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Generation of Appealing Pointing Behavior for
an Android Robot and its Impression on

Subjects from Different Age-Gender Groups®

Makoto Ikawa

Abstract

In this thesis, we focus on generating robot behaviors because the behavior is
one of the factors affecting human impression. As the opportunities for humans
to encounter robots keep increasing, humans expect that the robots behave in
the way other humans do. On the other hand, various human relationships are
formed depending on different genders and ages and humans tend to change
their behavior based on their relationships. This tendency suggests the possibility
that the relationship with others is affected by how much we like other people’s
behavior. In this thesis, we generate various behaviors in an android robot to
produce a favorable impression and conduct a subjective evaluation to clarify
the similarities and differences between the produced behaviors in terms of how
different age-gender groups prefer them. In particular, we focus on pointing
behaviors in a receptionist scenario. We generate the robot behaviors following
the suggestions written in etiquette books, as these suggestions are intended to
generate human-favorable behaviors. Multiple behavioral patterns are generated
by changing the pointing behavior parameters such as the angle of the elbow and
the distance to the pointing target. Though Thurstone’s pairwise comparison

did not show a significant difference in the favorable behaviors among different

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, March 15, 2019.

i



gender-age groups, the SD profile showed differences in the degree of preference

and the order of preference of the behaviors.

Keywords:

likeability, human-robot interaction, pointing behavior, android robot, motion

generation
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Fig. 1 Estimated market size of Japanese robot industry
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Fig. 2 Android robot (Actroid-SIT, Kokoro Company, Ltd.)
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Fig. 3 Actroid SIT system
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Table 1 Motion of the left arm of the android robot

Actuator | Movable parts Motions

Al Clavicle axis Open-close movement of shoulder
Vertical movement of the shoulder moving

A2 when shrugging shoulders

A3 Shoulder “Fall in” pose

A4 Open-close movement of the side

Ab Upper arm Arm twisting

A6 Elbow Elbow bending

AT Forearm Hand twisting

A8 Wrist Expand and contract on little finger side

A9 Expand and contract on thumb side

A10 Finger Forefinger bending

All middle finger, third finger, and little finger bending

Table 2 Pointing operation with the left arm of the android robot

Movable parts Motions Number

Left arm Vertical movement of the shoulder

“Fall in” pose

Open-close movement of the side

Arm twisting

Elbow bending

Hand twisting 6

Waist Rotation 1
Neck and Head Neck bending

Head turning 2
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Fig. 4 Rate of description of the motions handled in etiquette books



Table 3 Examples of likeable behavior

Motion Description Ratio [%]
Passing and receiving Pass objects with both hands 88.8
objects
Face the guest side in front 55.5
Pass the objects with arc trajectory 11.1
Close the fingers 11.1
Tighten both side so as not to open up 11.1
too much
Turning around when Turn the whole or upperbody 100
being called
Turn around slowly 75
Turn shoulder before turning face 50
Picking up objects Straighten back spine as much as 62.5
possible
Slowly sit down 37.5
pick up in the fingers 37.5
Focus on thighs, align knees 37.5
The toes are a little outward against 12.5
the object
Stand next to objects 12.5
When crouching, when twisting the 12.5

body a bit behind while keeping toes
facing forward, look beautiful when

seen from the side
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Table 4 Qualitative description of pointing behavior

Description Ratio [%)]
Extend fingertips neatly 100
Show the palm to the guest 37.5
Point the palm diagonally upward 12.5
Arm should not be raised above the shoulder 12.5
Point the front of the body toward the guest 12.5
Don’t cross both hands 12.5
Point what is on right with right hand and
those on left with left hand 12.5
When the indicated direction is close, attach the upper arm
to the upper body When the indicated direction is far away,
stretch out the arm 12.5

0 : Angle between forearm and upper arm
L: Distance from the partition to the left edge of the paper

Fig. 5 Parameters
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Fig. 6 Android robot model
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Fig. 9 Target pose
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Start Target pose

Start pose Target pose
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End Target pose
Target pose End pose (Start pose)
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Fig. 10 Pointing behavior flow (Choreonoid)
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Start Target pose

Start pose Target pose
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End Target pose
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Fig. 11 Pointing behavior flow (Android robot)
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2.5 ERLH}F

FBURTFOMED, HURTHRO Bk b X512 B (Fig. 12 (a)) , Hgs
(Fig. 12 (b)), T (Fig. 12 (¢)), FHi&k D T H5ITF (Fig. 12 (d) &5 &5
248 R — 2 DEEE AR L 7Z.

MONEX, RSO FiiE T895 [em], N—FT 1 ¥ avDklmn»oifE T
(L) 10.5 [em] & U7z. 0 = 120 [deg], A3 = 71.9 [deg] % Fig. 12 (a), 6 = 150
[deg], A3 = 71.9 [deg] & Fig. 12 (b), 6 = 180 [deg], A3 = 71.9 [deg] % Fig. 12
(c) & U, 6 =180 [deg], A3 =51.7 [deg] % Fig. 12 (d) & L 7.

A31%, Table 1IZ/RTBORNIZ S ZDOHEE (8 ETiES) THS. A3 =719
[deg] &%, BA ETIZT71.9 [deg) BIW/ALEDZ & TH .

BURIMRTH LM ORy FOFHEEZZZ 572012, Mz AR HIER
1D FATBE UL = 481 [em] & L7z, ZOR®D, 0 = 120 [deg], A3 = 71.9
[deg] % Fig. 12 (e), 0 = 150 [deg], A3 = 71.9 [deg] % Fig. 12 (f), 6 = 180 [deg],
A3 =719 [deg] % Fig. 12 (g), 6 = 180 [deg], A3 = 51.7 [deg] % Fig. 12 (h) &
U4 20EEL LKL, GEt8 N Z— v DEETEREZIT>7-. Fig. 12 124K
U7zBIfEO HEER — X %2R 3. MO NIFHAEWEETL = 105 [em], FI3H
MWEWHETL =481 [em] TH 5.

Fig. 13 (2K DM 72 AL iE 2 R 7

R —XREED 7 > Fua A FakRy bOLEFOHRfRLEmE» SO £ T,
AL WALED & Z 1559 [em], MEANEWLED & (X85 [em] THB. Fig. 1412
PIRd 5.

B Uz 1A 7%, TV Raa NaRy hoE (FH) »oh ALY
ZXET155 [em] DF#EIZH 5. Fig. 15127 Y NEA FEARY h& AT LD
E R RE R
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) 6 = 120[deg], A3 = 71.9[deg], N ) 0 = 150[deg], A3 = 71.9[deg], N
- -
) 0 = 180[deg], A3 = 71.9[deg], N ) 8 = 180[deg], A3 = 51.7[deg], N
- -
) 0 = 120[deg], A3 = 71.9[deg], F = 150[deg], A3 = 71.9[deg], F
- -
) 0 = 180[deg], A3 = 71.9[deg], F ) 0 = 180[deg], A3 = 51.7[deg], F

Fig. 12 Eight pointing motions
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(a) in case of the paper is near (b) in case of the paper is far

Fig. 13 Location of the sign
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(a) in case of the paper is near

(b) in case of the paper is far

Fig. 14 Distance between middle finger and paper
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Fig. 15 Location of robot and camera
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3. ENRFMER1: BLL10BIC K B MHERNTOFEMD
L

3.1 EERFGE

AREBRTIE, FEMEIE 22~30 DB 10 {4 TEREZT- 7=,

KERGIEL LT, 7Y RaA FaRy b OBER Gkl U 72 Bhil 2 #5Rg 1sisg
LTHH5WEEBRZETo72. % < ONIZHIREHMFERR % Fid 5 7212, Bl TEER
EEMTAI LU, HBREIEZ AT D/ — NNV VDN ERE L 72 FE

UnRUEIEZBIET 5. I =7 > — MAMIZ, BIRUZEEZNE NI
W Thurstone O —XF EfRiE & SD v & TOFHMiE R 25 AT 5. £ 9 Thurstone
D —xF L2 17\, RIZ SD IEIC[FE U 7=

Thurstone O —Xf LLIRIE L 1%, BIEHIZ 2 DDOFHIiN R %E & 2 —E DB 5
UL ELEONEDHTIXEDNDAZYHET 2 H5ETH L. MEEHIIHEH AT
DAZEEZEZNL LW, HHERBNZEIEPFTE 5. BASHZR G %R
PRNEZMERT 2. BRRNELI, F5RRED X ST, BMEOMO 2T EINE
KD B0, YaDMEITRIZHEENIZEO NS D, FHE2HT I & IZEK
FH2N, HEEZMELT LI LE TSR [25].

SD EIET AV A DLEFHE Osgood 512 K > TERI N LMEIEDFIET
HO, THEW—BEW ], T2\ & W o 72 ORI Z RO E RO R
N EFIEREE LT, R, SE, B4R OM L OFHEXROMR (1A —
V) EMET S [26]. BIALE [27] 5%, #H [28] &, /NEE [29] 672 EDHIR
% FM S 2 ERBROBICERmI N T WD

Thurstone O —Xf LLEIETIL, #ERFIX S XX = OEIEN S 2 DT DEE%R
WL, R EFT5] B oI1ES OEfEIZALEZ DT 5.

SD LTI, 88X =V OEEZBIZR UL RD Table 5 127374 19IHH (B&
AT A2 DWT 5 BEREREANI 5. 51258 D < F SHFEEAM F 72 12 VA, 112iED
AE CARFEM £ 72 1B WEHIIC A2 5. £z, hRfEIX3 2T 5.
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Table 5 Nineteen Items

kA 72— o W
SRLDORVLKRELDEN
HR e AERE
BHE WS DD\
Bk —=E 2 LW
A E R 72
{ER T — ARG TR

SR
WoODH-—EZHHN
TER - ZAIVAR
EUDRW—E L DE N
Bt — DA F 7
HAW—DF 572\

BELWL—ZbWn»
BHLUARPTV—BHLUAIZL W EL WV
g b H#E< NN

Z 5 MO EX N

3.2 EERER
2R TO—NHEEDORER L SD 70 7 7 A )b, B TO—NF ik &S 5

ESD7u 7714 NVERT.
9, 2R TOFMKEE%Z Table 6 125”9, BHDON, F, s, fIZBAFD XS

EDT.
o N: FEURITWIHARTH BMMDALEDIIENGE

o F: 8 LRI MKTH MDA EIENGE

e s: A3 = 71.9 [deg]

o f: A3 =51.7 [deg]
NP, R T7IZBWTN, F, s, fldZnEFn LidzR7.
RIITHATEEZ A, TNEFTNDONX— 2 Z U=, 15 HDOMER
LR ERTHEHBILZ AN THS. X{THE YSIH X1T7H, YFIH] IR
SNEBER, XITHOMEDAVLY FIEH DAL X D &% KT 25 &l U 72 4%
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Table 6 Result of pairwise comparison for evaluation experiment 1 (All)

(deg)

\ | 1205 N 150, s, N 180, s, N 180, f, N 120, s, F 150, s, F 180, F | 180.£F |
120, s, N 0 4 11 9 1 4 8
150, s, N 20 6 15 17 11 11 18
180, s, N 16 14 14 17 9 9 20
180, £, N 9 5 6 12 5 1 15
120, s, F 11 3 3 8 1 1 13
150, s, F 19 9 11 15 19 10 17
180, s, F 16 9 11 19 19 10 19
180, f, F 12 2 0 5 7 3 1

BEONETHSD. DD, Table 6D [(150, s, N), (120, s, N)] IZRINTWVWS
20 LW DB, 150 [deg], s, N DIE S A3 120 [deg], s, N & D IF/& % T 5 & 3
U= #BRED 20 N TH B L\ D T L Z/RT. IRIZ, Table 6 D& &)L % Gl £
D 20 THI D KD 7-3BIRK % Table 7 1Z_:9. 7272 L, Thurstone D —xJ Lhikik i
BERT OFREN0, & LULIE1DGEEIEEIBENTESAWD, 0 20.0001, 1%
0.9999 DELUEICEZ X THB L. T UT, IHEEOREME LT, EREK
PO EHEERL A O BAEUE Sked, WBE DT 2 kD72, Z DR % Table 8
(N

25



Table 7 Selectivity (All)

(deg)
| 1205 N 150, s, N 180, s, N 180, f, N 120, s, F 150, s, F 180, F | 180.£F |
120, s, N 0.0001 0.2 0.55 0.45 0.05 0.2 0.4
150,5, N || 0.9999 0.3 0.75 0.85 0.55 0.55 0.9
180, s, N 0.8 0.7 0.7 0.85 0.45 0.45 0.9999
180, £, N 0.45 0.25 0.3 0.6 0.25 0.05 0.75
120, s, F 0.55 0.15 0.15 0.4 0.05 0.05 0.65
150, s, F 0.95 0.45 0.55 0.75 0.95 0.5 0.85
180, s, F 0.8 0.45 0.55 0.95 0.95 0.5 0.95
180, f, F 0.6 0.1 0.0001 0.25 0.35 0.15 0.05
Table 8 Scale value of “likeability” (All)
(deg)
| 1205 N 150, s, N 180, s, N 180, f, N 120, s, F 150, s, F 180, s, F 180, F [ vy |
120, 5, N -3.7190 -0.8416 0.1257 -0.1257 -1.6449 -0.8416 02533 || -0.91256
150,s, N | 3.7190 -0.5244 0.6745 1.0364 0.1257 0.1257 1.2816 0.8048
180,s, N | 0.8416 0.5244 0.5244 1.0364 0.1257 01257 3.7190 0.7993
180, £, N | -0.1257 -0.6745 -0.5244 0.2533 06745 -1.6449 0.6745 -0.3305
120,5, F | 0.1257 -1.0364 -1.0364 -0.2533 -1.6449 16449 0.3853 -0.6381
150,5, F | 1.6449 -0.1257 0.1257 0.6745 1.6449 0.000000 1.0364 0.6251
180,s, F | 0.8416 0.1257 0.1257 1.6449 1.6449 0.000000 1.6449 0.7220
180, £ F | 02533 1.2816 -3.7190 0.6745 03853 -1.0364 16449 -1.0610
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Fig. 16 (22K TO—X IBIEDFERZ /RS, Fig. 16 ORI EE O REHE
ZRUTED, HAHIZH 2 IS HFRENPEVEIEL 5.

BB IR E R 7248 UR UBIE IO ALE DL WSS D 150 [deg) TH Y, D
TR TURITERDALE AL WG E D 180 [deg] P ZE R TW5. F/z, {5
UR TR T H 2 HDAE IZBEFRZR < 150 [deg], 180 [deg] HMF&Z Fe7z 172 23,
M UM T T % & 120 [deg] PAAMED ALE DT WG D DD E .

N: The position of the paper is near  s: A3 = 71.9[deg]
F: The position of the paper is far f: A3 = 51.7[deg]

180° , f 120° s 150° ,s  180° ,s
(F) \ (F)
\ . d
.\ . 0.5 /‘\ 1.

0° s 1807 L f 180° ,s  150° ,s
(N) (N) (N) (N)

0

Scale Value

Fig. 16 Scale value of “likeability”
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RIZ SD TR R 2R T

Fig. 17T \Z2KTDSD 707 7 1 V% RT.

20 N5 DEBRAE RIS UK 7387 %17 - 7245 % Table 9129, FEAMED 1
UNED®DZERTHEL, Tuxy 7 Az {7o7-. Table 9 K DE1HTL L
T, “BBENZ—DDDOWVWE, “Wlh—»Howvw, “BRZ-AERZ, ©
LUV, GRS ET bRV, “BNT 5 EL, ‘KEbLDRV—
SEEH O, B DA TR PRI EL T, FMIITHET IR A
MIENAKREL, HARFL LTIE, BB, 9ERHZ—RIEFRLR", “faEin
WaBRART, WD E 572N 22 EHE X P BIRIC BT A R AR EANK
V. HBIRFEULTE, “BHLARTVHHLAZLW, “4ELWnW—Zbw”, «
FoPV—0W REZMIICET IR TFAMENIREL, B4R TF L LTI,
CTEER—ZAIVWE”, YEUDORW—ELOE W, “ R RHR" RmEEL
ST ARTFAMENLRE .

Fig. 18 IZ&MEIZBITHHE 1 RTFORFHERERT. Fig. 18 K0, #aEy»
5ia ® 150 [deg] DEMEVREHE 1 KFDREZZITTWE I bbb,

Fig. 16 & 0 i /&E D REMED R Fh > 72 150 [deg] 1B 2 EBRFER%Z, 2
1 K728, 582 K2t Uakbig 20 Ao FRRz 7ay b UM
% Fig. 1912R7. ZMAROKROEPLN, MWEVWALPENETHS. B1HT
X FEHHENTZ—DbD\, ‘Wl —d o, “BRBR—FAERL”, “EL
W, EONIR—EIH RN, BT 5L, “KEFBDRV—&H
HOEN, MDA FR Y OIEH, 2 HFIE EN-SBWT, IEFE
IR ARIEFTR, “BEIRN-RER, “HAW—2F 5\ OIHEHTH 5729,
51 R RN FEREAE T UL 150 [deg]) DENEICKT L CTHEFHTIZ U 7~ 451 4
ZEEAD.
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——120° ,s,N

——120° ,s,F

TaG— L&

ECBLEN—ELNGE

FAEVGE—TEA

BRLOBON—RELORWN

DHFEGE— B

DELLZV—EALL

ZhuLh—ELL

BLAKO—FHLAPT LY

B—RDLTD

B—Foh

B W —HHRL

K[EFLDBN—IFLD R

FERG—BRAZ

IH OV =—EBE

BEalLL—8HRE

REG—RAEEN

FER—ERG

BRL—3=LLY

EO—EL

——150° ,s,N —+—180° ,s,N ——180° ,f,N
—=150° ,s,F ——180° ,s,F ——180° ,f,F

s: A3 = 71.9[deg] N: The position of the paper is near
f: A3 = 51.7[deg] F: The position of the paper is far

2 2.5 3 35 4 45 5

Fig. 17 SD profile (All)
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Table 9 Factor loading

1st factor | 2nd factor | 3rd factor | 4th factor
HEHE WD bD\W: 0.961 -0.053 -0.293 0.068
Ml 72— 5 W\ 0.674 -0.066 0.021 0.125
HR A ERZ 0.671 -0.117 0.114 -0.019
EL WP 0.608 0.036 0.153 0.211
NEESD Y- Sl SR AN 0.592 0.088 0.081 0.051
Znd 5—FE< 0.536 -0.128 0.422 -0.026
SJEFBDORW—<FEBHDHE N | 0.515 0.144 0.285 0.061
Bz — D A 72 0.509 0.579 -0.063 -0.148
HN—SE N 0.104 0.721 -0.139 -0.029
TEFE TR AIEFE T8 -0.293 0.687 0.180 0.183
I n-—RJE 2R -0.032 0.570 -0.020 0.024
[P A= S DA 0.091 0.550 0.212 -0.218
AHW—D2F 570 -0.269 0.544 -0.025 0.117
BHUAP TV HLAZL\W | -0.065 0.077 0.958 -0.004
BELW—Zbn 0.059 0.090 0.660 0.172
ZF 5 D\ —ER 0.212 -0.251 0.560 -0.059
TER - ZTAI VR 0.397 -0.025 -0.081 0.668
AU DR W& L D 0.086 0.086 0.344 0.612
AR YA 0.412 0.043 -0.059 0.589
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s: A3=71.9[deg] N: The position of the paper is near
f: A3=51.7[deg] F: The position of the paper is far

0.6
0.4
0.2
120, s,N 150, s,N 180, s, N 120, s, F . .
0
180, f,N 150, s, F 180,s,F 180, f,F
0.2
0.4
0.6
Angle between upper arm and forearm [deg]
Fig. 18 Factor score of 1st factor
2nd factor
® Men
A Women
[}
15
A
® [ ]
1
A
0.5 °
A O
[ J
0
- -4 -3 o -2 -1 0a 1a 2 3
° 1stfactor
a 05
A
A
X A
-1.5 A
e -2

Fig. 19 Factor score plot of the 1st factor and the 2nd factor plane of 150[deg]
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Fig. 20 (IZ B2 O —x LIIEDKER 2 RS, BLTOMHEEZ —D>D T T 7 TK
LTWa. BUTORBOENEZHZLPTVWLD ITHET T T TRT.
BEPFMWE, AV VBB THS. T THOMIMMOERILE LR
TR TH 2HDALEI T VGE, KERKTH 2 ERIIE LU RIUERTD DK
DALEDENGETH B, Fig. 20 Ot EEOREMEZRLTED, EDK
FAKELRDIEEHBE TR RS,

Fig. 21 (2B M0 SD v 7 71 )b, Fig. 222D SD 7 a7 714 )V %ERT.

B Men: N (all) ®Women:N (all) HBMen:F(alll ®Women:F (all)

Scale value s:A3=71.9[deg]  N:The position of the paper is near
f: A3=51.7[deg] F: The position of the paper is far
2

1.5

1
05
120, s 3

150, s 180, s

-0.5

Angle between upper arm and forearm [deg]

Fig. 20 Scale value of “likeability” (All men and women)
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——120° ,s,N ——150° ,s,N —+—180° ,s,N ——180° ,f, N
——120° ,s,F ——150° ,s,F ——180° ,s,F ——180° ,f,F

s: A3 = 719[deg] N: The position of the paper is near
f: A3 = 51.7[deg] F: The position of the paper is far

1 15 2 2.5 3 35 4 45 5

FRU— L&

ECBLEN—ELNGE

FAIG—TRE

BRLOBON—RELORWN

DHFEGE— B

DELLZV—EALL

ZhuLh—ELL

BLAKO—FHLAPT LY

B—RDLTD

B—Foh

B W —HHRL

K[EFLDBN—IFLD R

FERG—BRAZ

IH OV =—EBE

BEalLL—8HRE

REG—RAEEN

FER—ERG

BRL—3=LLY

EO—EL

Fig. 21 SD profile (Men)
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——120° ,s,N —8—150° ,s,N —+—180° ,s,N ——180° ,f,N
——120° ,s,F ——150° ,s,F ——180° ,s,F ——180° ,f, F

s: A3 = 719[deg] N: The position of the paper is near
f: A3 = 51.7[deg] F: The position of the paper is far

1 15 2 2.5 3 35 4 45 5

FRU— L&

ECBLEN—ELNGE

FAIG—TRE

BRLOBON—RELORWN

DHFEGE— B

DELLZV—EALL

ZhuLh—ELL

BLAKO—FHLAPT LY

B—RDLTD

B—Foh

B W —HHRL

K[EFLDBN—IFLD R

FERG—BRAZ

IH OV =—EBE

BEalLL—8HRE

REG—RAEEN

FER—ERG

BRL—3=LLY

EO—EL

Fig. 22 SD profile (Women)
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3.3 X

Fig. 16 £ 0, mbBIFE&E -7 LR VBRI, MOMEINEWEED 150
[deg] TH 5. BARY b &g URTYAE OB, RERKIC AR E LR
TEEDHHE L IZIFRI L THEILNEZD. £/, FHURTYWERTH /D
AL 2 BEFR7R < 150 [deg], 180 [deg] D & E WM& ZE RNz, ZDZ L kb, #
ZIEURLTWE Z D00 2EEICHEIRR-NEEZO6N5.

Fig. 17 & 0, #OALEIENGE D 150 [deg] DEIED G AR <, 120 [deg]
PHEDALE AR NG E D 180, 51.7 [deg] IXFEAAME .

Fig. 19 X 0, ZeMEIMEA-1.9~1.2, Mlin-1.5~1.4 DRI E > TV B0 H
PEFH S X o TWD. ZD7OLMRIIHE - 723l 2 L T\ 2 2355 M O FHll 147
— D nEEZ NS,

Fig. 20 &0, B d, LBE Ao AL 150 [deg], 180 [deg] TH D & &
OEMEIZIFEZ R > T\ A, BHEIFMKAEWVIGE TOD 180 [deg], Z0MEIFMEANEL
& T D 150 [deg] DEIMEIZN L TR IFEEFRF > TWD. LMWEP RS IF& % R
DEIEIE, BUEEFEEZR > TEW D PFREDIENIX 4 FHTH 0 IF& %2 -
TVWAEEOHTIZRBM. BENREFEREFFOEBFEICN L TIE, 2SI
BE R > TV A DR E IR R > TV B EIELISLD 3 DDOBIE & [[ UFREE DTk
EThb. b iHliAMEOWEIEIXE Z & HEANENIHE D 180, 51.7 [deg] TH Y
FUEECTH 5. MANEWIHE D 180, 51.7 [deg] TlX, M & B THMEiD 7 A
REW,

Fig. 21 & Fig. 22 £ 0, MO PFHHEAELE > TWAIHEDZ L, BHEDH
i DIE % 2~4.2, ZMEDFEAM DI IZ 2.5~4.1 TH 0 D 5 H M DIE £ /N X
W, 7z, —OOHEBEIIET 2 BHOED &Il & BT O 2 O oA
1.7, ZHEOERD EWEHE & BB RWEHEIOZDRKIEIZ 1.1 TH Y, KD
BRE D/ HMLE - 727 2 L TWA. B b @O FE & i AR G O 22 D i KB
N1 ZEBEATWAHEHEAXBMETIX11ED 2 —F, ZETIXTETHS.

PLEDS, BLTIHDENEDSDTIERWNREEZOLNS.
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4. RTMER2: BLEL50BICK DR - EETD
ST D LL 8K
4.1 EBA5E

ARETIXFERDIELRD 20~T1HDBLE S0 H/TEMUZERIZONVWTIERS.
HiEL D, BLTIMIZEN DD Z LDV DOP o727~ OWERER 2P U CTER%
o7z, AREBRTIIRIZ CHRM L 72 EBR L [ U Bl %2 g B L TH 5 WE
RZ1T o 7=,

KEBRTIX, 2L DBBRELZED - WEOHEGHAE  ~—r T4 27 ) —F
2ATHIMABAT AT =27 [30] 127 v — N &2ZFL L. AW CHALZ
WENEX T v — N R IR S e T v — NEEEER L, FEELZERE -
NETT o r— b 2E MUY 7 — MERZMS LTINS, 1 VX —%2v b %
PR L HGHET, SEPRETE=X— O3 )) 22577 — Ma%
Bz 7T = PZEELTES I 32y MU —F L WS HHEZKEL 7.

AREERTIL, AIECBIRLU-EHEe 2<FAUEHmZ A > X—3xv M2FHALY =
TECRTHSWHIEEFEUHNEDT V77— M7 THELTE 572, i
T & [FFRIZ Thurstone D — X LLERTE Z 1772\, IRIZSDIRIZEZFLTH 6 o 7=,

ARFEERTIE, MERNCINZ EH & FHliOBEIZ OWTEFHET 5. £IZT, ¥—
TTAVI DRy MEERIRD & S REREIICAELTWS [31] 2&25%
I, HERE % 20~40 RO (F1 & F2), 502 EDZtE (F3), 20~40RD
B (M1 & M2), 50 REAEDHME (M3) D4 D>DEFE 25451004 & LTz,

C (Child,Kids) B4k (HBEWIE25E) ~125%

T (Teen-age) 5% 13 j~19 ik

F1 (Female-1) 20 mE~34 )&% DM

F2 (Female-2) 35 js%~49 &% D M

F3 (Female-3) 50 &L L2tk
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e M1 (Male-1) 20 %~34 %D Bk
e M2 (Male-2) 35 %~49 j% D Bk

e M3 (Male-3) 50 LA EDHME

4.2 ERER

ERTO—RHBEDRER Y SD 7a 7 7 1V, BRI T D —xf Hhifkik
DFERE SD 7107 7 A IV &R, R X 20~49 DB L 25 %4, 50~71 ik
DEZEKEBHTHD.

£7, 20~T1D B 5044511004 (1K) 2%, 8 XX —VDEIENS 2D
TOBIE % R CHFRE % i U 72 & 5 2 Table 101279, HiE & FRRIC, R
HON, F, s, fIZATFOXIITEDTVS.

o N: fEURTYIMARTH MDA EIE NG E
o F: 5L RTWIATH BHMDALEDE NG S
e 5. A3 = 71.9 [deg]
o f: A3 = 51.7 [deg]

ARBETHE N, £PTI7IZBWTN, F, s, flZThFh iz kT,

KREWIELFRRIZ, [THATEIE %A, TNTNDRX— V&KL 2B, 1
FIHOMAEZ L D IF&ERETH LW LA THS. DF D, Table 10D [(120,
s, N), (150, s, N)] IZREINTW5 33 WS EFIE, 120 [deg], s, N & 150 [deg],
s, N &2 HART 120 [deg], s, NDIFE S BIFEZH TS LFHl L7 ADETH 5.
Fig. 23 122K TO— I LLEIEDKE R 2R3, Fig. 23 O IX 47 &E O R EAE
ERUTED, AICH 2 MIEEHBENEVEIEL 5.

Fig. 23 & 0, #AHNE\NGE D L & Bl A3 150 [deg] DEIEA R & A
DE <, AR WSS TD 180, 51.7 [deg] DEIEA IR FHIAMEW. AL LT
1Z 150 [deg] A3 Ex® FEAMi A3 <, 180, 51.7 [deg] A3 i ® FHAMiAME\ N5 LR LEIfET
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H5. T, AENFEUSGE, MOMEMLNGEPENGE XD

A AT E L.

Table 10 Result of pairwise comparison for evaluation experiment 2 (All)

Fig. 23 Scale value of “likeability”

38

(deg)
120, s, N 150, s, N 180, s, N 180, f, N 120, s, F 150, s, F 180, s, F 180, f, F
120, s, N 33 A7 71 A7 38 61 79
150, s, N 67 66 87 70 65 74 86
180, s, N 53 34 74 50 46 51 82
180, f, N 29 13 26 33 21 26 60
120, s, F 53 30 50 67 31 54 73
150, s, F 62 35 54 79 69 65 86
180, s, F 39 26 49 74 46 35 84
180, f, F 21 14 18 40 27 14 16
N: The position of the paper is near s: A3 = 71.9[deg]
F: The position of the paper is far f: A3 = 51.7[deg]
180° , f 180° s 120° ,s 150° s
(F) (F) (F) (")
/ N\ \
08 06 04 02 0.0 /. 02 04 /.o‘s 038
180° , f 180° ,s  120° ,s 150° ,s
(N) (N) (N) (N)
Scale Value




Fig. 24 \Z&KTDSD 787 7 1 V&R T.

Fig. 24 £ 0, fARERWEED 180, 51.7 [deg] (Ffa) DFHEiAMEW. F7z, #K
MEWEE D 150 [deg] (AL v Pf) LHANEWEED 150 [deg] (FRfa) THL
o 7-iHliZ LT\WA. “HEEWV, “BEE OIEH TIMEOIE L, “WHH
MR, “HRR OIHE CIMEIOIEAYA .

100 A4 D SEBRHE R UK T 2871 &2 17 - 7245 % Table 1112”7, EAED
1A D2 RT#HE L, Tu~xy 7 AEEK%E4T 57z, Table 11 KD 1 KT
LUTI, TR ARG, EEeunw-BEAr, B EA LV, o«
MEAW—DF S5RW\, “HW—EW, “BilR—DAFER", “BLAPTV—
BILAIZK W, “BLWVW—TbW REPE X PR, BRICE T 2 K724
BUPKEL, F2RTL LT, “TELR FAIVER, YCUORVW—EL D
N R R, GBS EI BN RYELIPRIIZET S
K FAfTEBKE .
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——120° ,s,N
=—120° ,s,F

FRE— L&Y

EIBRN—BLMVE

ZAEVGE—TEY

BRLOBON—RELORWN

DERG— B

DELLEL—EAL

ChL—ELL

FLALKDN—HLAPT LY

B—RILT D

B—FoM

Hio W\ — i

SELOBEN—SELOE
(A

FERG—BRG

ShoW=—%bE =

ERLW—8ERG

RERZ—fAEEN

FERE—ERG

B —ZELLY

EBO—EN

——150° ,s,N ——180° ,s,N ——180° ,f, N
——=150° ,s,F ——180° ,s,F ——180° ,f, F
s: A3 = 719[deg] N: The position of the paper is near

15

f: A3 = 51.7[deg] F: The position of the paper is far

2 25 3 35 4 45 5

Fig. 24 SD profile (All)
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Table 11 Factor loading

1st factor | 2nd factor

A —ANIEFE TR 0.903 -0.165

I 2 n—BJE 2 0.855 -0.154
B2 LW 0.786 -0.053
HEW—D2F 5722\ 0.765 -0.089
N 0.744 -0.058

B — D A F 72 0.616 0.126
BUARTOVBLAZ W | 0.562 0.332
BLW—Zbwn 0.514 0.294
JEEBDRW—<FEH DWW | 0.463 0.412
LUV 0.461 0.372

Lt 5—H#< 0.461 0.353
HR— A BERE 0.398 0.43

F 5 DB 0.397 0.44

A 22— 5 W\ 0.371 0.447
HHbHEWIZ D bDOWi 0.294 0.452
MEASWILYAES Sl SR AN 0.078 0.68
JEU DR W& U D 0 0.853
ST LA YA -0.061 0.778

T8 - ZTAI VA -0.204 1.015

Fig. 25 IZEAEIZH T 5L 1 AT DR TR, Fig. 26 ICEMAEICBIT 55 2
KT DR TR %ERT. Fig. 25 &0, HANEWEAED 120 [deg] DEMEARBEE 1
NFDEEEZITTNWEZ D bN5b. 72, Fig. 26 £ D, fEAIUEWEE D 150
[deg] DEMENRERBH 2N TFDHEELZITTVWDE I LR DON5.
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0.3

0.2

0.1

0.6

0.5

0.4

0.3

0.2

0.1

s: A3 =71.9[deg] N: The position of the paper is near
f: A3=51.7[deg] F: The position of the paper is far

150, 5, N L] 150,5,F  180,5,F  180,,F
120, s, N 180,5,N  180,f,N  120,s,F

Angle between upper arm and forearm [deg]

Fig. 25 Factor score of 1st factor

s: A3=71.9[deg] N: The position of the paper is near
f: A3=51.7[deg] F: The position of the paper is far

120, s,N 180,s,N  180,f,N  120,s,F [ ] 180, f, F

[ 150, s, N I 150,5,F 180, s, F

Angle between upper arm and forearm [deg]

Fig. 26 Factor score of 2nd factor
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Fig. 23 & 0 IF&E DO REED RS @2 o 72 150 [deg] (2B 1) B EBRIER %, 51
IRl -7 RS, 28 2 IR &2 el UABREE 100 AT ORFER%Z 7ay b U7X
% Fig. 27 (2R 7. WAFKORED S 50~TLEDO LM, ZAFKOY Y 70K
D 20~49 HJD LN, XA Y HRIOMED LA 50~71 AN, ALWKED L 20~
L9FEBUETHSD. EIKRTIE, GERLAERL, “MMEShv—aRER, ‘B
Mg EHL2 LW, “AHWV-—2F 5K\, “SHW-EBW, B DA FR”
, CHHUAR TV BLAIZ W, B2 bW 22 PHE X P BlnkIZ BT 5
HETH D, B2, “TELR ZTAIVWER", YEUORWVW-—ELDEN, «
b RERY, B EZHERW REELIPRIICETAEETH
5. 1 RN FERDPEET X 150 [deg] DEIEIZHT LU CTHIE X PR
RELE, EU X PRSI U CHEIMIZ U2 RE 72 2 W R B il A E o FE
ThIOWEREIL, FLUI PRI ICHET IR E R - 727 i %2 U7 E L WA 5.
FEEHASIE DR T dp B #EBRE 1L, PRI PRAE, SRR U T % i - 723
filiz U7-fRE & W2 5.

2nd factor

6 ® Men (age:20~49)
* Men (age: 50~71)
Women (age:20~49)

® \Women (age: 50~71)

5

] n 3
.‘. . 2
S * o b '. -
.ﬁlo ® o*
LY P o
* Y °
* ™ [
o * =
*
5 4 3 2 1 e O ‘..‘ a® 2 3 . 4 5
° ° .
4 o’m %o M 1st factor
n || |

Fig. 27 Factor score plot of the 1st factor and the 2nd factor plane of 150[deg]
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Fig. 28 1Z BRI D — X Ltk DG % 7R 7.

HEPFME, ALy IERLEOIERTH S, Fig. 28 OMERILIT R O R EE
ZRLUTHED, EOAANKEL RDIFEHFREIIESRS.

TN, —HHETEORERD 7S 712 WT, 75 7 HhOEOEFEITIEL
REYERTH DMONMEIENGE, KEBKRTH D ERIIIBLURTURTDH S
MOMEIENGEDRERERT. £72, &7 7 7 OMENIIFEE O R EHE % R
LTHEY, EOAMAANKRELRDIFEHBEITE KD,

Blre b L e gD AEL 150 [deg) TH D & EOIEICHRS HFEER>TH
D, EHFHEMEOEIEIXB L L EMAEWEETD 180, 51.7 [deg] TH B. Z
NIFHTZEOFERE A URER e otz £, AT LIRS L 180 [deg] P45
MED D3N & 0 B DFETE K E .

®m Men: N (all)  ®mWomen:N (all) ®=mMen:F (alll ®mWomen:F (all)
s: A3 =71.9[deg] N: The position of the paper is near
Scale value f: A3=51.7[deg] F: The position of the paper is far

0.8
0.6
0.4

0.2

, B _mm

120, s 150, s 180, s :
-0.2
0.4

-0.6

-0.8

-1
Angle between upper arm and forearm [deg]

Fig. 28 Scale value of “likeability” (All men and women)

44



Fig. 29 (122K TDEMA] D —xF ELEIEDRE R %2 R T

TR 20~49 WO HERE IR, FRED 50~T1HDHERE 2IRDFERTH 5.

Fig. 29 £ 0, ®HHEZFFZNZEEIX, 20~495%, 50~71 & & & IZHANE
WG D 150 [deg] TH D, HH FEMOLNEEIX 20~49 7%, 50~71 % & HITHK
MiENEE D 180, 51.7 [deg] TH o7z, 20~49 K IFMANE WEE D 180 [deg], K
MEWEED 120 [deg] DIEIZIFEZFE>TH D, 50~T1i%IZZE DNET A7 >
TWa 5, REMENNSWIZOFEEIZ & 2 IR TR EE OIEMIXIZIZFR U TH
HEWZB.

50~ 71 D BLERE D F5 D3 Al D i N EE D R A & B b FHH DR WBIfED
REEE DD K EZ .

All:N (age:20~49) B AIl:N (age:50~71) All:F (age: 20~ 49) B All: F (age:50~71)

s: A3=71.9[deg] N: The position of the paper is near

Scale value o .
f: A3=51.7[deg] F: The position of the paper is far

0.8
0.6
0.4
0.2 .

o - e 1ot — 180, f

120, s 150, s 180, s

0.2
-0.4
0.6
0.8

-1

Angle between upper arm and forearm [deg]

Fig. 29 Scale value of “likeability” (All age: 20~49 and All age: 50~71)
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Fig. 30 (Z B MO Efp R D — X gL OFE R 2R 7.

KDY 20~49 IED FME, FHEH 50~71 MO BMEDOKERTH S, Fig. 30 & v,
XEIFEE RN -BIEIE, 20~497%, 50~T71i% & B ITHANEWEE D 150 [deg]
THY, mdiMOMNEIVEIE 20~49 i, 50~T71 % & B ITHA = WEE D 180,
51.7 [deg] TH o7z, 7z, 50~T1iKDHERE D J5H3 S 7D sy W EE D R
il & b FHBORWBEIEDO REMHE & DZENKZ .

Men: N (age: 20~49) B Men: N (age:50~71) Men: F (age: 20~49) ¥ Men: F (age:50~71)

s: A3=71.9[deg] N: The position of the paper is near
f: A3=51.7[deg] F: The position of the paper is far

Scale value
1

0.8

0.6

0.4

0.2

) | [-. B 180, f

120, s 150,s 180, s

-0.2

-0.4

-0.6

-0.8

1

Angle between upper arm and forearm [deg]

Fig. 30 Scale value of “likeability” (Men age: 20~49 and Men age: 50~71)
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Fig. 3112 ZcM: D AR D — R ELETE DA R 2 R T

Yy 70 20~49 D LM, RED 50~TLRDOLMEDKERTH 5. Fig. 31 &
D, REFEERZNZEEIL, 20~497%, 50~T1i% & B I WA D 150
[deg] TH Y, H&HFAMOMENEIEIX 20~49 1%, 50~T715E% & B IZHAE NG ED
180, 51.7 [deg] TH o 7z. 7z, 50~T1 D LMEIXFEEDOREMIPATHSH
DHI180, 51.7 [deg] L 237 \WAHY, 20~49 D M 1% 180, 51.7 [deg] (I X #ihdiz
WA D 120 [deg] DEMETEHADFEGZ L TW5.

Women:N (age:20~49) B Women:N (age:50~71) Women:F (age:20~49) BWomen:F (age:50~71)

Scale value s:A3=71.9[deg]  N: The position of the paper is near
f: A3 =51.7[deg] F: The position of the paper is far

I o 180, f

0.8

0.6

04

0.2

. [ - i

. 120, s 150, s 180, s
0.4

0.6

0.8

-1

Angle between upper arm and forearm [deg]

Fig. 31 Scale value of “likeability” (Women age: 20~49 and Women age: 50~
71)
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Fig. 322 20~49 &2 81 2 BRI D — X HBIEOFE R %2 R 7.

IKE20~49 THD BV, © 2 7 Eh 20~49 BDLMEDKERTH 5.

Fig. 32 & 0, Wb IFREZ R NZEEL, BLL HITHAEVIEE D 150 [deg]
THY, mHFMOENEIEIZTH L B ITHPEVGE D 180, 51.7 [deg] TH -
7z. 120 [deg] IZHBWTIX, BHOIHEEDOREMIZIEZD, MO REMIZAT
b5, 1z, BUEDOFAIEDFHHO @ EED REME & & H FHi O KV EEDO R
JEE & DMK E.

Men: N (age:20~49) M Women:N (age: 20~49) H Men: F (age: 20~49) # Women:F (age: 20~49)

Scale value s: A3=71.9[deg] N: The position of the paper is near
f: A3=51.7[deg] F: The position of the paper is far
0.6
0.4
0.2
180, f
0
120, s 150, s 180, s
-0.2
0.4
-0.6
-0.8

Angle between upper arm and forearm [deg]

Fig. 32 Scale value of “likeability” (Men age: 20~49 and Women age: 20~49)
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Fig. 3312 50~71 &2 BT 5 HLHI D — 5 HBIEDFE R %2 R 9.

FEEA 50~T1 D HM:, HREB50~T1 MOLMEDERTH 5.

Fig. 33 £ 0, Wbz R-N7-E1E, BLLHITEPIEWEED 150 [deg]
THhY, &EIMOENEMEILT L L IR NG ED 180, 51.7 [deg] TH -
7z. REMEOHMNEIZBED AL DLRENE DD, FMOREIZFLTH T
5. 72720U, 180 [deg) 2BV TIXLMED HRREMEAKE .

Iz, Fig. 34 1IZHMEDSD Y17 7 1), Fig. 352D SD a7 7 A V%
R

Fig. 34 £ 0, BMHIFHIENIHE D 180, 51.7 [deg] (Ffa) DOFEMiAMKW. F
7z, HAEWEAD 150 [deg] (AL v If) LHANEWEHAD 150 [deg] (FRfh)
X URLE 5 725l 2 U TW 5. fANE WA D 150 [deg) D “EL W OIHHE»®,
180, 51.7 [deg] @ “AEMRZR”, “E BV OIHH TIHMEAZEL L TW5.

Fig. 35 & b, &MiF “HEW?, “QE\ OEH CTIHMEDIEA L, s
mr, CTER, RUDRVY, AR OIEHE CHHMEDIEANA .

B Men: N (age:50~71) ®\Women: N (age:50~71) ® Men: F (age:50~71) #®|Women:F (age:50~71)
Scale value s:A3=71.9[deg]  N:The position of the paper is near
f: A3=51.7[deg] F: The position of the paper is far
1
08
0.6

04

0.2

, Hames

120, s 150, s 180, 5

180, f

0.2
0.4
-0.6

-0.8

-1
Angle between upper arm and forearm [deg]

Fig. 33 Scale value of “likeability” (Men age: 50~71 and Women age: 50~71)
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——120° ,s,N
——120° ,s,

Talh— k&G

ECBLEN—FLNG

AT RG

BLOBEN—BLORL

DEEG—HEUR

DELLBN—EHW

ThuL—ELL

BLAKW—FHLAPT LY

B—RLTD

BO—Fohly

Hio W — iR

S[FLDBL—IFLORL

FERG—BRE

SHDN—FBE

ErLW—8ERY

REG—RAERN

FERE—ERG

BRL—3=L0
EO—ELY

15

—8—-150" ,s,N ~—180° ,s,N ——180° ,f,N
—*—150° ,s,F ——180° ,s,F ——180° ,f, F

s: A3=T719[deg] N: The position of the paper is near
f: A3 = 51.7[deg] F: The position of the paper is far

2 25 3 35 4 45 5

Fig. 34 SD profile (Men)
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—8—120° ,s,N

——120° ,s,

FRt— LRt

EBLEN—FLNE

AT HE

BRLOBL—ELORL

DEEG— B

DELLN—EHW

Thu—ELL

HLAIKW—HLAPT

B(—RDT B

B—FohL

HoW— R

SEFLDBN—IFLDORLY

TERG—BRE

ShoWz—%bE:

FEaLW—8ERY

BEG—EAER0

TER—ERG

B —3=LLy

EO—ELY

—8—150° ,s,N ~-180° ,s,N

—*—150° ,s,F ——180° ,s,F

s: A3=719[deg]
f: A3 = 51.7[deg]

15 2 25 3

Fig. 35 SD profile (Women)
51

——180° ,f,N
——180° ,f,F

N: The position of the paper is near
F: The position of the paper is far

4 4.5 5



WA, B - FEl ] O R & BT S, Fig. 36 12 20~49 & D B MED SD 7
077 AINVERT.

——120" ,s,N =150 ,s,N ——180" ,s,N ——180° ,f,N
——-120" ,s,F —*-150° ,s,F ——180" , s, F ——180° ,f,F

s: A3 =719[deg] N: The position of the paper is near
f: A3 = 51.7[deg] F: The position of the paper is far

1 15 2 25 3 35 a as 5

TRE— L&
ECBLEV—BLAG
FAENGE—TERG
BLOBL—BELORL
DHEG— B
DELAV—EBL
Chu—@LL
BLAKD—FHLAOT LY
B—RDT B
BL—FoMLy

HDL— M
SHLOBL—SEBLOR
TERG—ERE
ShDOUV—EbHE =
&R LN—B R
SBEAZ—EAEGL
RER—ERG

BL—ELL

EL—EL

Fig. 36 SD profile (Men age: 20~49)

52



Fig. 3712 50~71 DB WD SD 70 7 7 1 )V % R_T.

——120" ,5,N

——120° ,5,F

TaE— L&

EIHBV—BLAE

TAEWG—TER

BLOEN—ELOEL

DHFEIE— IR

DELHV—EAL

Thih—EL

BLAKD—FHLAOT LY

B—RDLT D

BO—F5/M0N

B —HHELE

SFEOBN—SHLEORL

FERLG—BRE

SHhoVf=—FbE =

ERLN—EHRG

REG—fEZL

FER—ERG

BL—=LL

EL—EL

——150° ,5,N

——150° 5, F

s: A3 = 719[deg]
: A3 = 51.7[deg]

——180° ,s5,N

——180° ,5,F

——180° ,f N
——180° ,f,F

N: The position of the paper is near
F: The position of the paper is far

ES a 45 s

Fig. 37 SD profile (Men age: 50~71)
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Fig. 3812 20~49 D LMD SD 71 7 7 1 )V &R T

——120° ,5,N ——150° ,5,N ——180° ,5,N ——180° ,f,N
——120° , 5, F ——150° ,s,F ——180° , 5, F ——180° ,f,F
s: A3 = 71.9[deg] N: The position of the paper is near
. A3 = 51.7[deg] F: The position of the paper is far
1 15 2 25 3 35 a4 45 5

Tal—Lai

ECHBRN—BLAG

TAEWG—TER

BLOBL—ELORL

DHFEE—HETE

DFELHV—EAL

Thih—EL

HLAKO—HLAPT LY

BRLTD

BO—FoML

HoL— s

SHLOBN—SHLEDORLY

FERG—BRG

Sh oW -—FbE

EALLW—#ERE

BEG—EEEL

FER—ERT

BL—ELL

BL—EL

Fig. 38 SD profile (Women age: 20~49)
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Fig. 39 (Z 50~71 D LMD SD 71 7 7 1 V&R

——120° ,5,N ——150° ,5,N ——180° ,5,N ——180° ,f,N
——120° ,s,F 150" ,5,F ——180° ,5,F ——180° ,fF
s: A3 = 71.9[deg] N: The position of the paper is near

f: A3 =51.7[deg] F: The position of the paper is far

1 15 2 25 3 ES a 45 s

TaRE—Las

EIHBV—BLAE

TAEWG—TER

BLOEN—ELOEL

DHFEIE— IR

DELHV—EAL

Thih—EL

BLAKD—FHLAOT LY

B—RDLT D

BO—F5/M0N

B —HHELE

SFEOBN—SHLEORL

FERLG—BRE

SHhoVf=—FbE =

ERLN—EHRG

REG—fEZL

FER—ERG

BL—=LL

EL—EL

Fig. 39 SD profile (Women age: 50~71)
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20~49 j% D ZMEIIAE U TR AME <, 50~71 % D BHE I FEA D E AL .
20~49 %D H ML, “BEE e\, B OIHE OFHliAM O LR & Bir 5.
(KM CTd % 2.7 AR & 722 o 723 DEUL, 20~49 %D FME 1#, 50~71 %D
ZMESMIZR L, 50~T1SD BN, 20~49 D M IE 30 (AL E & 2. SRkl
TH5 3.3 EOFAORIL, 20~49 BDFHM L 50~T1 EDOLMEIEZ VDY, 50
~TLIED B L 20~49 BD LM IZ AN, Ko T, 20~49 DB & 50~71 %
DLZMEILFHE DS E D T, 50~71 D HME L 20~49 %O LM IXFHAE KD TH 5
LEZONDL. 7272, mEFHiiTd 5 3.8 1L 20~49EDZMETH D, 20~49 %
DMEIZ R TOEBE I U THEERZRFANTIXR .

“EEW OEEIZFEET 5 &, 20~497%DH M & 50~T71 1% D 20 D B AKFTAT
TH 5 2.92 7P 20~49 FDOLMETITImEFHMIiE > TWb.

4.3 EXR

— Xt EERIEDAE R T H % Fig. 23 & Fig. 28~Fig. 33 & v, m&bFEE R
BIEIZ TR L SIS O L & BT D M EAY 150 [deg] TH D, b FfAli
DERWEIEIZ B L L HEANE NG S TD 180, 51.7 [deg] TH 5. B DFHAMIHAEL
TV, ZOZ2 &0, RXIIVMEIRURT E WS ITAPERI N T WD EEIC
PR - Wb e EZ 6N 5.

—XFEEEIEDORE R L 0, Bl b 50~71 KD BERE D 23 E FEAM D &\ 8
EDREME & i FHli O NEIED REME & DMK E L, FhEI &S DEF
ZRNDEIIRKENZ D05,

SD 7u 7 7 A WMIZH T BERTIE, VA - FEiC X 25M 0@ WAL EL S
Nz,

Fig. 27 £ 0, 20~49 J&DHERE D A 50~T71 i DBERFZ K 0 26 1 R & 56 2
FIRIZEDL DG L TWD, F2RFICHUETHIIZ L TWBZ 225720,
20~497ED S HVER U TZBIEIC R UE L S PRSI L TIF& 2 & U 72 A% \»
EtEZHND.

BPED SD 7a 7 7 A4 V&Y Fig. 34 12815 “E L\ OIHHDNEA & —%f
i DRER % /"3 Fig. 28 I8 1T 2 IFREDIEMIXIFIEFFR U TH -7z, £ T,
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BHIZFEDORENR L LI THDH eEZ NS, IHEEDIEE & A UNEFE D SD
TRT77ANVIIBITAHBEE, “ELW, “EERT, “FoVT, “T"Eti”, “
LT D, “‘[ELORVW THD, ELI KT S L LHEE LIEMIZ
—HT B 2L\,

D SD 71a 7 7 A V%R Fig. 35 & — X EEGEDFER %2R T Fig. 28 £ 0,
ZHEIFEL X LI EICERIERVWEEZ NS, ZHEIXSD 77 71 Lils
7% AU DR 2\ 5 IEHDNER T — K LB IE T O E DNEN & R 5.
IFEEDIEFR L [F UNEFED SD 7u 7 7 1 I)WIZ BT AIHEIE, “EBLW ZIFTH
5. £z, 77— MOHMHEEHIEHE L UTRBIZE KLU TV 2 HEEH L0MEIX
S ANWZDY, BHIX2 NZTTH o7, Ts &0, LMidd 5HEE CTHHEE %2
WRETEDTIERHBENLRFHKTIHEELZRET LD LEEAOLND.

ZMD SD 717 7 A V%R Fig. 35 DA WA D 150[deg] (FRfr) & Ak
PEWGE D 150 [deg] (AL P) ITEHTS. fANEWEGE D 150 [deg] D
Fit3% < DIHH TRl & W2 — W HIBGEDFEIR T, HANEWGE D 150 [deg]
DS WFREE D FE . MEANE WG S D 150 [deg] D “H S h 72" OIEH Ol DK
éﬁ,ﬁﬁtfwiﬁj 1272 DR AR S I DR A 5 D TR AW L E X
LNd. KITEEIE, ZoBLDULTVWAHIZFF 2T IVIRFEHLKDOFZL NI R
ENBLEIMARAINVERERL 32, 77y a2 (bhisRET 5
ICHHINTEVHIRAEZRBTESEL LT 7 vy vaviflEcik i <{flibh3
SETHD. KIIEEHTZEITLD, EobDLTERVEDR, HSARDTE
mNEh, HBEZLIREIITERVWEDIZT RN DS. AEXD, HIZR
ZEZITHESBLARTE, B1E, MK, RIEREHRENLRNT ¥ ZAHE

WZREL, BMIERZEPMIREICIET R EEZ NS,
ﬁ%@mﬁvhkﬂ%@m#@wa;<jbm5# Fig. 36~Fig. 39 D “[HH
W OIEH LD, 20~49 DML TIXZD®E Y TH B A, 50~TLisDLL
12 20~49 KD B L FAREOHKELER > TWEHEE X H5N5.
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5. B YIC
51 F&&H

AWFETIE, T RaA FaRy bTRURLVEEZERKL, FR2RLNS
FBURUEEICOWTHE L. & 5I24ER - HEHNIZE T 2 Tl D& T O WT
LA L. EREHIBIOMELIEURTYMRTH 2HMOAMEEZ ST A—XEL
T8NX—=VDEEZEKRLTT oA RadRy MIFEEL, U7~ #E
EHERTAIIHIZ0YIab—RE2HEHLEZ. £9VIaV—X ETEIERER
U DFifEz2 R THRL 2.

ZUT, 20~30 D HLZE 1045204 L, 20~497% L 51~T1 &K NZE N
224 25 %45 100 4 CHIRGHMBEER 24T o /2. FIRFEMREBROMEE, Kb %
R e VI BRI MR A N 6 D L & AT D M4 A3 150 [deg], & #-AfiAME N E)
PEIIARAIE NG A D 180, 51.7 [deg] TH YV, #MAEIBULRT LW ITADVERI N
TWABEEICIHBEI b e EZ 6D, —x TR X 2% K- 58
TEDIERLIL, EEPMERIZ XD RKREREVIT AR50, SD 707 7 1)L Tl
PRI X BB VRS BA SNz, £z, 50~T71iEDHERAE D J5H% 20~49
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