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Data Centric Instrument Technological Revolution

 Owner Operator Guide to Data Centric Emerging Smart Technology
 New Process Measurement and Control Technologies are Increasing and 

Emerging at an alarming rate and most are Data driven
 New and Emerging Smart Technologies:

 Measurement Chip Sets = Smart = Data
 HART Instrument Protocol = Smart = Data
 Instrument Bus Networks = Digital = Data
 Wireless Instrumentation = Networks = Data
 Web Centric Applications = Cloud = Data
 Plant Operating Networks = Systems = Data
 Bluetooth Instrumentation = Connectivity = Data
 Remote Programmable I/O = Networks = Data
 Electronic Instrument Marshalling = Data



Data Centric Instrument Technological Revolution

 The Emergence of Data Centric Instrument Systems has caused the 
decline of some Technologies

 Outdated Instrument Technologies:
 Pneumatic Instrumentation
 4-20 mA Analog Signals
 Hardware Based BPCS
 Dedicated DCS Consoles
 I/O Buildings and Rooms
 Multi-core Homerun Cables
 Switch and Hardwired Logic
 Discrete Field Switches



Obstacles to acceptance of Smart Instrumentation

 Outdated or Ignored Instrument Standards
 Capability of CAE Software to Document New Tech
 Under Trained or Uninformed Engineering User Base
 Owner Operator Acceptance of New Technologies
 Obstructive Paradigms to New Technologies:

 “This is the way we’ve always done it”
 “It is not secure enough for our use”
 “We don’t know how to maintain it”
 “This technology is too complex”
 “This technology is not proven”
 “It will confuse our Operators”



Updated Instrument Standards for Owner Operators

 ANSI/ISA 5.1-2022 - Instrumentation Symbols 
and Identification has significant changes over 
the previous versions ANSI/ ISA-5.1- 2009 or 
ISA-5.1-1984 (R1992) 

 This standard has been updated to include 
New and Evolving Instrument Technology, 
Control Systems and Computer Networks

 Instrument Types and Naming Conventions as 
defined on the P&ID dictate the Instrument 
Types used by Smart Instrumentation



ANSI/ISA-5.1-2022 – Added Definitions for P&IDs

 Analog vs Digital Instrument Systems
 Application Software for Graphics and Data
 BPCS – Basic Process Control System 
 HLCS – High Level Control System
 SIS – Safety Instrumented Systems
 Communications Protocols 
 Computer Control System
 Data Link – TCP/IP Protocols 
 Detector – Process Function signal converter
 Discrete Signal (it is not Digital any longer)
 Field Instrument - Hardware vs Software



ANSI/ISA-5.1-2022 – Table 4.1 Identifier Letters

 Added Identification letters to Table 4.1
 C – “Close” Modifier
 D – “Deviation” Modifier
 G – “Gauge” Function
 O – “Open” Modifier
 R – “Run” Modifier
 S – “Stop” Modifier
 W – “Probe” Function
 X – “Accessory Device”
 Z – “SIS” Variable Modifier



ANSI/ISA-5.1-2022 – Table 5.1.1 Symbols

 Column A - DCS - BPCS
 Primary Shared Control System (DCS)
 Basic Process Control System (BPCS)

 Column B - PLC - SIS
 Alternate Shared Control System (PLC).
 Safety Instrumented System (SIS)

 Column C - Software
 Computer Functions and Software
 High Level Control System (HLCS)

 Column D - Hardware
 Discrete Primary Elements, Transmitters and Indicators 
 Discrete Final Control Elements and Control Valves



ANSI/ISA-5.1-2022 – Table 5.2.2 Notations

 Table 5.2. is a new table for Measurement Notations and has added 
several New Technology Functions and descriptions



ANSI/ISA-5.1-2022 – Table 5.2.3 Symbols

 Primary element symbols with several new symbols for special Orifices 
and Measurement Technology



ANSI/ISA-5.1-2022 – Table 5.3.2 Signal Symbols

 Added Line symbols with new symbols and signal types for Wireless, 
Fieldbus, Smart and Serial Communications



ANSI/ISA-5.1-2022 – Table 5.3.4 Final Elements

 Final control element actuator symbols with new Valves with positioners 
and partial stroke testing device symbols



ANSI/ISA-5.1-2022 – Annex A Identification system 

 Annex A has expanded Tables for Allowable Loop, Tag & succeeding 
letter combinations for instrument type functions

 Added Function modifiers PF = Ratio,  PQ = Total,  PS = Safety & PZ = SIS   
- ISA now recognizes over unique 1000 Instrument Type identifiers



Documenting New Technology in Smart P&ID

 The P&ID Defines all Elements of the Instrument Technology
 Use the Latest Instrument Symbols 
 (ANSI/ISA-5.1-2022)

 Show Every Bubble, Tag and Valve 
 (No “Implied” Tags)

 Show the Signal Type and Technology 
of Every Element

 Be Mindful of the Smart P&ID Data 
Properties, Integrity and Quality

 Expect and Use Data Integration to 
other Smart Software Applications



Documenting New Technology in Smart Instrumentation

 Smart Instrumentation has the Ability to Document any New 
Technologies with Minimal Modifications
 Define New Instrument Types for 

Emerging Technologies
 Develop New Spec Forms for New 

Tech Devices
 Document Fieldbus and Profibus 

with the Wiring Module
 Document Networks using the 

Telecommunications Module



How Engineers Cope with New Technology

 Because Emerging Technologies are developing at such a rapid pace it is 
necessary for Control Systems Engineers to:
 Get Additional Training on New or Emerging Technologies
 Attend User and Vendor Conferences and Seminars
 Attend Lunch & Learns on New Products and Technologies
 Use Knowledge Management Systems for Collaboration
 Become Subject Mater Experts centered on New Tech
 Work directly with Vendors to develop New Technology
 Join Standards Organizations and Serve on Committees

 Control Systems Engineers need to bring Answers about New 
Technology to the Owner Operator Clients – Not Questions!



Owner Operator Acceptance of New Technology

 When it comes to New and Emerging Technologies – 
 “The Customer is Not Always Right!”
 It is the Engineering Companies responsibility to keep up 

with New Technologies and Advise Clients Accordingly
 Operating Companies hire EPC’s to do the engineering 

expecting the companies to engage current Best Practices
 Clinging to Existing Technologies will Create Built-in 

Obsolescence when Developing New or Updated Facilities
 Owner Operators and Engineering Companies Share the 

Risk when the latest Standards are not followed



Owner Operator Acceptance of New Technology

 Accepting New or Emerging Technology may require a Paradigm Shift 
by the Control System Engineers and Owner Operators
 Self Knowledge – Educate Yourself about New Tech
 Interaction – Work with Engineers and Vendors on New Tech
 Adaptive Thinking – Accept Change when Using New Tech
 Digital Literacies – Embrace Data Centric Instrumentation



Owner Operator Acceptance of New Technology

 Paradigm - “This is the way we’ve always done it”
 Most Existing Plants are more that 10 Years Old and the 

Measurement and Control Technology is long outdated
 Digital Technologies are more accurate and dependable
 Digital Technologies are more efficient than 4-20 mA Analog 

and high demand instrument air supplied technologies
 Emerging Technologies of today will be “the way we’ve always 

done it” of the future

"Consistency is the last refuge of the unimaginative" 
~  Oscar Wilde



Owner Operator Acceptance of New Technology

 Paradigm - “We don’t know how to maintain it”
 Almost all obsolete, and difficult-to-maintain analog technology 

for Measurement and Control systems in the U.S. have been 
replaced with digital systems aver the last 10 to 20 years

 The advantages of digital technology is improved diagnostics 
capability and system reliability requiring less maintenance

 Digital instrumentation has been in place in some installations for 
over 20 years and current calibration and maintenance 
equipment are designed to be used with it
"I'm a visionary. I'm not a maintenance person"  

~  John Catsimatidis



Owner Operator Acceptance of New Technology

 Paradigm - “It is not secure enough for our use”
 Cyber Security and Digital Information networks are much more 

secure than previous generation technology
 Most concern about security is around wireless and networks:
 WirelessHART and ISA100.11a meets the Federal Information Processing 

Standard 197 (FIPS-179) and both are AES-128 encryption (NIST/IEEE 802.15.4) 
compliant

 Industrial Automation and Control Systems Network manufactures, Integrators 
and end-users comply with the ISA/IEC-62443 (Formerly ISA-99) set of 
Standard Documents

"We spend our time searching for security and 
hate it when we get it"    ~ John Steinbeck



Owner Operator Acceptance of New Technology

 Paradigm - “This technology is not proven”
 Proven technology has a documented track record for use in a 

defined environment to meet the specified requirements 
 Current Standards support Digital Technology
 Current Best Practices are based on Latest Tech
 Digital Instrument Systems are Proven in Use
 Equipment is Certified as Fit for Purpose
 Technology must be Competitive to Market

"In science, nothing is ever 100% proven" 
~   Michio Kaku



Owner Operator Acceptance of New Technology

 Paradigm - “It will confuse our Operators”
 Operators have more information at their disposal when using a 

modern HART or Bus based digital control system
 Applied Digital DCS, BPCS and HMI advances simplify operations
 The Equipment and Technology used to gather and connect the 

components of a modern instrument system are transparent to 
the Operators

"Many people find the universe confusing - it's not”  
~   Stephen Hawking
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“Do you realize if it weren't for Edison, 
we'd be watching TV by candlelight?” 

    ~ Al Boliska

Smart Instrumentation Training
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