FHRERATPEELRE CLET TS 2R

12 3D A ¥4 T2 & Du BOIS 4- Du BOIS s+ € 7
B EREEGEF )

Rl S T I Y

% % % ¢ NSC 100-2221-E-216-019-
#HoFoH R 1002087 01 p3x101#07% 31p
#fFE > P EAFIEERE L

Tl SEREC RSN S o =

FEFE AR AT A - Emm AR L Eay

F Ao B MARRERFLEFR I F LG

PooE R K 101 #1007 23 F



LR 3

AAF 0P E 3D A MHFR T2 & Du BOIS 4= Du BOIS
SRR AREA e MBSHEFEZ 1 £ + XL &
S 4 dpth o A B al*f%&%‘»)@'** - dF s mDu BOIS 4= Du
BOIS mBSA N ’s‘?’\ﬁ*ﬂzﬁ‘lé FAEBERG R mETE S
BEfRA 0 2 2RO PR DT AE 2 e d 3
3D A MIFfy e B oo A *ﬁz\ AR g B s B
@nﬁr ﬁfb‘ﬁvyﬂy‘@ﬂ??%@m@l f
ﬁﬂ,? e oﬂ“ Jf{rﬁ:}]) /\Jgé‘rﬁ»#—' ?:}'i;\‘.fra;;z,_? T
156* Du BOIS 4= Du BOIS PR RSN T B2 o A
zfI* 270 £ 3D A #FR T 'lﬁi’iﬁ":}iJﬁﬁﬁ}:ﬁ/ R
f'ﬁ*’ & 2 B o A (SBSA) ~ ’“J’ﬁxw S ERFIR R R o 11
F1# 78 Pl SBSA E 2% 7 Du BOIS ﬂff Du BOIS s & ip| <
S lp_npf—i’ AT ORI ECE ~ BRI AR %2 SBSA B2
Du BOIS f‘? Du BOIS s & Bl o5\ 20 Thdic » ¥t 4o
= B S A N ]pﬂ‘:%io
Yoy e fEer i o302 Du BOIS 4+ Du BOIS(1916) = 3¢ 4p
W o X R AR B o B ikfics w s 0.8918 &
0.308 > meTﬂwzﬁﬁﬁ&i@W£¥&+;%ﬁﬁi
o AR hE S s yrfodRir 0 BB A RERE BB

LR s Ao PILBAF L o d BT A HE /,M\
A 3 EhAR A g % & o v #& DuBOIS §= DuBOIS (1916) =3¢
BAFETBL AN HTOE L Ak ,Lﬁymﬂ:wﬁﬂ’“fi
16.81% > DuBOIS {o DuBOIS (1916) & @ » 75 &
RS BT Iag L Kt 6, 81% 0 BARIOF I3F s 0 £ H X

S anE L % i 65.56% 0 L84 wn BERLLE G
& » % DuBOIS 4= DuBOIS (1916)sEg R 3832+ < 5 7 &
AAFIRAEE A G o BE B RT ZE TAA xR
Boff 0 TIEEA AL 2.22%% 1.91% 0 B A E SN
FE L s 0 RF L AMER R KA sk 0 £
@ > 5 BSA fhie 3t O B i 3t ok A o
Du BOIS f= Du BOIS =7 & SBSA @E{Mﬂ,ﬂ SR AMEA
iﬁ%f@:“ AP AT 3D A HFL TR SE S anEAL
PR L AR m)@’ﬂ H O R iglf —\Eﬁm? PSS
ﬁ“"ﬁﬁpwﬁim*’#& Roos TR Y gL ot
m%égi’ﬁi%’ o ARB L g A%k g fe it F z\mﬁmz/ﬂrﬂ
B AR 32 3D F s TR por B 7 2R
«’#&ﬂ 7 ﬁé P R BRE —MERREE o AR
SRR L R E R 1y AR ’%5%”@"5%?”&’
A BB HELRERER C FIRDER  EREEH
BVt B b e FL s NP RN Ay b Brpas

él'; °

~



e MaE

o4&

A 484 @ # ~ Du BOILS 4= Du BOIS &+ & 7 ~ 3D * 484
fa > A BRI

Human body surface area (BSA) is an important
parameter which is widely applied in normalizing
physiological responses, administrating drug doses,
estimating burnt percentage of human body skin, as
well as computing body heat transfer. However, the
measure of BSA was technically difficult and BSA data
was deficient. The segment BSA (SBSA) formulae of Du
BOIS and Du BOIS have been widely applied, yet, which
were established based on 9 samples of inaccurate
data. Now, the measure of BSA has become easier using
3D scan technology. Such that more accurate and
larger samples can be acquired and better BSA
formulae can be established. Thus, this study aimed
to revise Linear Measurement of Du BOIS and Du BOIS
using 3D body scan data, which was dissected into 7
segments, then the length, circumferences and SBSA of
each segment was computed. Using these outcomes,
Linear Measurement of Du BOIS and Du BOIS was
validated and revised.

Comparing the formulae coefficients of this study and
Du BOIS and Du BOIS, the results showed that the Head
formula was the most different, 0.8918 for this study
and 0.308 for Du BOIS and Du BOIS. Relatively, the
differences between coefficients of other SBSA
formulae were quite small. It appeared that the
difference was directly relative to the complexity of
the segment’ s surface shape. Comparing the formula
estimation errors of this study and Du BOIS and Du
BOIS, the results showed that the largest mean %Error
of this study was 6.81% of Thighs:; for formulae of
Du BOIS and Du BOIS, only errors of Shanks and Arms
were smaller, others were much higher, especially the
65.56% of Head. Actually, the Head formula of Du BOIS
and Du BOIS much underestimated head SBSA of all
samples of this study.

The complexity of human body surface shape brings
about the difficulties of measure of SBSA. Using 3D
laser scan technology has already made it easier,
however, the segment dissects and the lengths or



circumferences measures were still not easy and
reliable enough.

# 2 M4t 1 Body Surface Area, Linear Measurement of Du BOIS and
Du BOIS, 3D Body Scan, Anthropometry



~ }EJ%#%; ....................................................................................................................... 4
T SO 6

B %> 2 ¥’ ----------------------------------------------------------------------------------------------------------------------
Lo 10
B8 2 s



w3

A %84 & F# (BSA, Body Surface Area) ~ % £ % & # (SBSA, Segment Body Surface Area) 2 % {5 it
SBSA(NSBSA, Normalized Segmental Body Surface Area) - {%5 Bz 1 ¥FEd P RER R itk o &
m BSA~SBSA z£% % % 5 BB hmiE|cl = ﬂﬁﬂx PRl AL PR R T o vy 3F S
BSA 2 SBSA s & o\ euz = » TR ap g F 45+ ; H ¢ 2 Du BOIS 4 Du BOIS(1915, 1916)
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Fil4eis A F2 7 en#45(Du BOIS 4v DuBOIS , 1915) » & B F # it * & » G4/ F5RRAF ot 8 L
1% A #81BSA B2 > B o ;¢ (Vauthey % 4 2002) B TR e 3k 3k i g (Glomerular flltratlon
rate, GFR) » T ¥ 3i 3k B ipe % 5 fjl,,z g S 0 A B R GFR &2 B4p < > F 4% GFR 212 BSA &
Bivz B HRRT 4] b TOPRP A EE T RITLATTH R DL & 455 (Aswegen , 2000) -
B EHE G FRELNIFERH A HBSA XL L G R Y EAE KA G - &k(Crawford

1950) » # P #h353n s BSA H - B4 AR PEHE R o SR SR LY ARR T f B
MEFFIL o BER G /%@";"‘v % o f]* SBSA ik > ¥ BSA 'rﬁ‘ﬁ At > T NSBSA - & BEE G o
BAFELRMaED Fo vk R Gk E  F AR ETRE S FREANEHE
BReifis oy 2 A fifi(Berkow 1924; Boyd, 1935; Lund %LI Browder, 1944; Wallace, 1951; Rossiter %
4, 1996; Wachtel % +, 2000; Berry % * , 2001; Hettiaratchy = Papini, 2004) - &1 # {4 * 5 > BSA »
SBSA 2 NSBSAZEAp§ E R cnficdp > ¥ * MNP B Gd Wil B8z R E#H A E L HAT
=k & (Phillips, 2000) -
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Banerjee frSen & * 24> 2 R IS5 B T HE R A > g5 E St wmRF B L 3@??
Fof A B M BogmR AR F AL Y Du BOISfrDu BOIS 1 i ] 7 A H-k £ 77
Banerjee v Sen =% 7 DuBOISfv DuBOIS ths o3¢ » TR LML RIE Nnda FEFIF 0 %
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HEoihdd =8 AT BARHz B Xy BRI RAP P Aok d MP G AL IR F PR RELR
2L 4% o Cyberware WB4 z_ 4 plgg & Seer kK T 247 & 5 5mm > §_% P20 B 1548 B «h CCD chip 47
Booomd® f347 R 5 2mmo BIEd RifiSdpdEdE R 2 PIFEnd-E B¢ R Ridwaho

—+
£
b

B 2 Cyberware 7 WB4 + §2 4% 45 ik (Daanen and Water, 1998)
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AETF A% 270 & 3D A RBHF S TR UEMBATIE (7 > L g ens 32 SBSA S MEE R
BB chB il o & F1% #1881 SBSA 52 DU BOIS 4 DU BOIS 617 s 2 N2 i K384 >
FRIMEE A FAZ SBSA 18 1 DuBOIS fr DU BOIS 17 s st 2 N4k 2 4 o * 418 %% o

AR TR 02705 3D A MAFR T A 2 AR 03D 2 P s R(ZE fE47 A Immo
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MO BRUEE B E(E 1990 mE ez o g H 3D A MFR FTHT R AL 2L AR T B
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P AT LA P EIEA T REF RS T A KR o RIS B 8 S A
Ol E AT S R A AR O R A R % i 18~64 R P R e T B B 2R A
CHE R SHE L G TR REIETRD  FaFAF B R &Y iﬁmb HEEGR K IENP
R A AR EEBLFERIEY T 55 F 10B e A AR R M AL LA ME 1354
X 270 A o @ fR {8 T 270 £ ﬁv‘;ﬁ‘ﬁﬁaﬁf T EL T BFEA FRADL G AR F D
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2 % B 3 %1 > Hoe LB £ L5 )RR wrenk B s BB B8 G —E:;EIJ?TEIJH)J;_F; °

g7 3] 2 SBSA st E § %l:?:jé;fiji o 2 ArB g e Anthro3D 88 kg (7 o d 21y TR B
1 TriD 048t Borr B ehffe (70 SR FC] 0 &2 MR HTEL Sk 77 B8 > & &2 45 Du BOIS - Du
BOIS miwjﬁilr%] SR A PR Ao FagE i Kuﬁ# Flenz = v > & 2mm 2> 3 - Bl &
arfp e i ki i 2. BSA 8¢ SBSA GREZ AR L o F AR e @ TR A 50 Anthor3D g HoE
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B 3 DuBOIS - Du BOIS(1916) & {4 = 3% f3 5L eng i = §

B RTE 19 BEAR ~ FAR IR 0 &~ DuBOIS 4 DUBOIS 177 aft o8 » H S %1 v g
BT e SBSA B 34 o ¥ ¢t 4% DUBOIS §v DUBOIS st o S 58 R 978 en 19 B E & -
B & 2 SBSA g;;;y; s 1) ;Lﬁﬂ,ﬁ_ﬁﬁﬁ?—a SR NGl T AT A A (135 1) AR AL
(135 %)z >34k A (270 i:i‘)_%’gf?%&ﬁp? s TR o JIH AT AN B B A A 2 E SBSA B0 &
Anthro3D 3+ & 51 SBSA & +& #2077 4 54 758 27 Anthro3D 3+ & «7BSA B e ¥ “h 72382 22 i DuBOIS
4= DUBOIS 2> Vi {7t i o

2% b nEE

AFF g enp 8 1 3D A 84 T2 & DuBOIS {-Du BOIS sh 14 £ p|(Linear Measurement) o
FrR%F LA 2%EER - FAZE SBSA chE RIS % o 2% > BRI E TR &) T3 2
f7ie 7o ¥ 3712 & DuBOIS 4= DUBOIS (1916) 7 % f o> 58 2 e e T ®ATHE G#cF L B o B S I
DuBOIS 4= DuBOIS (1916) =;'&2 A3 2 G 5 2 % SBSA & > #3ddh e B4 3 o

LUBER -~ BR 2 SBSA B Bl R4k 30 #3452 % TR T IE (Mean) - 1% £ (SD)
Bl E(Min)% fx E(Max) e d & 3 %8 > L3 E R ~FRZEZ SBSA tchlta@e g | @& » § i+
AW eh A E? HHER SNANEE SO 2B E4 A9 o m 94 78K 5 SBSA T 5@
¥ 12 8%53 (Trunk)£96057.29 cm? £ + » H = £.3 % 4e(Thighs) £23474.59 cm?s & £ AF4e(Arms)12631.84
cm? > & -] 52 4e(Shanks) ¢ 2490.36 cm? » & (Head) - 1277.71 cm? » & #%rfe(Feet)é1220.77 cm? » | ¢h
% £ {r(Hands) 7 854.85 ¢cm? ; SBSA /| 2 5+ B ehL | EA B TIE i o rE kA B o] R
{r(Shanks):$13322.77 cm® f & ¢ & £ KF{c(Arms)=13296.89 cm’  § 1+ & 3L EL K & enT 3o 11 L $EiR &
15538 cm B X > 5 o+ L E(Trunk)snk &+ B & 5 & #£ = + e Thighs 22 W + %2£ > 38.14 cm >
P72 2 FRE 15258 cm > e R | & 04513 cm 5 & R & E®ak = B R LT % & 126.08cm > A 5
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%2480 cm 2 J £ £ 18.61 cm o

BEApk o

-] & 64.02cm ~

FHLHEE R ] B B2 A EREH T E FoE
LR ERAE M QEEES > TiE 97.34 cm ~ &) & 83.13cm ~ £ + & 118.44cm ; H =
4 ENNETHEE 92.74cm -~ & & 73.73cm~ & + & 117.19cm ;
B~ & 115.47cm ; B gp Bl 5 L 35 58.35cm > P~ #& ff] 5 L 35 57.80cm » B £ Rl e <

RisE_MFFE T 35E 84.69cm ~

7 62.88cm R/ 3t P % ek & B 72.69cme H AR R THEH A 40em 2T ok 5 | BeR]-T 35 18.06
cm e
% 3 E%EER ~FIARZ SBSAE R E%
7 - E

(cm,cm® Mean SD Min Max | Mean SD Min Max | Mean SD Min Max
AE & 2480 147 2081 28.19] 23.05 123 1954 26.32| 2387 160 1954 28.19
B ¢ 7 58.35 177 5420 62.88] 56.08 189 5234 60.98 57.14 216 5234 62.88
Head 1277.71 79.21 1091.11 1508.29| 1172.43 75.47 973.27 1343.48]1221.56 93.30 973.27 1508.29
F &£ 5258 344 4409 60.27| 4738 3.47 39.02 54.07| 49.81 432 39.02 60.27
G ! ARl 3250 449 2463 45.08) 29.21 3.89 2286 40.36| 30.74 448 2286 45.08
H + & F 27.01 2,60 1948 3328/ 2345 251 1881 37.22| 2511 311 1881 37.22
| =& 18.06 132 1510 21.03] 16.07 140 13.08 1987, 17.00 1.69 13.08 21.03
Arms 2631.84 312.68 1934.99 3296.89| 2074.64 254.49 1518.52 2728.40| 2334.66 396.75 1518.52 3296.89
J+ & 1861 158 1531 2212 1651 132 1341 19.18) 1749 178 1341 22.12
K ¥ 2213 153 1852 26.72| 19.16 1.67 13.72 2352 2054 219 1372 26.72
Hands 854.85 92.70 663.62 1079.52| 685.42 91.92 433.80 893.10| 764.49 125.11 433.80 1079.52
L sz & 55.38 3.79 4736 62.76/ 50.05 3.09 4124 60.04| 5254 434 4124 6276
M & [§] 84.69 1297 64.02 11547 78.19 10.36 58.98 103.38| 81.22 12.06 58.98 115.47
N 59 [ 92.74 998 7373 117.19] 84.17 1094 67.11 124.35| 88.17 11.31 67.11 124.35
Trunk 6057.29 710.06 4617.42 7784.90| 4963.30 658.57 3894.23 7090.34| 5473.83 873.74 3894.23 7784.90
W = "2 & 38.14 292 31.70 46.19] 37.38 273 29.77 43.04| 3773 284 29.77 46.19
P~ " 5780 6.61 4315 72.69] 5551 590 4225 70.25| 56.58 6.33 4225 72.69
Q A& 97.34 8.16 83.13 118.44| 93.60 897 79.43 117.89| 9535 8.78 79.43 118.44
Thighs 3474.59 405.19 2609.49 4377.75| 3145.29 371.13 2406.96 4153.21| 3298.96 419.88 2406.96 4377.75
R & 4513 281 3922 52.000 4081 223 3572 47.06| 4283 331 3572 52.00
S /] *lF 3859 296 30.63 4538/ 3587 325 29.71 46.72| 37.14 339 29.71 46.72
Shanks 2490.36 321.24 1895.83 3322.77| 2086.65 262.03 1497.47 2800.88| 2275.05 353.63 1497.47 3322.77
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THE DEVELOPMENT OF AN ADVANCED ON LINE
ANTHROPOMETRIC QUERY SYSTEM

*Ching-Hua Lin, Po-Sheng Lu
Department of Industrial Management, Chung Hua University
707, Sec. 2, WuFu Rd., Hsinchu, Taiwan 300, ROC
*kate@chu.edu.tw

ABSTRACT
The traditional anthropometry database offered the query of the descriptive

statistics of only 1D dimensions, e.g. waist girth, arm length, foot width, sitting height
and etc. Nowadays using 3D scanning technologies can measure digital 3D surface
shape from the human subjects and consequently enhance the database not only the
traditional 1D dimension but as well as 2D and 3D anthropometry data. However, the
development of 3D scanning anthropometry seemed not as quick and fruitful as
mostly thought it to be. After time-consuming and hard working, the acquirement -
3D digital model could not offer for any applications yet. A variety of anthropometry
data extracting algorithms are still developing. This article addressed a concept of the
development of an advanced anthropometric query system. Including three parts first
was the development of anthropometry database; second was an example of 3D
measurement — body surface area; the last part was discussions about problems of 3D
scanning measuring.

Keywords: Anthropometry, 3D scanning technology, body surface area

THE DEVELOPMENT OF ANTHROPOMETRY DATABASE
During World War Il the lack of considering the abilities of operators in military

facilities design caused the blocking of equipment operations and also brought about
the vigorousness of anthropometry. The book, “Human Body Size in Military Aircraft
and Personal Equipment” (Randall et al., 1946), was an ancient anthropometry
database. Nowadays, anthropometry databases are common in many countries and
usually presented as an on-line query system. For example, the anthropometry
database of Institute of Occupational Safety and Health, Council of Labor Affairs,
Executive Yuan, Taiwan (2008) is an interactive query system. It offers the
descriptive statistics of 266 static whole body dimensions and forty-two functional
joint angles based on 1200 labors of Taiwan, twenty-four static head dimensions
based on 1073 labors of Taiwan, and recommended arrangement of computer
workstation, dimension of general workbenches, sizes of standard helmets, and etc.
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Instead of using Martin-type instruments (FIGURE 1), calipers and tapes,
anthropometry research has now been advanced to use 3D scanning technologies,
using which the shapes of 2D curves and 3D curved surfaces can be recorded. A 3D
body scanner usually is arranged around a subject about four scanning heads which
moves simultaneously to scan from bottom to top of the subject in about ten seconds.
A scanning head (FIGURE. 1) usually contains a laser emitting part, which projects
laser light on to the subject and forms a light curve on the subject’s body surface; and
a CCD camera, which captures the image of the light curve. The system software
translates the light curve into 3D coordinate points and presents the subject’s body
surface shape by around five hundred thousand points. Traditional anthropometry 1D
measurements can then be extracted from this digital model of subjects, as well as
other 2D and 3D data that traditional anthropometry cannot attain to.

———==_. CCD camera
/--7—"'

Laser emitting part

P Y)

FIGURE 1. Martin-type instruments (left) and a 3D scanning head (right)

There are anthropometric survey projects universally. From the year of 1992 to 1994,
HQL (Research Institute of Human Engineering for Quality Life) had established a
3D anthropometry database containing 19,000 male and 15,000 female samples
(Kuriyama, 1993). The year of 1997, SAE (The Society of Automotive Engineers)
and TNO (The Netherlands Organization for Applied Scientific Research) undertook
a multinational survey called CAESAR (Civilian American and European Surface
Anthropometry Resource) using the Cyberware WB4 whole body scanner (Daanen &
van de Water, 1998) and Vitronic Viro 3D (Robnette et al., 1999). The project of
SIZE UK (2002) was deployed from 1999 using three [TC]? body scanners. And SIZE
USA (2002) was executed from 2002 using the same measuring system of SIZE UK.
However, it is easier to collect raw digital model samples, which are benefiting
academic researches and technologies innovations, but not applications to industries.
To offer the statistics of a lot of anthropometry measurements and relevant
information as traditional databases did, still a great deal of issues have to be
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discussed and improved, e.g. how to extract from the digital model every
anthropometry measurements.

AN EXAMPLE OF 3D MEASUREMENT - BODY SURFACE AREA
Take body surface area (BSA), i.e. the area of 3D curved surface of human body, as

an example of 3D scanning measurement. Despite that BSA is a very important
parameter applied in medicine and industrial hygiene, the measuring of BSA was
technically difficult and BSA data was deficient. Coating method to measure BSA had
been mostly used. First, strips of paper were wound around and glued on subject’s
surface to make a mold of the body. Second, the mold was cut into scraps which were
then exposed on photographic paper under sunlight. Finally the photographic paper
projections were cut off and weighed to calculate areas. Du Bois and Du Bois (1915,
1916) had measured nine samples by coating method and developed accordingly
fifteen segmental-BSA (SBSA) formulae and a whole BSA formula (TABLE 1),
which have been widely applied ever since. If normalized-SBSA (NSBSA) is needed,
Lund and Browder (1944) chart (FIGURE 2) has been widely applied in this field.

TABLE 1. The formulae of Du Bois and Du Bois

Segment Formula | Gauge Position
Whole BSA=71.84 x W** x H®™ W-Body weight, H-Stature height
Head 0.308*A*B A-Around vertex and point of chin.
B-Coronal circumference around occiput and forehead, just above
eyebrows.

Arms  0.611*F*(G+H+I) | F-Tip of acromial process to lower border of radius, measured with
forearm extended.

G-Circumference at level of upper border of axilla.

H-Largest circumference of forearm (just below elbow).

I-Smallest circumference of forearm (just above head of ulna).

Hands 2.22*J*K J-Lower posterior border of radius to tip of second finger.

K-Circumference of open hand at the meta-carpo-phalangeal joints.

Trunk  0.703*L*(M+N) | L-Suprasternal notch to upper border of pubes.

M-Circumference of abdomen at level of umbilicus.

N-Circumference of thorax at level of nipples in the male and just
above breasts in the female.

Thighs  0.552*W*(P+Q) | W-Upper border of pubes to lower border patella (measured with
legs straight and feet pointed anteroposteriorly).

P-Circumference of thigh just below the level of perineum.

Q-Circumference of hips and buttocks at the level of the great
trochanters.

Shanks 1.40*R*S R-From sole of foot to lower border of patella.

S-Circumference at level of lower border of patella.

Feet 1.04*T*(U+V) T-Length of foot including great toe.

U-Circumference of foot at base of little toe.

V-Smallest circumference of ankle (just above malleoli).
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% Total Body Surface Area Burn

Be clear and accurate, and do not include erythema
{Lund and Browder)

REGION
Head
Neck
Ant. trunk
Poet. trunk
Right arm
Left arm
Buttocks
Genitalia
Right leg
Left leg
Tatal bum

AREA Age 0 1 5 10 15 Adult
A =\ OF HEAD LA 8y Bl s an aly

B = 'z OF ONE THIGH 2% aly 4 Ay A 4%
C = ', OF ONE LOWER LEG 21 2 2, El ER aly

FIGURE 2. Lund and Browder chart (Hettiaratchy and Papini, 2004)

Now the measuring has become easier by 3D scanning technologies, more accurate,
larger samples can be acquired and better formulae can be achieved (Tikuisis, 2001;
Yu et al., 2010). However, before computing BSA from digital model, how to
patching completely of the holes on digital models and how to dissecting consistently
body segments from the digital models are great issues which have to be fulfilled to
an extent. Yu et al. (2010) fulfilled 270 samples using software technique and manual
operating to seal holes and dissecting segments, consequently improved BSA
measuring to under 0.57% in accuracy. Nevertheless, to fulfill massive databases a
faster and easier approach is necessary. In the end, a modern on-line anthropometry
query system ought to offer not only descriptive statistics of BSA, SBSA and NSBSA
but also new developed BSA, SBSA formulae and NSBSA chart, as well as other
having been widely applied formulae and charts in the literatures.

DISCUSSIONS ABOUT PROBLEMS OF 3D SCANNING MEASURING
Problems of 3D scanning measuring roughly include the design of subjects’ scanned

postures, the methods of patching digital models and the development of extracting
and computing algorithms.

The Design of Subjects” Scanned Postures
Considering how to extract most traditional static anthropometry dimensions, e.g.

stature height, sitting height, arm length and etc., subjects’ scanned posture has to be
decided beforehand. Brunsman et al. (1997) suggested one standing and two sitting
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postures. Robinette et al. (1999) modified them and suggested new three postures. In
order to obtain as many measurements as commonly necessary, Chang (2002)
designed a measurement posture scheme which consisted of four whole body postures
and seven high resolution localized postures. Although scanning these postures of
each subject may be fast enough, after scanning, all static anthropometry
measurements are embedded in the digital models, software technologies have to be
developed for extracting them.

The Methods of Patching Digital Models
However, on the surface of the digital model are holes caused by missing points.

While scanning, the surface of the subject paralleled to the laser light plane, e.g. the
surface of head top, chin and shoulders; and the surface that is shadowed, e.g. the
surfaces of armpits and groin, reflect nothing to the CCD camera and consequently no
image can be taken. Besides, details of hands, feet and ears usually cannot be
presented perfectly. Patching methods have been developing. Yu et al. (2010) used a
modified whole body scanner and a high-resolution hand/foot scanner to scan whole
body, hands, feet and missing patches, then used a template matching method to seal
all holes of the digital model. Although the resulted model was perfect, a great amount
of manual software operating was needed.

The Development of Extracting Algorithms
Even if the digital model has been patched perfectly, data extracting algorithms have

to be developed to offer information as traditional database did. Before scanning
Geisen (1995) palpated and stock a marker on the anatomic point, e.g. C7 vertebra or
great trochanter on the surface of the subjects; and after scanning searched those
anatomic points by neural networks algorithm and consequently attained above ninety
percent accuracy. CAESAR (Civilian American and European Surface Anthropometry
Resource) project also used landmark method, plus neural networks and heuristic
algorithm; and identified seventy-two anatomic points successfully (Burnsides et al.,
2001).

Without markers stuck on the surface of the subjects, algorithms usually searched the
inherent characteristic mark of human surface, e.g. armpits, crotch point, the tip of
nose, or intersection of neck and shoulder curves (Dekker et al., 1999; Chang, 2002).
Chang (2002) developed a density method — transforming coordinate points into
triangular mesh, searching in grid the largest area of triangular meshes; and
successfully identifying the end points of nose width and mouth width. To make
searching faster, usually manual operating can instruct the proper beginning location
before running the searching algorithms. Greenshields(2004) used the proportion of
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segment height to stature height to automatically determine the searching area.
Nurre(1997) developed a template stick person in which information of searching area
was attached, aligning it with digital model, and then the anatomic points were
identified more efficiently by the searching algorithms.

Discussions
3D scanning technologies have improved the measuring of 2D and 3D anthropometry

data; however, the accuracies of 1D measurement do not absolutely better than
traditional outcome, and still many measures of traditional static dimensions by digital
model have not been developed yet. Chang (2002) had totally successfully extracted
191 1D dimensions, twenty-six 2D and fourteen 3D data; but it’s still not enough. And
many measurements have more than one searching and identifying algorithms that
have to be more considered. And these different algorithms should be compared with
the traditional outcome regarding to the accuracies and even precisions. For now, the
1D measure of 3D scanning technologies seem not absolutely better than past for
industrial applications, its potential and superiority of 2D and 3D measures cannot be
neglected.

Embedded with unlimited measurements, besides items that was commonly necessary
in traditional database, an advanced on line anthropometry query system ought to
offer functions for users to extract items that are not included in the default database.
This part of the system may roughly includes basic operating functions, basic
anatomic points, functions for finding other anatomic points, functions for dissecting
body segments, computing functions, e.g. straight distance, length of curve lines or
contours, intersection areas, curved surface areas, volumes, and etc.; and finally the
descriptive statistics of the items. In the future, after all these problems having been
greatly improved, an advanced on line anthropometry query system, more accurate,
with great-quantity, abundant measure items and information, with unlimited potential
content, definitely can be expected.
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