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Research on 3D model segmentation and its application in anthropometry
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[ Abstract] The automatic segmentation results of 3D mesh model in line with human cognition can be used in many fields, and
accurate segmentation is also more conducive to 3D measurement. For the problems that the existing 3D mesh segmentation results
are unstable and easy to be disturbed by shape, We use mutual visibility and the shape diameter function based on surface offset to
improve the automatic segmentation results. Firstly, we input the mesh model, segmented it by spectral method, then merged the
over cut blocks based on mutual visibility, and finally merged the segmented blocks by the shape diameter function of surface offset.
We use the traditional slice method combined with the ellipse fitting method to measure the circumference of the segmented parts. In
this paper, several 3d segmentation methods are compared, and the results show that the proposed method is effective. The human
body is segmented by the segmentation algorithm, and the circumference of the segmented parts is measured by combining the
traditional slice method and ellipse fitting method. By comparing and analyzing the measurement results in this paper with those
measured by interactive measurement software, it is proved that the measurement results in this paper have certain reliability.

[ Key words] 3D mesh segmentation; Mutual visibility; Shape diameter function; Girth measurement; Ellipse fitting
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Fig. 2 Schematic diagram of over—segmentation results
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Fig. 3 Result of over—segmented block merging
A SCHRSL T R AR BRI G IR
TERG IR DI, DA — 20 B 8 23 B Y 4 B R
k.
1.3 ETFRERBEREERENSIEEHF
FFHA B AT WA TR0 G T, 15 20 Y 43 B 245
TEFINAF G S BT 32 4 2 A 1 — 4B ok
Vb, A EVHCRA IR AFAEAS 2 o AR SCHRE S ) 0 80 5
i 5 HOCHEM) — 2 R HT G TR AR AR pR ROk
PTG IE &), Re B M D LA b Il i, %
B AR BT A% oK B0 AE = ZE AR B B A T A P Ak
THCEE A5 B IR 7 B P A S L AR 4R
— BT 25 2% TR AR T RN B I i, O o



4 o i w5 MM

12 %

BEEE B2 A0 SDF {E, XA A H 30T A% A2
BRI A A AR R R 1 R H FE RS, 40 B A
18 T ELXH R JLART 20 5 B iU, Bk DA B[R], AR
SCRFFE T R MRS TR B otk & 9145

TR RN SDF B L. H S Fort AR
SYERRR AL X TR T v, FE I T A T
— AR ERIR 2 S P BR A A 4%
S FOR T A ERIR RSN 4%, X T IS A A T
B —AT0s p e S, W p FAINELIT I IR 4 S
S M F M q, FE—NHqge S, WqeS S
4 qp MS WZE A, E XAE p A% SDF 1Y 28375 1 25
lgq | = 2r, G 4 Fis,

E 4 SDF REE
Fig. 4 Schematic diagram of SDF

BT E A thresh = 0.12, X TR ERS
IR HER D = (D, ,D,,--- D, |, (EBAHLR
PIAF3e D, F1 D, , SAIHH T D, bR T
SDF fE, SCHK[ 10 ]38 13 )9 —1L 1 SDF {E AT 5 5k it
P 5 B I LAAS SO FH D, i A TR Y
SDF {Hi#17IH—fbAb B, # H—1k 1Y SDF {EAE AL

THA BT by R B EAS BAHAR T D,
(% SDF EJ7 1 b, , IR OCHE e B A (3) F
(4) P B J7 B Z ) AR, 5 KT A
thresh, W& I D, 1 D, EAPATLL EL IR, 5 5F
FRAB DR, B R L AR 1k 7 B B2 4y H 45
B WA 5 (a) B, IR LLE R 3508 45
B 23380 3] S 30 DX 3, g 1 % R R A s X
IR T HER R RIS R . 5B 5(b) g e
AR AR PRES S FI 45 JEXF EE AT RIS SC 4331 R0 3 i
i

m

(h‘i(m) - l;l) (hj(m) - hj)
k=1
d(h; h;) = (3)

]; (hi(m) - };L) 2 (hj(m) - th) :

_ 1 n
h/c :;Z hk(m) <4)
m=1

(a) BRI HILER

(b) fEGIBR BRI EILER
B 5 SEERIE

Fig. 5 Comparison of segmentation results
2 ETHIFEN=ZHANFNERAK

FIFHAS S5 RIBEDL RR A T 04 3 B — 2 A AR
RIEANERAL, BE S PUHE A T I B AR IR, 45
H G AR S PR A7 43 AR B K R AR 42
(R BI) 3 235 5 WO T 00 5, 0 DA A RT3 0
S PR R | AR R, U R ik s RAREE Bk oK il
Fil ML A TR
21 ETFHEMESENEEITE

SRR EYRE I EiVRE g i N i 1B 1
JAH, AREC R BE AR, 96 [ 400G 1 DG SHEAE T84 ) i
A SR EURRIE (B FVREAE 0] o, B A — 20 H bR S 4R
4 (x,y,), KiZWE A B .C.D E F6 /1S5, ml¥
HAFE IR 2 F(x,y) =ax® + byy +cy” +dx
+ey +f=0, I RLREM B - 44C < 0, EX
AR X 5330 A = [a,b,e,def]" X =[x,
xy,yz,x,y,l] , M B 20 F(a,y) 7T LLEAE
HF(X)=XA=0, XFLREMB -44C <0,
Ba ANHOBE, a.ala # 0) AR A0 [5R] HE H £
TE— G RN, AN SE XL AT DL AR
AR EAF B B - 4AC =1, HEX—1Nx6
AIAERE D A ECEE ¢ 1 sk (5) fisk(6)

BN, %y Y %) 10

2 2

X XY Ye o %Y, 1 (5)

MDD O vO O O vO

[SY T A I B

=T e

2
Xv¥y Yy Ay ¥y 1



1M TIHE, 5. =R B RT ST B HAE AT rp k) 1 5
g0 0 2 0 0 0 [T 229 - (1 3 o A N 2P a4 AR
20 =100 0 0 B 5 ) "R AR B A AR R R4 R R Sk 1
C=¢2 0 0 0 0 0¢ (6) A, B el 15 2] AR HEE A, aniE 8 Fiw
‘éo 0 000 0.

0 0 00 0 0g

AR LA B - 4AC = 1 B0 5 6 M =K
a'Ca =1, WG A [0 UL Rl /2 o' Ca = 1 B,
K min || Dall®, 23 % min || Da|?, 4 %] min
| Da || > =Daa" D"; ¥5EFIAS I H pREL: L(D,A) =
Daa" D" - A(a"Ca - 1), 2HARSEC K 0, A
(7),/8%ID"Da = ACa=0,80D"Da=ACa ,% D'D
=S, MET153) Sa = A Ca, BRI (8) ; A MR & 1)
FBUEE R SR B S C R AE (A VR AR [ 2 14 () A5,

AL(D,A)

BT 7
tea =ty

S Ca = 2 (8)

22 ETHROSERENKEEENE
Sy EVJE A BHASTR AR A Bk ) B s 5L
Pt Hoh g B =4 (v, y,2) AebrR, KBRS
TEEE I FH A BR o™ 48 2R 12 00 i R I A5, R
JHEE L2 i DR PA 0 JUL PA) e ™ AL Y K G Bl
T R BEIA A AL AR IR KT A D) A i R 5
SHRBIN R MILPA fe ™ AL, RO 6 1Y A i, )
BRI IR B 5 0, TH Hh ORR de i i, X
Y, AKBR S ST RN, Y, KBRS T
TEALE, Y, BCENT Y, T AR 0.01 7K
ST SEAT VIR DI S BRI AR 5 A3 B A S Y
SRR TR Y R AR SCRR S D) T = A A A
RS, S LAY SRR R s A S, AR S
W DI = YE A, S, AR T —
DI =4 B s e, nl(9) ~ K (11) .
Si_ :{Pl—l :{(xi—l’yi—l’zl—l)}} (9)
S, ={P, ={(x;,5:,2) }} (10)
Sior =Py ={(xisy,yi015200) 3} (11)
7E S, IR0 5% & Bl R . B/ME
;i Az SO KAE 2, R /ME 2, , IR 54
AR T WA DT = AR5 RS B A R R A AT L
B, 2 A6 2 20 (12) B, S, Ry 205t Rl P 0
M RUITTE I T = B3 I R B, 9 ORBE I B
MY x AABR
(2,0 > % &&x, > x,,. ) && (v, >
X @& X > X ) (12)
WS, S, S, VI = 4E48 5 S AR AE xoz

i+1ma

Ee6 XERAMZOSA
Fig. 6 Point A on inner thigh

-
-

.
¥ L]

7 NEZRAEBEATE_HRES

Fig. 7 Adjacent contour points

B8 HERIKBEE
Fig. 8 Fitting thigh circumference

23 ETEREBEMNEENZ

I TRRIEAE 22 5, 05 L R IR A AE 25 53¢, I
DA PR UL 5 B A R A IR 22 B AR SR
FH B RFORARAR A6 0 A Y I 2 Ak 3 L (B, i
THER R AR D o (B S /N IR R A 3 S N
P HP, . P, P, IOESBO R SR
53 CLRNC2 ks, Al 9 iR, KB P, P, -
JTHIREIER AR C1 R ITRY €2, X €1 C2 jidk
P x (MR AT (P Py, Py e, P,
Pright) e C1,(6,,,6,,6,,--,G,, Cright) e C2, Hrp
P.(i = min,1,2,---,m,right) I G(j = min,1,2,-,
n,right) 735 KR C1H C2 P EL, Py, Py, H
G rin G THIFTR C1 AN C2 T o (B R/ ORI AL

FHRR P L Z I HE RS R d,, Wn=(13) .

d= Xy =X )+ (Zgy =Zgy) 7 (13)
W c1 KN L1, = (14) ; B, C2 KEH




6 E N B 2 o A S B VA O 512 %
L2,35(15) ;R FEEE L = L1 + L2, WCSeg Fl SegMat /7%,
L=y 4 (14) W
i=0 0.5
2=7 d, (15) 04
i=0 E 03
0.15 02
0.10 0.1
0.05 P 0 Human Learning WG Seg  Shape Core K- My
P Mesh Seg  Mal  Diam Extra Means Paper
w0 (a) DIFIZES
=0.05 07 Rand Index
0.6
-0.10 05
-0.15 . 04
-0.2 -0.1 0 0.1 0.2 E
= 0.3
H9 RMEHLTEE o
Fig. 9 Schematic diagram of cumulative distance method 0
0 Human Learning WG~ Seg  Shape Core K- My
3 ;gﬁzﬁ%ﬁﬁ*ﬁ Meshhﬁeé Mat ‘Di(a[;n Extra Means Pﬁp)er
(b) =fEHREL
gggl‘i/\.ﬂ:ﬁ:zlgiﬁggg%\ﬁ Intel(R) Core(TM) 15 1.0
-3470 CPU @ 3.20 GHz,12.0 GB INFEAY window10 x Homing o
> S N (ST 3 Hamming—Rf
64 HRAEFRSE FIEATI XA A C++H matlab, h ‘
3.1 HDEIERITMH 06
ARSCR IR MRS 4, R 4 FiE 0 E A 5 oa
AR HEIE X A SC o> B S5 R AT PRAL . 4 PP 85
0.2
£, 45 4 #l 22 5 ( Cut Discrepancy ) . I H i 2
( Hamming Distance) A é?‘%%‘gﬁ( Randlndex) iﬁ]—ii 0 HumanLearning WC  Seg  Shape Core K- My
N N Mesh ~ Se, Mat Diam Extra Means Paper
PR ( Consistency Error) (12] o 4 NTEM bR UEHRD 2 (i) U B l "
DAL T30 B 45 R AT D B e, OF HL e BOCHR
e 1y F T4 F O KMeans 43 # U7 i 025 oLk
LearningMesh 43 #] % 7% | ShapeDiam 43 | 5. 7% | 020
CoreExtra 73|15 DU N WCSeg 43 #57% Fll SegMat ol
Or BV IEAT R 0 H A BT, WCSeg 73 %1530 125 £ 1 £ oo
& G2 R B A% R ERORT M P AT AR B Y 4y '
SegMat 415 1 S HE A R0 45 150280 ) o ol A B "
0

(MAT) 3B =LA RS | o] DL R AR R ) S 508 N
AN R E R B A2 0 A BB B o B 45 2R AKX
J5 155 R FE AR T A 438 R — A B
E b Ty i 2 T rh it B R 40 (%) B 1], LTI 1Y)
HRR R U LLBCFERT . 18] 10 My Paper” A7
ORGSR 8 10(a) ~ &1 10(d) 735 Bos 1
PRI R I T DAL 4 PP R BRAE 8 oyl
D7k A X 25 B, AT DL I AE 4 AR A4
L7 N i D R € R S S e A Y

HumanLearning WC  Seg  Shape Core K- My
Mesh Seg Mat  Diam Extra Means Paper

(d) —BEiR%E
B 10 AXHHRERITMAXILEL

Fig. 10 Comparison and evaluation of segmentation results
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