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3D model fitting method based on point distribution model
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Abstract: A 3D model fitting method based on point distribution model (3DMFB-PDM) was proposed, aiming at the
problem of poor fitting between the 3D anatomical structure model of the patient’s part constructed by the traditional
method and the test samples. Firstly, the data processing was performed on the training sample set to align the
template sample with the target sample, and the adverse effects of training sample due to rotation and scale changes
were alleviated. Then the correspondence among training samples was established, and the patient ’s point
distribution model with a normal distribution was represented. Finally, the distance between the feature point and the
corresponding point in the point distribution model was calculated. By introducing the Mahalanobis distance and
converting the nonlinear equations were to minimize the distance. Meanwhile, the shape parameters of the point
distribution model were continuously adjusted according to the minimum distance, thus the point distribution model
was fitted to the test samples. 30 groups of left femurs were selected as the training sample set for experimental
verification to verify the effectiveness of 3DMFB-PDM. Results show that the fitting error after introducing
additional terms is smaller than the fitting error without introducing additional terms. Comparing 3DMFB-PDM with
the other three methods shows that the fitting error of 3DMFB-PDM is the smallest, which indicate that 3DMFB-
PDM can effectively fit the 3D anatomical structure model of the patient’s part to the test samples.
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Fig.2 3D models of left femur in thirty groups

95 E TR 30 A A B i B I SRR A B
Q=1[51,8,---,8x], N =30. VI Zr ke A 4L ) A AR &
FREBWMERL PR, Hdw o HF. V5350 8 U 25
FEARMIRE ., 5. A REDE . =ML
MR G AR E e R 3D BAL (N
011), ¥ HAE MBI AEA S I T AL, 25 R 3
Fiis . FEAS B S 9 AT AL 25 5 FH s = F LR OR
ok, JRIC R WU 9K, AnTEl 4 Fros . X 1E 4 73
Bral n, HET0 S ANk 57 224, ¥ o ) BT A B
FEIGAR S = 2= 7n I 09 BB A0 T 5 A~ 50k
4 432~78 176. 44 S¢ . @' BT AR AEAR X 5%, Il i
H H 2 JE ( free-form deformation, FFD ) 231 1% 7 = 4F
YINZRAFE A (8] 2 37 % Bz 5 ZR I A B R A 1 55 53
G i O (1S BT N T - | B 0 = 2 N s
RUJS, T35 o3 A 1S 5 PR AR A R S, O AR
s 285 LB A B B SR S R
TRRE A A R AL . 2 30 21 260 ik B 19 40 A
B 55 R AR SR AT LA B, B ST 30 4 A2
B S, S11, -+, S30) H AL = B X Ros ok, 15 3
S5 S S 2R S S S
AR Sp, HF Sp5 I BURE AL A, 38 1 5 %L Sp
HITEAR S0l Sp 5 A /Y B B8 /N, SE AUl &

F1AEMBREESHAKNEZER

Tab.l1 Anthropometric information of left femur images in

thirty groups

ID F M wike  Hiem F/n 14

001 25 e 61 175 102080 51042
002 29 % 72 180 98744 49370
003 32 % 70 167 87876 43940
004 26 % 66 165 109528 54752
005 26 % 63 170 112800 56410
006 29 % 80 180 106268 53130
007 30 5 83 176 156348 78176
008 35 5 79 175 117744 58876
009 32 % 75 170 97116 48560
010 32 % 80 168 76204 38110
011 27 % 62 166 114452 57224
012 26 % 60 181 99548 49770
013 30 5 80 182 95536 47760
014 33 5 83 178 99512 49746
015 30 5 85 179 92184 46084
016 42 © 65 159 95432 47708
017 40 % 62 158 88288 44140
018 41 k'S 62 162 56244 28120
019 36 © 60 163 80476 40236
020 34 © 61 172 93272 46640
021 26 © 58 173 91248 45600
022 24 % 56 170 107988 53988
023 31 © 56 160 110216 54922
024 30 © 57 161 88268 44114
025 25 % 45 167 8 840 4432
026 26 © 40 168 87296 43648
027 28 © 46 166 123404 61698
028 30 © 61 159 86020 43024
029 38 © 65 158 102688 51344
030 40 «© 60 163 89912 44960

A1 (7)  (8) nl L, R Ak fi) 4 F) B X 7 A2
FE AR (4 B, I L 23 A B 8 ml DLl A G A28
Y20 R R TBU (VO TUR{E Wk 1/ = g A S 1]
20 ANRFAE ) . & B AT 7 A AR ) A ] LSRR
98.5% MY LML Y, Fifi 35 f ik 1) H5k ) 4R 25239 T, 4
A 1) AR AR AR Y F7 43 HE G g BEAR /N, X
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Fig.3 Visualization results of template sample
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Fig.4 Point cloud representation of template sample
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Fig.5 Point distribution model of training sample
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Fig.6 Eigenvectors represent percentage of deformation models
32 MEIRETM

AE F W B 02 15 38 Bl e /N, AR BT 1 ARy

AL E 2 ok 50 W
H
Sims (1) = )" Sim(Sp,; (4), Ns,1)-
h=1

2 Sims W E A . B E A B O X 2 2 b
1) AR 22 56 M 1 B B 302 5 2) MR8 AN [ 19 52 4 4K
i, I 22 ORI SR A5 R, AR 22 50 1 1Y
(6. HOR MR 22 56 B %€ B (ELAT 75 B 22, (H AR
A1), s 77 R T /N BE 5O R e A X
L OSN3 D I P (B L i BUR Y. 2 /i e N
O RN B 1 (B SR, S B P SCSCR F By e AR
Gt 5 Guha 55 251 38 1o 28 56 B AU B {E, K A
O RV D TR 3 58 3, B OR R E i b TR
s AT W 18] AS B 5T B (R Y B2 E AR U 242 0 A
E, it Z WML R AT R R TR, &
TE A B AR B E R /N Y B E L2 R SR 4 R
7 A R AR ORI R/ 9 18 RE 2 R R A
G A7 T 5 R A A 4005 R 22 DL OB IR B B
A AR R B B B K, 20 A B R 5
(=N TR AN N e TR VR Py
K5 BB RE S/, A B IEACR B 2, 573 A 15
TG I ECRE AU 5 T o 04 e ]

BCAE Simg B B ELJS , 353 A 20 A A 2L A5 0 3K
FEA 22 0] A R B, 24 % ) A9 R KT TS E
8 (L, 350 B 1) LG 8 AT 38 B /0N, LA ot
XL AR Z B AT AR, KBRS B4 2
Aivr. TEGLA BN, 550 A A58 78 15 300 3 A0 A 1]
4G R 22 el , (R — 5 35 2 B (8, Pt 4k
Sk AR R A BB B AR S 8, BB A ] A AL
IR 22/ T AR B A, a2k ACAE Lk, H R A AR
TGS EEA FEAT A, i th L5 45

T VAL S SR AR B LS R 22, R
3DMFB-PDM 7 A 5| A B 32 it ) #8045 3% 2% ED
BF i 35 A 48 A % 22 (ED+MD) . o KR 22

(22)



L, F . AT ESAEAGIDBER ST H[J]. FTRKFFR: TFIR,

% 12 8

2021, 55(12): 2373-2381. 2379

Max ., -5 22 Mean F1¥J J7 i1 25 RMS 1E R 1
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Ja LG R 2ZE /DT AR GBI 48l 5 152 2% . 3% 2
1 Sp5 B TIRBEAR LA I 25 51, o Tk — 50
3DMFB-PDM f9 i FH 4, 3 B 2 A~ R 48 5 Sp
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TEZ AN MR FEAR SR AT 34 BTSSR R 5 2 20K .
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30 41 A BB VR b I G R AR BB IR E A B

3DMFB-PDM 5 MDL . SLIDE. SC#k [15]. SCH#ik [18].

SCHIR [19] 7 A4 2 26000 BB 19 o500 A 153 784 By 75 7 Bt
], 553k 4 o, R/, o RF T BT
6] . FH & AT 1, 3DMFB-PDM A4 8 22 0 I B 1) 15, 0
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B T 75 i s ] b HLA — A A

R T A Sp 5 WA AE A TE A R 7 T G
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F2 RIINM IS S\ M0 IR 2 b

Tab.2 Error comparison between no additional item and

additional item mm
PN FERR Max Mean RMS

ED 14.357 2.433 3.328
(ED+MD) 12.268 2.429 3.114

M) e KL AR Z 25 15.06 L 13.68 mm,
K F 3DMFB-PDM [ 12.27 mm, % ¥ 3DMFB-
PDM HA /MWl 4 1% 22. 3DMFB-PDM [ -1
B2 A MR 225100 R 2.42 0 3.11 mm, 5
Mk [15]. [19] B9 AH Ho L BH & 48 /N, 3R B 3DMFB-
PDM % $14 & 15 25 W] b /N T SCHR [15]. [19] Y. It
Hh, SCHR [18] Ml KL G iR 25 . PR 2= M
MR 205 12.37,2.48, 3.23 mm, /h T X
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BT SCHR [18] Jr ik AETH B LA 158 25 i R TR IR BR
[ N N T i RS BB W e N B R S A Y R
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Tab.3 Error comparison between point distribution model and

multiple test samples mm

ED (ED+MD)

MR
Max Mean RMS Max Mean RMS

FEAL 15227 3.064 4.025 13.046 3.015 3.633

FEAR2 14.629 2921 3359 12437 2437 3217
FEA3 13.753 2735 3.016  12.067 2361 3.024

A4 15.664 2.863  3.968 12.821 2501  3.208

Tab.5 Error comparison of four methods mm
Ik Max Mean RMS
SCHR[15] 15.006 4.325 4.113
SCHK19] 13.685 3.037 3.419
SCHR[18] 12.371 2.486 3.235
3DMFB-PDM 12.268 2.419 3.114

F6 4MAEEINNMNAERATHRAIRE

Tab.6  Comparison of fitting errors of four methods in three

x4 TEFEME RS R R B X3
Tab.4 Time comparison of different methods to construct

point distribution model s

Jik t Jrik t
MDL 10.146 SCHR[18] 2414
SLIDE 12.269 SCHR19] 9.382
SCHRI15] 6.025 3DMFB-PDM 2.359

test samples mm
A2 A3 A4
Jiik
Max Mean RMS Max Mean RMS Max Mean RMS
SCHR[15] 13.9653.9744.261 14.217 4233 4.037 14.368 4.725 4.479
SCHR[18]  12.1742.3163.216 12.5372.5183.168 12.265 2.241 3.092
SCHR[19] 13.9623.1143.512 13.3792.983 3.428 13.3153.0163.374

3DMFB-PDM 12.037 2.165 3.191 12.3662.401 3.037 12.1172.2352.894

3.3 EEIMEEEIEME
T iE— 245 3DMFB-PDM #4 & 19 /5. 4> 7
MRS ) P fE, B Sk [15]. [18].[19] kS
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Fig.7 Performance comparison of point distribution model con-
structed by four methods
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