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Body Shape Analysis Method Using Front and Rear 3D Scan
Images of Human Body

Woosu Choi’, Jun-Su Jang’

(<]
v, olefdt 2 AR Ee AY P AL Qbole AAERe] FAY Y obAE A5
£ o7 EAE FehpEe] BT ARES /MOE T U APATh oF AR 7Y vl F4Y 34
& FAToRH AT AAES Hlth Ae] fuw 45w
4l F4E Eslo] wikela Fel AolE Ak so%e] vt Fui

e
[l
Ach
Y
fllo
)
oo
b
i
f
iy
ol
i)
=8
o
=)
)
y o
N
jukel
)
o

Key Words : Depth Camera, Marker Detection, Spherical Center Estimation, 3D body shape, Kinect
ABSTRACT

In this study, we propose a method of aligning the front and rear scan images of the human body and
estimating the circumference for 3D body shape analysis. Due to the limitation of the camera view angle, there
may not be a common part between the two scan images. Under these conditions, a highly repeatable aligning
method is an important factor. First, the spherical markers attached to the body surface is detected and the two
scan images is aligned using the average coordinates of the point clouds forming the marker. Then, the proposed
spherical center point estimation algorithm is applied for improving the accuracy of the alignment. After
alignment process, the point cloud of the missing area is interpolated through the 2nd order polynomial curve
estimation and the circumference is calculated. 50 pairs of front and rear scan experiments show the superiority

of the proposed algorithm.
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(b) Marker area detection
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* Input :

Given a pair of scans (s;s,),

Both scans commonly include /N colored
spherical markers with a known radius 7

* Initialize :

Obtain point cloud pairs of corresponding markers
(pe'spe’ )y (peyopeyy)

Compute an initial estimate of marker center pairs
(mci‘,mc’?z),...,(mcf\‘,,mcf\z,)

Compute an initial rigid transformation 7|, using
the estimated marker center pairs

sfor k=1,2,...., K

Transform s, by applying 7},

for n=1,2,....,. NV

1. Obtain a candidate point cloud pair by
rejecting outlier points (pc',pc’) —(epc),cpc.’)

. . S S5
2. Estimate a marker center pair (mc,,mc,’)

from (cpc’,epc?)
end

Estimate a rigid transform 7" using NV pairs of

1.46 o -1.46
= pct:
. <+ cenioid

-1.47

-1.48

-1.49

008

(mci‘,mciz)

1, =T+ T,

if |7,— 7T, ,/<e then

break

end

end

* Output :

Transformation 7 ,which maps s, to s;
coordinate
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(d) Centroid of two marker PCs
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Fig. 3. Working example of the proposed alignment algorithm using an iterative sphere marker center estimation

www.dbpia.co.kr

cpc

008
014 008

(c) Estimation of marker center
pairs in the lst iteration

cpct

008
014 008

(f) Estimation of marker center
pairs i the final iteration

1639



The Journal of Korean Institute of Communications and Information Sciences ’18-10 Vol.43 No.10

ZA1A 2713 o]83)e] 734\ ZHrigid
transformation) 7, T7&ct 5, NS FAH 2]
AL ol g3, 5,5 5 7|FHFAR AT
T, SVD(singular value decomposition) Bl 2]
o 7 4 slek o1 §3jel 209 201 Yo
o) Fo|A Y, e HFHES 83 Ao nE o3}
= ot wehA ]Td: g 9l 7 A A
BE ggate] v AR AES sk whe] 4
Eia=d

7] A3E Aeels] ZF vAE o] F= PCollA
oAbz A|AS A} 27 3, ()= =7 Z7] A= AF
ele] 3 w7 PCe} s A (centroid)> B oIS
o} JFHE 2] v FA AR e, §
A FAE 73 v FAlelA vlE] i gl el
HEA| 5 Roll A4 marging t1gh =] ¥He] HE3
Aoz o]z HES AAZT 4 9tk
(pclpc?) ZHEl o=yt AAR PC 4l
(cpc;;,cpcnz)% Ao 5 o|Z2HE A2 T v
FAA 4 (me!ime? )& 343k o|gA7F AlA=
PCEHE] 78 vt7 9] FA4& F43= w2 vjAd
3 Faaee el 1y v $41S 34
g wel| = 27|17} Dagh, k4 ALk centroid=
Z£8 2717} = S 9lk 18 3.(b)dll centroidollA]
A Al o) AES AAL, olF HES ol
gk vl A FAS & A9E 2Askgich 2™
3.@9 #AE FEN A ] ulsl] o217} AAH A
Site] 28 3. byl ot sl 4 ] AR
FEA xR AR a9 3. (0w 4% 78
A A S HojErh o A WA wkEd]
(iteration)o | 22 t-$3= wiA FAIAHEY] S #

o7} =k,

R A dsiA] o] BAS skmstH Mo -

3 v FAA S o]83te] Al % &A%
Aaksl 5= Qlok 23 3.d)= A WA wEa F
Awzke #He3r A¥9E HogFch a8 3. (a)Xxr)
centroid”} A #HA FAIH I Ak 9131
skelal 2= )},

HHE-S B3] 9] IS HEe] FPHA, eol= A
ol miAEE 7RI 48 7FssAl gk kAl
Hhe Farell M ARl AR T, =T T;
2 Ak 4= gk vk JJDH §]T°ﬂ EaslA
v AAHEE gdle| Er) 3] Zhs o,
|7, — T, || < e & 0Fepd Fwsta, 94 7,5 A

[e]
" =2

2 N

S5} 5,5 57 1FHITAZ FARsh Agte] Wt
52 "k 28 3.e) o 238 3B A oA,
ke a&%urww 4= %Lvﬂ " S e
WolFiy| ukEalgo] AR 3l vl F
A Ee] 7%11]7} Zoj=E 7 % e 5 glek

23 %Eﬂ 20| —’F’éi

el vlolele] S 451} el
B e R A
T8 4 R 2§ A3 3R A
Jaell Zwie] dlolelst 2] eg—e— oflolc},
CIAIE A 17 I A0 PO e

2] Ul 270 °ﬂ°ﬂ«1 T dleleE o 3o iyl
3le] 2% tata]l 41 AHKpolynomial fitting) >=
27ke) v 2705 o] PCE S5} Al
Aghc) w2 dlams AR 2 L Aol
o] fZe|t)d(Buclidian) 2] S A E3) S99
o) & AxRgck

a8 4. ) 2F 2 Qe of
Fig. 4. Example of a non-scanned side area

P < g

002 0,05 002 -005

(a) Cross-sectional images of the
non-scanned area

(b) Estimated non-scanned area

Fig. 5. Non-scanned side area and its estimated area of
body image section

www.dbpia.co.kr



[ AL A 2 9 3D 2 ks o] 83 AlF A Y

3.1 H[o|g] Al
B =TolA] Akl g we]=e] 7]
%75]01;] ol Eolg) u]-L-]]alo] 3-},(

(

-

m [

43;&4:&@‘&_&_&

(¢3

ow ofe), °Mo1oﬂ

?L

51 rJ— i/m = 5127H _’_J,] X
—t— 512*512*5121 IAFAL). 2 A o
1,800,00071 53}

0z
X

rst

)

AR 4 el
270 elolel ] A4

il 4 ik
Stelel, 719 62 o121 7

2708 A3F A3E ol 19 6.(a)-‘€
) 31 27leAe] v ERle) pese] Ag
2 5 (Ftﬂ /'\711)E s, (3w

-

o

9 AF%H}‘;%&% A7)
wﬂ el uwa ;

FEdes wswu} 239 s@elll 5ol o
=% gol Pk 9)
PRESE I,
o W AR 243

W, U}ﬂ j.‘%i«]
70 dloleefl A=

(a) Alignment of marker pairs (b) Alignment of whole scans

T2 6. A 4 E AA e A A
Fig. 6. Alignment results of marker pairs and whole
scans

e AgHeE Stk a3 6.(b)E AA 22
o] A3 A= EO%—,—D} Mo 7 Holk HEL
o]z HgolH, F242 “’}74# el peald
2 2|e B8 559 wol= A=
Aokl olme]Ze 7FelshA Extalelch
A daeElse] e Blab] slsiA A
- FH%‘]»E— nl7] FAAE ajole] g-Zeir]el 9=
L2 Ak, w1 PCO centroid & o8 A
/‘]Sﬂr H|sleic). Centroid S o83+ A3 A w3+
|

s
H

O

91 $1x] A= e 3.0mm 10w, A|oket WS- 2]
43195 W= 1.8mm 2 é«ﬂz% AL &olslein).

3.3 =3l Zo| FH Ay

A QoA 29l ZHel= 3 370 4y
o FAsI e, vlaE fste] FUF 4
Algto] k2 4% AolE 7]i

a7 7. wHE A
Zo|= #ZE A3kE dlolg|ol|A], 75 -513]
A 2 3 o) Aol E 351 ) TR
CS(Cross Section)1, CS2 = 74«]6}% G R
AellA] k4] 35-13F Aolntg ool 1|7k 14 9
S CS3olekar Aot v 27iE Y2 x5
P10z o] 270 A delelA N F4) Ale] A7)
o] 10% AH71712] PCE AFgle] 27} el 24
X)j%ﬂ- v o 2 =A3|oic)

Z 50702] AFHE oAbl A] 243k A the] 3%

R el 251 19 7.099) Vhelglon, 2 sieiel
A darE|ES 58l AR 5070 AEe] = Ao}

3

O.I.4

1641

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-10 Vol.43 No.10

-y - O

z(m)

-
<
z(m)

(a) The locations of the defined
cross-sections

(b) Estimated cross-sectional
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Fig. 7. The location of the estimated cross-sections and the perimeter of the 50 samples estimated from each cross-section
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Table 1. Mean and standard deviation of manual
measurements and proposed algorithms for three reference

cross-sections

Manual Proposed
measurements algorithm
Mean 860.17 864.82
CS1
Std 8.09 4.83
Mean 778.33 784.40
CS2
Std 3.30 351
Mean 842.67 841.87
CS3
Std 6.58 4.06
Unit : millimeter(mm)
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