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Development of Flexible Hand with
Temperature Controller and Passive Mechanism

for Touch Care Robot

Yuki Kitamura

Abstract

Touching is an important communication method for human beings. Touch
care, such as massage, tactile care and skin stroking can produce effects of pain
relief, anxiety reduction and relaxation. It is also effective to avoid the dementia
with the touch care. Today, in many fields of nursing care and medical care,
touch care has been applied. However, sufficient care still cannot be provided
due to the lack of care workers. It is an urgent need to reduce the burden of staffs
by automating the touch care with robotics technology. In this research, an end
effector for touch care is developed with a passive mechanism and a controllable
temperature skin. For reproducing the human likness, the developed effector
has been designed to reproduce 1) the stiffness of human bones and joints; 2)
the softness of human skin; 3) the warmth of human hand. In the experiment,
the effectiveness of the designed end effector has been verified by attaching it
to a robot arm to produce the human-like touch care motion to some subjects.
Comparing with data at rest, the amylase measured during the experiment was

reduced, which shows the possibility of our system as a touch care robot.

Keywords:
touch care robot, robot hand, temperature controller, anthropomorphic
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Fig. 1.1: Robot-PARO [9] Fig. 1.2: Care-robot-ROBEAR [13]
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«Distal line }
Carpals
Proximal line
(a) Arrangement of hand bones (b) Hand bones (dorsal aspect)

Fig. 2.1: Constraction of the hand bones [22]

(a) Natural state (b) Contact state

Fig. 2.2: Change of the human hand motion/pose
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() Plan vi (b) Isometric view
a) Plan view

(c) Front view (d) Side view

Fig. 2.3: 3D model of hand bones



(a) Plan view (b) Isometric view

(c) Front view (d) Side view

Fig. 2.4: 3D model of hand
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Fig. 2.5: Developed artifact human bones

-)

Fig. 2.6: Developed finger joint with a passive mechanism
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~ [Fuicrum| [ Point of application
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Fig. 2.7: Transformation of the passive finger joints
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Fig. 2.8: Artifact imitates the finger of the human
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Table. 2.1: Evaluation result of gloves

Type Feel Fit Friction
A JAN X O
B A JAN X
C O O JAN
D A JAN X
E A O O

S, ZDORSTZRIZE ST, HETAEDIZKEZ ST gEEREZ S NS. Lo
T, BEUEZBIZZ Y R 722 RIZT7 4y VT 5D D 2 FRVEE L.
REIZ, AAKTIIAZETE I L 2FEMT 5720, KR OFEEMATE L7210
Dl Uzwvw. Ko T, WU 3F o PR FRAEE L.

FEAM U 7245 5 % Table2.1 12779, Table2.1 £ 0, C & E D FROFAMIAE .
AHEOHWIEZ Yy Fr7aRy hDZODITY RLT7 7 R 2T HI LT
HO, ETHEENAL—RIZTONEZVRELEF LY. £oT, EOFK
BRETHI LI ROWITIE, TV RI 77 XIZEPX 2RE5 5k
WEL TR 5.
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EZERHEH» SIEIZ, 70 [em], 80 [cm], 90 [em], 80 [cm], 60 [cm], 110 [cm] %1
FNIZREX VDR —D2F Ol 2T TH 3.

M HIAE & BT B & X Fig. 2.10 12/RTHEO THS. ¥ 2 IZiE Rasp-
berry Pi %\ 7z. Raspberry Pi (21X A/D I Y N—=XREH I N TWRVD
T, MCP3008 Z{fiH L 7. MCP3008 #i@EL RN —IAXRDEL%E
Raspberry Pi THiAH D, WECTHREICE# L 72, EEZREICEHT 28, M
TORIZE > TEHL /.

R = Ry x "tz
DR
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(a) Hand bones with heater (b) The heater for palm

Fig. 2.9: Temperature control units produced on the hand bones

B = 3286.4 [K]
Ry =10 [k
T() - 25 [OC]

L7

=71 LRROFIEIZ X MOS FET %\ 7z. Raspberry Pi 2267 4+ b A 75
ZMELU 7 PWM 555 MOS FET A IR T W5, ZOEE, ¥—IAX»56
BonREELZHERE L LT, =20 OEENEEREIZED L &5 220
xR U7z, BEMEE BAEEDO L, AT 517z LED D2 S B&I2 k-
THRET B LN TES,

Fig.2.9(a), (b) IZR U7z, =270 LfREHIZEE DT LML, Fig 2.1117mR
TEOBMEEET LI > TR, Fig 211 E 7V IFEIIAUESD=
70 LFE%E 10 [mm] 725 25 [mm] £ TOMZ 5 (mm] 3 2fEZ AWM TH 5.
INSZHAVWT, MEARDOEIZED XS IZEWEDLEDPEMERA L. T DERIZ,
SRS (TA410TL, -« F > TASCO) %HW TR (1208) 281
%R MEDOME 2 5HAl (Fig. 2.12) U7z, FEBROBRIX, Fig. 2111 Lz=2701LA
PR RABLBRDEEIITTLAIATE 72, Fig. 212 &0, B Z D 7=k iE

18



3.3V

12v
Resistor Nich
10 kQ Raspberry Pi 3 Photocoupler (DI; gonr:;
MCP3008 Model B Anode  TLP421 Collector '
cH Vo =1 3.3V GPIO17
Veer =1 3:3V M ._D
AGND [ GND G|ie— MOSFET
Thermistor capacitor CLK = SLCK —t 25K223
1031T-75 0.1 pF Dour —— MISO Cathode Emitter S
Dy p=——— MOSI -
CS/SHDN [—— CEO Resistor Resistor
DGND [t GND 220 Q 220 Q
M LED
)
= = m
GND GND GND

Fig. 2.10: Electrical diagram

FIEWIRZT o o7-. £o T, [EkEIE 10 [mm] 225 25 [mm] £ TOfH

L7,
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[UR

Aluminum foil
Nichrome wire

(a) Interval 10 [mm)] (b) Interval 15 [mm]

(c) Interval 20 [mm)] (d) Interval 25 [mm]

Fig. 2.11: Nichrome wire installed on aluminium foil
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(a) After 15 [s] (10 [mm]) (b) After 45 [s] (10 [mm]) (c) After 90 [s] (10 [mm])

(d) After 15 [s] (15 [mm]) (e) After 45 [s] (15 [mm]) (f) After 90 [s] (15 [mm])

(g) After 15 [s] (20 [mm]) (h) After 45 [s] (20 [mm]) (i) After 90 [s] (20 [mm])

(j) After 15 [s] (25 [mm]) (k) After 45 [s] (25 [mm]) (1) After 90 [s] (25 [mm])

Fig. 2.12: Effective of the interval of nichrome wire
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2.6 FORDRE

AFETHAT I R 727 &%, 232HTHEL AT Z ALDT
IWTES DL, BV aRET AR EZHEL . 228 CTHELZTF
D 3D ETIVEIEIZLT, 3DCADIZ & > TFig2.13 12" T & 5 RFOR % 8fE
U7z, BINATIERL, FRERS>TWVWS., ZHiZ&k->T, MEIaA M2 KX
MEIZHIK T 2 Z &3 TE 7. £/, BUX ABSEIIETTE TWA M, EAMEN
CHNDHTERICEINT L E S DT, AR L 28R, 5 mm] & L7z, 3D 7Y
VRIZE o THEEL 2 EBOII Fig. 214 IZRTHED TH 5. IROHICHIET
FIZEL TR 3.
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(a) Plan view (b) Isometric view

(c) Front view (d) Side view

Fig. 2.13: 3D model of the hand mold
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(a) The mold for fixing the bones (b) The mold for pouring

Fig. 2.14: Produced the mold of the hand
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2.7 BEIFR

BIEIIRELS DU TEETH S, Fig 2.14(a) ZHVWD Z2I2&-T, BF
FOHEAFIZRD LD ICEET . D%, FOOSMDA% Fig. 2.14(b) IZ4
HIHZLICBMETsZenTEs. BETRE (Fig 2.15) 2P NIRRT,

(a) BOMEZEET 2720 DRITHK T2 E <A DUF, RE—NTX—%%
L, FOOSEHED B HIHEN K% &

(b) FOEZEE

(c) FOHMPOMIZE>TT7R%ET 3

(d) #MitTH%ZES Z LT, HOBEKEIPFTNDEDZEEL

(e) ANILDT N %EHEAT S

() FOOSMMDMEI DAL, BT 2

(g) BOAILD TV EZEAT S

(h) REIZARE =T X—2 8T 5
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(a) Place the controlled object for palm is
laced (b) Place the bones of the hand
place

(c) Place the cover is placed

(f) Remove the mold of palm side

(g) Pour Hitohadagel into the mold again  (h) Apply baby powder to the surface

Fig. 2.15: Production flow of the robot end effector
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3. vy F4H47ORYy NEREW-ETEMEDERK

AWMZETIE, ABPANIZITI XYy FIr720Ry MILkoTiTbE 5. TDEE,
ORy hE NEDEMIZBWT, ZeMOMRIIEELRMETHS. £I T, &
BHIZENZORY hE2HWAZ e E2FEZ, 200Xy bE2HWTHETEFEOL
FEEICB L TR 5.

3.1 N—RD 7K

bRy b KUKA #:0 LBR iiwa 14 R820 [26] /A3 5. A nlHlE &%
14 [kg] TH v, EEUIEEL, BRMEREFIX 820 mm] 72> TWd. T SHIZAN
Wiz o IRl 2RI A Ny TR L eEERALTE Y, TAMEFEL Y —
JAR—ATHHATE D LZEMREZMATZEEEATRY M 20O RENDH 5.
AIFFETIE, BRY FDRANOEMEXN S 720, ZEOHRPILETHS. A
CRIUZERIZ WS Z e 2RRIEO N L2 Ry "HAEE L WD, Zon
Ry MEEHTS. ADO L EFAFEOHBELZHT 5720, NOEEZEMT 5
DIZFELTWD. Zouary bOH#EIZIE ROS (Robot Operating System) [27]
ZEAL. ROS &ldudry NHI NV T THD, [V—=FK] LIFIENBESE
7RI LN LTY 7 vy 2 THOBEERITS. Zhicky, RO Y
PEARY NOMASGDLEHIENES LD, NREBILEESHfTE 3.

VAT LAEERONEIZFig. 3.LITRTED THS. BARY b7 —LADKHIZIE2
BECHBE LAV R 727 20WMOffIronTnwsd, oy by R 7x
7 X DRI, BUTRT & i@tz Wz, 2 OREIHET 2 T &
UiAAAFIZX U CTREESREZ A L TH D, IERIZX > THILIAAARIZH LT
NeMAfE T Z N TES (28] BREZMTHERIZ, PASBITHNTHM
FRV IV IARTEEIAD, FREERUDZ WG TES. HEBREDE
EMABDOPEETHY, BRTTHEHRIIFENEEZEZONS. ZTOB, #HE
13 5~10 [em/s]. ET2MEIF4~8 [N|BRENLVEXNTWVWS [29] [30]. D
RERHE L, HETA M6 [N & RB L& INTH D, ETIME 2k
LTWa, HWEIZBEILTIX, 3.28iCkRS.
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Fig. 3.1: Experiment of the touch care robot system

3.2 YV FTTEEER

AZETIE, NOBTEHEETEH, AOHEHIIHEZ >0 BRENT, DA
ITNZFNIZL TR ER-TWE., ZTDHIZ, NENFNIEST-T TEE
KT AIBEND D, TTEEL, XAV NTF 4 —F Ul & o THEKT .
EAVI NTFa—FrreiduRry N7 —2%2 FOEEEEL, HEHEZHX
KB Z e ThHDH. TOBRIZ, smartPAD NS0 Ry h7—ALHDa > b
O—Z %Wz, smartPAD 232522 T, Ry b7 —LDFELEEEZED
LN BEIT A5 LN TES. ROS ZHHLZZA VY bT 14 —F > T BRED,
ORY N7 =Ll > TWRWDT, EHELUK. 7 T7TEEEKRORENIZIRD
WO THS.
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1. HECHNREIZEDH FIZHE->TH 5 S

2. smartPAD 2L T, viry b7 —AFLETADOTEHIZMNS
3. smartPAD ZfHL T, Thd EEH»S FEHIZHAITT—EHETS
4. PC A ROS 2HWT, BRY N7 —LDHE 2587 5

5. PC AT, dddkU 7-8fF 2 FEEH)IZLHT 5

PLERHECEMEE RO TH S, INE2FEHFY ) TL—Tar e LT, E
BHIGHTIZ X T N TN DOMERE \ZE M X, e NG > T-HETHEN ERIND.
HECEEICE T 2EMHFEZ F LD ROEOTH 5.

o METHMEEILX 4 [em/s] £ T 5
o HETZHPHEEIX 15 [cm| &5
o HET/jIE, —EHMME TS

S1HiTIRARZZ L 51z, HETHHEIE5~10 [em/s] LD Z EBEE LW, KA
ZECIE, 5 [em/s| &R XD ICHECENMFOREZFE LD, HEEHL TV
I7 7 ROBEINVHELTNL7200, BIfEFIZEIZ 7LV TLE . £2T,
B 4 [em/s) LB & ST Uz, F7z, HECHHEMIZEIL CTIX 15 [om] & L7-.
ANDBELICHETIHEICLD L, FEHNLBEOELIX 45 cm]) TH B [32). Z
MIZH LT, METBEREEAY 15 [om] o TWBDIE, BMWEEL 0% LAk
WA, TURIZT7 27 ZDFRIFL [em] TH D720, 34 [em] DEX & 13—
TEHILNTED. £/, MTIHEHNESR->TLES &, HafhEzfith<
LESZEIZRBDT, FREBEL B EHEZ, 15 [em] & U7z, XIZ, #TH
WU Tl —EfRE U7z, smartPAD 3Ry b7 — LD FHMNEZERI N
XYZ il L2 BEFRETH L. LrL, ~EDATIT#MOARETETHS. T
bbb, 2V ha— I TRHEMRNLBELATERWV. XoT, HTHIZ—ERK
L7,

3.3 VI N T THEK

AR THHATEIATLDY 7 b Y = TR Z Fig. 3.212xR7. T3
PC @ OS I Ubuntul6.04 TH D, ROS O/ X— 3 Vi ROS Kinetic TH 5.
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(::ROS e )

. Thermometer
Raspberry Pi 3
(Ubuntu 16.04) Heater
\ 4
Control temperature value t
Robot arm
(LBR iiwa 14 R820)
. ----------------II-I
Display temperature value | 1
'splay perature vald | | liwa_stack :
PC : 1 |
(Ubuntu 16.04) | I
I |
I | Generate care motion [ :
| = Controller
|

(--

Fig. 3.2: System configuration of touching care robot

Raspberry Pi IZHE# S N7z OS AKTHS. ZNoDEHSIFIRDOEY TH 5.
Raspberry Pi 1, B U728 E2REICERL, ROS Z HWTHE%Z PC ~Ni%
ELTWVWS., PCTRIVRITV 7 RDBERHICERT LI NTES. %
DS, HFETIRBRLSBAEIZDOI D G NE S ITIREZ AL, Ry b7 —
L% ROS THlfHIs 572012, iiwastack [31] 2\ /2. Fig. 3.2 HIZHB VT, A
MCREINTHIE32HCTHIAL 2Ry Fr 7 EMEERTH 5.
ABTHHALZZF vV 7L —V a VITREZHBRE TN U TCERET 22 LT, X
DETEMT S, Xy Fr7aRy b OFGEREAREE T 5.
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4. vy FHr7ORy b& L TOEMEER

AR THBLZZ Yy Fr7aury bR ADRE LD 5 2D0%MREET 5 44
DD, ZFTTDREIZIEIADA NV AR nZERIEST S Z & Tl 5.
KETE, 8ELAZZ Y R 7 27 ZIZHH U2 — XD EMIZEEL TWE D
MEERT S, TO%, BEL-Z-Z Nz 77X 20Ky MIX5HET
BifE2iT\, T — bEHBIEEE Y I 5 —X¥E=X—2HWHZ 2T, 8EL
IV RIT7 27 ZIIKT B2 EMT 5 & &I, FOHEMETE THERE D
AP VARIGHEDE S IZZBML U0 2 REET 5.

4.1 TV RI 7749 DEERIEEEEDHEER
4.1.1 AOBHINEERD BEER

Ry FrrTaRy MK SMEREFREZFERT S0, ATe > TANEED
BRI BEDREDRETH L DN 2B BENH L. EEAEIZIROMBY TH
%. Fig. 211 Z AL TV TE - YD E X 17zl (Figd.1) OEZE>TH
55, ZTOB, EHOEAERAWSZ T, ANIOTIVBEEREI LR oTWS.
X7z, WBEIX32, 35, 37, 40°C TH 5. ERiHIEICIE, BHOFTHUDODHRE
DNEL LY EIERICAL->TH S5V, @BArZIZ2EUTHSS. W&, TAIOE
JEL UTHRBELRMIENZEENETN? ] LWIRWIZEELTH S S.

g S B

35F 32 40/F ITE

g

Fig. 4.1: Experiment for confirming the temperature
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AEMRT v r— NBETHS. EBRSNE T THHTH- 2. KK, ZOERIK
IVRIZT7 27 XADRMEEZEZLFL TEMITHINETH-%D, TV TR
DIMEZESIIETT LI LARNETHY, ERIZIF4HELETH 7. 4H
M RSIEERZ L, HBRE I > TENTNOREZ LIRS 2 Z & HBARHEIZ R 5
EEAONDS. DD, Fig. 211ITRT KO @Y E2EEL 2. #RIE, 35°C
PANCEF I Nz, KoT, EBRICHERE 2T EREZEmMT HEIE, =
FRT7 7 RDIREE%E 35°C & LTz,

4.1.2 REFIEESR

IV NI 7 27 RIAMIT oNZENTNO e — X 2 B)ifE X B 72RO
MBI 2E DL L% Figd.2 1IZRT. HESRE TR S /MBI TIHIZ
49,48,46,44,44°CTH Y, FOV51342°CTH5. Zhilk»>T, TV KT 7=z
I XRDREDWED 35°CFRE L 2 5.

I, TR 2 W CTROBREE (40 2f) 128 A Ty Rz 77 Rx0K
HDIREZEHIL 2. ZOMT % Fig. 4312517, TOK, REOIXS-E (K&
K& /M) X Fig. 44 1R TEOTHS. X622 Hb5H00, FFNT
HbH. TDO, TVRZT7 27 ZEE L TOMHEER, BBLR3H5°CTHS
EEZOLND.

T B DIz E R FEEEIC B U T, 40 0 2 IERICERB2Ed 5. 2,
15 m) D=2/ LUT, FHLUTWAEELPEITELZENVNIWZHT
H5. UL, EBREFBTAHNCHINICZY R 72 7 X2 2EONIERL, E
BRI E AR D SN B Z i3 WeEZSNE,. FDb, KEER
BWTRHEZ FRoRWw. 2OV R T7 27 XZ2HWT, Ay Fr7ury
~ DFHMEI TR E EfE T 5.
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Fig. 4.2: Warming process of the heater
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24.0¢C €:0.95096,2C €£€:0.95

(a) 0 minutes has past (b) 10 minutes has past

(c) 20 minutes has past (d) 40 minutes has past

Fig. 4.3: Temperature of the end effector
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34.1¢C €0.95938,4C £:0.9

(a) Minimum temperature (b) Maximum temperature

Fig. 4.4: The positions of the minimum and maximum temperature for 40 minutes

35



4.2 EREE

ARERRTI, BFRLAEZZyFr7aRy b ATLZHWT, BARY MZkb
HECEWEZ NN UTEMT 5. fiCHEAMIEEHTHS. TOE, =7
7R EMMATERIZBITE A VARG ZFERT S, 77— E2EMTS
ZrizkoTuRy PN TEU 22 & 2T 5. FMMEHE X =ZHETH S,
FEERIFZOEMI N, IROHITHAT 5.

2 b L ADFHMEIZIE, KT 25 —YE=X— (NIPRO ##) Z{fHd 5. I
W7 I7—¥E=X—LE, BEPIZEENDHEREDOO L DODEKT I 7 —
Y (EEHDa-7 I 7 —X) 2IHRETHPICHE TS 20 EETH D, FE
BHZ A NV ARG 572 DIRIEL 72 0 195 [33]. ADKEMRRDIEEIZ )
S T, BRICE ENDHEMEED—DTH D, a-7IT7—YORELLHT
%0\ ERIAIRIZESWTEES LT W3 [34). WBRT I 7 — €W
ENDBDIZ—HD~BHET S, M- JRICEEND AL ABEEYE 2 e L
TMRESFEIZHART, VARV ADRIEFHIZENZ 1S TH 5.

A FHA SRR (3% R R AR KPR Y D EEZ B R OARZ R TITW,
FERI I H I ERNCIEONR U A7 BT 58 %2 & L DEE T, [
B/l ETEREZIT o 72, 7z, AROWERINT v 73 HIEBREERE DR
MEMTHEL, FBELEZ. T XIIFEO M UEICET 2 Z & 23
AL 7=.

4.3 EERFIE

ARNVADRY FIr7 OBEICHET ML R0 HE0E2F|AREDIZ,
EME - BEICHARZ, £7, ERIZEML 2. FEERITIL VAS LIEIEN5 R
i f5iE%2 FWT, EBNRA NV AZEHIT S, OB, EBR& TR V7 —
MNEEMTEILIZEST, TYRI 72 RO FEMKT 5. RIZ, FERI
BEMUZ. TOE, ANLVAZEXThOEHIULEGAL, ANV RAZEX
THouRy MI&2 Ry F 7 7 iz L 7-BROmERK 7 I 7 —EiEkE%
L7,
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4.4 ERTI - BRETZVIT—MDLEBELAMNLARIGDZEIL
EEROHENE UTIORT.

OARy MIEZAITAETEELZMFIZE->TH 65
SECTHMLAZFHEHF Y T —ravzity, HETEELZ AR
VAS % S

TEZEBEMOBRRE ONERE) &+ mEK

VAS % Sl
FHEURFICB->TH 5, BRY M X2 ETEIEL2 /M5
IV RIT 7 RIZEAT BTV — b & VAS % 5E

N Otk W

G R FEMANS, FERPI0 %EBEARVERVELTEH S A7, UL,
FEEITIFEERIZBERLTE LT, WEEVLLID ANV AZEL S L5 1T L7

Fhadix, vy FOWMTHEIXEREN K> TWwWd Iy hu—F T, &
ARFIZWOTHORY MEEILIEEI N TE S, WAL > THEKRZIREE
1274 2 Ik SR E R ORI A SR T E 5720, ERE X0 Ry b & MlH
MOMERTE AMNETHRELZEMT 5. A OSRMAL UT, KBV ZHMLATIZ
BBEIIZLTHES o7 £72, TRy MDHETENEER 4T > TV B MIZHERA
IZAVY—=37%2LTHEHW, BRY MPRETIE-XEENHEI ARV E DI
U7z, EEBEFIX Fig. 45 ZRTEYTH .

FH7ZL A S L ADFMIZIE VAS (Visual Analogue Scale) Z W7z, Z®D
B, 100 [mm] DERDOLGE [V 5 v 2 ZIREE), Az [RiRIRE & U7 @
BRE I, BIIEOA NV ADREZRT L ZAIZHZMNITITESS. AMLVAY
HO7 27— MIEXSEMEHEBEUANIIRTED THS.

o IRy bty .LHIE, NDOFOREITULZH?
o UARY MDSKUBIMITIE, BWHTLER?
o Ry FAHETS I, @WETULEL?

BMEHIZETUTO LS R HEBETIiT N 5.
1. 3EEIZZE S Bbn
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(a) Pose of subject (b) Touching care

Fig. 4.5: Experimental set up

2. THEDLLW

3. EBHLTHR
4. 55

5. EWIZEFS S

FERIZIE, MR ABELYL (227&~247%) 1L CTIEW .

4.5 #FR

AREBREOESNZT V7 — MER % Fig. 4.6, Fig. 4.712239. Fig. 4.6,Fig. 4.7
ET7 =ML THRONZEBNZANVAKIEE T Y RT T =7 R % FHfi
L2 DTH5. Fig 4.6 &b, EBRFAGRKRFO X b L ZAH337.2420.5 mm, FEHEIEE
DA NV AD65.4418.6 mm, XY F7 THREDA ML ZAH341.6+15.3 mm TH 5.
Fig. 4.7 £ v, #ET.OMOFEATAY 3.04:0.9, WHE DAY 4.24-0.7, #ET % J7 D FFA
M32+1.0 THB. ROHIT, FoNAERIZEHL THEET 5.
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4.6 ER

AEBRTHFFT 5 bV ARIGOHER I, EERFHER 2 ZHREE T2 L, R
DBEHTH 5.

(1) HEMRRE THRED A N U AL, FEERBIRREFD A N L AKIGEA T
(2) BEEAAIBREOA NV ANIGIE, FEEREIBRFO A b L ARSI E

Fig. 4.6 & v, REBRTHFRT 2 A ML AKIGOHR DA SN, [EMTIZE > T
EHRFE D ANV ARIEREA LT WS Z 2h 5, 1.1HiTHM L= AN Ol
NEWIZE > THEUBIEN, AeuaRy bOMTHBE X WAl fEl 2RI L 72
LEZHND, UL, HIZERREIZ L > TA MLV AKIERBALZ2 05
AREMESBETHILIFTERWN. Lo T, BEXRAZIZE->TAMN L RAZEX
=181, MM 5D TR, B UGEDA NV ARG E 2 HiRd 2 0nE
NH5.

Fig. 4.7 &0, ANOF OIS 25l & #ET 5 7B T 23 IER~A S D
FMIZHARTENZ &b h 5., ZRRET VY RIZ 727X aRy b7 —LDEE
e HEICRER D S, Ry N T =LAk o THEMATY, BEFEEmMDO— AT
UL hEMZABZENTERNWEZD, TV RZT7 27 ZBRADEFIIH L TEW
IRREL o T L E D, TOME, B UL2H20b 53, Tk,
T 5 OFHEIMER > 72D TIEBRWHEEZXSS. LoT, MTFEMT LS
RS HIENEENS.

3DODHEIZEWT 60%DFEliZFTH D, FCIREIZET 2HE X 84% & Ik
WIZEWRERE R -oTWVWE., IN&Y, TV R T7ZI7RR2ENTEHI L
WZEoT, NDFOEIIRENI2E7Z0TIENTELLEZSL .

4.7 EBRI : I LREREINTEEZRA M ARIGOZEL

FETHWAZY RT 722K, oy bBLOT TEIMEEKGEIFZ 44T
BARIZEERI AR TH S, 72, EBbOyERE & EBREORSEHWEIL TIX
FRECHD. EBRIEBLLEE, Tyr— MIERES, BE7I 7 —F¥E=
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RA—IZE>TANVAZFIT AL THD. ERROFENIE Figd.8I1Z/RTHED
Thsb.

WER DEREUE, WERBAMATT, WiRBHMaE s &, TErbHinnE, wHbnEg —
B E, “EHOHEGER, “EHORRMB®R 2B E, HEMBIGAE,
(Hiafe — b &, M 78, s TR a0 A520THS. T O, #H
BREFICBIFIEF Y 72 ELTHSIIZEATE S 2. —EHE “JEHOWEH
RATDNEIIE R 725D THD. b, EBRIZIE, BEREABERSL (22
%~24 %) 10 U IR W .

R T I 7 —EE= R —DHEEOHEIE SR O HFIEF I - 7. Bz
HHF Y T2 EHERICHAL, 30 REERZIRAAEES. WBREZENLZF v 7
2T ARPITARRITTAT 5 LEEDHIA T N, 60 EICIIEETDOT I 7 —
YIEMED KU/ OB TRRIND L IZHEREN B SN D, JIEHKE 5 O 5T
IX, 0~30 [kKIU/L] 2’A h L A% L, 31~45 [KIU/L] IZA ML AR®H D, 46~
60 [KIU/L] iZA MLV AH D, 61 KIU/L] LA EIZA NV ADD 2D BB, HFERO
HZTH 5.

4.8 BER

FEEROKE R % Figd 9 IR, 77 7 3WEBRETLADEHMETH Y, MifxsE
SRR ICN T 2 A M L ADEEEEZ /R L TWA. BllIERRTH L. Figd 9l
AT &I, —EHDOERIX0.48% A b L ADIBHIGIG 12 LR T U, 22
12 0.33%A U, ZEHOREEIX 0.41%BA L, Xy F7 712Xk > T0.67%HA L
TWa. IXOHIT, BFon/FERIZEAL TELT 5.

4.9 ER
RERTHHFEFT A2 A NV AKICOHERE X, IROBED TH 5.
(1) BEERO7 I 7 —YiEMAE L, FEERFAGBRIZN T H A ML AR THER L

W5
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(2) ZEHED7 I 7 —YIEMMEIL, BERIZERTHEASILTVS

(3) XvFTr7HOT I T — ﬂéﬁ@ , BREEFIZHERTEALTWS
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Fig. 4.6: Result in stress assessment obtained by questionnaire
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