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FOREWORD

This material is published as part of Contract NO00l4-
76-C-0732 with the Office of Naval Research, United States

Department of the Navy, entitled, The International Purdue

Workshop on Industrial Computer Systems and Its Work in 1

Promoting Computer Control Guidelines and Standards. This

contract rpovides for an indexing and editing of the results :

- of the Workshop Meetings, particularly the Minutes, to make 4

their contents more readily available to potential users. We
% are grateful to the United States Navy for their great help

to this Workshop in this regard.

T

Theodore J. Williams

b

PRECEDIIC PAGS BLANK-HOT e -




vii

TABLE OF CONTENTS

Page
Report Documentation Page . . . « « « v & 4 « o & 4 i
Rorenord - 50 TR S s i S AT L e TR v
List of Figurea and Table . . . . . . v ¢ « & o = ix
; Background Information on the Workshop . . . . . . xiii
; Origin of Guidelities . . & . o o hie a ek e e xvii
j IntroaueElalr Rt e e e T R S xix
? Purpose and Scope . . s Gl ai e il e e e e e xxi
How to Think About Your MMIF Design Task . . . . . xxiii
OQutline Overvlens . o LU L S L e e el e xxix
' K SECTION 1 - OVERALL OPERATIONS REQUIREMENTS 1
| 1.1 Process Requirements. 1
; .1 Process Characteristics 1
.2 Process Controls 6
! 1.2 Personnel Requirements 8
.1 Who Uses the Console 8
é 2 Modes of Operation . . <« + « » v v & « & 10
i 3 Security and Safety . . . . « . o . . . 12
F- .4 Management Objectives and Restrictions . 12
5 CGovernmeht . .o F o aiw ety e e w i3

6 BRERBE- v e e S e e e R p

SECTION 2 - CONTROL CENTER REQUIREMENTS . . . . . . 14 fl
2.1 Management Requirements . . . . . . . . . . . 14
.1 MMIF Hardware Restrictions . . . . . . . 14

: e ——— g f
:f“mnnﬁLauB BLANK-NOT FIiMep

DA
.
&




i
!
!
1
1

viii

TABLE OF CONTENTS (Cont.)

.2 Operator Restrictions
.3 Records and Logs
2.2 Environmental Factors
.1 Man-Centered Environmental Factors
.2 Machine Centered Environment Factors

.3 Physical Layout

SECTION 3 -  MAN/MACHINE INTERFACE DESIGN FACTORS
3.1 Organization of the Design Approach .
3.2 Human Factors Engineering .

Decision Making

Motivation

Arousal

Response Time .

Workloading

Encoding/Decoding .

Job Aids

Training

O 00 N O U B LW DN

Psychological "Fit" .
3.3 Translator Functional Requirements
.1 Translator-to-Man Requirements

.2 Man-to-Translator Requirements

SECTION 4 -  IMPLEMENTATION
4.1 Methodology .

4.2 Presentation

Page
15
B
18
18
20
20




ix
£ ,
TABLE OF CONTENTS (Cont.) i
Page ;i
4.3 Mandpulabion « . .\ a o ne o e 58 ;j
P 4.4 Task-Technique Characterization . . . . . . 64 %]
é 4.5 Device Usage Characteristics . . . . . . . . 67
; 4.6 Example Evaluation Trée . . . . . . « v+ . 74 !
SECTION 5 = GRESSARY . . ool o e L o s
|
i 5.1 Supplementary Glossary . . . . . . . . . . . 78
SECTION 6 - BEBETOGRABREY e s o 79

6.1 Supplementary Listing of Man-Machine
Interface Articles and Books . . . . . . . . 87




g T
W en v

xi

LIST OF FIGURES AND TABLE

Figure numbers used here are the same as those assigned
to these figures in their previous publication in the Minutes

of the International Purdue Workshop on Industrial Computer

Systems.
Page
INTRODUCTION
FIGURE i.1 - The Man-Machine System
Model . Il SOEC RC hl d
SECTION 1 -  OVERALL OPERATIONS REQUIREMENTS
1.1 MMIF Guideline Flowchart
FIGURE 1.0 - Personnel Subsystem . . . . . 2
- Process Subsystem . . . . . . 3
SECTION 3 -  MAN/MACHINE INTERFACE DESIGN FACTORS
3.2 Human Factors Engineering
FIGURE 3.2 - General Internal Operator
MOTE L TN T e R ek e 28
SECTION 4 - IMPLEMENTATION
4.3 Manipulation
FIGURE 4.3 - Manipulative Device
Glaggifiegtion . . . . & .« & 60
4.4 Task-Technique Characterization
FIGURE 4.4.1 - Task Technique
Characterization. . . . . . .« 65
FIGURE 4.4.2 - Example Information
Organization T 66
4.5 Device Usage Characteristics
FIGURE 4.5.1 - Fixed-Function Keyboard
Characteristics o e N 68
i ) T e — ‘ Wiy

F it I

T




xii

LIST OF FIGURES AND TABLE

Page
FIGURE 4.5.2 - Variable Function Keyboard
Chsrdcreristice . o, il a6
FIGURE 4.5.3 - Light Pen Characteristics . . . 70
FIGURE 4.5.4 - Touch Screen Characteristics . 71
FIGURE 4.5.5 - Voice Recognition
' Charaeteristies . ., . , .« . T2 ;;
} 4.6 Example Evaluation Tree &
FIGURE 4.6 - Example Education Tree . . . . 73 ?;
TABLE 4.2 - Presentation Tasks, Techniques

and ‘Devices . . . . .« .« .« « & 51

T.‘.._...f‘—__.wﬂ

B o b AR ion s o




xiii

BACKGROUND INFORMATION ON THE WORKSHOP

The International Purdue Workshop on Industrial Computer
Systems, in its present format, came about as the result of a
merger in 1973 of the Instrument Society of America (ISA) Com-
puter Control Workshop with the former Purdue Workshop on the
Standardization of Industrial Computer Languages, also co-
sponsored by the ISA. This merger brought together the former

workshops' separate emphases on hardware and software into a

stronger emphasis on engineering methods for computer projects.

Applications interest remains in the use of digital computers
to aid in the operation of industrial processes of all types.

The ISA Computer Control Workshop had itself been a re-
naming in 1967 of the former Users Workshop on Direct Digital
Computer Control, established in 1963 under Instrument Society
of America sponsorship. This Workshop in its annual meetings
had been responsible for much of the early coordination work
in the field of direct digital control and its application to
industrial process control. The Purdue Workshop on Standardi-
zation of Industrial Computer Languages had been establsihed
in 1969 on a semiannual meeting basis to satisfy a widespread
desire and need expressed at that time for development of
standards for languages in the industrial computer control
area.

The new combined international workshop provides a forum
for the exchange of experiences and for the development of

guidelines and proposed standards throughout the world.
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Regional meetings are held each spring in Europe, North
America and Japan, with a combined international meeting each
fall at Purdue University. The regional groups are divided
into several technical committees to assemble implementation
guidelines and standards proposals on specialized hardware
and software topics of common interest. Attendees represent
many industries, both users and vendors of industrial compu-
ter systems and components, universities and research insti-
tutions, with a wide range of experience in the industrial
application of digital systems. Each workshop meeting fea-
tures tutorial presentations on systems engineering topics by
recognized leaders in the field. Results of the workshop are
published in the Minutes of each meeting, in technical papers
and trade magazine articles by workshop participants, or as
more formal books and proposed standards. Formal standardi-
zation is accomplished through recognized standards-issuing
organizations such as the ISA, trade associations, and
national standards bodies.

The International Purdue Workshop on Industrial Computer
Systems is jointly sponsored by the Automatic Control Systems
Division, the Chemical and Petroleum Industries Division, and
the Data Handling and Computations Division of the Instrument
Society of America, and by the Internatioual Federation for
Information Processing as Working Group 5.4 of Technical

Committee TC-5.
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The Workshop is affiliated with the Institute of Electrical
and Electronic Engineering through the Data Acquisition aﬁd Con-
trol Committee of the Computer Society and the Industrial Control
Committee of the Industrial Applications Society, as well as the
International Federation of Automatic Control through its Com-

puter Committee.
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ORIGIN OF GUIDELINES

This is a reprint of the set of guidelines developed by the Man/Machine
Communications Committee of the International Purdue Workshop on Industrial

Computer Systems.

The Committee:

R. F. Carroll, Chairman
Joseph S. Alford
Paul M. Augenstein
Robert A. Williamson
Renzo Dallimonti

Bob L. Hartway

Fred J. Martino
George T. Paulissen
Daniel R. Shern
James B. Fortier
Donald G. Kempfer
Thomas M. Furlan
John Zarrella

Richard D. Thompson

Affiliation
B.F.Goodrich Chem. Co.
Eli Lilly & Co.

Taylor Instruments

The Foxboro Company
Honeywell Inc.

Los Alamos Scientific Lab
Macro Corp.

Shell Development Co.
The Procter & Gamble Co.
PPG Industries

Standard 0il of Ohio
Inland Steel

Acco Bristol Div.

Applied Automation Inc.

DISCLAIMER

The committee recognizes that the present form of the Guidelines
raises more questions than it answers. This is because its original
intention is to provide the designer only with a proper state of

mind . . . . . one which prepares him for receiving useful information
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rather than the information itself! Also, the term "man" is used only
as a convenience term to imply operator, person, human or mankind,

whenever the latter terms could have been more specifically utilized.
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INTRODUCTION

The growing use of computer control systems with their large information
and control data bases is focusing increasing attention on the problem
of interfacing the human operator in the system with the process and the
control computer. There is much that remains to be learned about the
optimum coordination of men and machines, and the need to specify and
design operating interfaces is a current problem in every process con-
trol project.

There is a need for a systematic approach to the design of man/machine
interfaces. These guidelines are an attempt to provide an orderly
thought process for the ultimate specification of an effective MMIF,

or operator's console, as opposed to the details of implementation. It
is intended to be both process and interface device independent.

The guideline is organized in a "top-down" format. The primary deci-
sions relating to the overall scope of the job to be performed are
examined first. Out of this top-level view, the requirements that im-
pinge upon interface design are identified and ultimately combined with
human factors engineering to create a functional specification.

To provide a frame of reference, a Man/Machine System Model is postu-
lated which is diagrammed in Figure i.1l. Two important subsystems are
defined:

The personnel subsystem
The machine subsystem

The Man/Machine Interface (MMIF) is that boundary between the two sub-
systems across which information and control manipulation flows. In
physical terms, it is typically the face of a console which contains
displays and keyboards of various types. The hardware and software
behind this boundary participates in translating human inputs to control
signals and process inputs into data displays for humans. It will be
termed the Man/Control System Translator. The boundary between this
translator and the computer is called the Man/Computer Interface or
MCIF. In a similar fashon, we have the Process/Computer Translator, and
the Process/Computer Interface, or PCIF.

The guidelines develop an approach which:
ks Reviews the objectives of an overall system operation and

helps identify a set of constraints for the process and per-
sonnel subsystems.

2o Identifies important characteristics of the operations control
center relevant to the system's constrained objectives.
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3. Identifies important characteristics of the human operator
relevant to the control center.

b, Identifies the important functional characteristics of the
MMIF.

5. Considers implementation techniques of the MMIF from consi-
deration of these functional requirements.

THE MAN-MACHINE SYSTEM MODEL

" TPERSONNEL SUBSYSTEM : N MACHINE_SUBSYSTEM
e MMIF
CONTROL
ENVIRONMENT : M/Cs IF SYSTEM o
Psychological '
Physiclogical TRANSLATED MCIF
OPERATOR/PROCESS
{} r__Lu_ml_wmo >
HMIF /COMPUTER
OPERATIONS —— i prideins oy COMPUTER
SUPERVISOR : (CONSOLE)
: {
u \ PCIF
f
PLANT JOB AIDS OR é :
| MANAGEMENT OTHER PERSONNEL | i
DIRECT TRANSLATOR
OPERATOR/PROCESS . ’
INFORMATION §E$E§g§i$kv
Sl | CONTRO!. (IF USED)
- PROCESS
CCRPORATION 0D! oC
| e, orriow, - U T T G
EPRRp———— |
LABOR LEGAL | INDUSTRIAL INDUSTRIAL
POOL —) ] RequIRENENTS A CONTRO I A SIRAAL
I ANTUDRVICES TRANSCUCERS
= _--QL_ o e e _:7iTFf_£ =
INDUSTRIAL PLANT
OR PROCESS

FIGURE i.1
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PURPOSE AND SCOPE

Purpose:
The purpose of this document is to serve as a guideline for
the definition of a computer-directed process control opera-
tor's interface. This interface will be defined as the
"Man/Machine Interface'", or MMIF.

Scope:

This guideline is intended to be both process and device
independent. It deals with the functional requirements of the
interface and the corresponding functional methods of

implementation.

The guideline is organized in a "top-down format. The high
level and primary decisions relating to the functions to be

performed are examined first. From this, the MMIF require-

ments may finally be defined and specified.
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HOW TO THINK ABOUT YOUR MMIF DESIGN TASK

Key Points of Guideline

(Referenced by Section Number)

1. (0.0) TOP DOCUMENT

Th~ Committee views this Guideline as the TOP DOCUMENT (hitherto un-

available) for MMIF guideline literature:

Total MMIF
“.Guideline Purdue (TOP DOCUMENT) - Concept; Functional

Literature

Others (SUPPORTIVE) - Details; Configuration

This Guideline outlines a SYSTEMATIC THOUGHT PROCESS for:
(1) Identifying the STARTING POINT for design (which varies with
application: one can enter this process wherever suitable);
(2) Establishing a CONCEPTUAL design approach;
(3) Producing a FUNCTIONAL design;
and (4) Determining a METHOD for IMPLEMENTING it.

2. (0.0) PROCESS/DEVICE INDEPENDENT

Hense this Guideline is APPLICATION (process/device) INDEPENDENT.
Other references (see bibliography) provide guidelines for CONFIGURING
a functional design for a particular APPLICATION (specing of keys,

size of displays, etc.).

They are SUPPORTIVE of this Guideline and should be used with it.
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3. (4.0) INFORMATION EXCHANGE

The MMIF implements an INFORMATION EXCHANGE between MAN AND PROCESS:

N
Man < ;NFOBMAT;QN“W_Mv:> Process

3 functions are involved:

(1) GENERATION of information from process data

| (2) PRESENTATION of information to man
(3) MANIPULATION of information by man

4. (0.0) 2 MACHINES, 3 LANGUAGES, 3 TRANSLATORS

The term "man-machine-interface" is generic. In process control
2 MACHINES are involved:
(1) CONTROL SYSTEM

(2) PROCESS

CONTROL SYSTEM

b s e e e s e )

A b IN(
™
Man INFORMATION e Process

e e

Hence, 3 LANGUAGES are present:

(1) MAN
(2) CONTROL SYSTEM
¥ ! (3) PROCESS
4
1 requiring 3 TRANSLATORS, which are 3 VERSIONS of the MMIF:
b
1 CONTROL SYSTEM
&
/»- e -
Man INFORMATION > Process

M
s
-
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(1) CONTROL SYSTEM/PROCESS Interface - translates process -
sensed signals into Control System internal signals;

(2) MAN/CONTROL SYSTEM Interface - translates Control System
internal signals into human displays and controls;

(3) MAN/PROCESS Interface - entire control system considered as
translator.

* 5. TRANSPARENCY

¥ OVERRIDING OBJECTIVE of MMIF design is a completely TRANSPARENT
MAN/PROCESS TRANSLATION.
¥ AVOID IMPOSING TRANSLATOR CHARACTERISTICS on the information exchange.

6. (0.0) TOP-DOWN APPROACH

Achieve this objective by a TOP-DOWN approach to design:

(1) NEEDS FIRST - define the problem before choosing the solution;

(2) CONCEPT FIRST - a well-thought-out concept begets details which
are CONSISTENT and COMPLIMENTARY to it; changes are EVOLUTIONARY
EXTENSIONS of it;

(3) AVOID "UPSIDE-DOWN" design ~ the inverse of (1) and (2) wherein
details and changes define a new concept.

7. (3.0) 4 PHASES

This approach has i PHASES (see Figure 3.1):

I IdentifvaEQUIREMENTS (social, legal, environmental, management
policies, etc.) of L4 elements of MMIF:
(1) Personnel
(2) Plant management =

(3) Control system instrumentation ;Q{

(4) Process behavior; %
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II  Allocate FUNCTIONS among MAN (personnel) and MACHINE (control
system);

IIT Analyze TASKS to perform functions;

IV Produce FUNCTIONAL design; determine method of IMPLEMENTING

1t

7. (1.0) PERSONNEL

PLANT MANAGEMENT objectives increasingly affect CONTROL STRATEGY
! and the number, type and role of PEOPLE involved.

8. (1.0) UNPREDICTICALITY

UNPREDICTABLE aspects of process behavior are often best handled
through man's JUDGEMENTAL and adaptive capabilities.

9. (1.0) PACING

Does man PACE process (and control system), or vice-versa? BOTH
can be applicable - MAN PACES during startup; MACHINE PACES during
normal running.

Can man ANTICIPATE process behavior or only REACT?

10. (2.2) ENVIRONMENTAL PARADOX

The MMIF is usually physically bounded by the CONTROL ROOM; its
ENVIRONMENTAL ASPECTS are a MAJOR VARIABLE in MMIF performance.
PARADOXICALLY, man and control-system both CONTRIBUTE TO (noise,
etc.) and must be ACCOMMODATED BY (temperature controls, etc.) this
environment. Control room ARCHITECTURE and VISUAL APPEARANCE are
extremely important factors; it is NOT SUFFICIENT to place the MMIF
in ANY OLD ROOM.

11. (3.0) WEDDINGS

SUCCESSTUI, MMIF design are successful WEDDINGS of human factors

engineering (HFE) and control system engineering (CSE).
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HFE WEDS man to machine and vice-versa.
CSE WEDS process to instrumentation and vice~versa.
MMIF functional and physical design expresses TASK ALLOCATION

between man and control system.

3 STEPS in a METHOD of determining the APPROACH to physically

IMPLEMENTING the FUNCTIONAL design for information PRESENTATION and

(1) Specify the TASK (for example display setpoint);
(2) Determine ALTERNATE TECHNIQUES to accomplish task;

(3) Identify ALTERNATE DEVICES to implement technique.

This Guideline's TOP DOCUMENT role is FULFILLED after completing

(1) All man- and machine-dependent REQUIREMENTS are identified;

12. (4.0) TASK/TECHNIQUE/DEVICE

MANIPULATION:

* REMEMBER:

* ALTERNATES are ALWAYS AVAILABLE.

¥ there is NEVER only ONE solution.
13. (6.0) FULFILLMENT

Section 4.0:

(2) A design CONCEPT is established;

(3) It is expressed in a FUNCTIONAL design;
and

(4) An IMPLEMENTATION APPROACH is established.

Now refer to SUPPORTIVE sources (see bibliography). DETAIL the imple-

mentation to your APPLICATION.

oo
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OUTLINE OVERVIEW

Overall Operation Requirements

Process and Personnel requirements are reviewed to determine all
of the aspects that will specify or restrict the objective to be
accomplished by the man/machine interface.

1.1 Process Requirements

1.2 Personnel Requirements

Control Center Requirements

Management and Environmental requirements that may lead to require-
ments and restrictions on the Control Center itself are enumerated.

2.1 Management Requirements

2.2 Environmental Factors

Man/Machine Interface Design Factors

A series of questions and statements are listed, which when answered,
provides a restricted set of requirements for the man/machine inter-~
face. The questions and statements cover process, management, human
factors and functional requirements.

3.1 Organization of the Design Approach

3.2 Human Factors Engineering

3.3 Translator Functional Requirements

Implementation

Various methods of implementing the man/machine interface are
discussed.

4.1 Scope
4.2 Presentation
4.3 Manipulation

Glossary

Bibliography




1.0 OVERALL OPERATIONS REQUIREMENTS

Overall system operations are first examined to determine those
requirements which will define or restrict the objectives which are
to be accomplished by the Man/Machine Interface. This procedure is
exemplified by the Guideline Flow chart of Figure 1.0.

1.1 Process Requirements

The first step in the design of an MMIF should be to collect

as much pertinent information as possible about the process to :
be controlled. Considering the items mentioned in this sec-

tion will be useful in collecting this information.

-1 Process Stability and Predictability

The primary reason for including a human in the system is
to handle unpredictable aspects of the process. This is
closely related to stability since unstable processes
(such as those containing exothemic reactions) will
amplify the effects of unpredictable events.

Some typical sources of uncertainty are:

Equipment malfunction 3

Utility failure

Variability of raw materials, utilities, weather

Process disturbances or upsets

Lack of complete process knowledge

Sudden poisoning of a catalyst (as opposed to
gradual degradation)

Accommodation of the process for unusual situations
in equipment availability, energy availability,
polution control, etc.

Sensing of system behavior or characteristics for
which no automatic sensors are provided

Variables not subject to automatic measurement

"Special" or "unrehearsed" runs

On the other hand some sources of variability are readily
predictable and may not need human intervention to com-
pensate. Typical of these are gradual fouling of heat
exchanges and gradual changes in catalyst activity.

- Variables To Be Measured

All variables to be measured should be listed and described
in detail. For most variables the description should “
include:

- Normal Variables

Type of sensor b
Response time and consistency of response
Need for trend and historical data
System inertia
—— P
G ———— e »
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Expected noise and/or error
Desired engineering units
Variables derived by calculation
Expected range

Alarm settings and required action
Range and source of set points
Possible overides of constraints

In addition, variables which are difficult to
measure often require very special interface consi-
derations. For example, a variable which requires
a manual laboratory type analysis needs a defined
means of entering data into the system. On some
important variables it may be worthwhile to check
them by correlating them with other variables.

- Mode of Operation

A process may operate continuously or in a batch
mode. There is often a choice between the two which
is closely related to the control needs and to the
MMIF.

Is it a series or a parallel process?

Does the process have a number of parallel branches?
How many steps are in series and what is available
or required to surge between steps?

|
(examples) a. The above guestions can have |

an important bearing on the dis- |

3 tribution of multiple control i
3 interfaces. |
|

|

|

|

1o/ Required surge may sometimes be
reduced by careful consideration
of interface requirements.

z - Outside Constraints and Legal Requirements

The constraints placed on the process or on the inter-
face must be defined. These include policies, regula-
tions, practices, or other restrictions imposed by
management, government or unions.

For example, management or sometimes government may
require storage of historical data. Union rules may
. restrict permissible operator duties and working

hours. Any of them may impose constraints relating '
to safety.




Operating Objectives

The overall objective of the process should be
carefully defined and related to the operator's
duties.

The most common objective is to produce a product

at maximum profit. For this purpose the operator's
scope of authority must be defined and used in de-
termining what information is to be available and
what range of control is permissible. In many
situations the operator has a free reign on variables
which effect product quality but is constrained at
points limited by safety considerations.

A quite different objective is in scientific experi-
mentation. Here providing flexibility is often the
most important consideration at the MMIF.

Other possible objectives to be considered are training,
safety, and pollution control.

Measures of Performance

What are the measurements of performance of the pro-
cess, and what information does the operator need
from them for optimization?

Consideration should be given to uuuasual measure-
ments, often relating to product quality and which
may require:

-Information from remote lab or locally conducted
lab tests.

-Human judgement of product taste, smell, or other
directly observable characteristics.

-Customer or user feedback.

Environmental Effects

What effect does Meteorology have on the process?

(examples) a. Temperature of a cooling-water
system may change optimum control
strategy.

b. Air humidity is important in a

drying application.
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C. A sudden rainstorm can cause
severe disturbances in some pro-
cesses.

(5 &5 A violent storm can cause loss of
information remoted via telephone
or microwave links.

- Physical Size and Layout

The physical size and layout of the process are very

important to the MMIF requirements. A process which

has everything written the operators need or view

will have substantially different communication and
! interface requirements than one which is spread over
a larger or otherwise non-viewable ares.

Provisions should also be made for possible future
expansion of the plant.

1.1.2 Process Controls

The desired control of a process is directly dependent on
the proper operation of the hardware and software used to
gather and display the process parameters of interest.

- Process Control

The objective of each control loop should be studied
and related to the plant objectives and to the
operator's duties.

Where complex control algorithms and strategies are
used, thought must be given to the degree of under-
standing needed by the operator. Is it necessary to
understand the process, the strategy, or just the
MMIF? In some cases it may be beneficial to display
complex control schemes schematically for the opera-
tor, the supervisor or the engineer. Complex schemes
include such things as adaptive or multivariable
control or a change of algorithm depending upon
conditions.

With a display it is feasible to spell out emergency
recovery procedures. The value of this should be
considered.

It is important to consider the consequences of
control system failure in terms of important process
variables, unit and plant integrity, and personnel
safety. Provisions for fail-safe operation, manual
or automatic backup, or redundancy must be studied.

Plant startup and shutdown imposes special require-
ments on the control system. Planned frequency of
4 ' shutdown influences MMIF design. There may be
B | economic or safety justification for some automatic
pr- sequencing of startup and shutdown operations.

st
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Special Functions

Various aspects of system performance pertaining to
the control system can typically be tested and moni-
tored on-line. These might include:

Proper operation of analog and/or digital
filters.

Inactivating a loop on line in order to cali-
brate sensors (e.g. gas analyzers, amplifiers
in the signal-computer interface, etc.)

Deliberate load or setpoint-pulsing of system,
on line, to optimize controller settings,
obtain loop frequency responses, etc.

Deliberate changing (or sweeping) of controlled
variables to obtain wide-ranging data base
needed for model generation or updating.

On line frequency analysis of data for purposes
of evolving inputs to control schemes. Post
mortem analysis and reporting to and in the
analysis of a system failure.

Variables to be Displayed

The consideration of the above functioning of pro-
cess controls then logically leads to the variables
of the process that should be displayed and mani-
pulated.

All variables to be measured and associated with the
operation of controls should be listed and described
in detail. These variables might include:

Operator's feedback indications of hardware
controller setpoint, gain, reset, and/or rate
settings.

Indication of above parameters (and addresses
for digital control algorithms.)

Valve position indication (control valves,
scanning valves, etc.)

Relay status.

Hardware controller status (Computer-mode,
local-mode, bypassed, etc.)




=

—
.
[
.

Computer-Process hardware interface status
(e.g. is process interface generating pulses,
shorted out, etc.)

Hardware-controller utility status (instrument
air pressure, power supply voltages, steam
pressure and/or temperature).

Electrical continuity of all hardware status
alarm lights. (Lamp Test)

Descriptions of the variables should include
consideration of response time, type of sensor,
expected range, alarm settings and required

! action, range and source of setpoints, and
possible overrides of constraints. !

Some control schemes have special legal re-
quirements (e.g. supervisory setpoint-control }
override during emergencies).

Schematics of the control loops may be desired
for display. 3

. Data that is displayed should indicate the

{ validity of the measurement. The display
should indicate in some manner if the variable
exceeds the sensor limits (a truly bad signal)
If the measurement for some reason is not being
scanned, the variables should be so indicated.
In any event, some indication of the measure-
ment scanning speed (or starting and stopping
point) should be available on the display).

1.2 Personnel Requirements i

The overall operations review will impose certain "top-down”
personnel requirements. The following section will go into
detail about their needs.

- -1 Who uses the console?

There are many facets to be considered in this section.

It is not enough to merely say the operators are going to
control the process from this console. (For purposes of &
discussion in this section, anyone who uses the MMIF is -
considered to be the "operator", although in reality he

could be any of the following types of personnel.) H

- Process Operator 1
‘ .
; The console operator or operators must use this g
console as their communication with the process. The :

i unit must be designed to comfortably fit the user/or

-

N ot it

T R PRI T, N
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users. Don't skimp - if more than one operator will
spend considerable time at the console, dual entry and
displays should be considered. The tasks to be
performed should be enumerated.

(examples) -changing controller set points

! -activating control loops l

-increasing or decreasing plant throughput

r -putting computer on or off control
-updating computer with lab results

-changing recipe amounts when permitted

-running equipment or process tests or

diagnostic routines
-changing console operating mode

- Engineer

Is an engineer, or a foreman, or other persons

in charge of th~ operators? Are there operational
changes to be entered into the system that are not
the responsibility of the operator? Are there
restrictions or operational goals imposed on the
system? Will the foreman be making these changes?

What percentage of the time will this console be
used for work of this type? This will vary from
industry to industry. Thought should be given as to
where this type of input should be accomplished.
Should a particular panel or section be reserved for
this use? Should this function be removed to a
separate location, or simply locked-out by special
keys or command-codes?

- Supervisor

Does the plant supervisor have a need for obtaining
special data or data arranged in a particular way
that would be used for Management decisions. Where
and how often will this function be required? Will
a lock-out be required?

- Programmer

After system is installed, where, how, and how much
programmer activity is expected? If there is a need
that is large, then the problem of how to accomplish
this is very important. Should the function be s
combined with the engineering tasks? |

i
If the need is small, how will it be accomplished? ’;
Will the regular console fuictions handle this load?
Will the computer console be used? Is there a
computer terminal? Will the computer need to be
shut down for changes (foreground only vs. fore-
ground-background)?




- Maintenance

Are there provisions in your design to accomplish
control system and computer maintenance? What
effect does preventative maintenance (PM) have on
the system? Can PM be performed on line? Is PM
necessary? If not, then when repairs are made, how
do the diagnostics get into the system? What about
storage media, ease of use, etc.

- Training

What effect will the trairing of personnel have upon

the console design? What provisions for training

are to be made? Is the console simplistic encugh?

i Has Human Factors Ingineering (HFE) been used pro-
perly? Can a regular operator be trained easily?
Does the system make the operator feel he has a new
tool or an operational aid? Is the communication
between operator and the processor adequately des-
cribed and instructions easily understood? Are the
operators old or new to this task? Has the training
taken into account that operators generally resist
change?

1.2.2 Modes of Operation

What kinds of operational modes are to be performed.
This, again, impacts on the console design.

- Normal Operation

Can you define how the system is to run in the
normal operating mode? Does this include startup
and shutdown?

What does the "normal" type operation mean?

-Operate in supervisor fashion with setpoint
changing (closed loop supervisory).

-Operate in DDC mode with appropriate back-
ups (closed loop).

-Operate in monitor-type mode with instruc-
tions to operators (open loop control).

If startup is to be performed - how will this
be accomplished? Supervisory and/or open loop
directed?

Shutdown ~ is this a normal function or emergency?
How will it be accomplished? Supervisory and/or
open loop directed?

T
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- Background Mode

Is the system, during normal operation, capable
of performing tasks other than control?

(examples) -Compiling programs for real time control
use.
-Compiling and executing scientific type
p programs (Fortran).
: -Performing laboratory analyses or lab cal-
3 culations.
-Simulation of the plant in a faster-than-
actual-time frame.
-Analysis and debugging of operating
programs and computer operating system
s during operation.

- Emergency Mode

What is to be performed during emergencies? Tasks
y should be outlined as well as how they will be

accomplished. Make a task list for control actions.
Does this include emergency maintenance of system?

-~ Maintenance

Have provisions been made to accomplish as much
maintenance as possible while on-line (effecting
production)? See "security and safety" for plant
operation while off-line.

i ~ Operational Goals

In any of the above categories does the operator

] have the requirement to set the operational goals,
or is this function restricted? If the operator
does set the goals, does he also have the option to
commit available resources to accomplish this task
(i.e. can he change the plant from one level to
another and appropriate the feedstock, utilities,
equipment and manpower required)? If the operator
is restricted, does he have ready access to the
people who can set goals? Especially during emer-
gencies?

T T TR

~ Off-Line Operation

v

Is there to be a requirement for the computer to
perform off-line (while the production unit is
down)? If background tasking is not available, then
off-line operation could include recompiling or
assembling changes to be made in the system. If the
process unit operates for short periods of time,
with time available between production runs, some
sort of EDP functions could be accomplished during |
these short breaks. !




1.2.3 Security and Safety

Is the system protected from casual or accidental-type of
button pushing? Does the system have a watchdog timer or
similar protection against program-looping or getting
lost? Does the watchdog timer protect against automatic :
restart as in a power failure when you don't want it to
rest?rt automatically (maybe because its been down too
long)?

Are the system-programs protected (either by software or

hardware) while in operation? Is the system protected

with backup software which is stored in a safe place? Is

the hardware special or can it be replaced easily in case

of an accident? Sometimes it's worth going with a stan-
I dard model to lessen the accidental-loss risk.

Can the necessary safety or recovery actions be performed
from the console with the required speed?

Is the control room designed to minimize traffic and let
only the authorized personnel access to the computer? Is i
there a visitor's viewing gallery "requirement"?

Are there to be keylocks on the console or other types of
security (such as code names) for separation of duties?
How are these "priviledge codes" to be controlled and
monitored?

Are there security overides when necessary? An example
might be during startup when normal or built-in con-
straints must be overridden.

1.2.4 Management Objectives and Restrictions

Here the definitions from management must be reviewed and
their impact on the console evaluated, not only the ’
number- of persons to be involved in the control center
operation, but any other requirements by management or
the government. There are other restrictions that may be
imposed - Is the job to be performed standing-up or
sitting-down? Management may decide the console should
be a certain length, height, color or configuration. Are
there other jobs or tasks to be performed besides the
main task performed at the console (in other words, off-
line duties)?

Here also the definition of how the plant is to be run is
determined. It may be general (i.e. certain cases run in
production-limited mode, otherwise run in raw-material-~
efficiency mode) or it may be very specific (i.e. main-
tain certain conditions regardless of productivity demands
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or raw materials being used). Other examples might be:
If a batch plant operation, the product quality between
batches must remain within certain limits. If a con-
tinuous plant, the product may vary depending on the
demand or customer (i.e. crude-distillation tower opera-
tion to give more gasoline or more heating oils). Cer-
tain management restrictions also imply a special type of
record be kept. This could impact the console require-
ments, and certainly impacts on operations personnel
requirements.

1.2.5 Government

Government also impacts the console objectives. This may
be very dependent on the industry. OSHA or EPA may
require certain objectives be met and records kept for a
number of years. Legal requirements could also be a
cause for some console considerations. There are very
specific requirements placed upon control rooms for
Nuclear Power Plants by the Nuclear Regulatory Agency,
for example.

1.2.6 Pacing

Man or machine - which paces the other? Here again, this
appears to be an industry dependent variable, but this
should not be over-looked. (For more on pacing, see
3.2.9 re "Psycological Fit")

Do not forget that for certain times the nature of pacing
may switch. As an example, during startup and shutdown
the man may pace the machine, but during normal produc-
tion the machine may pace the man. The exact reverse
situation can also occur! Other examples - during batch
operation the machine may pace the man until an unusual
occurence - then control will defer to the man. 1In a
continuous-furnace control operation the machine will
pace the man ui’ il restrictions of some variables make
the automatic solution unattainable. Then the alarm
alerts for the man to take over, and the man would then
be pacing the machine.
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2.0 Control Center Requirements

In the previous section we examined how the Man/Machine Interface
might be influenced by the higher level requirements of overall
process and system objectives. Now we picture the control center
itself and identify factors which are relevant to it directly.

2.1 Management Requirements

This section will enumerate some of the types of company
policies, industry standards, licensing regulations, major
equipment contractor's requirements, and management goals and
decisions that may lead to restrictions and requiremerts on ,
the MMIF itself. (The guideline user must keep in mind that
‘ the following examples were chosen only as a random collec- i
B tion of typical requirements. As these examples jog the
user's mind, he should write down his corresponding or related
actual requirements.)

-1 MMIF Hardware Restrictions
-Specifications

What are the hardware restrictions that affect the
design of the MMIF?

Some examples of such restrictions MIGHT be:
a) The console will be painted company colors;

b) The console will consist of equipment made by
union companies in the U.S.A.;

¢) The MMIF will withstand the factory environ-

ment ; 4

1 3
d) Provide for the following planned future im- |
provenments. .« c .o v {

i

!

e) Provide for the following operational modes on
a single console: normal, emergency, shutdown,
startup, maintenance; | 3

) Provide for in-house maintenance instead of an
outside vendor;

g) Make the MMIF a showplace for public rela-
tions and tours;

h) Provide for computer system backup;

i) Provide for manual overides;
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i) Make this MMIF hardware and software compatible
with our other interfaces;

k) Use commercially available equipment instead of
in-house design and fabrication;

1) This equipment must last the life of the pro-
ject, which is "X" years;

m) There must be a graphic representation of the
process on or near the MMIF,;

n) The MMIF must have less than 0.5% downtime;
o) Keep the overall cost less than "X" dollars.
- Legal

What are the legal requirements that apply to the
MMIF? Some examples MIGHT be:

a) Safety, such as no sharp edges, and providing
hi-voltage or other warning signs where appro-

priate;

b) Health, such as no toxic fumes or high noise
levels;

c) May have to provide for on-the-job training;

d) Licensing or leasing may require nameplates or
other items of inventory and packaging control.

e) Production reports or other logs may be a legal
necessity.

-2 Operator Restrictions
- Selection
What are the operator restrictions as they relate to
the type of operator that will use the MMIF? Some
examples of operator restrictions MIGHT be:
a) This operator must be a union employee;
b) This operator will be a company man;
c) This operator will be a new hire;

d) This operator will be an in-house person;

e) This position will be relatively stable;
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f) This position will be used as a training tool
for personnel being promoted from a lower
position to a higher position;

g) This operator must pass certain tests;
h) This operator must pass a security check.

i) This operator must posses normal (color vision,
hearing, and manual dexterity.

- Responsibility

What are the management restrictions that apply to
the Operator's Responsibilities and authority?

Some examples of these restrictions MIGHT be:
a) The number of operators at the console; :
b) The amount of relief time for the operator;

c) Secondary duties that are required, such as
maintenance or clean-up;

a) How much authority the operator has, how much
of the available resources the operator is
permitted to commit, or use;

e) How much responsibility the operator has;

f) How the operator's performance is to be measured.

- Legal

What are the legal requirements that apply to the
operater? Some examples MIGHT be:

a) Operator may be young or old;
b) Operator may be male or female;

c) Operator may require relief time or scheduled
breaks.

- Monitoring and Pacing

Does management require the machine to monitor the
operator, or the operator to monitor the machine, or
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