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ST]MMARY

The International Instrument Users Association (WIB) commissioned the Dutch

Organization for Applied Research TNO to execute a research project with the

objective to formulate ergonomic guidelines for Process Control Systems

(PCS). The first phase of the project was executed by the TNO Institute for
Mechanical Constructions (TNO-II,IECO), under responsibility of the TNO Bureau

for Humanl-zation of Work (Humar). The objective of thls first phase was 11m-

ited to the identification of ergonomic factors concerning the use of PCS.

The study is presented in two reports: report I contains the definltive list
of ergonomic factors and report II gives an account of the research project.
In the second phase of the project, as far as possible, limj.ts of these

ergonomic factors can be deternined with the ultimate goal to formul-ate

ergonomic guidelines for PCS. This second phase is to be executed after
consultation with WIB.

To identify the relevant ergonomic factors concerning the use of PCS, lite-
rature was consulted and the subject was discussed with experts. A field
study was done by consulting the proJect sponsors. Questionnaires were sent

to the sponsors, and in addition two plants were visited to dlscuss the

subject at site with loca1 experts.
The study resulted ln the attached ttDefinite Factors Listrr. The factors are

grouped on f our levels ("cJ-ustersf') which are hierarchtcal-1-y related. The

clusters are:

I - process and eontro1 systems

2 - opetator task and envlronment

3 - interface design concept

4 - human I/O devices and workstation
Withln each cluster, groups of factors are dlstinguished in order to provide

a framework in which the ergonomic factors can be arranged. For example, in
the first order cluster the three factor groups (A) system objectives & re-
strictlons, (B) process characteristlcs and (C) control system characteris-
tics are defined. Although thls report does neither contain quantitative
data nor an lndlcatlon of priorities, the definlte factors list can be used

as a tool for design, selection and irnplementation of PSC.
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1. INTRODUCTION

Process Control Systems (PCS) are applied increasingly in the automatic con-

trol of industrial processes. PCS are characterized by a functional and/or
physicaL distributed structure. These systems include facilities for the

exchange of information between process and usersr €.8. human I/O-devices

such as Visual Display Units (VDU!s), printers, hardcopy units, keyboards

and light pens. The application of PCS has consequences for the task of the

process operator. To avold problems in task performance certain ergonomic

criteria have to be met, which have to be based on capabilities and llmita-
tions of the users of the PCS. The function of PCS in control and monitoring
of the process is very important for the PCS users in perforning their
tasks. These tasks include control actlons, monitoring, optimalization of
the process, and the detectLon and diagnosis of disturbances.
The first phase of this research project (an account of this study is exten-

sively covered by report II) has the objective to ldentify the relevant
ergonomic factors. The investigation, of lirnits of these ergonomic factors,
with the ultimate goal to formulate ergonomic guidelines for PCS, will be

executed later ln the second phase of this research project.
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2. FRAMEWORK FOR ERGONOMIC FACTORS

The design and application of PCS shalL take into account the capabilities
and limitations of the users. Process and control system characteristics
largely determine the tasks which have to be performed. Operator and PCS

tasks shall be described in terms of activlties, information processing

charaeleristics etc. Each task can be judged in terms of ergonomically ac-

ceptable or unacceptable elements.

Ergonomlc factors are linked to the process-PCS-operator system at different
leveIs:

Level
(cl-uster order)

subJ ect

process and control system

operator tasks and environment

interface design concept

human l/O-devices and workstation

1.

2.

3.

4.

At the hlghest leveI (1) process and control system characterlstics deter-
mine via operator tasks (2) and interface design concept (3) the lay-out of
human I/O-deviees and workstatlon (4).
This approach has been the basis for the framework to fit the ergonomies

factors. The four levels are called clusters. Within these clusters groups

of related factors are arranged (see fig. 2.I).
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1ST
ORDER

CIUSTER

4TH
ORDER

CLUSTER

2ND
ORDER

CIUSTER

3RD
ORDER

CIUSTER

interface design
concept

(H)
output

device (s )
specifications

(r)
input

device (s )
specifications

(J)
workplace

specifications

(A)
system

objectives &
restrictions

(B)
process

haracteristic
ontrol system
haracteristic

(D)
tasks of
operators

(E)
task

performance
criteria

system/ situation
characteristics

Fig. 2.1 Structuring of keyfactors in clusters and groups of factors.
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The groups of related factors are as follows:

lst order cluster:
(A) System objectives and restrictions (objectives and restriction in terms

of production aspects).
(B) Process characteristics (structure, type, modes, variables, behaviour,

hazard potential).
(C) Control system characteristics (function, degree of automation, stra-

tegies, operational aspects, alarm system).

2nd order cluster:
(D) Tasks of the operator(s) (operational tasks, additional tasks, task

content) .

(E) Task performance criteria (operational criterla).
(F) Specific systen/situation eharacteristics (operator-oriented, organiza-

tion-oriented, other personnel).

3rd order cluster:
(G) Interface design concept (specific information for PCS-use in each pro-

cess mode, general information, required human intervention, general

human input-means, input-output dialogue, training facilities, ad-

dltional demands to interface).

4th order cluster:
(H) Output device(s) specifications (VDU, displays - general aspects, sP€-

cific display aspects and elements, printers, acoustic systems, con-

ventional instruments, other output devices).
(I) Input device(s) specifications (joystick, trackball, light pen, touch-

screen, keyboard, mouse, graphic tablet, voice input).
(J) Workplace specificatlons (workplace lay-out, environmental influences,

general control room design, hardware configuration).

In addition to the above mentioned groups of factors, general human factors
criteria (K) can be distinguished which have to be taken into account when
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assessing PCS ln thelr application. These human factors ate the physlcal and

mental workload of the operator, etc.
These groups of factors can be found ln the factors l-ist of chapter 4. .Ihe

purpose of this list is to present a survey of ergononic factors, which nay

serve as a startlng point for the formulation of ergonomic guideJ-lnes for
design, selectlon and implementation of PCS.
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3. THE FACTORS LIST USED AS A CHECKLIST

The factors list as presented here identifies relevant ergonomic faetors,
and gi.ves an arrangement of these factors on the basis of a subdivision in
clusters and factor groups. It should be emphasized that consequently the

factors can differ mutually in detail, lmportance for a specific appli-
cation, knowledge of accepted Limits, etc. NevertheLess this rrgrosstt factors
list can be of use in the assessment of ergonomic properties of PCS, because

it can be considered as a checklist for this purpose. In the following it is
described how the factors list ln practice can be used as a checklist in
practice.
In figure 3.1 the major actlvities which have to be carried out in the

design (by the manufacturers) and applicatlon (by the user) of PCS are

given.

USER MANIIFACTIJRER

Application factors
I
I

importaot
PCS-iater-
face charac-
teristics

_L_
PCS charac-
teristics

PCS

s
t

(

I

cootractor
involvemeo

I

I

t

foroulatioa of
PCS-ioterface
requireoents

implenentatioa
of PCS
(configuratioo/
workplace reali-
satioo)

formulatioa of
PCS-desigo coocept

detailcd
specificatioa
of PCS-parts

realisation
of PCS

Fig. 3.1 Activities in PCS design, -selection and -implementation.
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During these successive activities of manufacturers and users, the factors
list can be used as a checklist. The importance of the factors depends on

the specific application. Priorities with respect to factors whj-ch have to

be applied can not be given in general. The results of the literature and

field study (see report II) show, that priorities strongly depend on the

appllcation of PCS ln praetice. Users of the facEors list therefore should

make their orrn selection.
In all cases, slx steps in using the factors list as a checklist can be dis-
tinguished:

Step 1 : describe system objectives/restrictions and

process characteristics (factorgroups A and B)
Cluster I

Cluster 2

Cluster 3

Cluster 4

Step 2

Step 3

Step 4

Step 5

Step 6

describe cont,rol system characteristics (C)

describe tasks of operator (and PCS) and task
performance criteria (O and E)

describe speclfic system/situation charac-

teristics (F)

specify interface deslgn concept (G)

specify I/O-device(s) specifications and work-

pJ-ace speclfications (Ii, I and J)

During step 3 and following steps, it is essential to take general human

factors criteria (K) into consideration as wel1. Some examples of the 6

steps are given with regard to the factors concerned (the characters and

numbers refer to factor(groups) in the definite factors.

Step 1:

Some factors do or do not apply (e.g. A2.4,82,83.3) or have to be

specified (e.g. A1, A2.5, B1.L, B4.2).
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Step 2:

The same is true for this step (e.g. C1.4, C3 respectively e.g. C2) and is
related to the outcome of step l.

Step 3:

Process control tasks have to be allocated to the operator or the PCS. Here

it is important to analyse ln how far the resulting operator tasks do meet

the general human factors criteria as listed under K. If this is not the

case, the allocation of tasks between PCS and operator(s) should be

repeated.

Step 4:

On the basis of the

of factors in this
to FI).

outcome of step 3 it is possible to make an assessments

factor group F (e.g. Dl and D2 relate to Fl, El relates

Step 5:

Many of the factors which have to be checked during this step are related to
previously specified factors (e.g. Gl.1 relates to A1 , L2.L-L2.4, L2.7; G1..2

relates to }.4.6; Gl.3 reLates to Al , A2.l-L2.4, A7, 83, B,4.5, B5.2' 85.3;

G3.1 relates to 83,81.1-E1.4).

Step 6:

For a number of factors whlch have to be checked during this step ergonomic

criteria are applicable without requiring prior knowledge of factors from

previous steps (e.g. H.1.1.1-H.1.1.10). Other factors however do require

such knowledge (e.g. H.1.1.11 relates to FI.1, Fl.3, F3; 11.1.3 relates to

Gl, G2, G5).

Again it is emphaslzed that following these steps only helps in recognlzing

lnfluencing factors in accessing PCS, because no quantitatlve information on

these factors is available from this list.
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4. THE DEFINITIVE FACTORS LIST

0n the following pages the definitive factors list is presented (see also

appendix 5 in report II).



TN O - IWECO lx:'Jl'"Tigi consrrucrions

p.o. box 29
2600 AA deltt
the netherlands

date : Aug. 1985

DEFINITM FACTORS LIST - lst order cluster
verslon: 4

Daqe : I

1ST ORDER CLUSTER

A. Factors concerolng systen obJecEtves and restrlctlons

1) productlon-objectlves, e.g. concernlng:
product-quallty, -quantlty and -costs.

2) productlon-restrlctlons, e.g. concernlng:
1. raw materlals (use, savlng)
2. energy savlng
3. safety, loss preventlon
4. envlronuental pollutton (preventlon/llmltatlon of

natertal dlscharge)
5. operatlons (approach, procedures)
6. personnel (workload, safety, experlence 1evel, avallabl-

llty, etc.)
7. lnstallatton (preservatlon, malntenance).

B. Factors concernlng process characterlstlcs

1) process-structure:
1. funeElonal (nurnber of subprocesses, lntegrated operatlons)
2. physical/geographlcal structure of Process
3. physlcal/chenlcal nature of process.

2) process type (batch or contlnuous) of eubprocesses

3) proeess modes (frequency of occurrence, duratlon):
1. Btart up (planned, dlsturbed)
2. operatlon (planned, dlsturbed)
3. change-over (planned, dlsturbed, not-planned)
4. shut down (planned, dlsturbed, not-planned).

4)@:
1. number of contlnuous and binary neasured/calculaEed pro-

cess varlables
2. accuracy (devlatlon ln Z)

3. measurabLeness/deterolnablLlty of process state
4. controllablllty
5. mutual lnteractlon i)'

6. dlsturbances (frequency, duratlon)
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p.o. box 29
2600 AA delfi
the netherlands

date : Aug. 1985

DEFINITM FACTORS LIST - lst order cluster
verslon: 4

Dage z 2

5) process behavlour:
1. dynamical aspects (tlme constants of 'subprocesses, batch

duratlon, changlng characterlstlcs, llnear, non-llnear)
2. process dlsturbances/equlpment naLfunctlon (frequency of

occurrence, duratlon, randomness, lnslde or outslde
process)

3. stablllty
4. predlctablllty.

6) hazard potentlal of process (exploslon, hazard, toxlclty).

C. Factors concerntng control system characterlstlcs

1) functlons perforned by control 6ystem, e.g.:
1. stablllslng control of process varlables
2. on-off control (swltchlng actlons, sequence concrol)
3. process coordlnatlon
4. process optlolzatlon
5. upset control
6. eoergency control
7 . alarmlng/alarm analysls
8. uonltorlng
9. reportlng.

2) degree of autonatlon:
1. nuuber of control loops for process control (ln terms of

flnal control elements, PlD-loops, arlthmetlc functlons,
analog/dlecrete)

2. number of controL loops for plant protectlon
3. number of ewltchlng actlons executed by sysEem.

3) control strategles:
1. slngle loop eontrol
2. cascade control
3. ratlo control
4. adaptlve conErol
5. nultlvarlable control
6, other control (free programmable algorlthms, eEc.).

4) operatlonal aspects
t. lnteractlon between control loope
2. posslble rnalfunctlons of control systea (hard and software)

and effects
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2600 AA delfl
the netherlands

date : Aug. 1985

DEFINITM FACTORS LIST - 2nd order cluster
verslon:
Daqe :

4

4

2IID ORDER CLUSTER

D. Factors concernlng the tasks of the operator(s)

t) process control tasks (frequency) ln each process mode:

1. on/off conErol
2. stablllslng control
3. tunlng of control loop
4. optlmlzlng control
5. process nonltorlng
6. schedullng/plannlng of process operatlon
7. fault nanagement (fault detectlon, compensatlon,

ldentlflcatton, correctlon) .

2) addltlonal tasks, e.g.:
1. adnlnlstratton
2. reportlng
3. rnalnteoance dlagnostlcs (preventlve, curaElve)
4. coomunlcatlon
5. others.

3) characterlstlcs of tasks ln each process mode, e.g.:
1. frequency of task actlvltles
2. percentage of tlme spent on dlfferent tasks
3. required number of operator acElons.

E. tr'actors concernlng task perforoance crl.terla

1) relevant crtterla (and dependance on clrcunstances):
1. required ateuracy of task performance
2. requlred speed of task performance
3. requlred rgsponse tlme
4. a1lowab1e operator faul-ts (aaount and nature)
5. task prlorltles.



TNO-IWECO institute for
mechanical constructions

p.o. box 29
2600 AA dellt
the netherlands

date : Aug. 1985

DEFINITM FACTORS LIST - 3rd order cluster
verslon
DAPE

4

6

3RD ORDER CLUSTER

G. Factors concernlng lnterface deslgn concept

1) speclflc lnformatlon requlred for operators (or other
PCS-users) ln each process mode:

t. overall lnfornatlon on process state and perfortrance
2. lnfornatlon on occurence and LocaElon of devlatlons

from requlred operatlon
3. lnfornatlon on essentlal process varlables
4. lnformatlon on process structure (functlonal, topologlcal,

relatlons wlth control system lnformatlon)
5. lnformatlon on hlstorlcal or predlcted future process

behavlour
6. lnforroatlon on LnteracElon between procesa varlables
7. lnformatlon on functlonlng of the control system.

2) generaL lnformatlon aspects:
1. amount
2. conplexlty
3. update frequency
4. sequence
5. accesslblllty
6. codlng trethod
7. serlal or parallel presentatlon
8. lmportance, prlority
9. redundancy

10. relevance.

3) requlred hunan lpterventlon actlons:
1. swltchlng of process plant equlpnent
2. changlng of setpolnts
3. changlng of control systen tunlng paraneters
4. acqulrl.ng of lnfornatlon
5. (de)actlvatlng eontrol 6ysten hardware and software

functlons.

4) general human lnput-means aspects:
1. lnput lnformatlon aspects (amount, complexlty, sequence

of lnput actlons, codtng methods, foro, requlred number
of user actlons before cornmand executlon) '"

2. exlstance/robustness to pollutlon and wear
3. fallure rate
4. securlty agalnst unlntentlonal or acctdental operatlon
5. frequency of use
6. flexlbillty.
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DEFINITM FACTORS LIST - 4th order cluster
verston: 4

Dage : 8

4TH ORDER CLUSTER

lI. Factors concernlng speclflcatlons of output devlces

1) video dlsplay unlt:
1] general screen-characterlstlcs

1. resolutlon
2. refresh rate
3. fllcker
4. contrast betrreen synbol/background
5. stze
6. lmage sharpness (of dots, colour convergence)
7. lnage stablllty
8. lumlnance (character, background)
g. reflectlons (screen fllters)

10. Bcreen proflle
11. screen orlentatlon
L2. slde-effects (radlatlon, geuerated heat, nolse)
13. work statlon aspects (nunber of screeris, allocatlon of

dlsplay functlons between screens, redundancy of operator
statlons, layout of work statlon).

2] displays, general aspects:
1. number of dlsplays
2. aceesslblllty of dlsplays (speed of access and response)
3. allocatlon of lnfornaElon between dlsplays
4. hlerarchlcal structure of dlsplays (relatlons between

dleplays)
5. codlng of dlsplafstructure
6. use of colour (comblnatlon of colours, meanlng, consls-

tency, total nuuber of used colours, lntenslty)
7. structurlng of lnforrnatlon on dlsplay
8. lnfornatlon denslty on dlsplay (statlc, dynanic).

3l speclflc dlsplay aspecte:
1. overvlew (presentatlon nethod)
2. group (nunber of loops on one dlsplay, codlng)
3. loop (bargraph-presentatlon method, loop-ldentlflcatlon

nunber)
4. trend (sauple frequency, update frequency, screen

resolutlon, Llne thlcknees, number of llnes ln a griph
and codlng, scale)
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date : Aug. 1985

DEFINITIVE FACTORS LIST - 4th order cluster
verslon: 4

page : l0

4) conventlonal lnstruments:
1. recorders
2. (slngle-loop) lndlcators
3. relatlon wlth PCS.

5) other output devlces:
1. hard copy unlt (e.9. vldeo copler)
2. tape unlt
3. mass storage devlces (e.g. magneElc, dlskette unlts, solld

etate memory)

I. Factors concernlng speclflcatlons of lnput devlces

1) Joystlck:
1. dlmenslons
2. ehape

3. feedback of cursorposltlon on screen
4. feedback of aetlvatlon on screen
5. feedback nethod (force- or posltlon feedback)
6. handllng reslstance
7. ratlo Joystlck oovenent/cursor xnovement

8. posltlon of enter swltch
9. required aceuracy of posltlonlng.

2) track ball (with enter key):
1. dlnenslons
2. texture of eurface
3. turntng reslstance
'4. 

f eedback of cursorposltlon on screen
5. feedback of actlvatlon
6. ratlo track ball noveuent/cursor movenent

7. posltlon of enter key
8. requlred accuracy for posltLonlng.

3) llghtpen (wlth or wlthout enter-key):
1. dlmenslons
2. shape/prof1le
3. feedback of actlvatlon actlon
4. feedback of acElvatlon on screen
5. frequency of use
6. welght
7 . resl'stance (pu1l of cable)
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DEFINITIVE FACTORS LIST - 4th OrdEr ClUStEr
verslon:
Dage :

4

t2

7) graphlc tablet (data or dlgltlzlng tablet; wlth or wlrhout
keys. llghtpen or puck):

1. dlmenslons of tablet
2. shape of tablet
3. surface characEerlstlcs (hardness, reflectlon, sensLtlvlty

to pollutlon)
4. posltlon of tablet 1n relatlon to screen
5. lnput nethod characterlstlcs (llghtpen, keys, penell,

etc. ).

8) volce lnput:
1. technlcal means

2. requlred volume
3. requtred clarlty of pronounclatlon
4. number of lnput cornmands avatlable
5. allowable speed of lnput
6. feedback of lnput command

7. poeltlon of lnput devlce ln relatlon to screen
8. sensltlvlty to envlronmental nolse
9. sensltlvlty to dlfferent volces

10. Language.

J. Factors concernlng workplace reallzatlon

1) lafout of workplace:
1. worklng posture (standlng or slttlng, head-posltlon and

movement, postural loadlng)
2. foot rests/arm support
3. dlnenslons of workstatlon (workspace, desk helght, shape,

etc. )
4. dtstance between user and tnformatlon sources (reach and

readlng distance)
5. amount of workspace (adnlnlstratlon)
6. surface of workdesk (texture, reflectlon)
7. chalr
8. documentatlon, manuals, procedures
9. restlng place

10. relatlon of workplace wlth rest of the plant and person-
ne1 (tollet, coffee machtne, offlces, etc.).
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DEFINITM FACTORS LIST - human facEors crlterla
verslon: 4

DaPe : 14

K. APPLICATION OF GENERAL HUMAN FACTORS CRITERIA

o acceptable physlcal workload:
- worklng posture
- movements to be executed (llmbs, head, eyes)
- forces to be exerclsed
- nunber/frequency of actlons (1.e. presslng a key) to be

executed
- physlcal condltlon of mon.

o acceptable nental workload:
- oemory load (short and long term)
- requtred lnformatlon processlng (anount, speed)
- stress
- mental condltlon of man.

r acceptable workplace:
- attalnablllty of worklng-tools
- comfort/well belng
- envlronmental influences (nolse, heat, radlatlon, cltmate,

llghtlng, v{bratlons)
- soclal needs (contacts wlth colleagues).

o user-acceptablllty of worklng-tools and -alds:
- rellablllty of systen operatlon
- proper feedback of acttons (vlsual, audtble, tactlle)
- acceselblllty, observabtlity and readabillty of

lnformatlon
- conpatlblllty between dlsplays and controls
- requlred mo.Eorle and uental skllls for systen operatlon
- attalnablllty and manageblllty of tools
- learnlng tlme.

o Job saEtsfactlon (ootlvatlon).

o lndlvldual dlfferences between persons and shlfts.


