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ABSTRACT

Objective: The present study systematically analyzed the characteristics of ergonomic layout optimization methods by a
comprehensive literature survey. Background: Although layout design methods for ergonomic placement of controls and
displays on a console have been developed, understanding of their characteristics is lacking. Method: The present study
analyzed layout optimization papers published past 20 years from the following four aspects: optimization model, optimization
algorithm, design principle, and constraint/assumption. Results: The existing layout optimization methods based on various
optimization techniques consider only a partial set of four layout principles(importance, frequency of use, sequence of use,
and functional grouping) and two ergonomic criteria(visibility and reach). In addition, the existing methods oversimplify
components in various sizes, shapes, and angles by assuming the equality of the components in size and shape. Conclusion:
A more effective layout optimization method is needed which considers the layout principles and ergonomic criteria in a
comprehensive manner and reflect the diversity of components in size and shape. Application: The identified characteristics
on the existing layout optimization methods can be applicable to development of a better ergonomic console layout design
method.
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1. Introduction Al X 2] (information processing) & A skl Q1

2 @5 (human error) & oAlWa 4= 7 vl x| & ojo} sttt
(Sanders and McCormick, 1992). 9|& 54, AoAA=

Console?] #|*17A] (controller) % A4 (display) 2 Z#o] AYJIEE 24 44 (sequence of use) £} F-
£ 28o] HYFEF A7t EA o R x| Hojop it H3LES x| Eofof ah, {A] B4E AR = Bt
Console- A|2~l1e] Aloje} ZRA]S 918 Aol g9} A & Al exHo] HA 9Fes Fo x| (primary con—
A E Figure 13 2] Fol =2 user interface A troller) 258 A $x]of| vix]F] ook SFHDepartment
= 9m)3tt}(Jung et al., 1995; Department of Defense, of Defense, 2012).

2012). Console?] A2} BAIFA| = &84 &7 theFst A3}k 7 Eo] vl Aol e} BAAIE
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P S— AT B ATE SeRd dag gl Agkgety
% console layout #Zglel Idd 10 9] =S &4 diy
: oz Agasith. Ee, HPE = SHE 4744 S0
optimal viewing area
(HA3} 24, HAs) G4 dags, AA 4, Aok

Figure 1. Example of a console layout(Jung et al., 1995)
(images labeled by alphabets and numbers indicate displays
and controls, respectively)

58 A 7150l AAA, E24d) ofl A#sHeR console
o] Wjx|eh= AAIE /st 485 ¢t Holman et
al.(2003)& A& 23} 74 (linear optimization) = Z-&
sto] 14708] Ao)FAE consoleel WiX|sh= W& /Nds)
o™ Xu et al.(2010b) 2 particle swarm optimization
7IME §83to] 13719 AAIQAE consoledl HjX|Eh=
H”ﬁ% 78kt B3k Pham and Onder (1992) & 4
112 (genetic algorithm)= ©]-&3lo] 15719 AAL A
= console°ﬂ =) ek= HHHS Nl oY) Jung et al
(1995) & T2 Akxds Al wshe s gst
= "W el constraint satisfaction problem(CSP) 7¥<
8319 console layoutg A= WS L
HA3) 7S 583 v A7EyEH4 console layout
A wgo] AE L glov 71E ATt B4 tish A
A olallE vlFst Aol V& AT Aoldt HA s}
71 (el: particle swarm algorithm, genetic algorithm) &
8319 console layouts AAISH= B3-S /st ot
A5 7HSe] AH W S ERHoT Hlwer AT
FAsiet B3 7)E AT AA el st veksk 7
d& 3kaL ot ol=el tigh vl Ao FAjttt. &
S, Holman et al.(2003) F7]8} Boko] FAst JAlzt
B Ao FAEE BAE ] 4 X 4 grid consoledl| #Z]
o7 wXshs WS sk o, Xu et al.(2010a) > Al
AFA 5L consoleo| Y= vlx|eh= A3} HHHS AL
sk webd, A AISE A 8= console layout?] E43¢]
Aget HA gl A IS AU AR A3 A
el A s s fEliAE 71 ATl st
21 ola7} g8ttt
T= AFFEA console layout HFZAE Ao
AXAME B8l 7€ AT7E2 548 AALeR

OHJ
o orie

HE R

2

!
u ) A Hl B skl

2. Literature Survey Method

FPI

A= 17k 84 console layout &2 3k} #E
St s 4719 =i A Ale]E(Science Direct,
Google, IEEE, Taylor & Francis Online) & o|&3sfo] XA}
ST =% A4 AolE= by st Byl Q9 skeX|E

o

10r

(e: Applied Ergonomics, International Journal of
Industrial Ergonomics, Ergonomics, Human Factors) <
B ¥x3bsla Qo) =5 AAL console layouty} #HE

NAlo] 4714] (console, panel, layout, optimization) & %38}

alo] o] Fol it
2 A= 3l zqi}"e_ S8 HF 203419914 °]§r~)7]’
ke 10 (Table 1 #x)& AAsqict. AA, &

o A3t & =& 7&*—'1 Alo]Egl HAlo] & 01%0}01
console layout A 3}e} #HE =5-& AT 4,
A =70 ARg AEStY B4 g $R =S A3
St v Eto 2 A EH TR =59 2585 HESY

WA o A e Al

3. Results

798 #Ask 71" 714 console layout AA ATES
474 S (H A3t 29, FHAs G4 g, A 43,
Aok 9 7F) oA Table 29 Zo] FFH o7 Hlw
A8l

3.1 Optimization Models

F¥

584 console layout A= 37H4] w382 243}
A3 g A B9, 23 o A 2Y, olwEF
2 At vk 3, 4% a1l EA41E console
layout & 2] 1] vepd A3 Zo] A4S HiA]
FAACx el w2t == =99 (q )7P Havt =
£ MR g8t (Holman et al. 2003) gA= = A
BAEFE AALLTA ] AR 74]*}95} A g &
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A= oA 7 &4 312)Z (polynomial time algorithm) 2 ©]
&3 F4815 GA &S 7 Yo Kuhn, 1955), 7 A2
84 28] A 24 ARYE HA g v = gle
A o] it

=4, 22 ¥ FAE console layout €S 2] 209
el 3}k o] AAAE 7he] g wiA] 91X

n n

Minimize ZZdUX,.j (1)

i=1 j=1

Subject to z X, =1,for all j

i=1

ZX,.] =1, forall i

Jj=1

where: n = number of components or positions,
d i distance from an operator to component i
when placed in position j,

{1 when component i is placed in position j
i

0 otherwise
Minimize Jad 1 X Xy (2)

Subject to z X,; =1for all i,

i=1

ZX,/.=1for all j

=

where: n = number of components or positions,

fu = frequency of operation between component
i and £,

dﬂ = distance between positionj and /,

N

1 when component i is placed in position j
| 0 otherwise

[1 when component £ is placed in position /
K

0 otherwise

I A 24 el f, )9 ﬂﬂ(dﬂ)
3lal= wijx|E &A% (Hani et al., 2007). %2 9

o -
< 4
HES

©13]t}(Sahni et al., 1976).

nR]e o 2 o|HEFE console layout EE- 2] 3of ERH
R go] 27k (A Aeet 2% 94 9] 39 9
s Hdigleks mxE gt (Xu et al., 2010a). A
Arl-d, /d,, e 7 AAexe] At hess
A ARREY 24 des 24 94 91 A (qu,) el
FRES} RS & yate] At 227 A4 27
A =9 AeE 4 36 UERd AT o] 34 A=
d

|40) 57} BE5S Frkee,

n n

d. n
z Z Wi,(l - div)Jr z 10qu, +06,(1, + F))}
-1 =l max -1
(3

Maximize

I 2
qu ; = ni ’l_]:l

- n
L; Z ay
=1

Subject to

where: n = number of components,
w, = weighting coefficient between component i
and J,

dij = distance between component i and j,

qu, = normalized [,

[, = sequence of operation degree for component

I,

lifa, #0
Vi = ‘
v 0 otherwise

)

a; = number of operations which component i is
operated before component j,

0, = relative weighting coefficient for normalized
sequence of operation degree,

6, = relative weighting coefficient for importance
and frequency of components,
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1, = importance for component i,

F.= frequency for component i

2AF HA S gAskE WeH(Udosen, 2006)©] A
1 9Jt}. Heuristic algorithm< ©hA|ZF] AL H A E
gAE = Qe Aol slovt g dvh H A dvt
v A E dddt = Qe V1ol fie @Al itk

nA] 2O 2 meta—heuristic algorithme &-&-of 7|43tk
WA ghAS B3l A HAE 2= otk (Rardin,
1998). Meta—heuristic algorithm- heuristic algorithm
¥} 7o) NP—Hard A9 AT HA 8] @46 g A=
I glon, gAE A HA 7 ekt HAsfel] g9t
A& k= 7]50] gl A o] ltk Console layout
A 3loll&= genetic algorithm (Pham and Ondor, 1992; Xu
et al, 2010a), simulated annealing (Sargent and Kay,
1997), ant colony optimization (Hani et al., 2007), particle
swarm optimization Xu et al., 2010b; Xu et al., 2011)©]
AHEE 3 Qo

3.2 Search Algorithms

Console layout A gloli= 37k 3] HAs) o4 &
112]5F (interactive constraint—satisficed search algorithm,
heuristic algorithm, meta—heuristic algorithm) ©] AF&-5
3 Sl RO F YEelsTE AA|, interactive constraint—
satisficed search algorithm= &% 3} 229 AoFxA-S
F7F e AANTFEA AtxAS S 119 7ks
AE AR gasteE RS T AR w5t
+ 5 e WHolY (Jung et al., 1995). Interactive
constraint—satisficed search algorithm-< A|kxALS 7}
e AAskE ARl RS B8l sekd 73l (feasible
solution) oA AR} Ak & A9 5 U= &
7o) e}, 18]} interactive constraint—satisfied search
algorithm HA3H= glo] AekzAg W= 1719 7}
SalRkE Beh] witel Alekxls RS vhekst 7t
3o Aes THACE nlwskA] Eohe ghAlIde] Slok

=4, heuristic algorithm< FA@ o2 43t vjx &
A2 T UE A 22 A dEE FEete] A H7
3l (near optimal) & 3= ot (Rardin, 1998).
Heuristic algorithm< dwrd oz w2 Al7F Uof & &
£ 2= Zlo] ofg Z1o® 9l NP—Hard 419 <A
HAg galo] A% 1 9tk Console layout H23} A
o= AL Tk upet Z4to] 7 H ] console

o] FHE HAARAE wiX s WeH(Wang et al,, 1991)

I wx] A4 Ee Al QA0 95 wEH o7 WA
HHA A HAEE gAshs BeH(Udosen, 2006)©] Al
€% 31 Qlt}. Heuristic algorithm-= ©HA|7Fe]] AL A 8l
5 2T 4 gl Aol gloy galE 7t HAse] I

e = 9l 710l fls @] Stk

QIZFE 84 console layout Al 4714 A A=A (T

5 RS, AM A, 283 7eE Jdshol AeEa
Atk AA, Q% (mportance) 9&L FoE7} & A
ALEE 22 9 ARl HE g Aol wjx|st= A=A
o]t} (Wang et al.,, 1991; Jung et al., 1995; Sargent and
Kay, 1997; Xu et al., 2010a; Xu et al., 2011). =4, 1%
(frequency—of—use) Y& AR RIE7} =2 AAQAE
Z2r g AJQISE7] A sk $JX]e) wjx|sk= @& o]tk (Wang
et al.,, 1991; Jung et al., 1995; Holman et al., 2003;
Udosen, 2006; Hani et al., 2007; Xu et al., 2010a; Xu et
al., 2010b; Xu et al,, 2011). AA, AHE <=4 (sequence-
of—use) 93 AAQAE AHE Ao WA AxFo
EH AAREE AHE Al wet dAAE 22 ¢
QEE vjxsl= Y& o]tk (Wang et al., 1991; Jung et al.,
1995; Holman et al., 2003; Udosen, 2006; Xu et al.,
2010a; Xu et al., 2010b; Xu et al., 2011). wpx]gto 2, 7]
54 A3} (functional grouping) 932 7|54 oE
APETL 2 AAQAES Fdslete] vk Aot
(Jung et al., 1995; Sargent and Kay, 1997; Holman et al.,
2003; Udosen, 2006).

Console layout?] QIZF5-82 A A5 2714 SH (=
A, A AAD ol H7kE o ek =24 (reachability) &
AAQA7A] $0] golek g 4 Sle ATE YER
E HAx24 344299 (normal reach area) ¥ o)z
%% (maximum reach area)= T-23F9 H7}= 1 gt
(Holman et al., 2003; Sargent and Kay, 1997, Jung et al.,
1995; Sanders and McCormick, 1992, Udosen, 2006).
AAVS (visibility) & AAl e A2E HH & e A%
2 YehllE X 24 normal line of sight (=159 & 7]&
o2 HAANAGGT HAAYHOE o] FrlEa gl
t}(Sargent and Kay, 1997, Holman et al., 2003, Jung et
al., 1995).

3.4 Constraints and Assumptions

Console layout A5 938 #|2k=71 (constraint) & 47}

Al (never overlap, clearance, placement within design
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space, and alignment) 7} AFE-5 11 )&= Z1 02 Ve
AA, never overlaps AL AEC] EUFOE HXA| &
EE w|x sk AlekxAelth S, clearancex A2 A
| A AEE o{Ets FRIEE Fh= Aok
Aolt}. AA, placement within design space: 2424
console®] dAIFZt Yol BF wjx|&lof sk Alokx
It PIAE S 2| alignmenti= AAIL 49 layout®] 417
o] JEE HAALAE FH(: =) sk Azt
712 A= console W A7 249 A7 TS
Al 783t = Ae® sletE itk Consoled] B4
dutr oz 2299 A2+ 3 (Holman et al., 2003;
Pham and Onder, 1992) T+ A28 3w (Hani et al.,
2007; Sargent and Kay, 1997) 2.2 A% Q= 7oz
ERs AR 40 Bk AT (Holman et al., 2003),
AFZFE (Hani et al., 2007; Sargent and Kay, 1997; Pham
and Onder, 1992) © 2 7% 11 glom, AAQA40 A7)
SABEAY BYst Aow 7PPE 1 9th(Holman et al,
2003; Pham and Onder, 1992; Hani et al., 2007; Sargent
and Kay, 1997).

2
>~

ox AL PR
o mlo

4. Discussion
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A7) A
console layout A AAE(: 22 &A1) 3
e AEs@: AAXDE TR o= aHsHA] X3t $H
Aol Slck whabA, ZFEEAR] HA 9 layouts AASH]
YA E layout A A (22 £4, 7154 Adsh 7 <
et 7 AT AAA, 2295 TEH R a8 o
W B840 =]lo] g3}

=
30
o |o
i
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o2

N
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2ot

[e)

FZ sk

LI

~

4

Maximize Y (I, x F;xV;)+ Y (I xF;xR)+ Y (I, xF,x8)+ > (I,xF;xG,)
i=l i=l i=l i=l

v ks zAen e ges
where: n = number of components,
I,= importance of component i,
F,= frequency—of—use of component i,
V.= visibility score of component i,
R, = reachability score of component i,
S, = sequence—of—use score of component i,

G, = functional grouping score of component i

to

71& 7Y layout HAs} WS At (el AA
29| A7) S deshAl 7Pgdska Qo] vhekst 27,
7% EAS 7HA= #A AR console layout Ao

)

=

o ot

>
e 2 o ofp

28] AA7Ie} FAJo] wdt EAldl 482 4 3oy
console®] XAIZFA 9} Alo]gx]= A7| 9} FAo] vhoF
I Qo] Ago] AgtHo|tt. £A4, 7| A7 consoled]
layout 99IE& 2249 HHoE 71gska glo] AR
e oy e HHoz A% console(el: stacked
vertical console) 2] layout ZAlo) #-go] |3+ o]t} we}
A, 71 console layout #H A&} # ] &84S A3
AsA e A gidel dist 78S ddslehe Zlo] da
st

g5 AE T 53 ! A
console layout 419 HAs|E a&dow FAT
A= 7S JidskE Zlo] & Q7T
layout tAlE @Y SH4EFE F4E A wlg AR
g3lald HAAE AFow 44 g = AL

=

AR, o]2 A&, 7]E AFEX S HA3} software

83 4 9I%=E console layout #AE
tegksta e AoR FYH o9& £, Sargent and
Kay (1997)& AAl a4 318 AYE Hisehe 9 &
S AFEE 21, Holman et al. (2003)2 console
layout #A1E A 2718t A& deshet A3 w
A EAZ PYEksith weba, ohefst layout Al 927

bS] AHEE FRH o ek /IZEESHA console

2
@)
=
>
]
Z
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