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Abstract

When designing workplaces or arranging controls on panel, devices and controls should be placed
within the reach of operator's arm or foot to guarantee effective performances. Most of the existing
research on the reach volume were based on measurements of a few subject's arm reach, and limited to
Caucasian and Chinese populations, and foot reach and trunk motion have been excluded. Range of
human joint motion and that of two degrees of freedom motion are needed to generate reach volume
analytically using the sweeping algorithm. Therefore, in this research, range of two degrees of freedom
motion was measured, in which 47 college students were participated voluntarily as subjects. Second,
new approximate algorithms generating reach volumes were suggested based on the robot kinematics, in
which range of two degrees of freedom motion was considered. Our analytically generated reach volume
showed statistically reasonable results when compared with that obtained from direct measurement.
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s@ 24 2l A & 3|7 Al0| pvalue | R*(%)
20° A& -0° | OIH23=195-1.0*0{HLHA 0.000 60.0
O 7H 0°-90° Q& 01 = 2-164+0.009*(0{ i 2 & -60) 0.000 61.0
- AEBA | I 2 B=211-0.67*HH2A X 0.000 78.0

3. reach volume
MNEUA 28 12 201 0l S[2)2 & 2AFO| SHH2AS 2I0M HIAIS slFAlE OIS
5l 2 KISE SX0| WwEe2 N B2 MIYE = U= reach volume & HIAIBt 2 Xt 8t

3.1 Qe 2l

OlHlE 4810 XIS T (degree of freedom)S JHXID U CHst KME Esg = A2LL O
B MMz USJls R ML B AR0MME AME F 42l link 2 HEE muiti-
link AIARIO2 21510 S35t Xt 810 B2 A (upper arm), &M (loweram)ll £ S
o 30O link 2 TAE multi-ink AIAHOZ JIESGIH, SX IRZ= HM 288 =
DLW, WAD oM, BEBXIC 2], 020 289 23 82 52 UREE Lt
o PE HL revolute joint 2 IE Bt ‘

3.2 reach volume

reach volume 2 O{JH ZEES WA, QAMAIH JIBAM O SJ 1 AlXE8 SHHEP SHAH M
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2 50 X2 22, AMSCHL Ol HES KNS QA& SHANX 5°4 ABAIH JHEA &
S50 MIIME OUHS LHAX0 TE oM 22 22 H 20M HAIS A& 2
NOHALEICH OlANOl YD2IES OIS 2CH, ¢ TR AutoCAD 8 0I85H0 A3
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Step 1 Initialize posture
: shoulder flexion = 105°
shoulder rotation = 90°
shoulder adduction = 104.9° (75.1° for left body)
elbow flexion = 0°
wrist flexion = 0°
Step 2 Flex elbow joint backward until angle of elbow flexion reaches limit of range of elbow
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joint
Step 3 Flex shoulder joint forward until angle of shoulder flexion reaches limit of range of
shoulder joint
Step 4 If shoulder abduction < limit of range of shoulder abduction
then shoulder flexion = 105°
shoulder abduction = shoulder abduction + 5°
(shoulder abduction = shoulder abduction - 5° for left body)
and goto step 2
StepS End

—_1& 1. reach volume

3.5 reach volume 2| 2=

HE 50l Ot 2EE JIP30Z QME B (1S, 2EH Zajus S0t i
HMOZ MM reach volume 8 &M =& 3 reach volume I HI D5t D Xt CZFU MEBUHM &H
= HtQH 2001 STHNEXI Bl 23t reach volume O BE SHHE0 UCH &2 A0 M HIAlIS
reach volume & Woodson et al.[9]10] KAl reach volume It HI 3} Woodson et al.0] HMIAlst
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HiD (AS S0l 2002 S MHOoRZ Li2e x5 2L B0 LEENAN FERE=E
&5l y&AU0 EIH (A 2), 5 reach volume o] XIH S0 4 HiH|m(pairwise T-test) & 1t
= 02 E 30 LIS UCH HHA 22 Hi2 20l xBaE 7 OlaZE 5%0M A XI0IE 20!
1 QUK Yol yEUAS EANHCZE RSt 012 200 QUCH 2Lt y=&C X0IE
HE .0795cm 0l 20, EHEC2E XU0IE BO0IL &H I0l= e 28 & £
QUL
55" 587
S50 50
45 45
40 @
5 / . .ss
30 \ /
2% / // 26
20 i1 + 20
, s VL -
Y o \ J//\ 10
c, =X,
X sRL &
-3
)12 2. Woodson et al.©| reach volume MIAI &H
I 3. Woodsonetal. It 2 & 39| reach volume 2| M HIH| 1)
N Mean Std. Dev. T value P value
x =gto| X0l 19 1.879 4.350 1.88 0.076
y &3249| XH0l 19 -0.795 1.153 3.01 0.0076
4, 0] ¥ HE
2 gRpMeE XY SFHO0 Ol ZEE IRz 2AXME &5 siddo=z2 &g
reach volume & MAS £ QU= 2N2UES HAISIRACHL HE H5HU= e HIE1 AlZ2t0l
AHICILE, MAIS 2D2IE2 018610 284 JHe =2 KOO OIHEE XzCt Yol
W HODH D28 =50 WE A2t 20l reach volume & & 2 QUCH Mz=8t Btet
20 2 S20M MAIS 2DneES2e= Myst reach volume & & Ml =& &t reach volume U}
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