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An Approach to Measure Anthropometric Data of Simulated
Human Hand Using Photogrammetry

Ji Hong Chang*
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Abstract Anthropometric data of the hand is one of the important issues for the product design related
with hand and manual operation in terms of user—centered design. Direct measurement, which traditionally
uses anthropometric measuring tool, has a few disadvantages in cumulation of measuring time, possible
errors in raw data, doubtful reliability between inspectors. Newly introduced 3D scanning technology
overcomes those disadvantages; however, another disadvantages, such as, hight cost and immovability,
have been introduced. In this study, photogrammetric approach was introduced for the measurement of
anthropometric data in hand. In order to minimize the possibility of error during direct and indirect
measurement, a simulated object was used and effectiveness of photogrametric measurement was confirmed
for the collection of anthropometric data in hand.
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[Table 1] Definition of measured segment in hand
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No.| Name Length

1 Thumb proximal phalange (TPP) T1-T2

2 Thumb distal phalange length (TDP) T2-TT

3 Index Finger proximal phalange (IPP) 11-12

4 Index Finger middle phalange (IMP) 12-13

5 Index Finger distal phalange (IDP) 13-1T

6 Middle Finger proximal phalange (MPP) M1-M2

7 Middle Finger middle phalange (MMP) M2-M3

8 Middle Finger distal phalange (MDP) M3-MT

9 Ring Finger proximal phalange (RPP) R1-R2

10 | Ring Finger middie phalange (RMP) R2-R3

11 | Ring Finger distal phalange (RDP) R3-RT

12 | Little Finger proximal phalange (LPP) L1-L2

13 | Little Finger middle phalange (LMP) [ 2-13

14 | Little Finger distal phalange (LDP) L3-LT

15 | Thumb length (TL) TI-TT

16 | Index finger length (IL) 11-1T

17 | Middle finger length (ML) M1-MT

18 | Ring finger length (RL) R1-RT

19 | Little finger length (LL) L1-LT

20 | Hand length (HL) CWC-MT

21 | Thumb to wrist length (TWL) LCW-TT

22 | Wrsit breadth (WB) MCW-LCW

23 | Hand breadth (HB) LMCP-IMCP
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[Fig. 2] Simulated subject for the
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comparison

between direct/indirect measurements for hand

anthropometry
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[Fig. 3] Simulated subject with RAD markers attached
on landmarks in hand
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[Table 2] Precision of images used for simulated
indirect measurement (Unit: Pixel)

Image Residual Image Residual
No. Max RMS No. Max RMS
1 1.47 0.71 14 217 0.97
2 1.46 0.80 15 3.07 1.73
3 2.30 1.04 16 249 1.24
4 1.50 0.66 17 2.07 0.96
5 365 1.64 18 1.73 0.69
6 1.42 0.58 19 2.34 0.77
7 328 1.51 20 2.65 1.3
8 426 2.01 21 2.95 1.04
9 2.39 1.04 22 1.72 0.59
10 437 1.64 23 3.82 0.87
1 1.16 0.48 Mean 242 1.03
12 1.47 0.64 SD 0.95 042
13 1.93 0.82 - - -
2ol A A SFl AHgE vhA He F
807N, © F 247N & AlZHMES 1 F4E
S1g Bewlae] AEHNTh (F 3). HAeAF
olgt Qake] Hy2 0978 o]l Tightnesse
-2 0.3mme]t}. Tightnesst= A2 T ZFEof A
28 3 vbrlst Asel dvhy dAsE Ag
e ARRA ¢ we YAEES BT
@ 5 ok UeA s7le) ahle ARIS e
oAE 3] 9 uz ok eH U 2
& S8l AhgE 567 Radel AUme ® 49
2t



Agzfold gEolM ARIEF7IHE 0|8 & K|

A%
ox
of

gofl oot i 515

[Z 3] H=ot3a ol YT (24t cHol: =M, Efo|EL

5 102 003 | 003 | 004 0.44

2 Bt mm) 6 0.83 003 | 004 | 004 0.37
[Table 3] Precision of landmarks used for simulated 7 0.82 003 | 004 [ 004 0.32
indirect measurement (Residual unit: pixel, tightness 8 0.87 003 | 003 | 004 0.28
unit: mm) 9 0.89 004 | 004 | 004 0.30

10 118 003 | 003 | 003 0.43

Land- RMS P v 11 129 003 | 003 | 003 0.47
mark | Residual X v > | Tontness 12 167 003 | 003 | 003 0.5
LWC 0.66 006 | 005 | 0.05 0.14 }j gzg 882 881 88: 8‘2‘?
CWC 1.05 0.04 0.04 0.04 043 5 063 004 004 004 02a
MWC 2.03 0.04 0.06 0.04 0.54 6 056 0.04 0.03 0.04 021
IMCP 0.53 0.07 0.07 0.06 0.15 17 0.38 0.06 0.07 0.05 0.07
LMCP 134 004 | 006 | 004 0.41 18 173 004 | 006 | 004 0.46

T 0.66 0.04 0.04 0.05 0.21 19 1.95 0.04 0.06 0.04 0.45

T2 1.31 005 | 005 | 0.06 042 20 0.48 007 | 009 | 006 0.12

= 0.68 009 1008 1 oo7 012 21 0.95 005 | 007 | 005 0.22

2 054 006 | 006 | 005 0.14

h 084 004 | 003 | 0.04 031 23 0.64 009 | 008 | 006 0.15

12 1.00 004 | 003 | 004 0.31 % 60 oor T oo T ooz 05

IT 1.26 0.04 0.04 0.04 0.45 26 0.92 0.04 0.03 0.04 0.37

M1 0.61 0.04 0.03 0.03 0.19 27 0.86 0.04 0.04 0.04 0.27

M2 0.76 0.04 | 004 | 0.04 0.25 28 073 004 | 004 | 005 032
M3 110 005 | 004 | 005 041 29 0.79 004 | 004 | 005 0.38

30 142 004 | 004 | 004 0.64

MT 1.14 0.05 0.04 0.04 0.28 o 5% o0 003 o0t 058

R 0.52 004 | 003 | 004 0.16 32 149 004 | 004 | 005 0.68

R2 063 004 | 004 | 004 0.20 33 194 005 | 004 | 005 0.80

R3 1.23 004 | 004 | 0.04 0.44 34 1.30 0.04 0.04 0.05 0.61

RT 0.89 007 | 005 | 005 0.24 35 153 005 | 004 | 005 0.66

L1 0.63 004 | 003 | 0.04 023 3% 0381 003 | 003 | 003 037

L2 0.89 0.04 | 003 | 0.04 0.33 l 0.6 004 | 003 | 004 029

38 057 004 | 003 | 004 023

L3 0.89 004 | 004 | 004 0.29 o 05 oor o003 | ooa X

LT 1.46 005 | 005 | 004 0.30 40 0.78 003 | 003 | 003 032
Mean 097 005 | 0.04 | 0.04 03 j; gi; 882 883 ggi 8?2
SD 0.36 0.01 0.01 0.01 0.12 o 00 0o 003 0or 013

44 0.66 007 | 008 | 006 0.18
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o} ) Zbzhe) spEe) gl F =A A e o) 47 092 004 | 003 [ 004 031
) ) ~ 48 0.95 003 | 003 | 003 0.34

£ H4& 00lmmelA Ho 095mmel ) B 49 0.80 0.03 0.03 0.03 0.31
O IO W AF O Il =] A 50 0.71 0.03 0.03 0.04 0.27

020mm= v wre Heleh. Aol eab= 51 071 003 | 003 | 003 0.29
0.04%0°ll A4 | 287%=2 uYEltoer, Ao xte] 52 072 004 | 003 | 004 026
_ 53 0.87 003 | 003 | 003 0.33
B2 084%= A w9 2o & 5 vk 54 101 003 | 003 | 003 034
55 124 003 | 003 | 003 0.34

= A1 Baxio| xole (O3l Clol miAl ELIA Col 56 155 003 | 003 | 003 0.64
[ 4] _'__'_é~! o= (J} el 2, Epol=u el mm) Mean 102 004 | 004 | 004 0.38
[Table 4] Precision of additional markers used for referencing < 044 001 001 001 017

(Residual unit: pixel, tightness unit: mm)

RMS Precision )
No Residual X Y X Tightness
1 2.10 0.03 0.04 0.04 0.68
2 2.03 0.03 0.04 0.04 0.74
3 1.56 0.03 0.03 0.04 0.64
4 1.18 0.04 0.04 0.04 0.53
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[Table 5] Comparison of hand segment dimensions

between direct and indirect measurements
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