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Spartan Controls – Automation Support Network in Western Canada

2

Institutional Educational Training

Spartan Controls Regional Offices

Spartan Controls Education Centers

Spartan Controls Burnaby

DeltaV Systems

Spartan Controls

Employees 1,040

Locations 15

DeltaV Systems >500

DeltaV I/O Install Base >600,000

Automation Specialists >150

Verified Business Results $510M 

CO2 Emission Reduction  400,000T

Expert Services
System Upgrades

Advanced Process Control

Digital Twin Simulation

OT Data Analytics 

Alarm Management

Procedural Automation

Networks & Cybersecurity

Education & Training

Local Training to Over 5,000 Students/Year 

NSERC Senior Industrial Research Chair in Control

Educational Institutes with DeltaV & Training Curriculum

Education Seminars (Bi-Annual)
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Emerson Automation Solutions 
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Legacy Control Systems – You May Have One of These…

Bailey Infi90 Allen Bradley PLC5 Quantum Modicon Moore APACS
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Why modernize? Justifications

• Hardware obsolescence 

• Spares availability and high cost of obsolete parts (risk)

• Limited support 

• Plant expansion

• Take advantage of new technology (Smart MCCs, Advance Process Control, 

Smart Instruments)

• New environmental regulations

• Lower costs, increase throughput and improve quality 
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Control System Upgrade – Lots to Consider

Controllers

HMI

3rd Party 

Connectivity

Networks

I/O & Wiring

Wireless

SCADA

Total Installed and 

Commissioned Cost (TICC)
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Challenges

• Fear of loss of service

• Past projects have been over-budget and late

• Existing plant documentation is poor or non-existent

• Space availability restrictions

• Tight schedule during outage 

• On-line/Off-line migration and Wiring Cutover

• Fear of safety/environmental, interlocks or logic being missed

• Operator “buy-in” / MOC

• Costs
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Project De-Risking Process

FEED

DESIGN

IMPLEMENTATION

HW/SW INTERNAL 

TESTING

HW/SW FACTORY 

ACCEPTANCE TESTING

SITE INSTALLATION

SITE ACCEPTANCE 

TESTING (SAT)

LOOP CHECKS

FUNCTIONAL CHECKS

CUTOVER

DESIGN AND TESTING
SITE IMPLEMENTATION
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Aspects of implementation, install and commissioning

• Panels

• Wiring and I/O

• Networking

• Logic

• Consoles / Graphics

• Alarming

• Historians / Interfaces to other systems

• Documentation

• FAT / Operator training

• Commissioning

• APC enhancements
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Controller Replacement – The “Brain” of the Control System

• Upgrade legacy controller with modern controllers

• Improve availability with redundancy

– Controller card

– Power Feed

– Power Supplies

– Network Ports

– Network Communication

• Replace legacy communications (ie Coax) with redundant 

fault-tolerant Ethernet communications

• Take advantage of Ethernet protocols such as Ethernet/IP, 

Modbus TCP, etc. for Smart MCC/VFD/PLC Integration
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Improving System Availability for Controllers by Consolidating

7 Controllers

Non-Redundant

2-3 Controllers

Redundant
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Panels – New Panels 

• Cleanest solution

• No downtime – can be pre-

installed

• Field wiring is re-terminated so 

time may not permit this 

(typically requires shutdown)

• Extra space in Electrical or IO 

rack room may be required
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Panels – Use existing panels – May Require Downtime

New Hardware pre-mounted on backplaneRemove old hardware



Experience Industrial Innovation
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How to Tackle Legacy Wiring & I/O Installations?
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Wiring & I/O Considerations

• What is the status of the existing wiring?

• How old? Does it need to be replaced?

• Replace I/O “in-place” or install new field “Smart Junction Box” with Remote I/O?

• Develop clean I/O list matches what’s in the field

• Clean up “dead” I/O

• I/O hardware can vary considerably
– Signal types, voltages, power requirements, flexibility, footprint, arrangement, termination type

• Not all discrete DIs and DOs are the same
– Existing wiring techniques may not work with new I/O

– Output rating of new vs old may be different.  (1A vs 100mA)

– Isolated vs Non-Isolated

– Location of Power (Field Powered vs Panel Powered)
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Types of I/O

Traditional Card I/O
• All I/O cards currently available: bussed, analog, discrete, etc.

Ethernet I/O
• Open Standards - Ethernet/IP, Modbus, Profinet, IEC-61850

• Redundancy & PRP

CHARMs I/O
• Single Channel Flexibility & Integrity

• Smart Junction Boxes

Wireless I/O
• WirelessHART Gateway

WIOC
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Junction Box
Cabinet 

Technician

Challenges with Legacy Wiring

Field Termination 

Assembly Terminal 

blocks

Multi-cores from field

http://images.google.com/imgres?imgurl=http://www.gkayindia.com/images/zoom/multicore-cables.jpg&imgrefurl=http://www.gkayindia.com/multicore-wires.html&usg=__9QCrMOXLZUK7OTOKN-zUjll4lo0=&h=500&w=400&sz=105&hl=en&start=5&tbnid=p3UCUU50Ob7T7M:&tbnh=130&tbnw=104&prev=/images?q=multicore+wiring&imgsz=m&as_st=y&gbv=2&hl=en
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Remote I/O – Installation Flexibility

• Flexible Installation

– Single Channel I/O (CHARM)

– 12-96 I/O per CHARM I/O Card

– Upside down/sideways mounting options

– Displace junction box or marshalling terminations

• Environmental flexibility

– Mount inside or in the unit

– Indoor / outdoor locations – extreme temperatures
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Retrofit I/O Cards / Keep Existing Cabinets
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Retrofit Horizontal I/O Termination Panels / FTA with CHARMS I/O

Keep Existing Wiring
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Wiring – Consider Footprint & Panel Space

PROVOX Term Panel pre-upgrade 

8 & 16 I/O Term panels

DeltaV CHARMs IO Panel post-upgrade 

24 I/O  Baseplate Migration Panels
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Electronic Marshalling – Easy Modernizations

Typical Marshalling I/O FTA Cabinet

(Field Termination Assembly)

Fits perfectly in the FTA 

footprint

Sets of 12 twisted pairs 
to match existing field 

wiring

Conditioning terminal 
blocks (CHARMs) 
match field wiring
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Retrofit Vertical I/O Termination Panels / FTA with CHARMS I/O

Keep Existing Wiring
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Retrofit Marshalling Panels with Electronic Marshalling CHARMS I/O

Freeing up Rack Room / E-Room Space 

Emerson Confidential
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Wiring – Clean up Wiring, Labelling and Panduits

Before During After
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Wiring Too Old / Messy?  Move I/O to Field and Abandon Old Wiring

BEFORE

POOF POOF
POOF

AFTER

Standard Junction Boxes
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Smart Junction Boxes Design Philosophy

Fiber Optic 

communications to 

controllers

35

Design Once

Build Many

Standard Sizes – 48, 96
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Aspects of implementation, install and commissioning
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• Consoles / Graphics

• Alarming

• Historians / Interfaces to other systems

• Documentation

• FAT / Operator training

• Commissioning

• APC enhancements
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Networking

• Perform audit of networking required

– Determine number, location and 

types of network switches

• Determine what new fiber (>100m) 

and copper cabling needed

– Redundant networks (primary / 

secondary) 

– PLC / Field device networks

– CCTV

– Business Networks

– Fiber backbone & patch panels

• Install as much as possible prior to 

conversion
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Plan for Cybersecurity in Your Network Design
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Logic

• Do control narratives exist and are they current?

• Do you need to reverse engineer what is there? 

• Who verifies the narratives or documents from reverse-engineering?

• Use bulk import tools where possible (Excel - ranges, tuning values)

• Build standards and thoroughly test (critical first step)

• More efficient logic/Better comments

• Better information to operators (what’s holding out a motor)
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Logic - Caution

• Be leery of copying code from the legacy system

• Dead code not removed

• Legacy code does not take advantage of new control capabilities

• This applies to both control strategies and graphics

• With “As Found”, You’re paying to extend the life, but you don’t get any 

improvement
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Logic – Developing Standards Documentation
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Control System Software Setup – Library / Templates

Library of Reusable Objects

Control Modules

Device Templates
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Standardized & Structured Logic

Auto-generated

(as-built in the DeltaV System)

Existing Logic Code

Project Experience 

Library

DeltaV
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Logic – Improve Consistency & Speed with Standard Templates

• AI

• DI

• DO

• On/Off Control

• PID

• Totalizers

• On/Off Valves

• Motors
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Control System Software Setup – Control Modules & Sequences

Control Strategies

Regulatory Control

Sequences

Advanced Process Control 
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Control System Software Setup – Logic Modules

Easy to Maintain & 

Standardized
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Logic to HMI Device Diagnostics



Experience Industrial Innovation

Logic to HMI Device Diagnostics – Motors / Interlocks & Logs

50Emerson Confidential
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• Increase production

• Improve operator efficiency

• Reduce risk

• Improve ease-of-use

• Increase stable plant operations

• Optimize plant operation

• Reduce unplanned events

Why Change Graphics?

Drive Operating 

Efficiency 
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• Location

• Facilities

• Security

• Abnormal Operations

• Communications

• Traffic and Routing

• Entrances and Exits

• Environmental conditions

• Cleaning

• Maintenance

• Visitors

• Supporting Information storage

Control Room Design

ISO 11064-2
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• (ISO 9241 parts 3 and 5)

• Console Layout

• Viewing angles

• Sit / Stand

• Other equipment

• Anthropometric design 

(P5 / P95)

Console Design

Emerson Confidential

ISO 11064-4
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Console Layouts

• Arrange an operator’s available 

screen real-estate and define 

regions for:

– L1 Overview displays

– L2 Area displays

– Alarm banners, etc.
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Integrated Operations

INTEGRATED 
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Graphics – L1 / L2 / L3 Navigation

Overview

Detail
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Designing ISA-101 High Performance Graphics - Operator Performance

Human 

Centered 

Elements
Main Display

Toolbar

Easy Navigation 

w/Alarm Rollups

Faceplate 

w/Embedded 

Trending

Alarm Banner
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Improving User Experience

Visual approach to information: 

• Out-of-box color themes 

• “smart” loop/tag dynamos for control 

displays

• Color-coded borders for alarms and 

abnormal condition indication

• PV, SP & alarms limits shown graphically

• Easy click option to show or hide tags and 

tag names
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Diagnostics for Operators

Bad I/O Interlock Active

Bypass Active No Permissive

Simulation Active Active Suppressed Alarm

Mode Not Normal Module Not Running
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High Performance Icons / Elements for Operator Effectiveness

Vertical Analog Bar

Horizontal Analog Bar

Radar Plot Vertical Multipoint Horizontal Multipoint

Unit Alarm Indicator Control Valve Block ValvePumpNumeric Indicator
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Graphics – audit and markups
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Graphics Technology

Modern console graphics technology:

• HTML5

• Vector Based Scalable Graphics

• Template based icons

• Mobile ready

• ISA-101 Compliant
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Aspects of implementation, install and commissioning

• Panels

• Wiring and I/O

• Networking

• Logic

• Consoles / Graphics

• Alarming

• Historians / Interfaces to other systems

• Documentation

• FAT / Operator training

• Commissioning

• APC enhancements
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Alarming

• Modify graphics so alarms are distinctive

• Full alarm rationalization (major task) per ISA 18.2

• Clean up nuisance alarms with conditional alarming

PT

P100

PI100 LO_ALM enabled when pump 

has been active for 10 seconds
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Embedded Alarm Help Enables Operator Guidance



Experience Industrial Innovation

Aspects of implementation, install and commissioning

• Panels

• Wiring and I/O

• Networking

• Logic

• Consoles / Graphics

• Alarming

• Historians / Interfaces to other systems

• Documentation

• FAT / Operator training
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• APC enhancements
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Historians / Interfaces to other systems

• OPC connections

– Enterprise Historian

• PLC’s

– Serial connections

– Ethernet connections

• Remote Access

Firewall

Enterprise 

Historian

Plant LAN
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Enterprise Historian & Reporting System Design

Connect, Collect and 

Contextualize

Connect data sources from and store the 

data for analysis and decision.

Visualize and Analyze

Feed insights from analytics into your 

workflow and visualize operations status.

Apps, Collaboration and 

Workflow

Applications for functions, enable 

collaboration and drive proactive 

operations management.

Plantweb Optics Portal

COMPONENTS ASSETS UNIT OPERATIONS PLANT

Instrumentation & 

Automation
Operations

Reliability & 

Maintenance

Safety & 

Environmental

Plantweb Optics Data LakePlantweb Optics Connectors

Plantweb Optics Analytics

RCA

Historian

AR

Mobile

Inspections

Emerson 

Sources

Machine Learning
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Electrical Smart MCC/VFD Interfacing
Professional 

Plus

DeltaV Area Control Network

Operator 

Workstation

Engineering 

Station

DeltaV Controller 

Firewall

L2

Industrial 

Networks 

Firewall

Modbus TCP

Electrical subsystem 

network

Network Switch
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3rd Party PLC Interfacing & Data Mapping

Emerson Confidential

Emerson Confidential

Select Ethernet/IP 

for the Port

Data Mapping 

Tables

Enter IP Address of Field 

Target device

1

2
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Remote Access & Support

Customer Site

Repair Recommendations, 

Collaboration, or Services

Remote Support

Control System

Remote Access
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Field device & electrical network

DeltaV network

PK Controller

PLC

Remote Access Architecture

DMZ network

Remote Access Server(s)

Protection

Relays & 

RTAC
VFD

Smart Motor

Controllers

Business & Remote

CHARMS

Expert Network Design Services 
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Aspects of implementation, install and commissioning

• Panels

• Wiring and I/O

• Networking

• Logic

• Consoles / Graphics

• Alarming

• Historians / Interfaces to other systems

• Documentation

• FAT / Operator training

• Commissioning

• APC enhancements



Experience Industrial Innovation

Documentation

• This is your opportunity to get documentation updated:
– Wiring

– Control narratives

– Safety & alarming

– Operating procedures, 

– P&IDs

– Instrument and motor databases

• Document motor settings on smart MCCs

• Network layout, IP addresses

• Firewall settings

• User accounts

• Backup and restore procedures

• MOC process 
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Aspects of implementation, install and commissioning

• Panels

• Wiring and I/O

• Networking

• Logic

• Consoles / Graphics

• Alarming

• Historians / Interfaces to other systems

• Documentation

• FAT / Operator training

• Commissioning

• APC enhancements

• Other considerations
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FAT Testing - Hardware

Minimize Start-Up Issues with Thorough  FAT Hardware Test (Pre-Ship)

• Power & Grounding

• Communications

• I/O

• Redundancy Test

• Drawing Review

• Interface Testing
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DeltaV DST

Control 

Modules

DeltaV 

Operate

Other SIO Bridges DeltaV SIO Bridge

IO / Equipment Models 

Process Models

Test Bench
Operator Training 

Manager

Mimic™ Simulation Software

IO Registers 

Control 

Modules

HMI

Other Control 

System Simulator

Instructor Station

Operator Station

Field Operator

Engineering Station

Simulation for FAT Testing, Operator Training & Virtual Startup
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All I/O Can Be Simulated Automatically With Mimic Software

● Low fidelity models typically used for Factory 

Acceptance Tests

● High Fidelity models used for Operator Training

DeltaV PID Control Module
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FAT Testing - Software

IO Panels not required – simulated I/O to test configuration

Process simulators are ideal for testing sequences

Multi-disciplinary team approach

Operator Training Systems (Prior to Startup)
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Aspects of implementation, install and commissioning
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• Documentation

• FAT / Operator training
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• APC enhancements

• Other considerations
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Commissioning

• Organization is important

– Divide migration into sections so continuous progress and focus can be 

achieved

– Group similar tasks vs areas,  more efficient to do 20 of the same device 

type (motors) vs a few of many different types (transmitters, valves) 

– Work in teams – operator, programmer, IE tech

• Take advantage of new technology

– Wireless tablets for commissioning, startup

– Smart Commissioning tools to auto-commission and test devices

– AMS to configure devices at control system (instead of in the field)
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DeltaV – Built in AMS Device Configurator for Remote Commissioning 

Built-in to DeltaV

Zero Configuration
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REDUCE COMPLEXITY 

OF DEVICE 

COMMISSIONING

Automated processes

Configure devices in less 
time and use less 
resources

Smart Commissioning

85
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On-Line Wiring Cutover Solutions

Analog Output Cutover Switch

Transition analog outputs on-line!

• Cutover tool used on-loop at a time

• Simple procedure for performing cutover

• Small investment

• No downtime!
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Commissioning

• Commission when construction, maintenance, and operation activities are low.  

Ex) 4pm to midnight or night shift

• Communicate with alternative technology, cell phone, text messages, short 

wave radios

• Plan adequate resources so teams don’t get burnt out

• Fix problems immediately if possible so don’t have to loop back (unless it is 

going to be a major fix then document it and come back to it)
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Aspects of implementation, install and commissioning
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• Logic
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Advanced Process Control Enhancements

• Automated start-up/shutdown sequences have significant value

• Complex control – utilize model predictive control (MPC)

• Operators are learning new controls so kill two birds with one stone
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Advanced Users Deploy State-Based 

Control (ISA-106) 
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Click

Advanced Users Deploy State-Based 

Control (ISA-106) 
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Advanced Users Deploy State-Based 

Control (ISA-106) 
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Conclusion

• Following these steps can achieve an on-time, on-budget migration

• Get existing documentation up to date and keep it there

• No surprises with late changes

• Meet tight schedule during outage or live migrations

• Verify all logic is accounted for and any old code is removed

• Improve and enhance operator efficiency

• Set yourself up for success for the next 20+ years.
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Contact Me

Andrew Yick

604-355-2050

Yick.Andrew@spartancontrols.com


