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Development of an User Interface Design Method using
Adaptive Genetic Algorithm

Kihyo Jung

School of Industrial Engineering, University of Ulsan, Ulsan 680-749, Korea

The size and layout of user interface components need to be optimally designed in terms of reachability,
visibility, clearance, and compatibility in order for efficient and effective use of products. The present study
develops an ergonomic design method which optimizes the size and layout of user interface components using
adaptive genetic algorithm. The developed design method determines a near-optimal design which maximizes
the aggregated score of 4 ergonomic design criteria (reachability, visibility, clearance, and compatibility). The
adaptive genetic algorithm used in the present study finds a near-optimum by automatically adjusting the key
parameter (probability of mutation) of traditional genetic algorithm according to the characteristic of current
solutions. Since the adaptive mechanism partially helps to overcome the local optimality problem, the
probability of finding the near-optimum has been substantially improved. To evaluate the effectiveness of the
developed design method, the present study applied it to the user interface design for a portable wireless

communication radio.

Keywords: User Interface Optimization, Ergonomic User Interface Design, Ergonomic Layout Design, Adaptive
Genetic Algorithm, Portable Wireless Communication Radio
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AL 21844 9 A F(user-friendly product) S 72317 S8 4]
= AHEARSE A S0 o] Fo) A= AHEAL 1B F] o] X(user
interface) & Q17133H 0.2 AAE Ao| FasTh AR
A3 A F2 AT A B g3 344 71] olv)
A PAo Fa8k G = Ao 2 EHA 1 JKDaruis
etal.,2011; Tangsoc and Ponio, 2009; Lee et al., 2011; Jung et al.,
2008; You, 2007). o] 2]k AR&-2} 21814 Q1 A F-2 2] @2 o] 1L
Ahgo] B)a A4 F40 ] Q1B 0] 222 13k ShekYou
etal.,2008). AH&AH A AE | o] 2= AF AREAL] 1414

(el : FAA) RAAZ (e Z24) S-S 13
THJung et al., 2011; Lee et al., 2010).

AREAL QT B o] 2= 471A] TR Q) Q17HE8HE
A 284, 954, 283 FHA)E F85
Jung et al.(2010)$} Lee et al.(2010b)= 2] FH
& FA oA ] AHEAL STE #| 0] 2= A A of /\] Al (visibility),
A (reachability), &-F4(clearance) ¥} 22 21A| 2 54 S 11
A8tk T8k Lamkull ef al.(2009)% Reed and Roosmalen
(2005)& 2532 DA o] Qe F] o] 28] AR/ F 7}l A A
A4, B84, 18aL o4& 288t ¢+, Liu and Jhuang
(2012), Nilsson(2009), Finch et al.(2008), 18] 1. Kesseler and
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Knapen(2006)+= AH8-A} Q1E 3] o] 22 A A 9 7} <k A(com-
patlblhty) S 1 3H T

AREA} QI 7 0] 2 H A
st A xS tisk A= Aﬁ 3lj(compromising solution)
Tote Alo] Basitth o & 59, FAAY AL S =
7] 43l BAPEA 9 2715 S7H71H THE QIE #o] 2~ 8 4
| 48 HE)9 7171 Fobx] TeAF o4 o] A8ttt
Sk QI Fo] & 849 A4S o 7] Y8l A o]~ &
25 e o e7te S7HA7IE QEE ol & g a5 9] A7)V}
o]0 AA T 22 o] Wobxitt whaba H 2 o) ARE-A}
A H |2 HAE M T 4714 A HeESs A F3 v
& AL 24 3l (near-optimum) S B 3= Zlo] B a3t}

i AeES AFe 2A A8 FrA Y aelE(gene-
tic algorithm)< 2}-§-3to] BrA1g = Stk - Gare| 52 A4 A
| A A =] = A EA 9 71818 (biological process of evolution)
S ket 243} 7] o] tHKim and Yum, 2010; Mitchell, 1996;
Rardin, 1998). 42 112) 2 0] 27ko] €)= Th2l o] R 3} 2ol u
2R ZAA A A= oA AthE AXHA H A E( natural
selection) 2 F-H A} AFS+(genetic inheritance) S 53 Ko} £
wgko 2 218}8}A| FtHPongcharoen et al., 2008; Joo and Kim,
2011). AL F- o2 g AAAA 9 A ASE HFE &
a0 2 -85k Mel(selection), :LXKcrossover), 1T &
A o] (mutation) S F3l THEAH oA 2AL HH S| E 7}
;ﬂii %]—Aﬂ‘é’]—l:]—

B A71E F89 f Y are]S(adaptive genetic algorithm) S
o]-&3) AH&AL QI F o] 2 E AAlStE WS et &
AT AREAL QB Bl o] 2= AA W2 288 ALY S
283t 4714 QI7HE8HA AA A ES HAFs 2AF HA
AAE BT F ok 2 7Y A8Y fFAgaeES
g 3‘7}-V45H4 E4 %EE%SH Tr L%bﬂ%ﬂ steul g
(parameter) S 55422 24 53 S E gAE
T A gt B AFe AlkkE
&S B7sk7] S8 FUE ’d%{ A| =B o) AREAL
Qe o] 2 A A o &3} Tt

VAAE A= 4714712 9] Q1zE

> o o o]—,]

2. AH47) elEj s o] 2 A A vy
21 343 29

AHEAL QIEE o]~ AAE g HA st B 4 (1)
el A 2ol 4714 A AEXNAL, B84, R4,
281 FPA)E FusteleR AR A, AAA (visi-
bilty) & o5l ot Aol SIS Ao
B F J=AE YERY = F o thLee et al., 2010; Jung et al.,
2010; Lai and Huang, 2008; Chaffin et al., 2001). A|AA3-
FAFA7E E75 FAHE AL ZRY 77 AXA
S7bske W, EAA7E ZobA W HAIEE A2 F R

2717 Hobd Qo] of@AL 218 5 Qo] Fadk

o A 4 EARAS) 2 27 ol
<Figure 1>(a) 9} 22 AP F4E o] &8t FF3lHrh
maz (w, X V[)+(w2><RE)+(w3>< CL) ()

+(w4>< CcO)

s.t. design space constraints
(all components shouldbe
placedwithin designated space)

4
Ewi=1
i=1

0< VI £100,0 < RE <100,

0< CL <100,0 < CO< 100
where : V7= visibility score
RE = reachability score
CL = clearance score
CO = compatability score

: -th
w; = weight of i measure

EA, T2 (reachability)2 AH&AFE 0] i} HesHA &
Ao 27 ¥ 2274 F I=AE YEh = HEZo|tHJung ef
al, 2010). = 143)0] A7)t 2R re Y 2
ol 52, 112 Z) 27} Aol wap

2] o910 99, 24A ) £ 8

[e)
gAe 24

100

Visibility
(Reachability,
Clearnace)
score

Min. limit Max. limit

Component size
(a) physical criteria(visibility, reachability, and clearance)
A

100

Compatibility
score

oL

Type 1

v

Type 2 Type 3

Layout type
(b) compatibility
Figure 1. Quantification scheme for ergonomic design criteria
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2|9} 5 Ap-g-o] Pojuhs AIA 9ol : &£71eh 9] A7]9F A
(Eksioglu, 2004)0] 317] wj o] 224=)e] Z7)7} A%
ool ¥ FHskA Hrk. & Ao a4 M 2A4PEA| 0
=717} F7V8EE =0k <Figure 1>(a) 9 2-& A& S-E
o|-g-ato] A slEch

A, o -4 clearance) o ARgAE 0] A of st FAE
ke o F7te] SIS YEhlle= H =0 th(Jung ef al,
2010). A4 A= ZZ}X}X] 7k o F7ko] 245 214
& & 7hsAe] Fojso] Fbeta, WE o
7¥e] A 717} AolAd 24 Ao 2 O]Zjl 3%—%%‘%&
Ao Tkttt B A9 o7 A
L4571k oA g3k 7SS i—%ovlfqﬁgure 1>( 2)¢]
g o] &oto] AEFstdth
opA|Eko 2 ok Ad(compatibility)S Z2HE3] 9 HAI 2] 7}
ARAFES] 7T 9 YA ke A EE UE & A = o]t Wickens
et al, 2004). ZAFA D BARAE ABH0Z AL 5
AEF AHEAES 7ol Feetes AA 3 ujA|Eofo}
SHChan and Chan, 2009; Chan and Chan, 2003). & ‘é“ﬂ,
FAREGA = AREAE 9] RHQ1 7|t(FE43) ¢ YAsk=
1S wid B e AL WE B eE ’374]5401‘#
ZHK(Marteniuk ef al., 1996). & 78] FHA A= 2444
9 FAIGR o AA 9 )] ol whe} <Figure 1>(b) S} 22
5 h4(discrete function)E o] -85t A &l H T}

o MN e

1

mE‘ 032

_4

o
X3
=7
=
>

oy ol to

il o lo v

r>~

2] <Figure 2>l FERA 213
HHESte] QI o] ~F AA g
3l Z 71917 Hinitial populatlon)
~ S FAZ AAE
o] &34 2A = 7] W&o ‘4 A3} 2 J] AFzAA (1) 7]—Z)___
9ue 5 Tk G B AT
27197 gatel B AT 24
% titE AAT E O] A4

=4 Sl A& A S Bl 75_§]r wAHE 7457
A8 TGN A= AT F 2R H(parents) S A&
st FEAT Mdge AAAE (surv1val of fittest; Mitchell,
19 60)0S &3 AdA Y skE 2sty] Hal el A
o] _I_E]- q]o]-g /\h;Hx% oF =ouTE /da‘k‘ = ;5\

H(Roulette Wheel selection; Rardin, 1998)3 2] &-3}] o] F¢]
SS9, AT = 5)ol £ AT Aol
54, 1074, 157, 307, 40ol2Hd, 28l Hee 2
Ao Ha" &2 A5l vllskAl 5%, 10%, 15%, 30%,
40%2 AATOZN F2 s 7H AA el B &2
HEZ BRI HE s A gk

AR A= AR FEHAG W AA NS 7] wuf(cross-
over)Z F3l AEH Hoffspring) S A TTE e 3

J}l_, l‘ﬁ X oX
N J;“: olr

>
N

LAY FE o] & AHSA e s o] 2 A A Y

7Y ¢ 175

Random generation with post-
feasibility check

Step 1: Generate an intial
population

Step 2: Select a group of parents
from the population

!

Step 3: Crossover the parents to
form a group of offspring

Roulett wheel selection

Single-point crossover with
post-feasbility check

Random mutation with post-
feasibility check

Step 4: Mutate the offspring with
a probability (P,,)

!

Step 5: Form a next population
with offspring and elite

!

Step 6: Adjust P, adaptively

Repetition

Elite immigration

P,, adjustment considering
homogenity of a next popultion

Figure 2. Process of adaptive genetic algorithm

AL JIAE Hol w o] $AAE N7 wdksle] B} Askg
AEE-S A3 St Mitchell, 1996; Rardin, 1998). - ¢1-2]
W= <Figure 3> oJAIHoZ Yehd A} o] F 79
AAURMFF ) FANE APE 1719 AR S 7SR
wfste] F o 2p&S A3k $ A Ak W (single-point
crossover)2 2-&-3 o] Fojzlt},

Randomly selected
crossover position

Parents: 1010(01110 001&)10010
—_—

-
-
-
-

Offspring: 1010 010010

~.
~~
S

0011 001110

Figure 3. Example of single point crossover

= o] (mutation)E 2.7t}

Aol A A (EAHE

02 s pdete AAYS F a‘%i Erb
.

(Mitchell, 1996; Rardin, 1998). £ ol 7|&
ATE 31 (Bekiroglu ef al., 2009; Lee et al., 2011a)3}] Q14
tko] EXo] e} AeA oz E?it,ﬂ | &4 E-E (probability

of mutation; Pm)& ZH(F7H#AA) = HAYUSS ¥ 361
At

A Bl A8E AT dEERTeR o
A} AR A AYE D elite group) FA)
Ao Il A Adso] v-ra AAtteZHA st
Sl Boh 95 A4S AT 7s Aol wok oY AP E
o] &8 g F A5S PrlFoz AT 5

NE A0 2 A A3 tHSummanwar et al., 2002). ¥ 2]
FAL e FL 71E AL e E(Kellegoz et al., 2010; Datta
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et al, 2011)& Fasle AYE AEHGIA Ao B
AAHRNS AYERTOZ thA st thy Al AT
T/ gt

u}z]ul A= AAE ATy 57“’“(homogenelty)

S %EH EdWo] FE(Pm)S AHEH o2 23} o] ¢S
3 Sueize A% A 2259 4009 54
0.2 o s} el g ARTeE
} 5= 9 A0 2 &2 A3 3ITh(Yun, 2006). &
Y FS A (2)° YeRH A o] AT
UehE A% (Pm)7} S/t Eanle] 35S
2 AR ee] A o] At Edwo]

tlo rlo

e

(ol

o 2 <>lo il
dy @
FXL

£
Y
e o

fri

i
o l
e ru°*'

B R N VAP A 1

fot o fo R 1o ox B 1%
oo W
> 1o

P Rl oo oo
=
g

>
N,

.

o] A8 FAagag el ek 5 (pseudo) L]

<Figure 4>°l] YEPH A3} 2t} <Figure 4> 9 1= F- 4L

9] g} 34E YehliY, 1, Hd 28} SI5E YERd

(e e O]:vlz“;} EE FEHGS Yepin, P2
Ho| WA gHE-S ojn|ght.

o\ rlo rfz
rg Mo
(o3
o I

i Lo
2 5

P, =min{l,(1+s)} (2)

where : P, = probability of mutation

s = standard deviation of offspring’s fitness

t=0;

initialize P(1);

do {
t=1t+l;
Select P(t) from P(t-1) by Roulette Wheel method;
Generate O(t) from P(t) by single-point
crossover method;
Alter O(t) with P;
Replace P(t) with O(t) and elites;
Change P,, according to homogeneity of P(?);
}until(t = tya)

Figure 4. Pseudo code for adaptive genetic algorithm

3 A4 A Fol R A5 X 25e) A8

slo] 2 A A
31 AA B A A QE o] &

£ ATE AR A (A 28 320 £84S Bk
7) 913 Feh Y BAEA A2 Qlso)2 Aol g3}

Atk @ 7454 A 2="e <Figure 5> YERH A3t 2
o] wRlo] ool M ARgsle AFe] FAIHIEN, HZ S0
1] Z(Wikepedia, 2012)7 $-2]UFHLIG Next1, 2012)el) 4] 314
o) 521714l : mobile ad-hoc network)S 2]-8-3}o] 7| dshar
Atk FoE FATA A 22 F 7t &olsle s A8 9
3l 1 9lo] AREAL QI H o] A5 AA F A
F7to] Pasith E3h FUE FAFA AlLH
< 93l A 7go] JAH I Ao 7o ek A
(ol : BAAE A 1P 4 &) o] RHg = HA }
Ho) 2~ M) @ A E0] Z7}eha 9Tk 12 013, EAA] Z:Eg
& DA s ek AR AL Qe S o] 2~ Al g A T
o HA o2 AA 9 ujx| st Aol T A1 Tk

KR
L
3}

A

o

T

o of
o ox

o olo oo N
é

L & Frequently-used

 interface for

x | communication
v B AR

Figure 5. Joint-tactical radio system(JTRS)(Navi Gadget, 2008)

FoE AT Al 2" 8 ARE-AL Q1B 3| 0] 2= <Figure
6>l YR A3 2ol 3714 F3(EAIEA, dEGA|, o
F7hH <] 778 2 A 4x(design dimension) 2 -/ E T, WA, A

A AAM e HuHS(DW, display w1dth)9}5"—°] H4~(DH,
display height) 2 73 €t} Y& A M= B SBW,
button width), = ©|H4~(BH, button height), 2] 3 B & H4~BL,
button layout)Z TAE S 1= (JTRS)Z $-2 L= TMMR) <]
'n-fﬂd T4 A 25l 33 1270(ZAHE = 1071, 440
E=20)9 W ES ARSI Tk mRA O 2| o 33t T
ﬂ AAESE EAEA o A A 7He) S 15(DBH,
display-button space height) ¥} Q&3] 7+e] F7HAS=2E(BBW,
button-button space width; BBH, button-button space height) .2
JHth
2 AT ARbe AA Y BEAQ H 8-S 9l 4714
A 7HE ST AR, QI F o] A7 7he 999 A7)
(FEXAE)E 100mmx100mm 2 A ZH Ak E4), A9}
Yo meFe B AR AAEAT, A,
A GA| ) WE A7]9F o f F7H2 BE WE tsf U
AR MU vhAt o 2, 1 7dA] o] HE ul E(BL)S
AN7+E8 g Y= (sequence-of-use, functional clustering) 2
7% A4+9] A3KLutz and Alphonse, 1955; Conrad and Hull,
1968)E #1138} <Figure 7> 2] 37FA|(2x601 G, 3x4u] &
4x3ug) thet Tl M A H =% kgl
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100 mm
Figure 6. Interface design dimensions of portable wireless commu-

nication radio(D : Display, B : Button, DB : Display-to-
Button, BB : Button-to-Button, W : Width, H : Height)

B~ 1 -----
(2 x 6 layout)
B = 2 -
(3 x 4 layout)
el
. HE
(4 x 3 layout)

Figure 7. Layout candidates for input buttons

32333 2d

ARE2L STE H| o] 2 H A 3HE $13F 54 d4(objective func-
tion) = 4717] Q143 AA AES(AAY, 224, o344,
223 ) B e BE 45E sS4
(3-1)7 2ol A=A A7 Hol thd AHVDE EA
479 so] 245 47} Z715He 4 328 AH8slel
Agsie ey, £ 5o g3k AFRE)E YHHEY
WHo] 245 447} S7heke 4 (33) ol gdte] Hag
HRem, 44 Ao o AHCLE FHRL el
T ARG 5 F71HE 4 (3-4)F ol8-3ted A H A
npR|Eko 2 okl A A Lol th3 H4Co)E YEWEY W

ejol w3538 wld = 607, 33 vl = 804, 1)1
43w = 100*4)03@%*:@}3‘}1@.

52§59 470 Awo YR AL 7HE B 02 5Y

TE 2F3H0~100)F At 6 & W, =24 RE)S 4
A7L 7hse Ao wE 27\ (B, py)sk H) 271,
B g Agste] RFSE QI RE8HE 13 H A A27]91 3
) Z7]& A AE H o] 2(A5FH 71 BE, H8}7], 33,
"71’41%4:‘@})011 gt AZX| o o3F-2715 W AU tlate] AR =S
ok o & 59, HE tigk A yul (B9} Eol(By e A
Q1E 0] 2~2] 141](8~20mm) 2} 3£0)(5~15mm) 2] 2 Fholl o3H=17)
(3mm)E WA SmmeF2mm 2 AA = a1, FH o) |qul( B9 0]
(By™)E frAE QEIF o] 229 ] ME A 7)o & g3t oA
(lOmm ) 285+ 30mm e} 25mm = A H AT
E o] 2 144 2 4 9] A H(alignment) S 93] 3A]X](Dx,
9} Jﬂ%ﬂ Bx, BY)7} 3H SYH(Cx, CY)lAMF-H 8]
% T AEE 2 (3-6)~2] (3-9)9F o] A= AUt 2] (3-6)=
o= %‘?i,ﬁ 1782 ¢] x5 91X|(Dx) & FAIZA] 7} IEf o] 2
AA G Tl MAHES QA H 0|2 AA GG xF
ZTAEHCx)0 EAIGA ] LRI(DW) AukS wj A A= STt
FAGH o} YW Eo] ARk TS QlEH 0|2 A
A 7Vs 3ZH100mmx100mm) BoF Z =2 2] (3-10)3 4] (3-11)
3} 2o] A FH Ak 4] 3-10)& 2 W, HAIEA 9 W
Eo] AR #O)(FAFA =0 (DH)+IEA X 9 24| 7t
o) of f 37+ Z0|(DBH)+ A A 28429 =0|(BHx(BL+1)) +
AR k9] of F3F E|(BBHXBL)E 24 7bs &3t
(100mm) B0} 2] 5| == A =] k.

3.3 35¥ #ALAYF 7 AA A 2F)

B A= MATLAB(R2011b, MathWorks Inc., USA)& ©]-&

] T4 A2l o] AREAL QI # o] 2= A Ao &
S8 AL E 7)6t AA A 2E-S <Figure 8>3} 2
Nasdet /e A2 g s Fa Ayt
( ] ATHG A7, Jgt At SIS WA F AEE A7
HRom AL H AN E Sshe 3 HF A o]~ A
AZZE Y02 A ZglelEE T E ST

e r
= _lZi o 2

)

N

T L Ases e == )

Ergonomic Interface Optimizer

0 200 ADn 60 800 1000
nnnnnnnn

Bestfiness: 3520 g

nnnnnnnnn

Figure 8. Design supporting system for portable wireless commu-

nication radio based on the developed design algorithm
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maz (0.25% V1) +(0.25 X RE) + (3-1)
(0.25x CL) +(0.25x CO)

(D <D ) _ (Dl?viﬂ XDmin)

st VI= ma[i Zax . min a min =100 (3-2)
(Dy X D) — (D" < Djp™)
B.. X B, _Bl,l{-inXBn‘in

RE = maxu m}ix . min - min ><100 (3-3)

(B pmax) — (pmin x gmin)
CL=min{min (BB, BB, DBy)/ 5™, 1}x100 (3-4)
CO=40+ B, %20 (3-5)
Dy=Cy—Dy=2 (3-6)
Dy, = C,—(Dy+ DBy+ B, < (B, +1)+ BB, xB,)+2 (3-7)
By=Cy—1{By,x@2+2"" ")+ BB, < (1+2""")}+2 (3-8)
By,=D,+D,+DB, (3-9)
Dy+ DB+ By < (B, +1)+ BB, x B, <100 (3-10)
By (242" ")+ BB, < (142" 1) < 100 (3-11)
0< Dy <100,0 < Dy, <100,0 < Dy <100,0 < D), (3-12)

where : V7= visibility score

RE = reachability score

CL = clearance score

CO = compatibility score

Dy, = width of display

D,, = height of display

Dypn = minimally required width(50mm) of display

Dy =maximum possible width(100mm) of display

D™ = minimally required height(20mm) of display

Dy =maximum possible height(100mm) of display

By, = width of button

B, = height of button

B = minimally required width(5Smm) of button

B = maximum possible width(30mm) of button

B = minimally required height(2mm) of button

Bp™ =maximum possible height(25mm) of button

BB, = width of clearance space between buttons

BB, = height of clearance space between buttons

DB, = height of clearance space between display and
button

S™* = maximum clearance space(20mm) between objects

B, = layout type of buttons

D, = horizontal position of display

D, = vertical position of display

By = horizontal position of button

B, = vertical position of button

Cy = horizontal position of centroid of interface

Cy = vertical position of centroid of interface

e fALg2]E] 44 2 Al(chromosome coding)=
<Figure 9>ol] YERd A Zo] AAGdl| t-&5= 9719
A AL 7IAEE AAFHAY 2 A2 AL A

9 TS YEh S AEE 3z AeE FAHA
|2 S, <Figure 9>9] A WA 328 FrAAE FAEX) 4]
(Dw)l tEg BAAFE Yeplie, 2 o 32k f3i4=
TR gl (D)ol thE AAA 55 e,

000 000 000 000 000 000 000 000 000
Dw Dy By By B, DByDB, BB, BB,
Display ~ Button Clearance

Figure 9. Gene coding(Refer to the equation 1 & 2 for the

abbreviations)

3.4 A3}

AT= e A AL A 2" 2714 dEs g (T
57-7], X138} 37 & thekstA WSt A A7 A ?_EM]O]ZE
7 —s}giq WA, QTR 27| 45320, 40, 60, 80).2-

A3} 314== 545100, 500, 1000, 5000, 10000)
5]91"4‘ E3 S =2 HA 5 AHE EF 517
& 21 2](condition)d 53] RHE- A Y3l rt. AF A=
0.059) 4] MINITAB 16(Minitab Inc., USA)<] o] &
(two- way ANOVA)} Bonferroni A=A 7S A

N,

I r> do 4o [0 (U M o

[
-

&t

o e I“:—(‘
ey oxl
HN @ o _HJ

£

He
I
ﬂ

2
1T

}LF

A Az 7R A7]9) 18] 31 Ui A
F EAACE fofdt o2 etk AT A7e 5
7h g5 DA A A8 9] A5 o] <Figure 10>(a) 2k 2] ok
A} (F(3, 80) = 4.32,p = 0.007), Q7R Z717}40(31.2 +
0.8), 60(32.7+0.8), 2] 1 80(31.4£0.7)%) AS$-E BAH o2
g Aol7t fle Ao Z B4 FH AU 13} S Fe F7F &
TE 2AF A3 9] A5 o] <Figure 10>(b) <} 7101 oY
(F(4, 80) = 6.81, p < 0.001), A3} 357} 5,000(32.8£0.7)%
10,00032.3+ 0.7)%] A5 T8 atol7t fle A2 B4
=},

oheFst 24 gjal v A
gk Qe s o] 2= AA(FY QIX
11> VRl A3} 2t} 71 ek QlEj g o] 29 3lH A7)
100mm(DW)x44mm(DH)°]|™, HE Z7]= 30mm(BW)x9mm
(BH)! Ao sjots|9iet. H3t, QIEFo] 9] HE gL
434z Yehton, of F7t A7) Smm(DBH), Smm
(BBW), 5mm(BBH)Z YE}stt},

2 A7 FALaeFE <Figure 12> Ve 213 2o
ZAF H A E A 0.2 S A 02 eI <Figure
12>5 o2 59, 2AF H23) 9 Ae-2 218127](0~200 4 HH) ol
FA3] F7heth 283 ¢ &, 9 FEA ) F2H200~500

N

_l

AT (0 = 100) 2o A 713
% A4 =35.2) <Figure

l
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