APPENDIX A

LABELS AND LOCATION AIDS 6.0
] LOCATION AIDS 6.8

GUIDELINE

GUIOELINE

6.8.1 DEMARCATION

d. CONTRAST-Lines of demarcation shouid be
viauslly distinctive from the panel background.
5. PERMANENCE-Lines of demarcation shouid

be permanenty sttached.
GUIDELINE COMPLIANCE CHECXLIST
WA |Ye | No| RetoroneaCommem |
6.6.2 COLOR

. Color should be dedicatsd to mecific functons
or conditions throughout the controi room in
order for the code t elicit the expectad cperswor

624
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- ALARM SYSTEMS 3.0
GENERAL SYSTEM CHARACTERISTICS 3.1

Exhibit 3-1. Alerm iynom
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6.6.3 USE OF MIMICS (Contd)
e SYMBOLS

(1) Graphic symboais should be resdily under-

stood and commonly used.

(2) Symbois should be used consigtantly.

6-26
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GUIDELINE

. 2.7 RELIABILITY

& FAILURE OF ALARM CIRCUITRY —Failure
of suditory signal cirauitry should not
sdverssly affect plant squipment.

B. PFALSE ALARMS-Auditory sisrm systams

should be dmigned so thst falss alerms are
svoided.

¢. SYSTEM TEST—Auditory signsl systam tmst
capabilities should be provided.

COMMUNICATIONS 2.0 =
AUDITORY SIGNAL SYSTEMS 22

COMPLIANCE CHECKLIST

N/A | Yes | No Referenss/Comment
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PROCESS COMPUTERS 7.0
COMPUTER ACCESS 7.1

GUID
UIDELINE COMPLIANCE CHECXLIST

WA vlml _ Retersnen/Commant

7.12 OPERATOR/COMPUTER DIALOGUE

Users of computar systams inTaract most succes-
fully with the systam through the ume of a
“disiogue’* which both the person and the computer
can undersand. This dislogue is usually cailed
“command language.” Selection of a command
languege can depend on meny factors inciuding
the typs of computer systam, the expertiss of
the use, the frequency of intsraction, the type of
interacton, e The following guidelines should be
considersd.

& LANGUAGE CHARACTER!STICS
(1) oummwuu-donmm'
tor’s point of view, nat the programmer’s.
(2) Dislogue shouid be logical. | i
(3) Oislogue should be used in 3 consistent
manner. |
(4) Dislogue shauid reflect the vocabulary \ i
and gynax of Me oxpecmd user |
mmo 1

(8) Input words (e.g., keywords) shouid
sppraximsts resl words.

(6) Oisiogue should require an explicte
command in order t© Wrminate N
intaraction.

b. ENTRY LENGTH-—individusl input words !

which must be typed should not excesed E

7 cherscters. !

e - - f——

7.2
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GUIDELINE

224 PROPAGATION OF SIGNALS

s. DIRECTION OF SOUND -Sound sources
(speskers, buzzers, ete.) should direct sound
towerd the center of the primery opersting

b. AUDISILITY = Auditory siert snd waming
signels should be sudible in all perts of the

contol room.

217
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COMMUNICATIONS 2.0
AUDITORY SIGNAL SYSTEMS 22

COMPLIANCE CHECKLIST

N/A | Yes | Ne Aeferense/Comment

SEE PLANT COMMUN-
ICATION - TECH. SPECS.




GUIDOELINE

7.13 PROMPTING AND STRUCTURING

mamamummuym
mmmmuwww
mwmmcfmmwm
mation and by providing promgu to orient and
guide the usar.

L N

OPERATOR REQUESTS-The computsr sys
tam should contain prompting and structuring
festures by which en operstor can request
sddidonal informadon.

CORRECTION OF DATA =The computer sye
mmmmwmwm
festures by which sn operstor can request
correctad  informstion when an  efror is
detscted.

uOOl!FlLl DISPLAY=Are the duphy'
sppropriacely ctitled to allow opezator
zecognition of the precessing being
performed?

SPECIFIC ERROR CORRECTION=The com-
putsr systam should permit correction of
individual errors without requiring re-entry of
correctly entared 4o, ‘

ENTRY FILE-The computar sysam shouid
w.mm«wm
sveilable upon CpErator reQUERt.

74
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GUIDELINE

«22.3 AUDITORY CODING TECHNIQUES

Auditory signais may be coded. For example, coding HE
can be used to prioritizs signals or to direct operstor |
sttntion t© aress outside the primary opersting B
ares. If suditory coding is empiloyed, the following §

principles shouid be appiled:

L N

b.

DISTINCTIVE CODING —-Coding methods
should be distinct and unambiguous, and
should not conflict with other auditory signsis.

PULSE CODING-—Auditory signais masy be
puiss coded by repetition rate, but the number
of codes shouid be limited (2 or 3). Repetition
ratss shouid be sufficiently ssparstad to ensure
operstor discrimingtion.

FREQUENCY CHANGE CODING-If modu-
Istion of the frequency (Hz) of s signal denotas

information, center frequencies shouid be
betwesn 500 and 1000 Hz.

DISCRETE FREQUENCY CODING=Discrete-
frequency codes may be used for sudibile signal
coding. Frequencies shouid be brosd bsnd
(2100 Hz) and widely speced within the
200-5000 Hz rangs. No more than S ssparate
frequencies should be used.

CODING 8Y INTENSITY - Coding by intan-
sity is not recommended.

.2-18
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AUDITORY SIGNAL SYSTEMS 22

ISEE PLANT COMMUNI-
CATION TECH. SPECS.
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7.4 OATA ENTRY-XEYBOARDS (Contd)

b. NUMERIC XEYBOARD ARRANGEMENT-
The configuration of 8 keybosrd used % entr
solely numeric dsta are a 3x3+1 satriz,
m*dwmbor“m'mh.

See Exhibit - 7-2.
_w o
(o Je vi
@ EC@ QG aa
@ ® aaa
@

Exhibit . 7.2, Accaptable srrangesents of kavs
in 3 mumerio-only keyboerd.

748

APPENDIX A

PROCESS COMPUTERS 7.0
COMPUTER ACCESS 7.1

COMPLIANCE CHECXLIST

WA

Ya | Ne Reterense/Comment
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APPENDIX A

COMMUNICATIONS 2.0
AUDITORY SIGNAL SYSTEMS 22

GUIDELINE ‘
2.2.1 USE OF AUDITORY SIGNALS

Auditory signsis are ussd to sttract operstor
sttention and to present informstion independent  [SNICEENERINNII.
of operstor position or hesd orientation. Auditory - EEEREE RN
signais have some drawbecks, since they may inter- | § ~ -
fers with spesch communication and are limited - §
in their capebility to indicsts what is wrong and
_what to do.

COMPLIANCE CHECKLIST

s« DEDICATED USE—-Sysums wed w0 twrammit
nonverbal seditory signale should be used enly for
thet purpess, uniess pricrities hove besn established
fnmdw-‘mm

b. LOCALIZATION Auditory ulgnh should
provide localizstion cues thst direct operstors
nﬂmmﬂmmmm
operstor sttention is required.

c SELECTION

(1) Auditory signsis should be ssiectsd t
svoid confusion with ambient control
room noisss.

(2) Auditory signa's should bé sslectsd t©
svoid interference with other auditory
sources, including verbsl communication.

2-14



APPENDIX A
PROCZSS COMPUTERS 7.0
COMPUTER ACCESS 7.1

COMPLIANCE CHECXLIST
N/A |Yes | Neo Reforones/Comment

7.1.4 DATA ENTRY-KEYBOARDS (Cont'd)

¢ KEY DISPLACEMENT AND RESISTANCE-
To provide positive key movement fesdbeck
to the operstor, and t© reduce insdvertant
sctivation of keys,

(1) Kaey displecament should be as shown in
Exhibit 7<4. |

(2) Key resistancs should be a shown in
Exhibit 74.

t. POSITIVE INDICATION=To provids positive
ksy agtustion fesdbeck to the operstor, 3
definita indicstion should bs provided (e.g.,
snap, feel, audible click, reiease of resisance).

¢ KEYBOARD SLOPE-Keyboards should

heve 3 siope betwesrr 15° and 259 from the
horizontal (see Exhibit 7-8).

h. VISUAL PEEDBACX-Data being entered vis
keybosrds should be dispiayed as it is keyed.

i. RELEVANT KEYS=The pressnce of non- f
relovant keys, such s might be usmd by , ’
programmer personnel, adds t© keyboard : i
compiexity and inducss OpPerstor eTors.
Control room keybosrds should contin only |
thoss keys which are usad by operstors. :

Oteplegsment (inches)

|

-a'lwo
Numeris | memarie e 6% 17° toprwmum)
-
18 s ’,'—" ,-!O’(mo
Mantrrem 140 3 - - ===
s—“’._ A
Exhibit 74, Resommendsd ey displsmment Exhibit 7-8. Xeydoerd sicoe limia.

ad resistance.
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APPENDIX A

COMMUNICATIONS 2.0
VOICE COMMUNICATION SYSTEMS 2.1

QUIDELINE COMPLIANCE CHECKLIST

N/A | Y | Ne Referense/Commant

2.1.7 POINT-TO-POINT INTERCOM SYSTEMS

Such systams shouid be provided to interconnect
the conuol room with importnt plant sress such as
the Shift Supervisor’s Offics, Plant Security Office,
operstor’s loum-. locker rooms, and possibly
restrooms.

s. INTELLIGIBILITY =At & minimum, the
intercom system shouid provide transmission
of the voics spectrum to teiephone standards
(200 to 3300 Hz).

b. GAIN ABJUSTMENT - Gain shouid be adjust-
sble st esch intsrcom unit, but adjustability

should be limited to preciude reducing volume
below sn sudible level.

2-12
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PROCESS COMPUTERS 7.0
COMPUTER ACCESS 7.1

COMPLIANCE CHECXLIST
N/A |Yms | Ne Raferense/Comment

7.1.8 COMPUTER FUNCTION CONTROLS
(Cant’d)

d. PUNCTION CONTROLS (Cont'd)
(3) Lach functicn control is clearly

labeled to indicats its function
to the operator.

(6) Muleiple computer consoles exist
{n the contzol room, the design
and layout of the function con- !
trols is consistenc for all con- |
soles.

(S) “hen funmction keys sre included
with an alpha-aumaric kayboard,
the function keys should be physi-
cally separate from the alpha-
cumeric keys.

7-10
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COMMUNICATIONS 2.0

VOICE COMMUNICATION SYSTEMS 2.1

GUIDELINE

2.1.8 ANNOUNCING SYSTEMS

Thess systams are made up of amplifiers, loud-
speakers, and microphones. The microphone input
is provided, in some installgtions, by a dislable

connection to & tranemitter of the powersd teie [

phone systum.

&

b.

INTELLIGIBILITY AND COVERAGE—-These
sre the key factors in snnouncing system
effectiveness. The system must provide rapidly
intsiligible messages to ail aress where per
sonnel subject to page may be located.

(1) Invsiligibility requires the intsgration of
carefully sslectsd components (micro-
phones, smplifiers, and loudspeskaers) into
an oversll system providing good frequensy
‘responss in the sudio bend which is
critical for inwliigibility. At 8 minimum,
teisphone quality is required (200 t©
3300 Hz); higher intailigibility is schisved
by 8 band of 200 t 6100 Hz.

(2) Coverage depends on loudspesker locstion.
Adequsts coversge requires thet speskers
should be pisced 30 that they are gvailable
in all necessery aress and thst there are no
“desd spoty” within any area.

MICROPHONE CHARACTERISTICS

(1) Frecusnsy responss should be compatible
with: ..1: of the rest of the systam.

(2) If the powereJ teiephone system is ussd
to provide microphons input to the
snnouncing systam, the telephone system
should contin trsnemitters of quslity
compatible with that of the announcing
systam.

(3) Microphones should heve high sensitivity
to speech signals.

- 210
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GUIDELINE

7.1.7 COMPUTER RESPONSE TIME TO

OPERATOR QUERIES

Timely responss o0 operstor inputs can be an
Iimportant factor in reduction of operstor errors, &8
well a8 for schievement of cperstor sccspance of
the computer systam. Undue dsiays in responding
operstor inputs may lesd the operstor t0 ssume
thet the input wes not acceptsd, or thet the input
was mede incorrectly, or that something is wrong
with the computer. Responsss to an iNput OF reGUER
within 1 t© 3 sconds will genersily maintin the
operstor’s sttanton and thus reducs 0perstor error.
The nswire of the query, the compiexity of the

mmmmmwofmo :

computer are detarminents of response tme.

& MAXIMUM RESPONSE TIMES-=Thecomputar
systam should provide the correct response
esch type of query within the recommendsd
response times lisead in Exhibit * 7-8.

b. RESPONSE OELAY MESSAGES-—-When re
- sponse time for any query exceeds 3 seconds,
s delsy messmge should be premntad
meintain the operstor’s staantion and t con-
firm normal computer cperston. (Ses also
Guideline 7.2.8.)

712
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COMMUNICATIONS 20
VOICE COMMUNICATION SYSTEMS 2.1

COMPLIANCE CHECKLIST
N/A |Ya | No Referensa/Comment

(@) Thi micioptione shouid be imagrs d in

(1) A spply of frah repiacemient batraries
mﬂumhmwh.nﬂ-
maerked $p8ce.

(2 mmekmuukmwmm
continuous

*2-8
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GUIDELINE

7.1.8 ACCESSAIDS

s. COMPUTER SYSTEM PROCEDURES

(1) A complets st of computar systam
opersting procsdures and contingsncy
procsdures shouid be aveilable in the
contol reom.

(2) Procsdures shouid be prepared from
the point of view of the control room
operstor.

(3) Procsdures shouid be in hard-copy ‘orm,

(4) Qpersting procsdures shouid describe:
(8) The oversil computer system.

(b) The computer systom componsnts
________ with which the operator can inter-
face.
(¢ The wmecific procadurss necessary
o accomplish al of the operator-
computer interface functions.

714

APPENDIX A

PROCESS COMPUTERS 7.0
COMPUTER ACCESS 7.1




7.1.8 ACCESS AIDS (Cont'd)
s. COMPUTER SYSTEM PROCEDURES

(Cont’d)
(5) Contingsncy procsdures shouid describe:

(a) Indicatons availabie to the operator
which identify failure or malifunc:
toning of the computer system.

(b) Necessmry actions to be performed
by the operstor if the computer fails
or maifunctions.

DATA POINT INDICES
(1) The specific codes, or addressss, by which

data dispisys can be called up by an
operstor should be cross-indexed by:

(a) Alphe-numeric or numeric code
(t) Program name

(e) System/subsystem identification
(d) Functionsl group identificstion.

(2) Cross-indicss shouid bs available in the
control room in hardcopy form as 8
minimum, :

718
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COMPLIANCE CHECKLIST

N/A

Y

Retferonse/Comment
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APPENDIX A

PROCESS CCMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAYS 72

GUIDELINE

i 721 CRT DISPLAY CHARACTERISTICS

i the mejority of Procsss COMPULLT SYSTaMS, ONG OF
more CAT displays (video displays) compriss the SN

printad record; se Secton 7.3) It is, therefore,
imporant that the charactaristics of the display
device promats transfer of computer cutHut © the
operstor. The quality of the dispisyed imege must &
be consistent with operstor needs.

- & READABILITY-Alphenumeric and graphic
charsctars should be easily resdable by e
operstor under sil contol room lighting
conditions.

b, REFLECTED GLARE-CART scresns shouid
be instailed to minimize or eiiminats reflectad
glare at normal operator viewing angles.

7-18
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PROCESS COMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAYS 72

COMPLIANCE CHECXKLIST
N/A | Yes | No Reforenss/Commant

6.7.2.1 CRT DISPLAY CHARACTERISTICS (Cont'd)

c. GEOMETRIC DISTORTION=The cumuistive
effects of all geometric distortion shouid not
Mwmmmm-—«
the scresn from its correct position by more
than 5% of picture height.

d. RESOLUTION-=Discriminstion of fine dewsil
is 3 function of the number of scan lines or
sddresssble points (“resoiution element”™) per
unit length.

(1) CATs for displaying simple siohe-numeric ‘
|

tmxt should heve s minimum of 20 reso-
lution elements per inch.

(2) CRT:s for displaying compiex symbols and ‘
graphic detsil should have a minimum of '

100 resohstion elements per inch. |

|

I

(3) Complex symbols which rmust be dis-
tinguished from other complex shapes
should have 8 minimum of 10 resohstion
slements for the longest dimension of
the symbol.

e. REGENERATION RATE-The regenerstion
rate for a particulsr CRT dieplay should be
sbove the critical frequency st fusion so that
the occurrence of disturbing flicker is not
perceptible.

717



T OAPPENDIX A T T

PROCESS COMPUTERS 7,0
CATHODE RAY TUBE (CRT) DISPLAYS 72

COMPLIANCE CHECXLIST
N/A |Yes | No Referense/Commant

721 CAT DISPLAY CHARACTERISTICS (Cont'd)
f. CRT DISPLAY CONTROLS

(1) Perametarssuch as luminance (brighthess),
contrast, and color shouild be adjustable
by the control room operstor.

(2) Adjustment controls should conform ©
the spproprists guidelines in Section 4.0
Congols, and Secion 8.0. Control
Dispiay Integration.

7-18
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APPENDIX A

PROCESS COMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAYS 72

COMPLIANCE CHECKLIST

As

the percsived dimensions of CRT characters,
symbols, spacing, etc. decressss proportonstaly
becauss of a reduction of the ‘‘visusl angle” (see
Exhibit 7-7). This is the vertical angle subtended
at the eye by a viewed object, symbol, or character,
ususlly expressed in minutes of arc. For visual
wummmmimmmuh

thownby: (573800 L

whers “L" is measured perpendicular to the line of
sight. Under optimum conditions (fllumination,
contrast, etc.) the human eye can identify characters
of the alphabet st visusl angles of § minutss of arc
(defining 20:20 vision). Since pressntations on CRT
disp'sys in an operstionsl environment do not
spprosch the optimum conditions of vision testing,
this lower level must be increased.

VISUAL ANGLE (a)

LENGTH (L)

-

-—
}——- DISTANCE (m—-l

Exhidit 7-7. Visusl angle & s function of
distance anc Sheracter size.

7-19




CATHODE RAY TUBE (CRT) DISPLAYS 72

722 SYMBOLS AND CHARACTERS (Cont'd)

L N

SYMBOL SIZE-When 3 dispiayed symbol of
complex shepe is t© be distinguished from
snother symbol shape that s siso compiex, the
visual angle of the symbol should subtand not
iess than 20 minutes of arc st the required
viewing disancs.

ALPHA-NUMERIC CHARACTER SIZE

(1) The height of alphs-numeric characters
should have a visusi sngli of not less than
12 minutas of are 3t the required viewing
distancs. '

(2) Alphs-numeric characars shouid be upper-
case letters.

CHARACTER WIDTH-TO-HEIGHT RATIO-

The width-to-height, ratio for alpha-numerics

shouid be betwesn 35 and 1:1.

- . ROKE-WIDTH-TO-CHARACTER-HEIGHT

RATIO =Stroke-width-to-characer-height rato

should be between 1:5 and 1:1Q.

GRAPHICS—A graphic line ‘will sppesr con-
tinuous it the ssparation betwesn addressable
soints, or resclution elemernts, is less han one
minuts of sre. To provide the illusion of
continuity, graghic lines should conuin a
minimum of 50 resolution elements ger inch.
CHARACTER AND SYMBOL SEPARATION

(1) Horizontal ssparstion betwes characters
or symbols shouid be between 10% and
68% of charscar or symbol height.

(2) Seperztion should be not less than 25% ot
cheracter or symbol height when any of
the following degraded conditions exists:
(s) When characr or symbol width is

less than 85% of height;

(b) When charactsr or symbol luminancs
is legs than 12 ft-L;

(¢} When luminancs contrast is less than
88%.

APPENDIX A

PROCESS COMPUTERS 7.0

COMPLIANCE CHECKLIST

N/A | Y

Aeferensy/Comment
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PROCESS COMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAY", 72

COMPLIANCE CHECKLIST

N/A |Yas | No Aeferenss/Comment

722 SYMBOLS AND CHARACTERS (Cont'd)

t. CHARACTER AND SYMBOL SEPARATION
- (Cont'd)

(d) When CRT screen locstion is grester
than 38° to the left or right of the
operstor’s straight-shead line of sight;

(e) When the visusl angle subtended by

symbul height is less than 15 minutwes
of are;

() When the visusl sngle subtended by
- charsctar height is less than 12
minutes of arc.
g. CHARACTER STYLE (FONT)

(1) Simple character fonts should be used,
with no serifs, verisble stroke widths,
slanting, otc. i

(2) when dot-metrix charactars are used, 7x9
dot-matrix should be ussd in preference
0 5x7 dot-matrix.

(3) Charscter styles such as Lincoin/Mitre or

Leroy should be ussd.
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CATHODE RAY TUBE (CRT) DISPLAYS ' 72

GUIDELINE

7.23 OPSRATOR-DISPLAY RELATIONSHIPS

The use of CRT dismiays in power plant control NN
rooms genersily falls in thres categories: (a) the ~Yes
CRT is mountad in 3 desk-type console st which the %
operstor is sested; (b) the CRT is mountad in 8 ;
vertical panel sbove 3 benchb.ard, with the operstor ¥
having some lsteral fresdom of movement st the &
work staton; (¢} the CRT is mountad on a stand, &
or perhaps on 3 dasktop, with some capsbility for
rotating or moving it to suit the nesds of a variety
of users. The guidance in this subssction deals with
thoss factors which should be considered regardiess W
of type of installation, as weil as the psrametars [
which are dependent on the type of installstion and
the nsture of the physical reistionship between CRT
and Qperstor.

& VIEWING DISTANCE -~ \Viewing distance
shoulid be grestar han 18 inches.

b. VIEWING ANGLE - The minimum angle
betwesn the operztor's actusl line-ofsight
{LOS) as messursd from the operator’s normal
work station, and the plsne of the dispisy.
screen shouid be 45° or grester in either the
horizontal or vertical direction. Ses Exhibits

78and 7-10.

¢. SCREEN LOCATION, SEATED OPERATORS

(1) CAT displays which require frequent or
continuous monitoring, or which may dis-
plsy imporant (e.g., slerm) information,
shouid be locstad within the following
limits a8 measured from the normal
operator work station (see Exhibit 8.7-9):

(a) Herizonal limis=Not more than
35° w© the left or right of the
operstor's straight-shead LOS.

(b) Vertical limits—=Not more than 20°

sbove and 40° beiow the operstor's
hortzontai LOS.

2
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PROCESS COMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAYS 7.2

min,
ACTUAL
Los
Yoy’ e
min,
HORIZONTAL LO!

Exhibit  7-8. Minimum CRT viewing sngie (shown
onty for vertcal sngies).
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CATHODE RAY TUBE (CRT) DISPLAYS 7.2

“

;

L]

[}

; Exhidit 7-8. CAT screen locstion limit—ssetad ooerstor,

: freguentdy monitored displays.

'
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PROCESS COMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAYS 72

VERTICAL UMITS N~

98° max.
Viewing Angle
/ \' 45° min,

Exhidit 7-10. CRT screen locstion limits—ssated operator, infrequently monitored displays.
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) PROCESS CCMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAYS 72

COMPLIANCE CHECXLIST
N/A | Yas | Ne Referenss/Commant

723 OPESRATOR-OISPLAY RELATIONSHIPS
(Cont'd)

c. SCREEN LOCATION, SEATED QPERATORS
(Cont'd)

(2) CRT displsys which do not require
frequent or continuous monitoring, and
which will not dislay imporant (eg.
slarm) informston, should be located
within the following limits (ss messured
from normsl operstor work sttons
which permit full operstor head and eve
rotation—eee Exhibit . 7-10):

{a) Horizontal limis—=Not more than
98° tm the left or right of the
opergtor’s straight-shesd LOS.

{b) Vertcsl limin—Not more than 7Q°
mmeo"mmw:
horizontal LOS.

d. SCREEN LOCATION, STANDING
OPERATORS

(1) CRT dispisys which require frequent or
continuous monitoring, or which may dis- \
plsy imporant (e.g., siarm) information, Lo
should be locatad within the following '
limis s messured from the normal
operstor work sution:

(a) Horizontl limis—=Naot more than
38° w the left or right of the
operstor’s sTsight-shead LOS. ¢

(bl Verdeal limitn—Not more than 35°

above and 25° below the operator’s
hortzonwi LOS. '

.
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723 OPERATOR-DISPLAY RELATIONSHIPS
(Cont’d)

d. SCREEKX LOCATION, STANDING
OPERATORS (Cont'd)

(2) CRT displsys which do not require
frequent or continuous monitoring, and
which will not display imporant (e.g.,
slarm) informstion, should be located
within the following limits (as measured
from normal operstor work stations
which permit full operstor heed and eye
rotation)

(a) Horizontal limits—Not more than
95° two the left or right of the
operstor’s straight-shead LOS.

(b) Verticsl limits—=Not more than 85°
sbove and 90° beiow the operator’s
horizontal LOS.

¢. MOUNTING IN CONSOLES—-When CRTs are
permanently mountsd in consoles, the console
configurstion, dimensions, snd type of uss
(such ss sestad, sitstand, or standing) sffects
the CRT/operstor intarface. Consoles in which
CRTs are instsiled should conform to the
guidelines of Section 1.2

f. VISIBILITY OF DATA-AIl data and memsges
on the CRT screen shouid be within the
unobstructsd view of sn operator st the normal
work station.
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724 OATA PRESENTATION FORMAT

mmummmamh g

mwmhmmm
ssiection errors, and reducing sserch tims.

s USABILITY OF DATA

(1) Daca should be preseated to the
operator in & readily usable for-
mat. (Thers should be oo require-
ment for transposing, computiag,
{ncerpolating, or mentally tTans-
lating displayed dacta iato other
units or aumsrical bases.)

b. ILLUSTRATIONS-lilusrstions shouid be
used whenever possible ™ swpplement or
explain taxt

e CHARACTER GROUPING

(1) When S or more digits and/or non-text
siphs-nugnerics are displayed, and no
nstursl  (i.s., populstdon swreotyped)

exists, characters should
be grouped in biocks of 3 to 4 charscterns
each, :

(2) Groups should be ssparated by a miné
mum of 1 biank character $ace.

d. MAINTENANCE OF ORDERING-—Elements

in 8 dsta field shouid be displayed in logical
order (e.g., chronalogical).

o PRESENTATIONS OF IDENTICAL DATA

(1)Within the limits of a.(l) above,
{dentical data in different pre-
sentations should be displayed in
& consistent, standardized mammer.

7.8
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7.24 DATA PRESENTATION FORMAT (Cont'd)

f.

MENU DESIGNATORS

. (1) Numbers should be ussd as designators

when listing sslectabie itams.

(2) Numerical designators shouid start with
the number “1” (not zero),

(3) If the use of numbers ss designstors
would crests confusion because of other
numbers which make up the itam t be
designated, siphabetic cheracters should
be used. -

(4) When used, siphabetic designstors should
start with the letter ““A.”
LISTS

(1) Lists should be vertically asligned and
leftjustified.

(2) Indenmtion should be used for sub-
classifications.

TABLES AND GRAPHS-Quantitative data
which must be scanned and compared should
be presanted in either tabulasr or graphic form.
HYPHENATION-The uss of hyphenstion
should be minimized.

ALIGNMENT

(1) When pressnted in tabuler form, siphe-
numeric data should be left-justified.

(2) When pressntad in tabular form, numeric
data shoulid be rightjustified with decimal
points aligned.

PERIODS—Periods should be placed after

item selection designators and st the end of
3 sentencs.

7.9

- — e

APPENDIX A

, PROCESS COMPUTERS T:0
CATHODE RAY TUBE (CRT) DISPLAYS 72

COMPLIANCE CHECKLIST

N/A |Ye | Ne

Reforense/Commant




APPENDIX A

PROCESS COMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAYS 72

COMPLIANCE CHECXLIST
N/A |Ya | Ne Reterensa/Comment

:72.4 DATA PRESENTATION FORMAT (Cont'd)

. STANDARDIZED FIELDS-—-The foliowing
standardized fleids shouid be used:

(1) Telephone Number: (914)558-1212

(2) Tune: HH:MM:SS, HH:MM, MM:SS:(S) |

(3) Date: MM:DD:YY.
m. OATA GROUP LABELING

(1) Esch individual data group or messege
shouid have a descriptive tite.

- o°
.

n. LABEL PLACEMENT—Labeis shouid be
locstad in a consistant manner either above or
to the left of the cata group or messege they
dascribe.

o. LABEL ORIENTATION-Labeis shouid be
orfertad horizontaily.

p. LABEL HIGHLIGHTING

(1) Labeis should be highlightad or otherwise
sccantusted © facilitate operator scanning ,
(The technique used to highlight labeis
should be essily distinguished from that
used ® highiight smergency or critical
memages.) ‘

|
q. OPTION LABELS—When pressnting a list of l !
!
i

operstor options, the label should reflect the !
question or choices being posed to the operator. ' ;
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COMPLIANCE CHECKLIST

7285 SCREEN LAYQUT AND STRUCTURING

Screen layouts and structuring of dsta presentad
on CRTs should minimize operstor scanning and
reading requirements, and minimize the probability T RSEIECTA RN

of operstor error. P SR PO S vg{;&'_ﬁeﬁ- 2
a. ORGANIZATION OF DATA ’

(1) Displayed data should' be crganized in 8
logical, consistant .

. manner,

Displayed data should refiect some
obvious and inherent quslity of the data
groups (e.g., hierarchical, ssquentisl, or
mimic relstionships).

b. LOCATION OF DATA GROUPS—Physical
location of specific data groups (e.g., slerms,
menus) on the screen should be consistent.

c¢. DEMARCATION OF DATA SUBGROUPS-
Organization and separation of information
subgroups shouid be -msde spparent the
ommmunofblmkmum
or some other form of visible demarcation.

d. -USE FREQUENCY RANKING - Lists of ‘
options should be organized according to the
pfobgbillwofdccﬁonforudnm.wim | ;
high probability items presented first. | !

e. ALPHA-NUMERIC RANKING - Non-option ! |

{

lists of equal-probability options should be
presentsd in alphsbetical or numericsl order.

t. SEPARATION OF PARAGRAPHS—Parsgraphs
in continuous text should be ssparsted by at
least one blank line.

g SELECTION DESIGNATORS—Selection desig-
nators in menus should be ssparsted from taxt
descriptors by at lesst one biank spacs.

N




728 SCREEN LAYOUT AND STRUCTURING
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(Cont’d)

PAGE DESIGNATION-=When data are con-
tined on muitipie peges, esch page should
dispiay both pege number and total number of
peges.

CONTINUQUS NUMBERING~itams contined
in 8 numbaered list and described on “continue”
pages should be numbered reistive o the first
number on the first page of the list.

PLACEMENT OF INSTRUCTIONS—When
directions to the cperator sccompany a list
of options, such directions should precsde
pressntation of the lise.

URGENT MESSAGES

(1) Urgent mesmges requiring immediate
operstor responss should be highlightad
0 sctract the operator’s atmention.
(2) Urgent mesmges should alwsys be dis l
played in the same location.
USE OF CURSOR-In sysems in which |
miection is made by us of & cursor, formsts
should be organizsd t™© minimizs positioning |
movements of the cursor. :
SCREEN LOADING-The amount of infor- |
mation-besring sctivetad screen ares shouid
not excesd 25% of the towl screen ares. This
doss not include demarcation lines usd t©
ssparate groups of data.
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728 MESSAGES N

Messages are of 3 types

o Prompts. Ussd t© provide directions to the
operstor for initating and/or compisting an
sction involving the computar system,

o Error messages. Used to inform the operstor of
invalld or incorrece inputs to the sysam.

o Fesdback. Used to indicate t™ the operator
the satus of the computsr systam and/or the
comruoiled/monitored systam, following an oper
stor inpu? or action.

Messages shouid conform to the following guidelines:

8. MRSSAGES, GENERAL
(1) Mesmages shouid be concise.

(2) Messeges should provide the operator with
the information necssmry t© compiets a
specific action or decision ssquencs.

b. MESSAGE CONTENT-information conmined
in messsges should be necsssary, compiets, and - .
readily usabie.

e USE OF PROMPTS—Prompts shouid be
dislayed whenever the operator msy nesd
directions or guidance to initists or compiets
an action or mquencs of actions. l

d. CONTENT OF PROMPTS-—Prompts should i
contin clesr and pecific cues and instructions
which are relevant to the action to be taken.

e. PROMPT INFORMATION SEQUENCE-Dirsc-
tions shouid De placed in the ssquence 0 te
1ged by the operstor.

f. JSE OF ERROR MESSAGES—Whenever an
operatar error or invelid input is detected, an
error message should be displayed.
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728 MESSAGES (Cont'd)

g

ERROR CORRECTION GUIDANCE—Error
messages should contain instructions © the
wmmmm
ERROR CORRECTION EASE —Capability
Mwuwﬂdbrwmd
individusl errors without sffecting adjscent
valid entries.

SYSTEM STATUS FEEDBACK MESSAGES-
Fesdbeck messsges should be provided to the
wu&ummiﬂﬁumd
systam functioning.

SELECTION FEEDBACK-When 3 displayed
mordomh“umopﬁonor

DELAY FEEDBACK-When system func-
tioning requires the operstor t stand - by,
such a8 when the computer is sserchiny for
requestsd dsta, periodic fesdbeck shouid be
provided the operstor to indicate normal
mmmmmmmm.
ACTIVITY COMPLETION FEEDBACK--When
a Drocess Of SeQUENcs is compieted by the
wm.podﬁnindhtbndmldbow
md\omrmmwmofﬁn
process and requirements for subsequent
operstor actions.

-738
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72,7 GRAPHIC CODING AND HIGHLIGHTING i s T T
The szt of the technology amocistad with CRT FE IS RO
dispisys is constandy changing, with new graphics [INESRITIES PPl Rt

and highlighting methods based on both softwere
and hardwere cGapabilities frequendy being intro-
duced. Procass computer CRT displays which utilize
thess tachniques can pravide valuabile enhancament
of displayed information, and support improved
obssrver recogniticn and understanding of displayed
Misguided or unnecssmry uss of such tach-
can distract the observer, creats confusion,
snd induce errors. The principles that follow are
purpossly general in order to provids fexibility
-] room dasigners and promots crestive
spolication of ussful apecs of this tachnoiogy.
s. USEOF HIGHLIGHTING--Highlighting should
be ussd t stract the operator’s stanton
oy .

sy,

if

;
]
;
a

(1) Highlighting methods which have informe-
tion value beyond their attention-getting | -
quality shculd have the sme meaning in

. 8l spplications. - i

(2) Highlighting methods associated with ) !
emergency conditions should not aiso be ;
used in sssocistion with normal conditions., ‘

¢. CONTRAST ENHANCEMENT-—-When contrast |

enhancament (i.s., increased illuminastion inten- l

i

sity level) is used for highlighting, nat more
than two (preferable) or three (maximum)
brighthess levels shouild be used in a single
pressntstion.

138



727 GRAPHIC CODING AND HIGHLIGHTING

d

(Cont'd)

PLICKER OR BLINKING —Blinking of a
symbol or messge (e.g., ON-OFF or aiter
nating high-low brighthess) for purposs of
highlighting shouid be ressrved for emergency

conditions or similer situstions reauiring
immediate operstor action.

BLINK RATES

(1) When blinking is used for highlighting, 8
maximum of 2 blink rates should be used.

(2) When a single t. - rate is used, the rate
should approximes 2-3 “blinks” per
scond with & minimum of 50 msec “on”
time between blinks.

(3) When 2 biink ratss are used, the fast blink
should spproximats 4 per sscond and the
siow blink should approximsts 1 per
sscond.

(4) When 2 blink rates are used, the “on-off”
rstio should spproximsts 50%.

(S) When 2 biink ratss sre used, the higher

rats should spply t© the most criticsl
informstion.

INVERSE VIDEO-image reversal (e.g., dark
charactars on a light background) should be
used primarily for highlighting in dense dats
fleids, such s a word or phrass in a peragraph
of txt, or a st of characiers in 8 table of dsta,

USE OF GRAPHIC CODING—Graphic coding
methods (e.g., symbols, boxes, underiines,
colors) shouid be used t© pressnt stancard
qualitstive information to the operator or t
draw the operstor’s sttention to a particular
portion of the display.

7
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7.27 GRAPHIC CODING AND HIGHLIGHTING

h.

in

(Cont'd)

GRAPHIC CODE CONSISTENCY - Graphic
codes, used ssperstely or in combinston,
shouid have the same mesning in all applications.

GEOMETRIC SHAPE CODING-— Does -

the geometric shape coding confora
to specific plant standard?

NUMBSER OF SYMBOLS

(1) The number of basic symbois used for
coding shouid be kept small.

(2) The upper limit under cptimum display
conditions shouid be 20.

(3) The upper limit under adverss display
conditions shouid be 8.

(4) When nesded, other highlighting and
graphic tchniques (coler, filled versus
unfiiled, and other ‘‘modifiers’”) should be
usad %0 display different states or qualities
of a basic symbol.

USE OF COLOR-The many huss (colors) and

ssturations (lighthess and darkness) available in

modermn CRT dismisys are virtuslly limitiess.

Care must be taken t ssiect the -est colors |

and 0 specify their use such that they will be
consistant with the use of ail other colors in
the contol room.

(1) Colors used on the CRT to convey infor-
mation should be consistent in use and
mesning with ail other color cocas in the
control room.

(2) Cncs cdlors are sssigned a specific use or
mesning, ro other color should be used
for the ame purpcss.

738

COMPLIANCE CHECXLIST

N/A |Ya

Ne | Refersnse/Comment




APPENDIX A

PROCESS COMPUTERS 7.0
CATHODE RAY TUBE (CRT) DISPLAYS 72

"PAGE INTENTIONALLY LEFT BLANK."

739



APPENDIX A

PROCESS COMPUTERS 7.0
CATHODE RAY TUBE (CAT) OISPLAYS 7.2

COMPLIANCE CHECXLIST
N/A |Yas | Neo Referenss/Comment

727 GRAPHIC CODING AND HIGHLIGHTING
(Cont'd)

. COLOR MEANINGS—When color is used, the

meaning of thom colors. The following specific
meanings for ssiectad colors should apply when
these colors are used in CRT displays:

(1) Does the color code used ia the !
CRT displays conform to the CRT '
color standard for the specific
planc? |

m. RED-GREEN COMBINATIONS
(1) Whenever possible, red and green colors
shouid nat be umd in combination.
"(Uge of red symbois/charsczars on 3 green
background shouid emecially be avoidedJ: Vo

e b
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7.28 MULTIPLE-PAGE CONSIDERATIONS

When it is necessary for a pressntation to encompsss
mwawm.ummlllnmm
and zooming of 8 single page is anticipated, the
following principies apply.

s. OPERATOR MEMORY

.M Pawddwnleomnmpmhgmu
minimize requirsments for operstor
memory.

(2) All data reievant to a specific operstor
entry shouid be displayed oOn 8 single
pege. :

b. AUDIT TRAIL=When pages are organized in 8
hierarchicsl fashion, containing a3 number cf
ammmmmmwmn
trail of the choicss shouid be available upon
Operstor request.

c. LOCATION REFERENCES

(1) When the operator is required t scroll
ormmaluplogialm.mn
references shouid be provided in the
viewsble portion of the frame. (For
mh.whmmllingalia.onlvm
of which is visible st any one time, the
M“mimmbaﬁonmwbo
shown.) '

(2) Sectional coordinstes shouid be usd
when large schematics must be panned or
magnified.

d. OPERATOR CONTROL-The operator should
have some cspsbility for controlling the
amount, formst, and complexity of infor

mation (e.g., core dumps, Program outputs,
error messages) being displayed by the system.
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728 MULTIPLE-PAGE CONSICERATIONS
(Cont’d)

e. LOCATION CONSISTENCY=if the messmage is
s verisbie option list, common elements should
meintain their physical reistionship © other
recurring elementa.
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N/A|Ye | No |  Retecc~es/Comment

7.3.1 PRINTER CHARACTERISTICS

In most procass computer systems, printers comprise
a principal intsrfacs between the computsr and the
operator. Printers are used to provide an historical
record of all parametars monitored by the computer,
as well 2s a resl-time “display,” whether or not the
dsta sre prasentsd on CRTs. As such, the printers
and the data displayed on them must receive the
same level of considerstion as all other operator-
computsr interfacss. :

s. PRINTER APPLICATIONS

(1) Control room printers should pro~
vide the capability to record
alarm data, trend data, and plant
status data.

b. DISPLAY COPIES

(1) Thesystamshouid be designed
to provide hard copy of any pags sppesring
on the CRT at the request of the operator. :
(2) If the copy will be printad remots to the P 5
operstor, 8 print confirmation or denial } !
message should be displayed. P
(3) Printar operation should not aiter screen A
content. .

c. FORMOF PRINTED INFORMATION=Printed ‘
inf —etion shouid be presentsd in a directly !
ussole foi~ with minimal requirements for ‘
dscoding, transposing, and interpolsting.

d. PRINTER SPESD—Printars used for recording b

trend data, computer siarms, and critical satus ‘

|

information shouid have 8 high-speed printing
capability of st least 300 lines a minute
permit printer output to keep up with computer
output.
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‘ 7.3.1 PRINTER CHARACTERISTICS (Contd)
e. PRINTER COPERATION-—Paper, ribbons, and
ink (If used) should be consistant with the
following:

m

2)

3

L))

(s)

Hard-finish matts psper shcuid be used 0
avoid smudged copy and glare.

There shouid be 3 positive indication
of the remaining supply of recording
matarials.
Instructions for relosding paper, ribbon,
ink, ete, should a2ppesr on an instruction
pists sttached o the printer.

When the printer is down during re-
loading, data and informution which
wouid normaily be printad must not te
lost.

A tkaup devics for printad materials
shouid be provided which requires little
Or NO Operstor attention and which has 8
capscity st least equal ™ the feed fupply.

8.  PRINT COPY ACCESSIBILITY=The following
festures should be provided 0 enharce oparator
sccessibility of printad material:

(1

()

Provisions shouid be mads so thst the
opers™r can awsys read the moxt
recantly printad line.

Prirted msterial shouid have an adequate
contrast rstio O nIre easy CPerstor
resding.

It shouid be pessibie t0 annatate the print
copy while it is gtill in the machine.

The recorded mater shouid not bde
obscured, masked, or otherwiss hicden

in & manner which prevents direct reading
of the material.
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732 ALARM MESSAGES

Alarm memsges are quantitative descriptions of
thoss out of tolerance conditions which have besn
dispisyed 0 the operator in sbbrevistad form by
way of illuminstad snnuncistor tiles.

&

_ ALARM RECORDS

(1) A printsr should be provided for racording
slarm messages.
(2) Al snnuncistor siarms shouid be recorded.

ALARM SEQUENCE-Alarm messsges should

be recorded in the ssquencs of their occurrencs.

OPERATOR-REQUESTED PRINTOUT-Pro-

visions should be included t© provids, upon

Operator requen, printouts by alerm group

(e.g., Systam, subsystem, component).

ALARM IDENTIFICATION —~Alarm messeges

should be readily distinguishable from other

mesnges.

ALARM DISCRIMINATION-—-Alarm messages

should provide repid identificstion of the

nature of the slarm.

CONSISTENT TERMINOLOGY =Worming in

sisrm messsges should:

(1) Clesrly reists to the specific snnuncistor
tile that is fliuminsted.

(2) Contsin st lest that informsticn (ie.,
wording) premntsd in the illuminsted
snnuncistor tile.

(3) Crovide additional specific dsta.
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733 GRAPH AND TABLE REQUIREMENTS

When printers are used t© record/pressnt tabular

dats, or graphic informstion, factors similsr 2o thas

spplicable to CRT displays should agoly. o T

o SHAPE OF FUNCTION=if the general shage | ' |
of the function is important in making decisions,
a graph should be used.

b. INTERPOLATION==if interpoistion is neces
sary, line graphs are prefersbie o bar grachs
and tables.

e GRICS

(1) Graphs shouid be constuctsd 0 that
numbersd g¢rids sre boider than un-
numbered grids. |

(2) If 10grid intervals ars umd, the fifth
intermedista grid shouid be less boid than
the numbered grid, but boider than the
unnumbered grids.

d. TABLES

(1) Tables shculd be simple, conciss, and
readable.

(2) When table columns are long, numbers i
shouid be separsted imto groups by z
providing 3 space between groups of five. |

(3) When coiumns are not ssparstad by |
vertical lines, the columns should be i
ssparated by at least 2 character widths. . '

PSSR S
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BASIC CONTROL-DISPLAY POSITION RELATIONSHIPS 8.1
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8.1.1 SINGLE CONTROL AND DISPLAY PAIRS

Controls and displays which are normally used to-
md\wldboloaudindo.pmimitvmndl
other, but positioned and ssparsted sufficiently %0
that the display is not obstructsd during operation.

PROXIMITY—A visual display that will be
monitorsd during control manipulation shouid
be located sufficiently cicse that an operatof
can read it clesrly and without paraliax from a
normal opersting posture.

OBSCURATION-Controls and dispiays shouid
be locsted so that displsys are not obscured
during control operation (sse Exhibit 8-1).

COMPLIANCE CHECKLIST
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CONTROL-DISPLAY INTEGRATION 8.0
BASIC CCNTROL-DISPLAY POSITION RELATIONSHIPS 8.1

8.1.1 SINGLE COMTROL AND DISPLAY PAIRS COMPLIANCE CHECKLIST

(Cont’d) N/A|Yes | N |  Referonse/Comment
c. ASSOCIATION-Relstad controls and dispiays
should be essily identified ss being associsted.
This amsocistion can be established (or
enhenced) by (1) locaton, (2) labeling,
(3) coding, (4) demarcation, and (8) con-
sistancy with operstor expectstions. The
following relationships should be immediately
apperent to the operstor:

(1) Associstion of displays with controls. |
(2) The direction of movemnent of control and
display.

(3) The rate and limits of movement of the |
control and display. |

8-2
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(1)

(2

(3

(4

(S)

(6

8.1.2 MULTIPLE CONTROLS OR DISPLAYS

mmmmdmciwpmpm
systams will occasionally require either multiple
controls or muitiple displays. Control display
mminmlﬁchmmubom
to the operstor and consistant with human
expectations. :
8. MULTIPLE CONTROLS, SINGLE DISPLAY-
When ssveral intsracting controls are associsted

with s single display, the array should conform
to the following conditions:

APPENDIX A

CONTROL-DISPLAY INTEGRATION 8.0
BASIC CONTROL-DISPLAY POSITION RELATIONSHIPS 8.!

GUIDELINE

COMPLIANCE CHECXLIST

Controis should be mounted below the
display.

Conuols should be centsred on the
display.

Controls should be grouped in a line or
matrix.

If not fessible to mount conuols directly
beiow the display, controls should be
mountsd to the right of the display.

Where there is a normsi order of use,
controls should be arranged for use in
left-to-right, top-to-bottom, or other
natursl ssquencs.

Whers the above techniques cannot
spply, or where for other reasons the
relstionships are not readily spparent,
layout enhancement tschniques should be
employed—spacing, demarcation, color

shading, inssrt paneis, panel relief, and the
uss of mimics. . ~ :
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CONTROL-DISPLAY INTEGRATION 8.0
BASIC CONTROL-DISPLAY POSITION RELATIONSHIPS 8.1

COMPLIANCE CHECXLIST
N/A | Yes | No Reterence/Comment

83.2 MULTIPLE CONTROLS OR DISPLAYS
(Cont’d)

b. SINGLE CONTROL, MULTIPLE DISPLAYS-
When more than one display is affectsd by a
single control, the array shouild conform to the
following conditions:

(1) Displays shouid be locstsd sbove the .
control.

(2) The control should be placed 33 nesr as
possible 0 the displsy, and preferably
undernesth the center of the display
srray.

(3) Displays shouid be arranged horizontally
or in a matrix.

(4) If it is not fessible t©o mount displays
sbove the controi, they should be
mountad to the left of the control.

(5) Where there is 3 normal order of use,
displays should read from left-to-right,
top-to-bottom, or in other natural
sequence

(8) Whers the above techniques cannot
spply, or where for other reasons the
control-display relationship is not clearly
apparent, layout enhancement techniques
should be empioyed.

(7) DOisplays should not be obscured during
control manipulation.

.
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APPENDIX A

CONTROL-DISPLAY INTEGRATION 8.0
BASIC CONTROL-DISPLAY POSITION RELATIONSHIPS 8.1

COMPLIANCE CHECKLIST
N/A |Yes [No|  Reference/Comment

8.1.2 MULTIPLE CONTROLS OR DISPLAYS
(Cont'd)

c. DISPLAY SELECTORS—Where dimisys are
y ssiected for viewing using 8 rotary ssiector
switch, the followir; should spely:
(1) The control should move clockwise
from OFF (if asppropriats) through
ssttings 1, 2, 3...n.
(2) The control position ssquence should
conform to the dispisy ssquencs.

(3) Control position indications should cor-
respond with dispiay labels.

(4) Displays shouid resd off-scale, not zero,
when not ssiectsd, empecisily if zero

is s possible parameter displayed (see
Exhibit 8-2).

A ] <
]
'
A.a°C

Exhibit 8-2 Displays ssquenced by » rotsy
seiector switeh. Displays not
opereting should read off scale—
not 28r0.

85



CONTROL-DISPLAY INTEGRATION 8.0
GROUPS OF CONTROLS AND DISPLAYS 8.2
UIDELINE
g t COMPLIANCE CHECKLIST
N/A | Yes | Ne Referenca/Commant

82.1 LOCATION AND ARRANGEMENT OF
CONTROL-DISPLAY GROUPS

8. PUNCTIONAL INTEGRITY - Multiple con-
trols or displays reistad to the ssme function
(e.g.. power, status, test) should be grouped
together.

b. SEQUENCE OF USE-Sequencs of use should
be as follows:

(1) Lefttoright

(2) Top to bottom.

(3) The sbove combined (normal reading
order).
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APPENDIX A

CONTROLDISPLAY INTEGRATION 8.0
GROUPS OF CONTROLS AND DISPLAYS 8.2

GUIDELINE

8.2.2 SINGLE PANEL ARRANGEMENTS

Mmmmmm
tonship, in order of preference, are (a) displey
sbove esch control, \b) displays and controis in
matched rows, and (¢) muiti-row dispiays with 8
ﬁwomdmmmubnm
nmatmwmnmmm

t 8

b'

DISPLAY ABOVE EACH CONTROL —The

mmmﬂwmuamwmm

8-3, with the displsy sbove esch control. If

mheonﬂwndonhuad.ﬂnfdlowhgd\ould

spply:

(1) Esch display should be located directly
sbove its associated control.

(2) The display/control peirs shouid be
srranged in rows.

CONTROLS AND DISPLAYS IN ROWS—As

an sitsmastive, displsys may be arrayed in rows

as the upper portion of a panel, matched t©

controls arrayed in similar rows beiow, 28

shown in Exhibit 8-4.

(1) Esch control should' occupy the mme
relstive position as the display to which it
is associsted. ‘

(2) Controis and displays should have cor
responding labels.

MULTI-ROW DISPLAYS WITH SINGLE-ROW

CONTROLS-A less desired arrangement is

that of Exhibit 3-5, in which two or more

rows of dispisys are arrayed above a single row
of controls.

(1) Displays should be ordered left o right
and top to bottom (in normsl reading
wv).mdmawndmconvolsm
left to right.

(2) Controls snd displays should have cor-
responding labels.

8-7

COMPLIANCE CHECKLIST
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APPENDIX A

CONTROL-DISPLAY INTEGRATION 8.0
GROUPS OF CONTROLS AND DISPLAYS 8.2

MULTI-ROW
DISPLAYS
H =
!
o
' 11
SINGLE ROW
- CONTROLS

Exhibit 8-8. Muiti-row dispisys with 2 single
row of controls (controls snd
dispisys coded by number).
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CONTROL-DISPLAY INTEGRATION 8.0
GROUPS OF CONTROLS AND DISPLAYS 8.2

COMPLIANCE CHECKLIST
N/A |Yes | Neo Referenss/Comment

8.22 SINGLE PANEL ARRANGEMENTS (Cont'd)

d. CONSISTENT PRACTICE - Arrangsments of
functionally similer controls and displays
should conform t the mme convention
throughout the control room.

s. CONTROL/DISPLAY PACKAGES—-When con-
trols and relsted displays are aszembled using
modular peckaged units, the design of the
peckages will limit the location and arrange-
ment which can be achieved. In this case,
modules shouid be selectsd and arranged
to schieve maximum conformity with the
prinsiples described above.

8-10
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CONTROL-DISPLAY INTEGRATION 8.0
GROUPS OF CONTROLS AND DISPLAYS 8.2

GUIDELINE COMPLIANCE CHECXLIST

N/A | Yes | Ne Referenss/Comment

8.23 CONTROLS AND DISPLAYS IN SEPARATE
PLANES

s. SEPARATED CONTROLS AND DISPLAYS-—
Where displays are on ssperstsd panels, they

should be on the adjscent upper
penel from their associsted controls. Ses
Exhibit 8-6.

b. PACING PANELS-In no cass should reisted
controls and displsys be locatad on ssparsts
paneis that face each ather.

HORIZONTAL SEPARATION

VERTICAL SEPARATION

Exhibit 8-8. Acceptabie arrangements for displays and controis on seperate panels.

8-11
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CONTROL-DISPLAY INTEGRATION 8.0
DYNAMIC CONTROL-DISPLAY RELATIONSHIPS 8.3

GUIDELINE

8.3.1 GENERAL MOVEMENT RELATIONSHIPS

The responss of a display to contol movements

should be consistant, predictable, and compatible

with the operstor’s expecmtions. The following

principies apply t genersl movement relationships.

s. ROTARY CONTROLS-—-Rotary controis should
tum clockwiss t0 cause an increass in parameter
vaiue. The sssocisted dispisy movements should
be as follows:

(1) Linesr scales, up or to the right.

(2) Digital displays, incressing in value.

(3) Strings of indicator lights, bottom-to-top
or left-to-right.

(4) Clrcular meter poimtears, clockwise.

b. LINEAR CONTROLS-Linesr controis shouid
move up or to the right 0 cause an increase
in psrameter value. The associsted display
reistionships shouid be:

(1) Linesr scaies, up or to the right.
(2) Digital displays, incressing in value.

(3) Strings of indicator lights, bottom-to-top
or left-to-right.

c. DISPLAY RESPONSE TIME LAG—in some
cases there will be 3 time lag betwesn the
actustion of a control and the resuiting change
in systam condition. That condition should be
reflectad by displays in resi time.

(1) There should be no time lag between
systam condition changs and display
indicstion.

(2) When there is a time lag between control
sctustion and ultimate system state, there
should be an immediate feedback indi-
cstion of the process and direction of
psrsmaeter change,

8-12
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CONTROL-OISPLAY INTEGRATION 80

DYNAMIC CONTROL-DISPLAY RELATIONSHIPS 8.3

GUIDELINE

8.32 CONTROL-DISPLAY RATIO

Control-display ratio should not be a considerstion
in evalusting control-display reiationships. Control-
display ratio will be detsrmined by the ssparats
nmimf«pmﬁwofmwnmddum

a. CONTROLS-Controls should provide a ape-

COMPLIANCE CHECXLIST

bility to sffect the psrameter controlied
essily, with the required level of precision.
They should be effective in sufficient time,
under expectsd dynamic conditions, and
within the limits of manual dexterity,
coordinstion, and reaction time.

DISPLAYS~Displays should provide a cape-
bility to distinguish significant levels of the
systam paramaeter controlled.

EXCESS PRECISION — Both displays and
controls should have a precision which does
not greatly excesd that required.

FEEDBACK — Fesdback from the display
should be spperent for sny deiibersts move-
ment of 3 control.

8-13
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9.0 PANEL LAYOUT
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PANEL LAYOUT 9.0
GENERAL PANEL LAYOUT 9.1
GUIDELINE |ANGE CHECKUIST
‘ N/A | Yum | No Referenss/Comment
9.1.1 ASSIGNING PANEL CONTENTS ‘ s TR T ;

mmmmmmmhm
mmnmmmumg

are thres general methods for achieving this con- [ 3

dition. They are: (s) grouping by ek ssquencs, e PRSI -

(b:mnmmm(c)m e s %

2. GROUPING BY TASK SEQUENCE—Controls
and displays should be assigned to work
stations 30 88 10 Minimize OPErator Movement.
To the extsnt practical, this asignment shouid '
consider both normel and emergency pro-
mummmnmm
Mmmmmm
“ﬁwmmMaMMmd
humen movement from panel to panel. ‘

b. GROUPING 8Y SYSTEM FUNCTION-Within
the constraints of grouping by task ssquencs,
controls and displsys should be assigned to
panels in functionsl groups relatsd t0 system '
sgucture. This grouping should promote easy
understanding of the relationship between
controls and systemn, and should assist graphic
or pictorial display of system relationships.

c. GROUPING BY IMPORTANCE AND FRE-
QUENCY OF USE-Within the constreints of
grouping by task squencs and by system
function, conuols and displays should be
assigned to panels depending on their impor-
tsnce and frequency of uss. Controls or
displays which are neither important to plant
safety nor frequently used should be installed
in secondary panel locations.

e —— - - - --

e = e —
e —————

]

e e =

e e o = ————— =
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PANEL LAYOUT 9.0
GENERAL PANEL LAYOUT 9.1

GUIDELINE

COMPLIANCE CHECXLIST

9.1.2 EFFECTIVE PANEL LAYOUT

The location of controls and displays within a single I

panel should meks the most effective use of the
wiewing and manusl manipuistive sress. The allo-
cation of penel positions should first ensure the |
integrity of arrangement or grouping by systam
function and task ssquence. Within those con-
straints, considerstion should be given to the [
following factors: (a) te frequency with which M
controls and displays are used; (b) the significance ki
of controls and displays in terms of their possible §
use during an emergency; (c) the importance of |
controls and displays to overall system performancs;
and (d) special requirements in using a8 control |
devics or display instrument, such as the need for K
accuracy, speed, application of force, or a particular |
type of movement. -~
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PANEL LAYOUT 9.0
GENERAL PANEL LAYOUT 9.1

GUIDELINE

9.7.3 ENHANCING RECOGNITION AND
IDENTIFICATION

Several enhancsment techniques are available for B
mmmofmwdm‘mm :
preferred techniques for enhencament are spacing, |2
demarcation, snd color shading. Other accepwmble [is:,
techniques for setting spart groups of controls
include the use of insert peneis and added panel
relief.

a. SPACING - Spacing consists of physically
ssparating groups of components on a panel ,
with enough space between groups o that the !
boundaries of esch group are obvious. Spacing ?
between groups shouid be at least the width of i ;
a typicsi control or displey in the group i
(see Exhibit 9=1).

b. DEMARCATION - Demarcation consists of
circumscribing functional or selectad groups of
controis and displays with s contrasting line.

| ] ;

SPACING DEMARCATION

Exhidit 9=1. Seperation of functionsl groups by soecing
and demercation.

9-3



9.1.3 ENHANCING RECOGNITION AND

c.

IDENTIFICATION (Cont'd)

COLOR SHADING - Color shading may be
used to enhsnce recognition of controls,
displays, or functionsl groups. When color
shading is used, colors shouid provide adeguats
contrast, and shouid be consistant with other

color coding in the control room.

EMERGENCY CONTROLS - Distinctive en-
hancsment techniques shouid be used for

emergsncy controis.

APPENDIX A

PANEL LAYOUT 9.0
GENERAL PANEL LAYOUT 9.1

COMPLIANCE CHECXLIST

N/A

Yas | No Referenss/Comment
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PANEL LAYDUT 9.0
LAYOUT ARRANGEMENT FACTORS 9.2

N
GUIDELINE COMPLIANCE CHECXLIST

9.2.1 SEQUENCE, FREQUENCY OF USE, AND
FUNCTIONAL CONSIDERATIONS

The layout of penels is a compromise among 8

number of considerations. In some instances, various

wmmmmﬂmmmm
esch other but aiso with other design requiremants.

Becsuss it is difficult to rats the conflicting con-

siderstions for importancs, finel decisions must be

based on careful evalustion and sound judgment.

This subsection desis with the analysis of the

factors of sk ssquencs, frequency of use, and

function. )

s. SEGUENCE-Controls and displays which we
used together during a normel task sequence
should be grouped together.

(N Diohvswhichmmm:odﬁd
sequence, as during hot-eg temperature
check for all resctor coolant loops, should
be grouped together. It is desirable that
they be positionsd so that they are
normally used in 8 left-to-right, top-to-
bottom, or other natural ssquence. !

(2) Controls which sre operated in sequence,
s in m&imomadb\i\ga
series of vaives for a particular function,
shouid be grouped together. It is desirable
that they be positioned 30 that they
are normally used in 3 left-to-right, |
top-to-bottom, or other natural ssquence. e

(3) When there is 8 st of relatad controls and
displays, the layout of displays should
be symmetrical with the controls they
ropresent.

- —— ———
- ——— ———

- e —
e e — o —————

b ————— e
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PANEL LAYCUT 9.0
LAYOUT ARRANGEMENT FACTORS 9.2

9.2.1 SEQUENCE, FREQUENCY OF USE, AND
FUNCTIONAL CONSIDERATIONS (Cont'd)

3. PREQUENCY OF USE-Frequenty usd
controls and displays should be arranged to
reducs tesrch time and minimize the potential &
for error during use. :

(1) They should be nesr the center of the
preferred visual and manual aress.

i2) They shcuid be positioned 30 as to be
easily idantifisd.

UNCTIONAL CONSIDERATIONS - Funce-
tiongily relzted controls and displays should be
grouped togather when they are:

(1) Used together to perform tasks related to
a spacific function (e.g., operation of the
rasidual heat remaoval systam).

{2) Identical in purpose (e.g., resctor coolant
pumeps).

(1]
.
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PANEL LAYOUT 9.0

LAYOUT ARRANGEMENT FACTORS 9.2

GUIDELINE

9.2.2 LOGICAL ARRANGEMENT AND LAYOUT

The arrangsment of controls and displays should
bologlal but should not compromiss ssquence of

plays in 8 row should be designsted A, B, C, O, or
1, 2, 3, 4; correspondingly, any controls reisted t
thess dispiays should siso be designated A, B, C, D,
and 1, 2, 3, 4. Well-designed system mimics will heip
1o direct and sstisfy operator expectation?,

a. ORDER AND LABELING - Components
should be arranged left-to-right and/or top-to-
bottom, and be identified in siphabetic or
nuMeric sequUencs.

b. OTHER EXPECTATIONS —Where other
operstor expectations csn be identified,

components should be arranged to match thess
expectations.

COMPLIANCE CHECXLIST

N/A Y.[lbl Paterense/Comment
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- PANEL LAYOUT 9.0
LAYOUT ARRANGEMENT FACTORS 9.2

QUIDELINE COMPLIANCE CHECKLIST

N/A |Yas | Neo Referense/Comment

9.2.3 LAYOUT CONSISTENCY

The locstion and asrrangement of recurring func-

Jonel groups and of individusl companents of those

goups shouid be similer from panel t© penel or

within a penel.

a. REPEATED PUNCTIONS — The layout of
identcal control or display sts should be
consistant at all locations.

b. MIRROR-IMAGING - Layouts of repestad
functione shouid not be mirror-imaged.




APPENDIX A

PANEL LAYCUT 9.0

LAYOUT ARRANGEMENT FACTORS 9.2

GUIDELINE

COMPLIANCE CHECKLIST

NIA |Yas

Ne| NMeforense/Commant

9.2.4 STANDARDIZATION

When a precedent has besn established in the
mmmoﬂmmm
that sandsrd prectics should be foliowed uniess
other crucial coneiderstions necessitats 8 change.

s. PANEL TO PANEL STANDARDIZATION- !

Standardizstion should be meintained where
similar functions or peneis sre locsted st
ssversl work stations or units and must be used
by the same personnel.

b. SIMULATOR.TO-CONTROL ROOM STAN-
DARDIZATION—Standardization should be
msintined whers simulstors or procsdure
trainers are used that simulste the sctusl

mmmt.
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PANEL LAYOUT 9.0
SPECIFIC PANEL LAYOUT DESIGN 9.3

GUIDELINE COMPLIANCE CHECXLIST

N/A |Ye | Neo Referensa/Comment

9.3.1 SEPARATION OF CONTROLS

Recommended minimum control ssparation dis-

tances are shown in Exhibits 9-2 and 9-3. In

most casss, control room operstions will require

grestar ssparstion. The functional requirements that

shouid be considered are:

8. ACCESS - Control access should not be im-
peded by any position of an adjacent control.

b. INADVERTENT ACTUATION —=Control actu-
stion should not resuit in inadvertent actustion
of an adjacent control.

¢. SIMULTANEOQUS ACTUATION — Simuitane-

ous ctuation of adjacent conuols (where !
required) should be possible. . ]

9-10
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GUIDELINE

9.3.2 STRINGS OR CLUSTERS OF SIMILAR

COMPONENTS

On occasion it may be necsssery t have 3 large
group of similsr components arranged together in
strings, matrices, or other clustars. Thoss human
factors principles pressntad in-Section 9.2, Lsyout
Wmewmum
where large clusters of components are concerned.
However, considerstions such as sserch time, dis-
criminability of components, and svoidancs of
ssiection errors will often maks a string or matrix
the preferrad arrsngement. The following criteria
should apply:
s. ORIENTATION=Horizontal rows of displays
should be used rather than vertical columns
(see Exhibit 9-4).

b. STRING LENGTH-Strings of smail displays
should not exceed sbout 20 inches on the
control board.

e. NUMBER OF COMPONENTS

(1) No more than 5 similar components
shouid be laid out in sn unbroken row
or column.

(2) 1f more then 5 similsr components must
be laid out togsther, the string or cluster
shouid be broken up by tschniques such
as physical spacing or demarcation (sse
Exhibit 9-5).

d. LARGE MATRICES

(1) Large matricss of similsr components
shouid have the coordinsta axes labeled
for identification of any singie componaent
within the grid. The lefc and top sides of
the matrix should be used for labeling
(see Exhibit 9-6).

(2) Large matrices should be subdivided oy
appropriate demarcation.
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Exhibit 9-4. Horizontl orientation is preferred over vertical orientation.
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Exhidit 9-6 . Coordinets anms of grid shouid be
iabeied, and spproprists detinestion
ussd to subdivide the metrix.
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GUIDELINE COMPLIANCE CHECXLIST

N/A | Yas | No Asforensa/Communt

9.3.3 MIRROR-IMAGING

Mirror-imaging is an arengement in which two
functionsl groups are leid out symmetrically so that
ons is a complets, or aimost compiets, reverssl of
the other. Mirror-imaging shouid not be used, and
any recurring functional groups shouid be replicatad.
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