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Design and Evaluation of End Effector for
Touch Care Robots™

Kenta Toyoshima

Abstract

Touch care is attracting attention in the fields of nursing and medical care
as a method of caregiving. Lack of personnel is a serious problem at health-
care sites so the automation of touch care is expected to reduce the burden of
healthcare staff. In this research, I aim to develop a Touch Care Robot that
reproduces the touch care of a human hand. Regarding the development of
the Touch Care Robot, two approaches are conceivable: 1) imitating as much
as possible the movement or sensation of a human hand, and 2) seeking only
comfort as a means. In this paper, focusing on the end effector in contact with
people, I examine the functions required by the end effector and fabricate and
compare four end effectors with different functions. In order to examine the
first approach, I stroked human subjects’ backs with a human hand and an end
effector and asked them to judge which one is the human hand, and evaluated
the performance of the correct answer rate. As a result, I found that the rubber
gloves are the closest to a human hand, and the end effector without the mech-
anism is the second closest to a human hand. Next, in order to examine the
second approach, I evaluated which end effector was pleasant when I stroked
human subjects with different end effectors attached to a robot arm with the
same motion using a pairwise comparison method. Actually, I compared six
patterns with different temperature added to three end effectors. As a result, I
found that the warm end effector with a wide contact area tends to give people
a sense of human-likeness and comfort.

Keywords:

touch-care robot, end effector, tactile, comfort, human-likeness
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Fig. 2.1 Mannequin hand
Fig. 2.2 Wooden hand

Fig. 2.3 Ball throw hand .
Fig. 2.4 Ball catch hand
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Fig. 3.1 Experiment for finding the human-like end effecter.
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ZEILYRIZT7 7 RIZDOWT, ADF (accuracy rate = 0.5) (X U T t MRE
o 2GR % Table 3.2 1279, ZOHENS, RGNV RIZDVWTIHRER
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EWVWHZLEERLULTWD. RGNV RIZODWTIE, iy R 77X ERB L
ADFIZIEENBADTS LD EIFOWEENE WO FERBZE LN, 72, WERE
WEDEZERDIELDE - [AAENERBLEDTH 20 % HHAND 20T, HrE-1E
BRIZDWTHBANZIT 72, TOFRER, pfHIX 0.576 THo7272dMANAEIZD
WCTIHRARERZRNENWZD.

Table 3.1 Result of comparative experiment

Subjects || ODOF | 1DOF | 7TDOF | RG | Pen || Ave.
1 0.9 0.9 1.0 0.6 | 1.0 | 0.88
2 0.8 0.9 1.0 09 | 09 0.9
3 1.0 1.0 1.0 0.6 1.0 0.92
4 0.9 0.8 1.0 0.6 | 1.0 || 0.86
5 1.0 1.0 1.0 1.0 | 1.0 1.0
6 1.0 0.9 1.0 1.0 | 1.0 || 0.98
7 0.7 1.0 1.0 0.7 | 0.9 | 0.86
8 0.9 1.0 1.0 0.7 | 09 0.9
9 1.0 0.9 0.9 1.0 | 1.0 || 0.96
10 1.0 0.9 0.9 0.6 | 0.9 | 0.86

Ave. 0.92 0.93 0.98 | 0.77 | 0.96 || 0.91

11
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Table 3.2 Result of t-test about comparative experiment

Hand p-value

ODOF || 4.26E-07 ***
1DOF || 8.51E-09 ***
7TDOF || 4.87E-11 ***
RG 0.001171 **
Pen 4.35E-10 ***
. p < 0.01, ¥**: p < 0.001
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WEBRONZZ NG, 20200 R 727 RIFADTF L EHELIKT 54K
FEERIZBEWTADFELHHULOEn 2728025, RGNV RBWADFITEN & &
UHNZHHEUTIE, TV RI 77 ZDZEMBROOLNY - BEOE TADTF
WIEWMMN S TIE RN EEZEZOLND. £ DOF TV R T7 78 %R &, £
IZ[A U ABS TH 25 7TDOF NV RIZOWTIRIEMRRIZAEDNH S, HEHEHZ DWW
TOFERT, ADEL UL ARVWERBENEL 5D, HEMSPERED D AHER
BREDBERRDHY, ZHHEDIZY RT 727 RIZDWTEMRENEHNI L5,
B - HHERZVWE TAOFSL UL ARAWER - R 252 TULEHI>EEZLN
5. 7z, HOENIZADFLED IERE UTEBRAEHIHARAAZY ¥ — TR
VIR, BEOHEEETICERDO FFEBRIHEHLZIZE 00 5T, HOX
DS EVIERANHY, EERKE TDOF NV REVELBZ->TWE I enb,
SRR T R 7 o742 & DL, BENZSEMAIBEONI WY R 727X
DHEMADFERHED LD LR R 52220 Hd I L nbnd.

INEDZENLEFADAYFIrTIZENWT, TYRZ 77 RIGHEELRES
WX CEEND Y, B - BENDRNE ADTFITEWEE L R B Z LN,
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BT FyFr7OKRY ML DETEEDOER

BI3MDEMTIIADFTCIY RIT 7 7 A& RbBBMEDE F 2T,
Ay Fr7aRY NOLY RTL7 =7 ZAOKREFiHEE UTIE, 1. HIRERICET
DHWTHDK—, 2. 0RY VHOZY RZ 7272 %2Mafd 5, LW BAMND
ORY NEHWAZEREITS ZEPEE LV, AETIHEACMIE I 2K XI5
WeCHZDORY FTHRTSIL2EBEL, HHTORY MO M MU
1% BT S AR I DOV THER RS,

4.1 fFEARAT 3 OMKRY b

OARY b & Fig. 4.1 12579 KUKA #:0 LBR iiwa 14 R820 [15] % $ 2.
ARk %E Table 4.1 [ZRT. ZoaRy MI7THHE.2MAZ, TRXTOHENIZ K
W v BREfMINT WS, KUKA #HiZaRy S AR & FE CEEERTA%Z
TYARNTHba—<vy -ORYy b7 —Yay (HRC) 2 2IELTEY,
KT ERET 2V AR, HAFEENTED LW RENH 5.

AR TIEORY MBAANDEMEZITD 720, REOMWENPBLETHS. ANEH
UZERIIWD Z L ZRHRITESNAZLEB TRy MAEE LW, ZoaRy b
=MHHTS. Zoary bofl#Eiz ROS (Robot Operating System) [16] %A
UZz. ROStiE, B Ry NHYZ N2 7 7V —LU—2D1DThY, HKietH
ULV 7 7% /) —REUTEBFARIZETL, ThH6D ) — KRR Ay —Y
EWVWSETT—EDORYVI 217DV AT ALATHD. Zhlky, RO %
ORY hEHAGOETHBETLZ L RENTEDL., ZOVATLZEATL L
THARY MADHES - HIENEZITHRY), [ ERNSIEEEHFTES. Ry b
DHFIEIZHNT, ROS /87— iiwa_stack [17] ZHL 7. 21 LBR iiwa
14 R820 % ROS IZH)GX T2 720D r—I 774 )INTHY, ZDONNwr—
ZEATEHIETROSIZEZDAYE—VYDPVEY TORY NEFNTIENT
LD R%.
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Fig. 4.1 KUKA LBR iiwa 14 R820

Table 4.1 Basic specification of the robotic arm

Specification Value / Type
Model LBR iiwa 14 R820
Number of controlled axes 7
Volume of working envelope 1.8 m3
Pose repeatability + 0.15 mm
Weight approx. 29.9 kg
Related payload + 14 kg
Maximum reach 820 mm

16



Fig. 4.2 Cushioning mechanism

4.2 X EAWEEEE

AWFETHHAT LAY N7 —ABKRT, ME-IDONA TV Rilfiz R L 7~
EZA, TA—RNAYIOBIEREIZEY, OFRY NOFENDUHNZE, Bv
E<HUIZRD WS EIINES< AN, AENRICHMTEIEREZITS 20, %
BIHETIBEN DD, MERIEOATHETEELZTOBICIE, Brhok(kizi -
BN TREBRIPPPSTUEIEGAERHDI L VOMELHY, —EOMUIAA
%5 25600 28 S IIALERIEOATIXEEL V.

INSDOMEZFIT 27012, Fig. 42 13T &5 B2 8/EL -, Zhi
OARY hEZVRIT7 7 ZADMIZIMY T2 THY, h—Yavidhizkd
ZEEED 1 AREEZ2ATD. ZOBEITIETS A e UIAAFRIIK U TR
EEEEZAELTEY, IERICE>THURAAARICH L THZMARIT D Z & A°
TE%. 2O TS5 A B#iPHIL 75 [mm] TH Y, BEHTHHO A7 B #ipH I
62 [deg] TH 5.

HRTHRARZ LS ITHY) AT HTHD 4~8 [N] 2HEIZ h—Yavidhi
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EETD. b—YaviEhao MV IFTRERIZFES kg [N - mm/deg] TRIND.
SENEAE 0 245 [deg] DL ZIZHF 26 [N] Hd &5 CihrikEdd. £
72, ZOMEOIER[NSTIORNE LY RTT7 o7 ZEY) (T E TOERE ¢ 1
80 [mm] Thd. 7 F Ll z, M2 7 OBMEER 420 1TRL, M2 2idh
ER kg, MO DEMRER4.2.2 1ITRT.

r=Fx (4.2.1)
T = ktde (422)
IN6DOANE, X424 2155,

ZIZT, HF =6[N], ¥ 0 =45 [deg] , IXREFID 002 85T £ T O
x =280 [mm] &Y, F—Y3ViERD MV IERER kg 1E

kia = 6 x 80/45 = 10.67 [N - mm/deg] (4.2.4)

R85, HRIE MV IEREB kg = 1.62 DA% 6 Dffivy, 9.72 [N mm/deg] D
MU ZIE ez oL UTREL 7.

ZOBHEIZDOWT, Fig 43 1IRT7A—AF L — b [I8] 2T, EEIZHH»
ZHUMITHZHEL-. ZOT 4 —AT L —hDOHEAKRMKZ(EEEZ Table 4.2 12757
T, OB IEEREREIZ ODOF N> R¥ 1IDOF Ny REHEEL, ADOTFTHL
TA—ATV—h NfETCRH I L Tiro/. ZDLE, 74—A7L—brOMlHE (X
) %, BEHHEOBEIEA 45 [deg] 1242 KDL BN S, Y A (B
M) (ZHET/=.

6 DDIERE V- ARKHERE TORBEERIZOWTH UM IO FEME, HokRE,
B/IMii %z Table 4.3 12/RT. ZDOFEMS, 0DOF NV R - 1IDOF N REEIZHh -5
P AIDFEEMN T [N] £ B->THY, HEE 22 6 [N] 2 ER->TW5. 7, #iL
D OBKMENEED ERTHZ 8 [N] 2 KESSHBEATLE->TWVD. AMRIZH
MBIWERLSBES>TUED 2, TOANIAPREZ T TR AA-I2H5ZXTL
EFOGERHIDTHELLRN., 2T, HTIIERE 1 D26 U THEEDE
B& 17> 72858, Table 4.4 IRTHERMIMEOLNAZ. ZDRKREY, ODOF NV R
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Fig. 4.3 Force plate SS-FP40AO-SY

Table 4.2 Basic specification of the force plate

Specification Value / Type
Model SS-FP40AO-SY
Dimensions (hx wx 1) 110x400x400 mm

(fa, fy): £ 2500 N
Rated payload (f2): + 5000 N

(Mg, My, M): + 500 Nm

(fwa fy7 fz): 0.305 N

(Mg, My, M): 0.0305 Nm

Data update frequency with USB 1000 Hz (Maximum)

Resolution

BMATUEL>TWDN,

IDOF N RAEIZEIMEIZ 6 [N] 2 FEZHY, 6 D2DIFRheHWL T LRd L
6 [N] (ISIENZ &3 ND. &7z, HOBRKEIZDOWTIX IDOF Ny RE8 [N] &
HERHEHTHD VWAL, HOR/MERHTY RT7 27
ZILIZHEMEZ FTEHS> TS, OWREB2TULESI ZERHD LV DIFL
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Table 4.3 Result of force experiment about the cushioning mechanism with

6 springs
Ave [N] | Max [N] | Min [N]

0DOF Hand 7.01 9.54 5.09

1DOF Hand 7.87 12.17 5.48

Table 4.4 Result of force experiment about the cushioning mechanism with

5 springs
Ave [N] | Max [N] | Min [N]

0DOF Hand || 5.41 7.25 3.63

IDOF Hand || 5.56 8.95 3.38

Fig. 4.4 Stroke motion with the cushioning mechanism

2 BB, IS OEBRERNS, ZOBICIZIEhE 5 OHWS EHEL
oo 72, FEBRIZZOBEAHEALTIYAF UV OBEHE2ETTWD T % Fig. 4.4
RS, ZOBBEIZE > TRENMTONE Z LT, IRy MHPEHMIZ ETICE 2
I CEREEEO BN THNIEE T 2T LD HRETH D.
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4.3 ORv MIELBETEE

OARY MIKEDHETEMEICDOWT, BIEiCRIEL ZREE 2 VWS Z LT, fif
BEIEOATHTEHELZITS ZLATED. SEXW 6] [7] &Y, 5 [cm/s] DH
XTHUMNIT A 4~8 [N] THETZ L ARBREOMIL I 2K LN TERZ
EMEDLNTVWS. HUMT I OWTIIEEEEIC L > THBETE2720, 20
I CHETREMEZIET L 28T, DV WETH 2 HHT 5.

RIZ, WTOHEHMTH DD, YA ¥V E2ET 465 [mm] OFFFIZESY, TS &
T MR PR 2. TORR, BB TWSIREET, MiE» S 780 [mm] ~
930 [mm] OHFFEPHE T TN WD 2R oz. IRy M2 < BT
150 [mm] THY, FEEIZ IDOF Ny KX TDOF Ny RTHT2HIZIET Y R
T ADEXIZL > THET SN B HIFIZH 300 mm] ¥ 25, £/, HET2EEK
OWTIE T EZGZEERARTHD e HF R, HHIHMNERS EFIC2FET
5EOBEL .

DEDZlzEedHdE, DAY MIXDIMTENEITIRD LS IZif7HOND.

o MECLHERE : 5 [cm/s]
o HET S : 150 [mm]
o HETD M : 2 1H1E
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BHE vy FHrrORy N LTERZORY O
YR T DKRES

AETIE, ORY NMIXDEYFIr7OFERKRIH-Y), DML I ZERTD 4y
Fr7ERY M EUTEHZARY h2lAETLIEVDI T TH—F2EX5.
D7 TO—F Wi T 26, AT LI LIIEIMMEXEZ2525280TE
Z0h, RV AHTONDBEIGEVEDONLVONERZ M BENH D, K
BECTIREELAZZ VR 7272THAY ML THEIEZITV, TAS LW
TG L] & L& T I OWTHRFHEERZ TV, BELAZZ VR T T
IR B EITO L eI, AL UWEE Ok X OBRMEEREET 5.

5.1 ZEEROBME
AEEBRTIE, BELAZZV R 7278 % TALUWERENT LA & Ly
WA D2IIDNT, 72y Y DRI [19] 128 1T 2 FEDOEE [20] &

HWTFHid 6. 2.1 fiThN~ZZY R 72 27&2D>5%, 0DOF /N> K& 1DOF
NV R, TDOF NYRD3DDTY RTT 2 RIZDONVT, ELY RITTIAD
I 2 5 (18 °C) LiKRAMIE (36 °C) D2 /838 —IZ@&EL, &6 /3
A= UTERETS. ZO63X—VIZDOWT, TYRIT =7 AOHHE
0/1/7 i N (Normal temperature, %) / H (Human hand temperature)
zMAGOE LS TREL TS BIAIKE»N TDOF N RIZTH & RT). 2
DZFETIZIIET 2 FE LU RN 20, T HflAaGHEIE 158E) THD.

COFERTI, BAETHEELZOKRY MILoTHTEFELZ217S. ERANRL
LTIk, BRY MO ONTWETY RTT7 =7 R ERYD X500 Hiks
DEHZHET, KEHETHRD ORI TSHTAEIY RZT7 27 ZIE—DFNIZHET
IV RITZ oI REHANTAL LD/ Do) E WS EZL, AS5LX
EDMEIIZOVWTHEBETIMLTE 5.

AR FEAM FEER 13 A% R A B Bl R ZEBE R Z DBl R AEZ B R OKR 2 FTITWV,
EER I (IXHANIISDONA L ) A7 I S8 2 & & BT, R
1§/ ECERZITo /.
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5.2 EBRAE

FEGARHIEBROME TR R /2 & 512 0DOF /N> R & 1DOF N> K, 7TDOF /»
YRO3IODTY R T =7 ZIZHE/ KL MAGDEL 6 -V DTV RT
TR THD. BEOFTEIIEIETOEREFAMIIE — MY & EHREE 2
AWTITS. EBOMT % Fig. b.1 [ORT. #EREIIEORY ME2RIT ST
RFIZFE->THE 5D, EEEIZORY bOEEEZITY, BEARIZOWDOTHOARY b
ZIFIEI R I ENTED LDITT 5. MBREIC L > TRRZIRRBIZ A S Ik mI36E
EHER OB AEN DR TE 5720, EBRHFIZORY b2[E»5 7D Z &M T
IOMETEEZITD. WHREDOSRMAEL LT, KRIK2HIZHE— U7,

IV RZI T ADEHELIEFZIL, AL—RIZTRTOMAEOLERTZD LD
WZHOENUDIRET D, 638 —VDITY R T 7 ZDOMAEHLEIZONT, T
RTOMAGEDLEEZ 1 ETOFD EHICHEKELUTHETEI LSRRI 774D
BOHIIGFELRN 2O, HTSIERE X Table 5.1 1IZ/R8F XD IZHEMAD 13 MHixT
VRIT U RBEZENS I4EPETD 2L THRITL, YO 2 MIZKHM 2 [T
DHETENWEZITO 2 TlIT 9D L OREL /Z.

HEROWENE LT ISR,

1. By MEREEATEEL, WREDEBLAE - B ZIET 5.
2. Table 5.1 (ZfE\, TV RZTT7 =7 R %Z TRy MY 5.

3. HETEIMEZRITD.

4. BRIZHEBELTESS

5. EBTET2~4 %KY,

ZITOEMIE =DM T Y RT TV R EHANT, SHEEC/HLTY RT
Tz RIFAS LM 2NN T? | NS EDT, TNETNLALTOD 5 BTl
BELTEH7.

5: 5D NE D> 7z,

4: X5 56MmEND EESED AN LN 7.

JEHLLELEDL R,

2:EH 5N ND LRIBIO /N Lo 7

LRTE D F B Lo 7.
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Table 5.1 Order of stroking hands

Number 1 2 3 4 ) 6
Pair - ONIN | IN7N | 7NON | ONOH | OHIN
Hand 0N 1IN 7N ON OH 1N

Number 7 8 9 10 11 12
Pair IN1H | 1H7N | 7N7H | 7THON | ON1H | 1H7H
Hand 1H 7N TH ON 1H TH

Number 13 14 15 16 17 18
Pair THOH | OH1H - OH7N - THIN
Hand 0H 1H 0H 7N TH 1IN

WERE — NICDE 18 [HHfET, AHL Y

11.4) 1247 > 7=.

Fig. 5.1 Impression evaluation experiment of comfort and human-likeness
of the end effector.
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5.3 ZERER
5.3.1 A5 L XD

AL UTIZDODWTORIENSLF i Z & &b/~ D%, Table 5b.2 IIRY. KRNOD
BEIE, N R a NV RBRIEBUZEIZ, TFOLDIZHML AR THD.

o /Ml LH (Like Human):/\Y R a D /WA S L.

o /> SLH (Somewhat Like Human):/N> K a DHBPPAS L.
e MtS (Much the Same): &5 5EEZH 520,

e £iflld> SLH (Somewhat Like Human):/N\> B 8 D AR AS L.
e £ifflildd LH (Like Human):/N> R 8 DHEMBAS L.
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Table 5.2

Result of evaluation of hands about human-likeness

Hand « || LH* | SLH** | MtS*** | SLH** | LH* | Hand
ON 0 3 1 5) 1 1IN
ON 0 2 1 4 3 7N
ON 0 1 6 3 0 0H
ON 0 0 1 4 ) 1H
ON 0 0 1 4 S TH
1IN 0 2 2 6 0 7N
1IN 3 3 0 2 2 0H
1IN 0 0 2 5 3 1H
1IN 0 2 4 3 1 TH
7N 4 5 1 0 0 0H
TN 0 1 4 4 1 1H
7N 0 0 2 6 2 7H
OH 0 0 1 ) 4 1H
OH 0 0 1 4 5 7H
1H 0 4 3 2 1 7H

*:Like human, **:Somewhat like human,

26

***. Much the same




ZIMmb, 7wy zDO—xEREE W24, Table 5.2 2 5 —&47
A L UTRAD LD IZET.

0315 1
0214 3
016 30
00145
00145
0226 0
330 2 2
A=100 2 5 3 (5.3.1)
02 4 3 1
45100
01 4 4 1
00 2 6 2
001 5 4
00145
004 3 2 1

ADFAIP T BIEEEZRTHEE 4,2,0,-2, -4 2&FEL, 174 B & UL TkRKX
DEHIIET.

(5.3.2)

Sy
I
IS ORI
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A-BzitHEIDdL

A-B=| —22 (5.3.3)

ERD. INERBEBE LT, ¥I—ZBHERHCEZREIBONEZ1TD. 43I —2K
Cld, RRBETERT LN TEIRVENLBERZBEE UTHES 28T, Sl
I NTWDITY RT 7278 | ZRTHFALHE UTHET S, ZOLKX
BRIVRITZZZRIIDWTHEEL, TOMIE, HRINTHWE 1 DHOTZY RT
7R UTGEEINTWBEEAIZL, 22OHOZ Y R 727X ThNiE-1, t
BIZHEHAINTORNES 0 & LTWD., &I —28EHACZEEOHZ21TD 720
DT —4& % Table 5.3 IZ7R3F. FKhD ON~TH OFIIFHHAZKTH Y, ABIZHWK
BRTH .
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Table 5.3 The data used for regression analysis using dummy variables

Pair ON | IN | 7N | OH | 1H | 7TH || AB
ON-1N 1 -1 0 0 0 0 -8
ON-7N 1 0 | -1 0 0 0 -16
ON-OH 1 0 -1 0 0 -4
ON-1H 1 0 -1 0 -28
ON-7H 1 0 -1 || -28
IN-7TN || O 1 -1 0 -8
IN-OH || O 1 0 | -1 0 0 6
IN-1IH || O 1 0 0 | -1 0 -22
IN-7TH || O 1 0 0 -1 -6
7TN-OH | 0 0 1 -1 0 0 26
TN-1H || 0 0 1 0 | -1 0 -10
TN-TH | 0 0 1 0 0 | -1 | -20
OH-1H | 0 0 0 1 -1 0 -26
OH-7H || 0 0 0 1 0 | -1 | -28
1H-7H || O 0 0 0 1 -1 0
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Table 5.3 DT —&XIZDWT, HHNEKTHD AB % vy, SHHEZHD IN % 24,
EREHS.

y=1.0+10.721 + 18.0z2 + 1.3z3 + 29.724 + 29.325 (5.3.4)

X b34 DEBIHEBBNOETIY RI 727X IZDVWTOREMEZELND.
Table 5.4 IZZDOREMEEZRL, THEBEMR EIZTOY MULAZED% Fig. 5.2 12
RY., ZOREBMHEIFTOIY RT 727 ZDALUIZRLTEY, KIWIEEE
DLTY RTT LI RPALLWILEZRLT VD,

Table 5.4 & Fig. 5.2 &V, READFITEVWEEUONAZTY R 77 &%k
BN 1IDOF Ny R, EZETENDTDOF BPALLWEELLNT VD Z
EMBMo . RETHEED 7TDOF N> R, 1IDOF Ny RE &>/, 0DOF NV
RIZDWTIEEPONARAS LD E WS KERNFONAZD, Eb6EHFY A
LLBWEWSHERY R/, TV RI 7 AOFEIZEST, MY R
TR THBIEANDFELULLKRDE NS Z NGNS,

5.3.2 Dith & X O

DHEXIZOWTOREBENSFiZ L O~-ED%, Table 5.5 2R, XAD
BUEIX, N Ra NV RBRHEUZBRIZ, AFOESIZFHMGLZ A THS.

Table 5.4 Scale value about human-likeness

Hand ON | 1IN YN | OH | 1H TH
Scale value || 1.0 | 10.7 | 18.0 | 1.3 | 29.7 | 29.3

ON OH 1N 7N 7H 1H
N 14 . N
0 5 10 15 20 25 30

Fig. 5.2 Result of ranking of human-likeness
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o EMID C:NY R a DFFHNDIN,

o EMID SC:NY R a DS,
o MtS: B HEEDL RN,

o HfllD SC:/NY R B DFFARRNHIN,
o LMD C:NV R B DFHLIN,

D EXDREZERTHENE 4,2,0,-2, 4 2EBEL, ADFSLLIIZDONTD
Fi R & FRR I 217, BONZRNEfE%Z Table 5.6 (TR LU, Tz BER LIZ
7oy hU7ZED% Fig. 5.3 10187, ZOREEMKIWVIEY, TOTY RV
7 ZRLHINVNZ EEZR LTV,

Table 5.6 & Fig. 5.3 &V, &L WEEUSNAZTY RT T =7 ZIEEH

Table 5.5 Result of evaluation of hands about comfort

Hand o || C* | SC** | MtS*** | SC** | C* || Hand 3
ON 0 2 1 6 1 1IN
ON 0 ) 1 4 0 N
ON 0 1 6 2 1 OH
ON 0 1 2 2 5 1H
ON 0 2 2 2 4 TH
1IN 0 5} 3 2 0 N
1IN 1 2 3 2 2 0H
1IN 0 0 4 4 2 1H
1IN 0 1 4 3 2 TH
N 3 4 2 1 0 0H
N 0 2 3 4 1 1H
N 0 1 3 3 3 TH
OH 0 0 2 6 2 1H
0H 0 1 3 3 3 TH
1H 0 2 3 4 1 TH

*.Comfortable, **:Somewhat confortable, ***:Much the same
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W 7DOF Ny RERY, RIZEDD 1IDOF BAO0HINWE T 5T WS Z &35
N5, STHEIRD TDOF N>V R, 27T 1DOF NV R R ->72. 0DOF N>V R
WZDWTIEADL UTIZDWTORER EFRRIZ, EAW AN &0 S R AR
EN. AHBUIIZODOWTORELFEIZ, TV RI 77 2A0MEICEST, &
PNEDMEEKETU D L 0D Z W0, HEKNBEUCZ 0L IIZDONTO
ITYVRIZITzIRDOFRHNEIFEAERUTHD I VBTN,

5.3.3 AL LT &DME S DORER

150 [T 5 2B THELNZEENS, AL LI EoEIDEEFEDMAE LY
=FELO-ED% Table 5.7 12T, AGLY - DHiEIDZDRIZONT, THE
JE1 72 H%HIBRLU7Z2E D% Table 5.8 12T, ZORIZODWT 2 MERfT-> /2
FEER, p % 3.68 x 10710 2220, AR p<0.001 KV AEEENDHD, DF Y
ITYVRITZIZEANBALUNWEEUOLNDIBOEZDITY R T o7 ZidonHinn &
AU SNDMHEED DD LD KERE G/,

Table 5.6 Scale value about comfort
Hand ON | IN | 7N | OH 1H TH
Scale value || 0.8 | 6.9 | 7.2 | 2.5 | 19.7 | 21.7

ONOH 1N 7N 1H 7H
| L 1N | Dl |
0 5 10 15 20 25 30

Fig. 5.3 Result of ranking of comfort
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5.4 #8
54.1 ALHLIICDVWTOER

[ADH U XDFf] (2DWT Table 5.4 ¥ Fig. 5.2 5, 1DOF /N> K& 7DOF
NV RIODOF NV REANTIEFIZASL UL, BENMARISEWIED AL LN
EWND 2 NGB, ODOF Ny ROBEMEE LT, ADFLWS L)y —Uk
THWNIYY Y —VEZITTVDELDIELD L WVDEDNELn>7. 72, 0DOF
NY RIFREZAZHF VR BV WSEENRH Y, REMESE ON £ OH TRKEXA
ZEB Moz, ZHUIEMEREIAVNI S, BEZHEFVRERULNEN /22D LE
Z5ZeMNTES. 1IDOF Ny R& 7TDOF N> RO U T, AV T THE
TONTBYANWETHNT VWD DKL D, HNVWTY R T o7 ZIXHEED
ED>TETCADFDEDEZ 2L WS BN H-7Z. ZNH6DIT ens, Bl
FMWNANWTY RTT7 =7 ZIFREDREENKI N Eb»nY, 2k Fig. 5.2 12

Table 5.7 Combination of responses of human-likeness and comfort

Like human | Much the same | Not like human | Total
Comfortable 51 6 9 66
Much the same 13 20 7 40
Not comfortable 8 4 32 44
Total 72 30 48 150

Table 5.8 Combination of responses of human-likeness and comfort for

chi-square test

Like human | Not like human || Total
Comfortable 51 9 60
Not comfortable 8 32 40
Total 59 41 100
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ERNTVSE., Zh5DI s, HHETITY RT T =7 R ITEMEFEIA
<, BPAVWEADFELLNWERKLDENZD.

ZOFERIZIETHE LN TR - XD RV E NDOFITEVWERE L 2D &
WO EBERLIIRZS>TWVWD EDICEZM, SFEBREROFMEZ R L, ZD2D
DOWERIIMEKTE2EDTIFRVENVZDS., SEDERTIFIADTFLI Y RTZ 7Y
AL THEY, EEMOBIPEBEDOZONIED [RARZER] PHIL>T
LESED, THRHLBIZ S WEMERBEIVNIWE DOXEHOZNEDRR W&
WOFRERNRNTE Y, LFEHARRERIIDL O RG Ny RIZEMERE WIS B
DODOTREFMAEP 7., ZDZehsb, TYRI 77 XE TAERLER]
MDRNFE - TPIRT, EEENSADOFTHNDS L EDILILFEAUILWVDED
BN, ABULWEEZE5EZXHBNBRITY RLTIIVXATHDEEZIOLND.

1IDOF N R & 7DOF Ny RIZDOWT, HIRIZBWTIE TDOF N> RO R E(HE
MWIDOF Ny ROREMEELANTRKEW., ZOZ s, HHEOR, & U I3
WAALULIIZODWTHE L GEZATVWDLEEALND.

5.4.2 DHEIICDODVWTOER

DO & X DFHi ] 12DWT, Table 5.6 ® Fig. 5.3 &Y, TV RT 77 ZDJH
RiffIFEKIFZY R2E7 22 & 1H & 7TH, 2V iE»0 1IDOF /N> R & 7DOF
Y ROFEHEAANZE D> TS LIMNE TAL LI D] LRUTHD. DFY,
EMERED/NI WV ODOF Ny R& D, i O/A W IDOF /N> RX 7TDOF /N>
ROBGMRLDMEIZRUD A TE, EPAVWIZY R TR TWMTOHND HN
FODMEIZE LD ZEMNTES. IDOF NV RE 7TDOF Ny REHIET 5 &,
FCIRETHDEREMEDHZIVEDLRNVI EDRSND. ZOZ b, itk
TCOWVWTIFHHE - BEEHFVRELZVWEEZEZ LN, 1IDOF N> K& 7TDOF
NV ROBEBEIXIZFEAEEDLRNVEWVWZRS.
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