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ABSTRACT

Ergonomic design of controls and displays in console is important in preventing
human error and for efficiency and convenience of operation. For an ergonomic design of
console layout, all of layout design criteria (importance, frequency of use, sequence of use,
and functional relationship) and ergonomic design criteria (visibility and reachability)
should be considered. However, previous studies applied only some design characteristics
of layout and ergonomic design criteria to their console layout design. For a design of
optimal ergonomic console layout, it is necessary to apply overall layout and ergonomic
design criteria.

This study developed an optimal console layout design system (hereafter "console
layout optimizer") by applying all design characteristics of layout and ergonomic design
criteria, and investigated the utility of console layout optimizer using case study. First, we

developed a console layout optimizer to search for an optimal design of console layout using



optimization technique. The console layout optimizer consists of 1) Entering system
information module, 2) Optimization module, and 3) Visualizing layout module. In the
entering system information module, we enter system information about console layout (e.g.,
design criteria, operation tasks, or design requirements) which is used for searching an
optimal design of console layout. In the optimization module, some of representative layouts
are derivated by priority-based branch & bound technique and k-means clustering. In the
visualizing layout module, the locations of controls and displays for each representative
layout are displayed in the console layout optimizer.

Second, we investigated the utility of the console layout optimizer by applying it to
designing console layout for low-altitude surveillance radar. Basic information of low-
altitude surveillance radar (e.g., operation tasks, importance, or sequence of use) is classified
by analyzing textbook for radar and doing survey of radar users. The console layout
optimizer derivates five representative layouts, and all representative layouts get ergonomic
performance better than the existing layout.

This study developed console layout optimizer applying all design characteristics
of layout and ergonomic design criteria systematically. The console layout optimizer
suggests some representative layouts which are satisfying design characteristics and design
requirements. In console layout optimizer, designers can easily enter design characteristics
and design requirements through Ul, and it can be applied universally to various console

layout design.
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14. 979 w4 € €84

Console> AlZ=Hlo] Ao]& gt Alojdx|o} AAE 9t BTAGAZ
T ¥ user interface®] HIA oItk oE 54, WFH ol console> 9

oy §A4 Al2ge] Alojg &l 2§ 13 2ol HE, 7|HE, nheaeh T
Aoy o} A7, Hils, RUHeF F& ZAIGAZ FAd =] ATtJungetal,
1995; MIL-STD-1472G, 2012). Console®| = #|°] console, %% 2 control room]

console, & %F console 5°| It}




McCornick, 1992). ©]=2] MIL-STD-1472G¢} FH2]  Def-STAN-00-19

Q17

-

oy
o

A2l console AAIE $13l A7 guidelines A|AIStaL Sl d& &
MIL-STD-1472GE FE424 HESY A &2 10 ~ 25 mm= @3 o, HE

he] o frEite exA oS 918 50mm o]do] HEE @Astal 9l

oy

&84 console layout A7AIE 13141+ layout design criteria(Z S

, 7154 Fdshel ergonomic design criteria(A A, =EA)

]

THHoE sk Zlo] dasit 7S ATES A4 console layout
A Al layout design criteria 2} ergonomic design criteria®] dF-THS 3} QT
Sargent et al. (1997)2 T L%, W% AAA, =EAS panel layout 7]
o, E84Q console &&= | FAgH 22 =AE layout A Al
I 3HA] KT Xu et al. (20102 WIEQ A AE  nuclear power plant
console®] layout A7lol &3}ttt  Wang et al. (1991)2 T 8%, Hl%
A E 13 panel layout A7 WS A|okegi X vk HE| S console A
8 aEsord =gAdS layout AAlYl  mHSEHA] ETh wEbA
AZEE A1 A 2] console layout A A E 9134+ E &= layout design criteria}

ergonomic design criterias T H 24 &2 Z & of g}
1.2. 47 53

2 5= layout design criteria®} ergonomic design criterias &34 S

=
23} console layout 23 A ~ES sfdtala g84S st A, B
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A= HAZ 7IHE A&kl HA conmsole layouts HAEhE A &S
Mdskadeh 7 console layout A3} A|~¥lS AA AH 4= module,
T84 23} module, 1|3 layout AlZ}3} module® TAETE AA HRH
2 module> HZAsle]l Bag HA 7|x AR A W, & A4,
AA 87 F2)E dHEHso 214 H 438 module<> priority-based branch &
bound 7|3} k-means clusterings %-8-3}9] layout design criteria®} ergonomic
design criterias RF5A]7]= i3 AA diekS ©A &) Layout A1Z7H3E module
gAlE e dis] 3 A4S FE AAE U layouts  $H O

A 2} 8t elj =
=4, & dae AEd A="e g8Ade Hrlskrl s W

dl°]t] console®] layout AAle] 7t AlxELS A& WE #Hold

i

2 oo 43 7)) REom THH] Ak Al 14 AT
W7, Bad, 243 ge ATel AvA Aad gel A&sn Jom, A

272 i AT M-S el H A ©A algorithm, 17F&82] console layout



AA A, branch & bound 7]%, Z12]3l K-means clustering 7]'Hel] ofgt &3
ZAF Y8S Agedn. Al 3Fe B Ao A sfEek 17-EEH HA
3}

Al2~81S g Ho]lH console?] layout Ao A& AlHE A=3siar 9l

oAl 4 2 ATelA TREE

)
32

console layout A7 A|2HE 7|

A s eFe A 3 4ol Aol W@ Eole ARS MEeta 9
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2. Literature Review
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21. FHA3 &4 Algorithm

Console layout HZ3loll= 3 7F4  F38o HZHs A4
oty < (interactive constraint-satisficed search algorithm, heuristic algorithm, meta-
heuristic algorithm)©] AF8-% 3 & Ao =2 e A A interactive constraint-
satisficed search algorithme X 23} o] AFxAS F7F = AAN7IHA

AGEAS WHIHE 1 A AsHE wEAoE AR AL B
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satisficed search algorithme  Al| ¢F
3 wlel® 7bsdf(feasible solution) FollA A7 Adke S Aad 4=
A+ o]l At 28y interactive constraint-satisfied search algorithm-> &%} &
glo] AkxS wEHaE 1o JFedwe ©@AEy] Wi AokRAS

WEsHe dgd bsdel A5e TFAeE was Rehe @Al

=

=, heuristic algorithms HddHo 2 -3 A& F= F+ J& A
22 WA d9E HEstel A HAHSl(near  optimal)E B A S
1] o] th(Rardin, 1998). Heuristic algorithm> A ¥H4 0 = w2 A|7F Yo A&
e Aol oy e Uy NP-Hard A9 A HA3] gl
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ARE&EaL Qlth Console layout #7238} Aol= AA QLS FoLo wet

EN

zto] 7} HE gk console®] FTUH-E AALAE WX WeH(Wang et al,
19913 W% g7 @E& AAQ LS fIXE WEAoRE WHAMEHA A
HAME A= Wok(Udosen, 2006)°] AFE-% 31 Qlt}. Heuristic algorithm-2

SAlzkl 2k AANE FAY ol gAol dot BAE a7k A el

np2 9k O 2 meta-heuristic algorithm-2 Eh&o] 7|9kt w2 gals 23|
A HASE zte W o] th(Rardin, 1998). Meta-heuristic algorithm<> heuristic
algorithm® 7ro] NP-Hard &A1 AF A& o] da] AR&¥aL 1o
A A HAE 7 dvtyg HA ] S A E BAdste Vel fle
kA o] At} Console layout % %] 3}l = genetic algorithm (Pham and Ondor, 1992,
Xu et al., 2010), simulated annealing (Sargent et al., 1997), ant colony optimization (Hani et

al., 2007), particle swarm optimization (Xu et al.,2010, Xu et al., 2011)°] A}-&-% 31 )
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ZF7}3} %I ). Hani et al. (2007)< train maintanence facility®] 7]<& AF-8& &A]ol ufz}
facility®] x| ¥ o]F AT E H7Iste WAoE AME SAE A3
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(2003) ARE WIE=7E 2 AojdA] B FAEA ] el ARSI Al 747k
Al FAT F JEF HH]FFE AT S Xu et al. (2010)> A
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2.3. Branch & Bound 7]

Branch & Bound 7] constraint®] F7}& &3l solution= 73 A3}
Z# solutions 2rE algorithm©|th. Branch & bound 7|2 constraint®] F7}&
%3l feasible solution set2 Y5+= branch ©7|, infeasibledr 749~ T+ feasible
solution®] 7] slHt} £4 2 A9 thE dUibE FEF branch o] @AR

HEo}L71= bound TAIE o] Fo]H T} o]E S, branch & bound 7]HS 19
29] node 0914 x19 ™3+ constraint(x] < 2 or xI > 3)E F7}sle] A2 3¢l

node 17} node 25 © 3} branch @7, Z12]3L node 3914 Itetsl A =& 3|7
A7 SAE HA S(incumbent solution)® Tt HE&rE e AF9 HAS

Z 55} bound TAZ AT

Node O
LP Relax
Z=41.25
x1=2.2%
X2 =375
— 7 —
xl<=2 Branch x1>=3
Node 1 Node 2 Z* =39
Z=4111 Z=139
x1=2 x1=3
x2=3.89 x2=3
x2>=4
x2<=3 Fathomed
Bound
Neode 3 Node 4
Z=34 Z=41
xl=2 x1=1.38
x2=3 x2=4

Fathomed

Z1% 2. Branch & bound algorithm
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2.4. K-means Clustering 7]

K-means clustering 7] - 19573 Stuart Lloyd7} A<k, 19651 9] E.
W. Forgy”7} 23 %+ 7]*H o]t} K-means clustering 7] heuristic method & 342,

k702 node®} el siteE HAC ATE AASH7] 918 noded] HA A=

i
o

@k olml 7 nodedl Sl WIAHYE siters e FHoR

-means clustering 7]W< 1% 33 o] Lloyd7} A|¢Fgh algorithm
TAZ2 APArt 4 k9 nodeE Gal% data domain Wloll randomdt 9] ]l
et} Z) osite HE A7 HAQ nodeE Fo} FHOE EFT & £HY
S 1A E nodes AuiA|FTE. AWIAE nodedll THE TRA] siteE wHOE

TR ¥, node?] A7} WA &S WiZEA] node9t siteo] THE R E{HE

MR Ea=
©oe S ;
mg mom %ﬁ! f
EE@@ E\E

719 3. Lloyd’s algorithm for K-means clustering
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3. Console Layout Optimizer 7%

2 A5+ layout design criteria®} ergonomic design criteriae 31 3}o] | 4]

A tjeks ©AE=  console layout Z A3} A]El(©]3}, console layout

optimizer)= 1% 49} o] 7|3} TE Console layout optimzer®] user interface
p Y Y

C#S ol-g3to] AN Zate Qo A3} algorithmeS C++2 o] &3t 3 H A}

=X TEp—
[ et Lot
oput Parmeter Panel Infermation WF Evalustion Resuhe
Console " s Peguied eachablity  Reguired ity Grous N - | || Overall Score
Canscle Generaion L Ll 8.0
929 w
WE Scores
Pan
el Germrator
/1
Panel Window Prev i et -
Components
mgonent Genecsion )
Optiization Histor
Tasks Pavel 2 y
Genarst
b d A P 28
r B I
Option: Constrain S
25 28, 22,
ot i 7 il
Goance | | Prtered P Zoh :
2/ )g!. 28 0R
A A%h ) A2
2 3 £} )
Optimizati
¥ Evaunton Preoery,
Optmizaten
i o Losd Hi G

Z1% 4. Console layout optimizer

3.1.  System Architecture

2 A9 console layout optimizer= 1) A4 54 4= E&E, 2) 784

A

Asl ®E, 283 3) layout AlZtst EEE FAEY. 3A, A 54 4F
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F 2. AEA o FEit 2718k

Component Picture Operating body part Min. (mm) Preferred (mm)

LSO

Single finger 13 (25 for glove) 50

Push button —-]o r—s—j 2 Zf Thumb or palm 25 150
i Sequential* 6 13

) A Single finger 19 50
Toggle switch @«’ -
13 25

Sequential*
Rotary selector j i One-hand 25 75
switch = . Two-hand 50 125
Discrete r_‘ %‘
thumbwheel {N\\@ Lﬂ] Thumb 10 -
g
control A S

*Sequential: operating body parts are sequentially used. e.g,, index and middle finger can be used for push buttons

33. «¥3 HH3 =E

o4 HH3 mEe BAYL, AAAGRA, 1dn A5 w9

N
olr
2
™,
(e
)

criteria®] "= 0~100% 2] HH 9

2
jf
et
et
o
Y
N
10
i
o
fu
4
oX,
i,
i)
)
i

AdEH, S48 HAas HEs dsddoz AdE 0 ~ 10059

e R

A1

n n ! m
Maximize{4xZ(IV,k xF, ka)+4><Z(IRJ{ xF, ka)+4><Z(ISJ. XFS,iXSi)+4XZ([G,j xF; ij)}+4

k=1 k=1 i=l j=1
where: / = number of tasks,
m = number of functional groups,
n = number of components,

1 y 4 = Visibility importance (range: 1 ~ 5) of component £,

14



1 , , = reach importance (range: 1 ~ 5) of component &,

F, = frequency (range: 1 ~ 5) of component %,

v, = visibility comfort (range: 0 ~ 1) of component ,

R, = reach comfort (range: 0 ~ 1) of component &

1 s.; = importance (range: 1 ~ 5) of task 7,

FS,i: frequency (range: 1 ~ 5) of task i,

s, = sequence satisfaction proportion (range: 0 ~ 1) of task i,
v G~ importance (range: 1 ~ 5) of functional group J,

FG,j = frequency (range: 1 ~ 5) of functional group j,

G/. = functional grouping satisfaction proportion (range: 0 ~ 1) of functional group j,

=4, AA AF £71S console layout A7 ©iQt @S s AA

olof dt= avxAS AP ¥ A= MIL-STD-1472G 274

S ST}, Priority-based B&B+ A Al tiet &S fjal Alo)g Ao A A 9
B X| & 4803} branching @A, 1813 AR} AR A S )
branching ©]| o2 Zo}7}= bounding TAZ ©]|Fo]X T} Branching WA+
A AolgAL EALAZ A SHwdd wel eAdez WA
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Visibility Score=4xY (I, ,xF,xV,)
k=1

where: n = number of components,
1 y i = Vvisibility importance (range: 1 ~ 5) of component £,
F, = frequency (range: 1 ~ 5) of component £,

y, = visibility comfort (range: 0 ~ 1) of component £,

2] 3.

Reachability Score=4x Z(IRJc xF, xR,)

k=1
where: n = number of components,

1  , = reach importance (range: 1 ~ 5) of component &,
F, = frequency (range: 1 ~ 5) of component £,

v, = visibility comfort (range: 0 ~ 1) of component £,

BN

2} =X console =8 Al AJFA ] 8 £A 9 AoJFH o] HjA]



golA 7 Ho] £& Azte] Ao £4 F ThE AN A

7FsAdol oAl At shxwt 11 6 - (b)oF 2ol =2 oA 9 wiA]

(a) ZEA MO HHRI A A UK (b) AR MO EfXI2A LA

a% 6. 22 A ek WiAEA A

4 4.

!
Sequence of Use Score=4x Z([S,i xFy, xS;)

i=1
where: / = number of tasks,
1 s.; = importance (range: 1 ~5) of task i,
FS,i: frequency (range: 1 ~ 5) of task i,

S, = sequence satisfaction proportion (range: 0 ~ 1) of task i,

group®] FAFRE 9ol &7 wjxE wlER A¥sEd. dE S,

@< o] group 19 AAGA L} FAIFA] Aol 2 Aogx



2ol group 19 AAFA e} TAIGA 7L A M HE AS Ve JdsE

wEsl ®vh %A gus d5s 4 sk ge] BE AojgAs)
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Functional Group Score=4x Z(IG,j xFg;xG))

j=1
where: m = number of functional groups,
1. ;= importance (range: 1 ~ 5) of functional group ;,

FG’j = frequency (range: 1 ~ 5) of functional group j,

Gj = functional grouping satisfaction proportion (range: 0 ~ 1) of functional group j,
3.3.2. AA Ak =4
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7hsalloF st A2k S =2, no overlap, placement within design space, “12] 3L
alignment”} 31T} No overlap=> A|o]7gx e} A GA|7F HAXA] A vjA & =5
St A7 o] th(Xu et al., 2010; Wang et al., 1991). Placement within design space+
Aot ZAGAZE WA FzE o e EF 0 siAEES sk
A eFx 71 o] th(Pham and Onder, 1992; Jung et al., 1995). Alignment™ =]} %x] <}

EAZAT ALl 35 e FhHo] WA ES i Aok o T(Xu et

AA Ak 2HE AFA et FTAEAS] w7 82 AlA]
ZA3 Hateof dltfi= A eFZA S = vision, reach, clearance’} AT} Vision<

FEAE QL Abed 9A AFASG EAFAL WAHES s

2
42

%71 0] tHMIL-STD-1472G, 2012; Holman et al., 2003). Reach -84} 0]

9 bsd S1Aol Aol g7} MAHES sk Aok A 0| CHMIL-STD-1472G,

rlr
o
>
N
2
2
o
)
i
BN
L)
_C"L
rir
o,
o
it

2012; Holman et al., 2003). Clearance
Aol el ko] BAEHA]  FEEH oFEits  FHIEEFR e
A k271 o] THMIL-STD-1472G, 2012; Wang et al., 1991; Holman et al., 2003).

AAH AF =212 AHAE FAEAZE QIASIAL AFEEHY)
ARlel=s w x| ojof dhth= Aok O 2 spatial clue, prevention of accidental
activation®] $JT}. Spatial cluet™ A9 22ty #AHAE AAHAE F7HA
A= BAZ B Ford £ YA wiREFEZ stE= A kx| tMIL-STD-

1472G, 2012). Prevention of accidental activation A]2:®lo]] FQ 3t IS 3f=
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Hj 2| St 5 3k A k271 o] THMIL-STD-1472G, 2012).

it 3. Constraints for ergonomic layout optimization

A7) AAe) exAe WAy 98 ge AelgAs A

Classification Constraints Description Reference
All components shall be clearly Wang et al. (1991),
No overlap distinguished Xu et al. (2010)
Physical Placement within All components shall be located with the Jung et al. (1995),
requirement design space panel Pham and Onder
(1992)
Alignment All components shall be aligned Xuetal. (2011)
Visually Visual displays and controls shall be
accessible | visually accessible
Minimum | The viewing distance from the eye
viewin, reference point to displays shall be more Holman et al.
Vision | \eWing POl p'ay (2003), MIL-STD-
distance than 51 centimeters (20 inches) 1472G (2012)
Maximum | The viewing distance from the eye
viewing reference point to displays shall be less than
Bod distance 70 centimeters (28 inches)
4 . All controls shall be located within the
requirement Accessible .
maximum reach Holman et al.
Reach | Avoidance | Controls shall be located according to the (2003), MIL-STD-
of cross- order of the operations to avoid crossing or | 1472G (2012)
ing hands | interchanging hands
The size of a control shall be designed Holman et al.
. . (2003), MIL-STD-
Clearance ensuring that the operation of a control does 1472G (2012)
not interrupt those of other controls Wang et al. (1991)
. Controls and d1sp1ay§ shall be logated and MIL-STD-1472G
Spatial clue arranged to show which controls involve (2012)
Cognitive which display
requirement Prevention of Emergfsncy shutoff controls Sha11. be MIL-STD-1472G
. L accessibly located to prevent accidental
accidental activation o (2012)
activation
3.4. Layout A|Z}3} 2E
2 A9 console layout optimizer= EAE Ui A7 dotES I
83} o] s}l A]Zbs}skr). Console layout optimizer= W3 A7 tote] Al
wel AolgA e BAAA Y 9AE AAHAFL, WA fHd| HE H4E
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4. Case Study: Panel Layout Design
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12 4.1 0.9 3.0 1.4

13 3.6 1.0 2.4 1.4

35 AR E AAEY EEA ToE I
No. ol & A A = o
1 Push button1 4.5 4.6
2 Push button2 3.8 39
3 Push button3 43 4.1
4 Push button4 43 4.1
5 Rotary switch1 4.0 4.0
6 Rotary switch2 4.0 4.0
7 Touch screen 4.8 4.8

2 A= console layout AAIE 913 1) paneld] AlAA/E=EAE AT

2
T& Akl et panele] $Aol wiel AAHT 7] dHE AREA A AR
ZIvke = 9 99k ol panele] AAH =24 HaeE AP & A=
panel®] AAGI =dAd HeE =Fs7] 9d F 63 2ol dhefd 20TH

30t FA 9l 5,50, 95%ile 214 AHE AL
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AAE = o8 EEY g3 8

- 2%
=X Al G (view cone) ‘ 1000 2 = §-FH(normal reach area)
1000 : | [ :
800 [ Per.centnle ‘ 800 5" Percentile . | 2%
1 | Console 600 -
600 \ \
= x4 400
400 P *d ~
" 0 = x 200
o = x4 0
200 20
200 -400
500 500

a9 9.5%ile AA AHE F3F paneld] AAAT =2 Ha AA

¥ 6. U QA 2o oA AH(HS]: mm)

Body dimension Size Korea data Link dimension BL rati Link size
ratio
Variable Code Sth 50th 95th Variable Code Sth 50th 95th
Head length BD1 155 175 210  |Eye-to-body centerline distance LD1 042 65 73 88
Eye height BD2 769 815 865 |Eye level-to-shoulder pivot distance LD2 0.32 246 261 271
Bideltoid breadth BD3 369 402 432 |Shoulder pivot width LD3 0.77 284 309 333
Humeral link LD4 0.39 277 299 319
Armlength* BD4 709 766 819
Forearm link LD5 0.34 241 260 278
Hand length BD5 172 186 199  |Hand link LD6 1.00 172 186 199
Acromial height BD6 556 599 641 |Trunk link LD7 0.77 428 461 494
Hip breath, sitting BD7 320 347 383  [Hip pivot width LD8 0.49 157 170 187
Buttock-popliteal length BD8 425 469 512 |Femoral link LD9 0.89 378 417 456
. . Shank link LD10 0.90 335 365 39
Popliteal height BD9 373 406 441
Ankle pivot to floor distance** LDI12 0.20 100 106 113

* Shoulder-to-wrist length + hand length

=4, AFA e} mAEA S 24 &M= HEdelH consoled] &
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HEEEEEEEEE

Mani Ra Screen
Power Reset Enter U mp

-alID light light

Touch screen
G Rotate Tra175- Dist- Dist- Dist-
mit ance | ance 2 ance 3

HEEEEEEEEE

(a) Bottom align A (overall score = 90; sequence of use: 100, functional grouping: 88,

visibility:82, reach: 90)

Power Reset Enter Leisfe LA Lt

ance 1 ance 2 ance 3
Touch screen
Clear Rotate vans- Hifm R.amp Stj,reen
mit alID light light

(b) Bottom align B (overall score = 88; sequence of use: 100, functional grouping: 80,

visibility:82, reach: 90)

HEEEEEEEEE

Power Reset Enter Clear Ramp Screen
light light
Touch screen
Trans- Manu- Dist- Dist- Dist-
. Rotate
mit alID ance | ance 2 ance 3

HEEEEEEEEE
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(c) Bottom align C (overall score = 87; sequence of use: 100, functional grouping: 78,

visibility:82, reach: 90)

Power R Manu- Dist. Dist Dist
alID ance | ance 2 ance 3
Touch screen
R?lnp Sc.rcc Enter Tmr?s- Rotate Cl
light n light mit

(d) Middle align A (overall score = 90; sequence of use: 100, functional grouping: 88,

visibility:82, reach: 90)

Pow R Enter WA Rotate Trans-
alID mit
Touch screen
R.ﬂmp Sc.reen Clear Dist- Dist- Dist-
light light ance | ance 2 ance 3

(e) Middle align B (overall score = 87; sequence of use: 100, functional grouping: 78,

visibility:82, reach: 90)

ALL)

Z1%) 12. K-means clustering 7]'HS F3] A i A7 ot
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2 AF-= layout design criteria(F &%=, Rl%=, 22eA, 7154 HAdshe}
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layout AA¢} #HE £ FAFE &3l layout design criteria®} ergonomic design
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