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Effects of Viewing Angle on the Estimation of
Joint Angles in the 2-dimensional Plane

Inseok Lee

Department of Safety Engineering, Hankyong National University, Anseong, 456-749

ABSTRACT

In assessing risks related to working posture, pictures of postures are taken from various directions, which can be a
source of observation error. Joint postures of the neck, lower back, knee, shoulder, and elbow were taken from 7 different
viewing angles and 19 observers estimated joint angles by observing the pictures in 2-dimensional display. The joint angles
were also measured using an optoelectronic motion measurement system. The estimation error increased as the viewing
angle varies from the right side of the human body, but the patterns differ according to which joint angles were being
observed. Guidelines to increase the validity of observation of joint angles were presented based on the results. In general, it
is recommended to maintain the viewing angle within 20 degrees from the right side of the human body, while different
ranges of viewing angle are recommended for each joint angle.
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ZFA (joint posture), ¥A7 ] (range of joint angle) &
=Sz Aol Aok QAo wabd (frontal
plane) 7} 7} A= Fe5o] o]|F= ZE= HoHrt <l

A 2] 5ol x] EFsk Aol Alopze 077F =, OJXJH
AdoA #FF3 A9-E= +90°, QA FEAx 33
5ol —90°7F fck A2l v ekl 2Pt H¢
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(sagittal plane)’Fe] A tidoz sk B4 AL E
FESIGICE FE] tido] A=
NF), #4114 (Neck Extension, NE), 3 2]#= (Lowback
Flexion, LF), &2]414 (Lower—back Extension, LE), ¢
7= (Shoulder Flexion, SF), ©17]414 (Shoulder Ex—
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7% wkA 92 A T k= vy o e
hd_r, hd_l e 50, FF O A 9F & =) 9] (hd) 1;?;%1’;1‘ gd%l—% e Bz
c7 % F& 7HA 3 (cervical vertebra) - L} Fo‘j ]

- c7¥ stne Y& e
stn 7ks k% F (sternum) g orneck) Axe] 2 /A
QELAE=Sg=] <l =
shld_r, shid_1 o7 A& =, %5 (acromion) © o)
e T e 312 (b) bradbIs S oz
elb_r 232 9= (lateral epicondyle of the humerus) S0 e
wrst_r =5 9= PlelE . hd®} necke & AA  HaFay/AA
- — (head—neck link)
Ib_r, Ib_1 Great Trochanter =, #Z (2.5 #9)|) e
. =~ . oo o 0= AN F S/ A
hp_r, hp_l 134 95, 235 (hip joint) (trunk link) Ibsk neck = 4 sEs/d4d
kn_r FEuE = BEELEL hp_r¥ kn r& vegn
. ioh li QI 24 =
ankl_r nEAE 3 EEl (thigh link) ST
Fol¥= kn_r¥} ankl r& Begm
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Resi), Fele) ol o) AolN ARA N F doda N
7F ol2 A4 AS F1s 9 (Paul and Douwes, (lower arm link) Sl 24 " 3
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cm) ©F 15cm A Aste] AR vv bz 398 gewas) FHoeRE B H%KoR AHE 4EE oy
wj o] golo] ZAFSHEE SFATH(Size Korea, 2005). (1 2e, 30)
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A A on] A9, A g A, 249
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7

= 53] 2% Flolrt Jj7}?¢— | IELE D5 A
& LAk 9 F-9 A=l thgt QIZEe W& H7ek= o]
w, s uE S 21 Q)7 wie #Ez 23S
& HE dioleE A3 A F4 714 (magnitude
estimation) 9] ¢t ¥olet & 4= Qlrk o] 7HE 4835}

AeME= F7EPE A% 2 g 4R 59E /A
Sojok apr], Aol Fojalr]ell Sk Hl& H o] o<=alA

2 27} Stk (Gescheider, 1985; Han et al., 1999).

B7HEEE AEYEH vE Ak 5 FrkE Slete A
o dolg} 24w o] A7E AR FA3t= AE (numeric
estimation) & A8 A o] 374 AdelM= F7kt
SolAl AR v delg o] Tox Fol 9= 72
o7 AEaL, ZF FrEAelA A HolE eAtE FAsHe
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Zre] 74 s FAshs slo®, AR tE 2R Ao 119
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9] w3 A-gL BAHEA (Analaysis of Variance, ANOVA)
=] O
[s}
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w
N
H

AR A3t AORHVA), FAAA P), BEZ R
5 Al 2919 FES) o) F QI7H] WEAFo] LF A

Ao fFoeh Zlo% YERthH(p<0.01) GE 4).

=

3.2 Alopzie a2t 2 @k}

W7t 2 Ao B Aokt —60°eA b
2 e 2321 (10.5°+9.2), Alekzt 60°, 40°, 20°
—40°% 0°, 783 -20°9 o= YehdtH( ¥y 3a).
Duncan's THE 9187 2}, Aokt —60°14 2l Helat



56

ol ABABTSE

3;’?; Cfczf DF SS MS F  p-value
Viewing Angle(VA) 6  2949.65  491.61 13.97 <0001
Posture (P) 7 1663426 237632 1140 <0001
Range (R) 3 845740 2819.13 2991 <.0001
VAP 42 817551 19465 504 <0001
VAR 18 263994 14666 481 <0001
PR 21  10507.68  500.37 523 <0001
VAPR 126 17857.04 14172 434 <0001
Total 4170 257594.14
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Viewingl Angle (°)

(a) Alogzt

25

Mean Absoulute Error (°)

-60 -40 60 40 -20 20 0

Modified Viewingl Angle (°)
(b) 2HE Aopf

2 3. AlopziE ZtE =X MO @ TR
(SAH 7o -’v\--’v‘- »=0.05)

= THE AophEs) BAH O f9)8 Aol nylow], A
ok 0°(7.9°%£6.9) ¢} —20°(7.8°£7.3) & WA Aok
we} folak AL Aress nalrk(p=0.05).

@33} AAAAE F) Wgo] whlol7] W] Aok
1ol V1A ol T S, ol ofslel, %, #ie
el orle] AR 3
olo] Aolto] A7 F4e U AHE ARAS

= = °
ok, AN A9l Al —60°F 60°=, 40°

—40°%2 v W0 @ Aopzhs BASISITE BAgE Aok
Zto| w2 Pzt 4 A exe] Hd ¥ Duncan's ths
AR Aat= 39 3bs) 2y BAE Aofgel = Aokt
—60°, —40°, 60°, 40°, —20°, 20°, 183 0°9] <o & =
A7y 4 oA Ak AR UehY, HAEA oS
AofZhS o] g3t Ha Atgl xpolE B,

3.3 HEXME 2= =F 2%}

)

PAZLAE BE7t 49 doleaks FEESEKE) O]
F RA07 Yo (13.2°£10.3), SAXRNE),
BA=ZZ(ER), oAM= (SF), =3 (NF), Eilj/]%*(LF),
A (LE), 28laL o7 (SE) o] =02 FHAsiitt
(29 4). Duncan's tz9H34 43, TS5l dist
FAA = e AR FARCE FostA & A
o7 yehgow, Yz AAHE ke {23 2ol 1"
49} 29(p=0.05).
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Joint Posture

J8 4. BEY Zc 55 B0 9% BR

(SA™ |eFE p=0.05)
3.4 AEZfHE ML = 2%}

PAZPYS] Frol FAUSE Az 9 A et
27k Zow Uedth(1d 5). #AzHs) 75~100%
oMo $a7 34 Ao WL 10.1°(SD 89 #
A7 9] 25~50%(9.1°+7.5) 2} 0~25%(6.5°+6.5) ¢} =
AAROZ 23t 2po]lE HFTHp=0.05).

3.5 Alopzfol HE EXIME 2E2F =8 2%}

Baa Azt 24 Ao ali= Alopzt —20°¢4 713
Ao 7S B o1 (6.4°+5.4), Alokzo] oKt} Z7)s}

A Fadss Aot ks 482 RArhay
6a). 53], Alopgo] —20°Ht} PaBFS Aot 2
A F7ksel Aokt —40°sh —60°9] ArfeAtt T A
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A* —
T e T
E [ — ugJ 10
gsf g
g 10 % 5
. ‘
0 o100 — ‘ I o2 60  -40 20 0 20 40 60
Range of Joint Angle Viewing Angle ()
J8 5. BT HeE s BN B 94 B2 (@) =7
("SAHN [ol+E p=0.05) 5
opzt BAAOR GOl oS WAT(p=0.05). Aok £ 10
—20~20°00 X% Aujexte] Fol7b AA] ghow, Aozt E
40° ool Aokt —20~20°¢] Bl HE oS <5
Boln YA BAROZ felahA = o
B $h7E 39 Aokt —40°01M THE AL g 0 ‘
BYor(88°+8.3), Alokze] ojnrt Z kAL Hag P R iengeer "
5= A oxpt Frkehs BFS RAHLH 6a). Aok
20° ol¥elN Aejo At DAl Z7Veta, Alokzh —40~0° (b) el A
M= drjexte] Aolzk IA ghow, Alopzt —60°9) s
60°cl 9] Ao oxh= thE Aokt felst xtolE B -
H(p=0.05). HAR) ek a7 F4 ks H@ e E w0
B3] ANA 0T we ghe woli glom, Alokzt —40°0] g
A B2 g 4 @A BEsuct A Zow v £,
Ehsiet.
sel@dy Pzt 39 duleabs Aokt —40%el4 7hg .
11(5.9°+5.8) Alokzt 0% 7F¢ = 34(9.9°+6.9)& -60 -40 -20 0 20 40 60
HATHIY 6b). AloFzte] —40°KT} F7beb gt Viewng fngle ()
+= A ey} Frlets AR HA o, Aok 60 () ORIl
A e Ao exts Belth Aokt —40°, —20°, 60°% .
U] Alopzhat BAM R foldt Al Aol HY ~
(p=0.05). S5t
SlEAA Azt 24 Aok Aokt —20°004 744 s
He e HYor (6.2°75.9), Aokl olurt F7heHA 3
U gadss Ayt Ekshe 4ES Bglo), Alok § s
2} 60°elM= Aol vhe ghe Blth(1™ 6b). 1 ® ot
2L}, Alobzhd djeate] WSl 6.6~9.0° AlolZ Alofzt ' e o w0 xm 0
o] Pzt 374 oaje] A= Aol AA gk Viewing Angle (*)
oAM= A7t 37 Ao H2 Alokzt —40°0lA] (d) 2= U ZE|RA|
b AL e B9on (5.3°16.4), Alokzte] olnrt F
TRIAY 7 Aoyt Zrkehs ASS nolt B 6. 2 HEXAM0IM Ao 2t £ Hof 24t B
(1% 60) AloFzt —40~0°elM = At 9ake] Hfo|7} At
Hog Mo £2% wglom, Aokt —60°9} 60°1M ] 2 Ao % YepdtH(p=0.05).
7t 324 oxbe e Aoptnt BAFoR Fol5k oA BAZ 324 Aved BEE Aokt —20°9%
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2 WO (p=0.05), AloFle] olrrt FTFIAG A
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4 2R ob) @3] Hle) A ow e S wairh

B E Pzt 4 AR Aokt 0% 7H
S s nglor], Aokzte] olutk FASAL Had
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0~60°el4] TR Alofzlel il felshAl e drjet 4
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