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Analysis of Difference between Direct Measurement and 3-D Automatic Measurement
According to Classification of Side Figure of Elderly Women
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Abstract: This study analyzes differences between the results of 3D direct measurements and automated measurements
for Korean elderly females according to age groups, side somatotype, and BMI groups. This study compares the mea-
surement differences of the direct and the 3D automated measurements for women between the ages of 70 to 85, accord-
ing to age group, BMI group, and side somatotype. A comparison of the results of the direct measurement and the 3D
automated measurements for elderly women show that a meaningful discrepancy exists for 29 items out of 33 items. Fur-
thermore, the results of comparing the average error tolerance recommended by ISO20685 shows that 30 items out of
33 items exceeded ISO recommendations. The results of the automated measurement program shows a higher degree
of accuracy for straight postures; however, this unsuitable for postures of elderly women with a changed somatotype. The
analysis results of the measurement difference indicate the suitability of the automatic measurement programs is found
to be high for stood postures, while problems seem to exist on several items along with an automated program is not
appropriately used due to posture and part of body changes for elderly women. Therefore, it is recommended to develop
an algorithm, that reflects the body changes of elderly women first and then upgrade the automated program equipped
with a measurement size method. It is hoped that the study results can be utilized as base data for improving the auto-
mated measurement program.

Key words: elderly women (2% 1), 3D automated measurement (32+ 2 37), 3D direct measurement (32+1 2}
A =74), automated anthropometric measurement program (AH5=7% ZZ 1)
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Table 1. Max. error between extraction data of ISO20685 (Scan Measurements) and traditional measurements

Max. error

Measurement type

Mean error Absolute mean error
Length of segment (ex. Length of ham-hip) Smm 10mm
Length of body (ex. Shoulder Height) 4mm 8mm
Circumference of large area (ex. Bust circumference) 9mm 18mm
Circumference of small area (ex. Neck circumference) 4mm 8mm
With of body (ex. Shoulder width) 4mm 8mm
Thickness of body (ex. Chest Thickness) Smm 10mm
Head size including hair Imm 2mm
Head size except hair 2mm 4mm
Hand size Imm 2mm
Foot size 2mm 4mm

Fig. 1. Example of 3D shape of elderly person in automatic measurement program. (a)Right posture subject (b)Asymmetric posture subject (c)Subjects

with severe postural deformity
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Table 2. Items that compare direct and automatic measurements

No. Item No.

Item No. Item

Neck point to inferior scapula point to waistline 12

Chest circumference 23 Wrist circumference

1

2 Posterior shoulder length 13 Bust circumference 24 Head circumference
3 Arm length 14 Underbust circumference 25 Head breadth

4 Interscye fold, back 15  Waist circumference (Natural indentation) 26 Head length

5 Interscye, front 16 Thigh circumference 27 Head height

6 Neck shoulder point to breast point 17 Upper arm circumference 28 Bitragion breadth
7 Neck point to breast point to Waistline 18 Neck circumference 29 Stature

8 Bitragion arc 19 Knee circumference 30 Waist beight

9 Lateral neck to vertex to lateral neck 20 Calf circumference 31 Axilla beight
10 Waist depth (Omphalion) 21 Minimum leg circumference 32 Lateral malleolus height
11 Hip circumference 22 Ankle circumference 33 Arm length
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Table 3. Criteria for determining the body form

EMX[2t XISSHX| Xlo[of CHst 24

EER Bes) A3 29 <49 3523

?—QJ)r(Han et al 2010)011 w}a‘r e OEVH 739l

o e} 24x] zjol7} thEA] Jep =R ietelr] sl
kel W AR AJolghe] FARA o] AAHAT} §-
20090 FXI3 AP IS Z2ed vwsp A}Oqéﬂr

o wa} sxﬂ ) E 70~744], 75~794), 80~854] 37e] <
ko 7 B23519t) o)= QAIPANEA Z2EFT AIHs} B

Aol 404 o]F Hete] Z¢- sH TRIE A FAFI7E Leld
S @ AT, a1 F43] JYE L e fEvEte]
2FS] B SR sH SRR AlRstsle] Sk A
o] FEZoNA Fomd Zojgtal AAEI7] Wolt). o
e AFAEE Ui F, AR - ASSAA Zololl tig 49
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Type of lateral body form

Criteria of the lateral body form

Backward thickness of cervicalet front thickness of cervicale
Backward thickness of protruding point of the back + front thickness of knee
Backward thickness of hip + front thickness of abdominal estension
Back thickness of hip + front thickness of knee

Plus of breath

Backward thickness of protruding point of the back - backward thickness of cervicale

Minus of breath

Backward thickness of protruding point of the back - backward thickness of the minimum curvature point of back

Knee angle

Knee angle 1
Knee angle 2

Knee angle 1: Angle formed by the bisector of Hip thickness, knee thickness and calf Min. angle
Knee angle 2: Angle formed by the bisector of Femur thickness, knee thickness and calf Min. angle
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Table 4. Elderly woman direct measurement and automatic measurement t-test result (Unit: mm)
A: Direct measuring B: Automatic measurement AB
Measurements N dimension dimensions t
M(SD) M(SD) M(SD)
Stature 446 1491.71(52.87) 1492.81(54.30) -1.10(9.59) -2.42%
Axilla height 446 1081.94(45.76) 1081.65(45.81) 0.28(3.10) 1.92
Waist height 446 907.47(38.43) 907.57(38.64) -0.10(2.72) -0.75
Leteral malleolus height 446 60.73(5.25) 60.48(5.05) 0.05(1.31) 0.87
Neck circumference 446 348.38(19.22) 348.03(24.18) 0.34(13.33) 0.54
Chest circumference 446 898.55(57.89) 928.41(63.97) —29.86(19.60) —32.17%%*
Bust circumference 446 947.73(75.07) 952.78(75.73) —5.05(16.46) —6.48%**
Underbust circumference 446 838.61(64.83) 860.48(77.18) —21.86(26.98) —17.11%%%*
Waist circumference (Natural indentation) 446 888.62(85.60) 908.50(82.67) —19.87(17.28) —24.29%**
Hip circumference 446 917.67(58.23) 938.61(64.34) —20.94(19.44) —22.75%%*
Thigh circumference 446 520.40(40.89) 511.72(44.29) 8.68(18.56) 9.88%
Knee circumference 446 351.00(24.97) 356.04(27.26) —5.04(6.90) —15.44%**
Calf circumference 446 325.13(25.08) 329.12(26.26) -3.99(6.43) —13.17%%*
Upper arm circumference 446 295.07(26.28) 322.32(31.57) —27.24(20.52) —28.04+%*
Elbow circumference 446 237.92(16.87) 243.98(17.32) —-6.06(5.39) —23.73%%%
Wrist circumference 446 159.87(8.24) 166.11(10.92) —6.23(4.79) —27.49%**
Neck Shoulder point to breast point 444 281.48(18.82) 289.65(21.28) —-8.18(10.65) —16.17%%*
Interscye, front 446 320.81(24.19) 335.09(24.74) —-14.28(14.57) —20.71%%*
Interscye fold, back 446 348.30(26.90) 341.49(22.27) 6.81(15.94) 9.01 %%
Arm length 446 526.56(21.66) 511.56(23.30) 14.71(11.14) 27.89%%*
Neck point to inferior scapula point to waistline 445 418.40(22.34) 417.42(21.58) 0.98(9.77) 2.11%
Posterior shoulder length 446 182.09(11.70) 179.87(11.93) 2.22(9.48) 4,957
Neck point to breast point to waistline 444 393.05(26.06) 395.85(27.28) -2.80(12.25) —4.82%%*
Waist depth (Omphalion) 446 912.48(84.18) 936.10(87.97) —23.62(26.96) —18.50%%*
Minimum leg circumference 446 205.11(14.32) 208.05(16.24) —2.94(4.50) —13.81%**
Ankle circumference 446 237.31(12.86) 258.80(16.41) —21.49(9.35) —48.56%**
Bitragion arc 440 372.65(13.23) 358.06(14.55) 14.58(8.89) 34.41 %%+
Lateral neck to vertex to lateral neck 440 596.47(20.40) 572.15(22.13) 24.32(12.82) 39,78 =
Head circumference 440 543.72(14.34) 555.24(15.18) —11.52(7.48) —32.32%%%
Head breadth 440 150.85(5.27) 161.90(6.25) —11.05(4.18) —55.39%**
Head length 440 177.66(6.31) 186.48(6.42) —-8.82(4.69) —39.41%%*
Head height 440 222.88(9.55) 227.18(8.61) —4.30(9.53) —9.45%==
Bitragion arc 440 136.21(5.05) 147.56(5.13) —-11.36(2.98) —79.74%%%

#p< 01, *+4p<001
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Table 5. Comparison of SNU AutoBM automatic and direct measurements
for elderly women and 20s mannequin (Unit: mm)

Mean error of 20’s
Mean error of

Measurements eldery weman mannequin (Han &
Nam, 2009)
Stature -1.1 2
Axilla height 0.28 7
Waist height -0.10 -1
Lateral malleolus height 0.05 -1
Neck circumference 0.34 4
Chest circumference -29.86 -4
Bust circumference -5.05 1
Underbust circumference -21.86 3
Waist circumference
(Natural indentation) 1987 >
Hip circumference —20.94 0
Thigh circumference 8.68 -1
Knee circumference -5.04 -4
Calf circumference -3.99 3
Upper arm circumference -27.24 0
Elbow circumference —-6.06 6
Wrist circumference -6.23 5
et T
Interscye, front —14.28 17
Interscye fold, back 6.81 5
Arm length 14.71 -15
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Table 6. Direct and automatic measurement difference for elderly women and comparison with allowable standard error of ISO20685  (Unit: mm)

B: Automatic

A: Dir‘ect m'easuring measurement Absolute value Allowable Ratio of

Measurements N dimension dimensions of A-B mean error ero'ror

M SD M SD M SD el

Neck point to inferior scapula point to waistline 445 418.40 22.34 417.40 21.57 6.61 5.66 50.11
Posterior shoulder length 446 182..09 11.70 179.82 11.92 7.65 5.99 60.76

Arm length 446 526.66 21.66 511.80 23.29 15.67 9.81 84.30

Interscye fold, back 446 34830 26.90 34143 22.26 13.94 10.32 05f g;lrllgetr}:t) 77.58
Interscye, front 446  320.81 24.19 335.03 24.73 16.50 11.91 80.49

Neck shoulder point to breast point 444 281.48 18.80 289.51 21.27 10.92 7.68 72.97
Neck point to breast point to waistline 444 392.95 26.13 395.78 27.26 9.53 8.20 68.02
Stature 446 1491.71  52.87  1492.75 5431 6.54 7.09 56.73

Waist height 446 90747 38.43 907.52 38.62 0.73 2.59 4 (Length 2.24

Axilla height 446 108194 4587  1081.62 4587 0.79 3.00 of body) 1.35

Leteral malleolus height 446 60.73 5.25 60.63 5.07 0.65 1.11 291

Chest circumference 446 898.55 57.89 928.36 63.99 30.53 18.46 89.46

Bust circumference 446  947.73 75.07 952.71 75.72 1291 11.36 56.28
Underbust circumference 446 838.61 64.83 860.43 77.18 2577 23.24 9 (Circumference 71.97

Waist circumference (Natural indentation) 446 888.62 85.60 908.45 82.65 20.94 15.94 of large area)  78.48
Waist depth (Omphalion) 446 91248 84.18 936.06 87.97 27.50 2294 75.78

Hip circumference 446 917.67 58.23 938.59 64.35 21.32 18.99 72.65

Waist depth (Omphalion) 446 34838 19.22 347.98 24.18 10.09 8.70 72.20

Hip circumference 446  351.00 24.97 355.98 27.27 6.30 5.72 58.52

Waist depth (Omphalion) 446 32513 25.08 329.08 26.28 5.66 4.98 5247

Hip circumference 446 205.11 14.32 208.00 16.23 4.24 3.25 ) 43.72

Waist depth (Omphalion) 446 23731 1286 25876 1640 2156 9.07 4(5?5;‘;?:2’;6 99.55

Thigh circumference 446 52040 40.89 511.66 4428 15.06 13.90 82.29

Upper arm circumference 446 295.07 26.28 32225 31.56 27.66 19.86 93.95
Elbow circumference 446 237.92 16.87 243.93 17.29 6.89 4.19 73.54

Wrist circumference 446 159.87 8.24 166.06 10.90 6.49 434 66.82
Bitragion arc 440  372.63 13.24 358.06 14.55 14.82 8.49 98.41

Lateral neck to vertex to lateral neck 440  596.57 20.49 572.15 22.13 24.47 12.53 97.95
Head circumference 440 543.74 14.31 555.24 15.18 11.86 6.93 1 (Head size 96.14

Head breadth 440 15087 526  161.90 625 11.07 411  including hair)  99.32

Head length 440 177.65 6.28 186.48 6.42 9.00 4.34 96.82

Head height 440  223.01 9.58 227.18 8.61 8.23 6.44 84.32

Bitragion arc 40 13624 506 14756 513 1171 648 Ze)fc'i;i‘dh;rz)e 99.77

A AFS SHAY 7 35 T SEEUFATATEY 53 Fol FAY 37t 3= A=r vl AskA] AL

Tﬂﬂ’ﬂ HlE AR} 2k 49, SESHRHTA=EHEHT 9=} 2528 F 173%(68.65%)°] ©]ll slF= At
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The right body Curved body

Backward bent body

Forward bent body Knee-bent body

Fig. 2. Classified side body type of elderly female.

Table 7. Criteria of classification of side body type

Body type

Criteria of classification

The right body
(n=173, 68.65%)

When all the thickness sum, thickness difference, and knee angle are in the range of (m-c)£ x <(m+s) (m: Mean, s: Standard

Deviation)

When ‘back thickness of back’s protrusion point + front thickness of knee’ is larger than the right body type

Curved body
(n=24, 9.52%)

When ‘back thickness of hip + front thickness of knee’ is larger than the right body type
When ‘back thickness of back’s protrusion point - back thickness of cervicale’ is larger than the right body type

‘Angle of the knee 2’ is smaller than The right body type

backward bent body
(n=15, 5.95%)

When ‘back thickness of back’s protrusion point + front thickness of knee is larger than the right body type
When ‘back thickness of hip + front thickness of knee’ is larger than the right body type

‘Angle of the knee 1’ or ‘angle of the knee 2’ is smaller than the right body type

Forward bent body
(n=40, 15.87%)

When ‘back thickness of back’s protrusion point + front thickness of knee’ is smaller than the right body type
When ‘back thickness of back’s protrusion point - back thickness of Cervicale’ is larger than the right body type

When ‘back thickness of Cervicale + Front thickness Knee’ is smaller than the right body type

When ‘back thickness of back’s protrusion point + Front thickness of knee’ is larger than the right body type

Knee-bent body
: Duplicated body type
(n=90, 35.71%)

When ‘back thickness of hip + front thickness of knee’ is larger than the right body type
When ‘back thickness of cervicale + front thickness of knee’ is larger than the right body type

‘Angle of the knee 1’ or ‘angle of the knee 2’ is smaller than the right body type
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Aelelul R el ole] B9 He 7k Aol S Awnm, Pekish
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Hehuoh 3o SAX|Rto] Hetgho] A e, Aol
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Table 8. Comparison analysis of mean difference of measurement according to age group (Unit: mm)
Group 1: 70~74 Group 2: 75~79 Group 3: 80~85
Measurements (n=153) (n=141) (n=150) F
M SD M SD M SD
5.54 5.16 5.96 5.04 8.11 9.73
Stature 5.79%*
a a b
. 20.04 16.79 25.53 24.79 31.79 25.86
Bust circumference 10.13%**
a a b
7.21 3.82 7.59 4.36 5.92 423
Elbow circumference 6.66**
b b a
Posterior shoulder 7.08 5.32 6.93 5.48 8.91 6.86 5 174k
length a a b
Lateral neck to vertex 21.89 10.38 2477 11.28 26.75 14.95 5 g5
to lateral neck a b b ’
6.81 5.56 7.36 5.64 10.43 7.35
Head length 14,54 %%
a a b
**p<01, ***p<.001, Scheffe test results a<b<c
Table 9. Comparison analysis of difference of measurement according to type of side body (Unit: mm)
Curved body (n=24) Backward bent body (#=15) Forward bent body (#=40) The right body (n=173)
Measurements F
SD M SD M SD M SD
. . 0.43 0.32 1.11 1.70 0.41 0.28 0.48 0.45
Waist height 6.36%**
a b a a
Bust 9.26 9.34 21.79 17.20 10.25 8.83 11.82 8.54
. 6.64%**
circumference a b a a
Calf 8.45 6.40 5.02 3.77 3.92 3.58 5.12 4.04
. 5.96**
circumference b a a a
Thigh 18.52 9.63 27.53 44.93 14.67 12 13.15 10.15 4.0g*+
circumference a b a a ’
**p<01, ***p<001, Scheffe test results a<b<c
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Table 10. Comparison of the mean difference between measured values of significant items by side body type and the allowable mean error of ISO 20685

(Unit: mm)
Curved body Backward bent body Forward bent body The right body
Height Waist height 0.43 Waist height 1.11 Waist height 0.41 Waist height 0.47
(Allowable mean error: 4) g ’ ' g ’ g ’
i fi f 1 B B B B
Circumference of large area . ust 926 ‘ u‘st 2179 . ust 10.25 . ust 1182
(Allowable mean error: 9) circumference circumference circumference circumference
_ Thigh 1852 ihigh 2753 Ihigh 1467 lhigh 13.15
Circumference of small area circumference circumference circumference circumference
Allowable mean error: 4
( ) . Calf 845 . Calf 5.00 - Calf 30 . Calf 512
circumference circumference circumference circumference
SHAFER 53] F8A Aolg Foslokele FEES I FEEY, TolHaEd, ALEAEY, &5E, 598EA
&5 AL, ol FUAY Fol wet Fopd 24 Lare o], wElEd|, ATEAteldnIit). SEd|, drielEd, d
s Bl Foh wAEHe] B9 BRATE AT He] S A|A}o] 3

o~

=
T

LL

slelsdl, doelEd,

ol FelekAl 2A Ut g7, 2lE, wEe
Fejglze), TaEd, FolAas, £uE, 2AREAY
ol, MelgE, ATLAlNIe] S FAAFT AAFRT
Hlgtely S A13je] Hargol frelmlshll 27 Veksh,

Table 11. Analysis of differences in measured values by age group of older women (Unit: mm)
Normal weight (n=96) Overweight (#=88) Obesity (n=181)
Measurements F
M SD M SD M SD
23.57 14.76 31.16 17.17 34.40 18.82
Neck circumference 12.13%%*
a b
15.73 15.06 22.66 23.10 30.45 23.74
Bust circumference 15.05%%*
a b
Waist circumference 22.07 19.43 22.20 20.78 31.78 24.10 8.65%*
(Natural indentation) a b ’
) ) 13.28 9.64 15.10 11.68 27.63 20.67
Waist depth (Omphalion) . 3 EEE
a
413 291 5.96 6.44 6.92 5.21
Thigh circumference 9.50%**
a b
. 434 4.18 4.82 438 6.28 5.09
Knee circumference 6.28%*
a b
Minimum leg 20.02 8.06 19.77 7.90 22.88 9.58 5 o3ek
circumference a a b
5.78 332 7.41 472 7.58 4.18
Elbow circumference 6.47**
a b b
o 4.68 3.31 577 3.94 7.45 438
Wrist circumference 15.97%**
a a b
breast point a b ’
. 9.85 6.64 11.00 5.90 12.80 6.35
Head circumference 7.22%*
a a b
7.59 4.18 8.47 3.85 9.89 442
Bitragion arc . 0.8G***
a a

**p<01, ***p<.001, Scheffe test results a<b<c
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Table 12. Analysis of BMI distribution by side body type of elderly women

Type of side body type Total
otal

Group of BMI Curved body  Forward bent body Forward bent body  The right body n (%) X2

n (%) n (%) n (%) n (%)
Low-weight 0 0 4 0 4

(<18.5) ) ) (11.8) (0.0) 1.7

Normal weight 6 3 16 38 63

(18.5~22.9) (26.1) 21.4) (47.1) (23.5) 27)

Overweight 6 5 3 43 57 37 4k
(23~24.9) (26.1) (35.7) 8.8) (26.5) (24.5) ’
Obesity 1 11 6 11 76 104
(25~29.9) (47.8) (42.9) (32.4) (46.9) (44.6)

Obesity 11 0 0 0 5 5
(30~39.9) ) 0) 0) @3.1) 2.1)

ol& Fall, BMIE= Edl&e] SHA| Aold JFE mxltt ol AeA AEsp] Slell, s = FEe AHSHA
= 2L & F U3, BMIF 5555 oled 3554 S4A o} AE5AA19] ApolE vt WA A%, SHAE,
2po] Hitgho]l EoRlE AL & 4 UlTh Z2EE IF o BMIOﬂ upE Z7gA zpele] zpolE Heldh H, ofol tigh <l
el AEEH Z2aeA HRt @] S 3lo] 53] = 4L o] 2R el AeEd Z=2ad S 913 )
gl3Eel gk duels 780 BFH R yefEo o & A ZX}E% Agstarat st & A7) W8-S okshd v
ofgfaL AbEE T I 2t

E3 BMIZF SREAYCl G2 mAIEA AHET] 28] = AA, 2014 2BA 3D A FFSAH AL LA 4
HAYHEZ BMIQ] BXEE AT HITHTable 12). 4] A3}, 70~8541e] 1% 43 450 9] AHEZGR e} eSS A
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