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Abstract

Anthropometric data is applied to designing product size and shape to develop
body fitness and comfort of product. These days, anthropometric data have been obtained
through 3D scanner to get human body size and shape together. To utilize the 3D
measurement protocol, hand sway and hand skin deformation must be removed during
3D scanning. And the efficiency of landmarking must be evaluated. This research is
performed to develop a 3D measurement protocol for hand anthropometry.

At first, the spot of landmarks for the 3D scanning measurement is defined. The
landmarks defined previously are not appropriate for the 3D hand measurement protocol.
Referring to 8 documents, 169 measurement items for hand anthropometry are collected
and 97 landmarks are defined. The landmarks are coded to be understood and used more
easily.

Second, a 3D semi-automatic measurement protocol (3D-SAMP) is developed to
overcome the existing disadvantages of the 3D scanning measurement protocol. The 3D-

SAMP is composed of 4 steps (1. Producing a hand plaster & 3D scanning, 2.



Landmarking, 3. Extracting 3D coordinates, 4. Extracting hand size). Through 3D
scanning a hand plaster, the hand sway and deformation could be prevented. The
automatic extraction of size based on the landmarks makes the 3D-SAMP effective.

Lastly, 20 persons measured 52 measurement items of 1 person’s hand 3 times
respectively by 3D-SAMP & manual measurement to evaluate the 3D-SAMP. The two
measurements are compared in aspect of mean difference, repeatability, time required and
subjective rating. 11 items are significantly different comparing the results of two
measurements. The repeatability of a 3D-SAMP (intra measurer SD = 0.70, inter
measurer SD = 0.75) is higher than a manual measurement (intra measurer SD = 1.35,
inter measurer SD = 1.76). There is no significant difference on the time required to
measure 52 items through the manual measurement (mean = 17 min. 49 sec., SD = 4 min.
58 sec.) and the 3D-SAMP (mean = 17 min. 48 sec., SD = 4 min. 31 sec.). The subjective
rating (1: very dissatisfied, 7: very satisfied) of the 3D-SAMP (mean = 4.30, SD = 0.82)
is higher than the manual measurement (mean = 5.18, SD = 0.83).

In summary, the spot of landmarks for a 3D hand measurement protocol are
defined and a 3D-SAMP is developed by using a hand plaster and semi-automatic size
extraction program. Through 3D-SAMP, 3D hand shape data can be extracted without

hand sway and skin deformation.
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MCP D:M | D,MM | DML | DJMR | D,MD | - -
Knuckle D;K - - - D;KD - -
Tip D,T | D, T™M - - - - -
DIP D,D | D,ODM | D,DL | D,DR | D,DD - -
Index | D, |PIP D, | DPM | DPL | D,PR | D,PD - -
MCP D,M | D,MM | D,ML | D,MR | D,MD | - -
Knuckle D,K - - - D,KD - -
Tip D;T | DsTM - - - - DsTV
R DIP D;D | D;DM | D;DL | DsDR | D;DD - -
| Middle D; |PIP D:P | DsPM | DsPL | DsPR | DsPD - -
1 MCP D:M | DsMM | D;ML | DsMR | D;MD | - -
2)
Knuckle D;K - - - D;KD - -
Tip D, T | D,TM - - - - -
DIP p,D | D,OM | D,OL | D,DR | D,DD - -
Ring | D, [PIP b, | DPM | DPL | DPR | DD - -
MCP DM | D,MM | DML | DMR | D,MD | - -
Knuckle D.K - - - D.KD - -
Tip DsT | DsTM - - - - -
DIP DsD | DsDM | DsDL | DsDR | DsDD - -
Little | Ds |PIP DP | DsPM | DsPL | DsPR | DsPD - -
MCP DsM | DsMM | DsML | DsMR | DsMD | - -
Knuckle D:K - - - D:KD - -
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A5 AR5 A 5912
- T=
274329 |Code H-?;1 Code| T4 | d%3 | 22854 &5 | a4l | £44
T
(M) (L) (R) (D) (X) V)
Crotch 1 PC, | PCIM - - - - -
Crotch 2 PC, | PC,M - - - - -
Crotch 3 PC; | PC3M - - - - -
Crotch 4 PC, | PC,M - - - - -
Metacarpal 2| PM2 - - - - - -
eopet | P
Metacarpal 5| PM5 - - - - - -
Life line PL - - - - PLX -
Intelligence
: Pl - - - - PIX -
line
Heart line PH - - - - PHX -
Wristline WW | WWM | WWL | WWR WWD - -
=5 w
Baseline wWB - - - - WBX | WBV
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BEZ 3 Ay SARI 3D-SAMPE] AH}X]

A. Ho] =&
AR FAY 3D-SAMP S$A3H
. ZAR) Ao

s 3 ¥y Intra Inter Intra Inter

Mean Mean (3D-SAMP - A H)
SD cv SD | cv SD | CV | SD cv

1 &7 0] 198.76| 3.51| 1.79| 268| 1.35| 197.10| 064| 0.33| 156| 0.79 -1.66
2 A E7rer =4 vie ol 34.71 1.01 288 1.06| 3.04| 3573| 0.76| 212 062 173 1.03
3 EA4 &7k AA miod el 25.43| 0.62| 244 050| 196| 2485| 062| 248 0.60| 243 -0.57
4 ARy =7kt AR w4 o] 27.20|  0.89 344| 1.02| 3.76| 2579| 061| 2.38 045 176 -1.41
5 s &7k Al mo] A o] 26.72 0.48 1.80| 057| 212| 26.73| 0.79| 2.97 056 210 0.01
6 = S R R o= (b Bl = A 2444| 067 276| 0.64| 262| 26.26| 0.70| 2.66 047 1.80 1.82
7 AR =7kt AR mpr] A o] 27.78 2.06 741 2.30| 8.26| 2697 191| 7.12 161 5.96 -0.81
8 =4 E7H A4 miold ol 21.81| 054| 251| 1.01| 461| 2157| 081| 3.76| 0.64| 297 -0.24
9 A 7kt Z4 whe Aol 2362| 0.60| 254| 099| 4.18| 2325 0.72| 3.12| 069| 297 -0.37
10 MA &7k 24w Aol 2159| 0.81| 3.74| 1.07| 4.94| 21.34| 0.65| 3.04| 047 222 -0.26
1 oA &7 24 riold o] 16.30| 092 546| 092| 567 16.26| 0.74| 4.61| 059| 3.62 -0.04
12 =R &7k AR e el 2321 070 3.04| 089 382| 2336| 0.76| 3.24| 067 286 0.15
13 (AR &7k AR e el 27.23| 0.86| 319| 1.08| 397| 27.83| 082| 295 091| 327 0.60
14 MA Erker AR e el 2382 092| 386| 1.08| 452| 2459| 0.78| 3.16| 0.74| 3.00 0.77
15 AR =71 Al bl o) 17.98 0.68 381| 084 470| 1859| 0.66| 3.56 0.54| 2.89 0.61
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(7<)

AR =R 3D-SAMP &4 4
. S LED
iR 4 Wy Intra Inter Intra Inter
Mean Mean (3D-SAMP - A H)
sD cv | sb | cv sb |cv | sb | cv
s ber 3 =
16 [PV E7EE VAR - e 5547| 222| 403| 253| 457| 5607 1.32| 235 1.12| 2.00 0.60
E7ke 3 Pho 9 7ol
=] 2718 =] _ A
17 P &R e - A 71.40| 241| 340| 256| 359| 7232| 1.36| 1.89| 121 168 0.92
E7ke 3 Pk Aol
=] e = ERE|]
18 [PV E7FE wAei - 8a10| 280| 335| 221| 262| 8531| 1.38| 1.62| 130 152 1.21
E7ke 3 Pk Aol
Nw) vl = _ oAl
I e B s e 9597| 409| 426| 184 191| 9627| 146| 151| 157| 163 0.30
E7ke 3 Pk Aol
R ZAA A 2712 A
20 |[EEEewE A &7 A 85.52 1.82 216| 359| 420| 8342 164| 1.95 1.92| 2.30 -2.10
whr 4 420]
AR ZAA = A7LeF =
a1 [CEEAE S wAEAE U oo 6sl 46| 110|256 209| 12167| 083| 068| 164| 1.35 -0.97
wpe) 4 41 o]
AT ZAIA A Z27)Er X
2o [CEEAE AU S N 00l 18] 09| 266| 216| 12150| 0s81| 067 190 156 -1.88
IEEED
AR ZAIA Ul A71EF A
g [T A W S U eegl 47| 124 274 230| 11646| 075| 065 183 157 .42
IEEED
AR ZAIA 23 Exy R=)s
g |[CEEAM - WA &7 11045| 158| 144| 240| 217| 107.00| 0.84| 078 1.78| 166 -3.45
A1 A wir] 2 A 7 o]
25 |AA &7 A vl ol 2685 085 312 090| 336| 27.34| 077| 283 o077 281 0.49
26 |AA &7 B4 vl W7ol 28.79| 159| 468| 428| 1486 27.80| 1.05| 378 1.00| 361 -0.99
27 |AA &7k AR i ol 4962| 383| 693 465 937| 4986| 1.71| 347| 202| 405 0.24
(Mean: mm, SD: mm, CV: %)
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B. vu ¥5
AR FAY 3D-SAMP £ % )

"3 EA W Intra Inter Intra Inter 582 Al

Mean Mean (3D-SAMP - A7)

SD cv SD SD SD | CV | SD cv

28 |AA E7kE AR AU 19.79| 059| 3.01| 0.70| 3.54| 20.65| 0.38| 1.86| 0.32| 154 0.86
29 |=A &7t AR E U 1631 050| 3.10| 049| 3.01| 18.80| 0.24| 1.27| 0.19| 1.03 2.50
30 |AA E7EE A E U 16.68|  0.29 1.74| 055| 3.29| 1891| 0.23| 1.21| 024 124 2.23
31 |UA &1 AR EUN| 1511 037| 246| 055| 3.65| 16.56| 0.20| 1.19| 0.15| 0.89 1.46
32 oA &b Al wE U] 14.22| 0.49| 342| 080 560| 1556| 0.34| 2.17| 025 1.62 1.34
33 A &7k =4 #Euyn| 18.68 0.34 1.84| 044| 237| 2058| 0.25| 1.21 0.22 1.09 1.91
34 |AA &7 B4 AN 18.86| 0.34| 1.82| 056 295/ 2092| 0.32| 151| 020 094 2.06
35 U &7k 24 By 18.12 0.36 199 053] 291| 1953| 029| 1.48 0.24 1.23 1.41
36 A E7F 24 BEy] 16.13 0.56 354 0.60| 3.70| 17.39| 0.42| 2.40 0.29 1.66 1.25
37 |& U 86.87| 1.15| 1.31| 1.48| 1.70| 89.68| 0.53| 0.73| 044| 049 2.81
38 |&5 Y] 5762 1.1 1.93| 1.35| 2.35| 5836| 0.63| 1.23| 0.61| 1.05 0.73
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AR =AW 3D-SAMP 34 .
) ZAA| Zo)
s Intra Inter Intra Inter
Mean Mean (3D-SAMP - & #)
SD CcVv SD CcVv SD CVv SD Ccv
39 17.44 0.59 3.01 0.94 5.37 20.60| 0.38| 1.86 0.24 1.18 3.17
40 13.73 0.50 3.10 0.71 5.15 15.79| 0.24| 1.27 0.28 1.80 2.06
41 14.13 0.29 1.74 0.87 6.15 16.71| 0.23| 1.21 0.14 0.83 2.58
42 13.20 0.37 2.46 0.85 6.45 16.31| 0.20| 1.19 0.13 0.78 3.12
43 11.95 0.49 3.42 0.84 7.03 1471 0.34| 2.17 0.20 1.38 2.77
44 32.62 0.34 1.84 4.86| 14.89 3295 0.25| 1.21 0.51 1.55 0.33
45 44.14 0.34 1.82 2.41 5.46 48.56| 0.32| 151 0.54 1.10 4.42
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2 3D-SAMP &AH
ZAA| Zo)
Intra Inter Intra

Mean Mean (3D-SAMP - A1)

SD SD cv SD | cVv SD
HH = 64.81 1.15 1.98| 3.06| 63.99| 0.23| 1.56 0.23 -0.82
S ik | 54.08 1.46 1.38| 256| 53.77| 0.26| 2.50 0.55 -0.31
SRk | 5457 1.42 1.93| 353| 54.78| 0.32| 1.47 0.25 0.21
A= 51.39 151 1.74| 3.39| 50.64| 0.18| 1.02 0.19 -0.75
HAE7) 47.95 1.02 1.39| 2.89| 46.41| 0.28| 2.25 0.17 -1.54
215.58 7.06 11.11| 5.15]| 212.93| 1.20| 2.08 1.69 -2.65
173.98 2.65 290| 167| 175.16| 1.49| 1.37 152 1.19

82

(Mean: mm, SD: mm, CV: %)
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5 7. 53 8 4 SAX 7Y ¥4
7 FES S F, SAA dell 7198 FAHA L.
1. do] F&
HS 4 35 #d ad | SHA(mm)
‘1.:1“
\ .“"I
1| €20l
,i//
2|34 &k B4 Aol
3 | = &K A rp Aol
4| A £k A e Aol
5| 94 &7k A vt ol
6| LAl £7ke A m o]
e EELECED
8 | 24 <71 54 ool
9 | A =7 B4 Bo Aol
10 | A £k A rh Aol
1| 93A &% A s ol
12 | 24 &7 AA miede]
13 | A &712 3 i Aol
14 | 9A E71e AR v el
15 | A £71et 3 s Aol
16 | A £7het B whe-EA £k A koA Aol
17 | AR &7k SR whAA E71e A e 4 Aol
18 | A &71e SA nplAl &b A e A A o]
19 | 34 &7k 24 wieloaA £7he 3 ek A Aol
20 | £55 4834 /1% 300 s 4 a4
21 | E5544-2A <712 A a4 A7)
2 | =55 AA-AA 712 AA v A4
23 | £55 4 8-9A /1% 3 s 4 a4
24 | 2B FAA-tA Sk 300 rio 440l
25 | A &7ke A v Wol
26 | AA =7k A mhr] W o]
27 | A &7k A WAl
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2. GH] GE

“E Zx = 44 19 4] (mm)
28 | 3 E7ke BA Bayw) 3231@%29
29 | B &7k AA B AN lJ
30 | A &k A ) YR
31 | 9 Eoket A T
32 | oAl ke Al B |
33 | 24 &7k B4 B

34 | A &7k EA B

3B | WA Erbe 2 A ek

36 | T Evbe 2 ekl

37 | =4

38 | &5 )
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HE 54 25 S (mm)
39 | A £7k EA AT
40 | B4 ke AA BEE)
41 | AA E7e AR A
42 | A Erke s BEE)
43 | vAA E7FE A B
44 | & 7
45 | &5 5 )
45 |
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-5 8.3DScanning & F38 FZHE XA W F4
A. Sticker 5& Guideline

ol o] & 5370(H & 4570, B & 87)) YA =7 stickerE H-2&| FAHAIL.
H & re &
(A) do] & (B) YHl &= (C) T & (D) YH] & (E) 74 =

% 200 E=utgs A
% 39, 40, 41, 42,
v e 2z 2 2ol A =
=59 Jd= AA
% 5,6 AA =71 knuckle F-53 19

Yoot Eupe R Fay
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B. PC-& Landmarking Guideline

obefjo] F 2870(A & 2070, & &= 87) 1Al PCE AF&-3te] landmarking S

8141

o

—a-.

(F) B&

=4 35

G) =

ro
B

% 1,2,3,4: AA &7 54 BEEH

% 56,7,8 =A<E7ME AA AEEY

% 9,10, 11, 12: AA &7 AA Bd =9
% 13,14, 15, 16: YA 71 AR Hd =4
% 17,18,19,20: T Al =71 AR #Ad =4

% 1,23, 4:
% 5,6,7,8:
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