
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15. Appendix A Substitution Parameters

Defining the Substitution Parameters

The substitution parameters are listed in the following table. The ones in bold are the
commonly used “Name” substitution parameters.

Parameter

Will be replaced by this object’s name:

%..\Element%

The name of the owning element of the element in which
the attribute resides. To retrieve further ancestors, use the
‘.. notations, such as %..\..\Element%.

%|Attribute%

Name of the root attribute or attribute template that holds
this data reference.

%..|Attribute%

The name of the owning attribute in which the attribute
resides. To retrieve further ancestors, use the ‘..
notations, such as %..|..|Attribute%.

% @Attribute%

The value of the attribute referenced. To retrieve further
ancestors, use the ‘..| notations, such as
%@..|..|Attribute%.

%\Element%

The name of the root AF Element in which the attribute
resides.

%<Environment
Variable>%

The matching System Environment Variable’s value. For
example %COMPUTERNAME% is replaced with the
name of the computer on which the Data Reference is
executing.

%Analysis%

The name of the analysis if it can be obtained from the
context.

%Attribute%

The name of the attribute that holds this data reference.

%Attributeld%

The attribute ID that holds this data reference.

%Database%

The name of the AF Database in which the attribute
resides.

%Description%

The description of the attribute that holds this data
reference.

%Element%

The name of the AF Element in which the attribute resides.
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%ElementDescription%

The description of the element in which the attribute
resides.

%Elementld%

The element ID that holds this data reference.

The local end time if it can be obtained from the time

%EndTime% context

%Model% ;:I'gﬁtgstme of the model if it can be obtained from the
The name of the default Data Archive of the AF Database

%Server% in which the attribute resides.

%StartTime% Igr?ttle?((ial start time if it can be obtained from the time

%System% The name of the Pl System in which the attribute resides.

%Time% The local time if it can be obtained from the time context.

% UtcENdTime% The coordinated universal (UTC) end time if it can be
obtained from the time context.

oUteStartTime% The coordinated universal (UTC) start time if it can be
obtained from the time context.

% UtcTime% The coordinated universal (UTC) time if it can be obtained
from the time context.

A The current reference

[]

The default object of the parent collection. For example
A\Elements[.] |Temperature returns the temperature
attribute from the primary element of the current
reference’s Elements collection.

[@filter=text]

The search string in text (e.g. Tank*) matches the given
filter. Supported filters are: @Name, @Index, @ Template,
@Category, @ReferenceType, @Description, @Type,
@UOM.

[@Index=#]

Returns the result at location # from the collection result.

For a complete list refer to “Substitution parameters in data references” in Chapter
“Configuration of data references” in the PI System Explorer User Guide, version 2015,

p. 124 ff.

(@ osi-o.
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16. Revision History

Revision Reviewer Description
2010 Martin Bryant Initial version of the Building Pl System Assets
and Analytics with AF class workbook.
2012 Linda Payne Revision to include comments from instructors
after few classes’ delivery.
2012b | Louis-Philippe Pagé-Morin | Revision to include new features of the 2012
2014 Alejandro Molano AF 2.6 Update, added Asset-Based analytics
chapter, Event Frames chapter and EF
visualization using Pl Coresight and PI Datalink.
2015 Linda Payne, Gerhard Replaced Pizza Delivery Vehicles by Mining
Polenz Trucks Application, updated for Azure-based
learning (VLE) setup
2015a | Linda Payne, Gerhard Updated for Pl Server 2015
Polenz Revised chapter AF Object SecurityTerm, added
chapter for Future Data
2015b | Gerhard Polenz Revised exercise 6.2.3 (PIVOT table), Changed
chapter 9.6 (Future data now created by AF
Analysis),
added chapter 12.6. How to import data from
Excel
2016a | Gerhard Polenz 2016 Software Upgrade.
Coresight related parts rewritten, EF-related
exercises revised, attribute traits, attribute
properties, multiple Asset views, ACE optional
2016b | Gerhard Polenz 2016 R2 Software Upgrade.
Complete re-write of the Notification section
2016¢c | Gerhard Polenz new VLE VM security, new student passwords
2017 R2 | Gerhard Polenz 2017 R2 Software Upgrade, Coresight->PIVision
2018 Gerhard Polenz VLE based on Windows 2016 Server (PISRV01),
added DisplayDigits, removed PE, Totalizer and
ACE chapters
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