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Construction of a global model of cardiac surface motion based on average intensity projection image

DENG Yongjin, WANG Zhaoyang, QIU Minmin, HUANG Jianwen

Department of Radiation Oncology, the First Affiliated Hospital of Sun Yat-sen University, Guangzhou 510080, China

Abstract: Objective To construct a global model of cardiac surface motion based on average intensity projection (AIP) image.
Methods The cine magnetic resonance imaging data were divided into training set and test set for model construction and validation.
The datum points were obtained on the AIP surface point cloud, and the corresponding points of each cardiac phase surface point
cloud were found based on surface features. Principal component analysis was used to extract feature information, establish the
mapping relationship between the datum points and the corresponding points, and construct a model for predicting each temporal
phase surface point cloud from the AIP surface point cloud. Results The RMSE of the model on test set for corresponding point
prediction ranged from (0.209+0.020) mm to (0.841+0.074) mm, while the Euclidean distance for each time phase surface point
cloud prediction ranged from (1.399+0.029) mm to (1.658+0.100) mm. Conclusion The proposed global model exhibit high

accuracy and can provide a reference for image segmentation and clinical treatments.
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Figure 1 Flowchart of the acquisition of cardiac surface point cloud and ICP alignment
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Figure 2 Downsampling the point cloud to obtain datum points
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Figure 3 Finding corresponding points based on surface features

143 BEFEEGSILE A7 i m b agE—8
p W I TR AR, 8 A0 3 A 32 il 2R 0 25 il et
.

€:A(k12+k22) (3)

2
Horb, A 0 il TR B SCH B, WETE o T LR,
B FCBE 1o ey A dey 2 i THT PR 58 p 1O A T 11 56 A
i 2 G N1 N ST 2 BN N -3 1 RS L g T
bRy R 22RO OB R . Bk Bt
O st ML HE R 8] AR HE AT eI, BIDRE oS5 328 25
YRR p 2 i RE /N p VRS X

L) +h(p) K(p) +h(p)

5 5 (4)

p=arg min
Py

Ho,p,, s WA TS 2RI A5
144 HERWERERFEMENKAER Himkh
FIRY DC THC R 2 1 v I — ) B 4, TR R LR 22
FOHAb /MG 2, Hi AT a5 p VR E A5 B -
¢, = i (5)
€-o
Horf, e ST R o2 il e 22 . e HERVEREC £ p Sh
Tl A R 0 1 P 2 25 i SR 22 L T o S R A LAt
Rt A RE2E R T 220 A VLIC A R 25 il B 22
ZINT R A T 2 A S SR ) B/ IME (P
WEARIEIRE) B ¢, < 1AL & T f.
55—y T AR SCHATE SO 248 LA I R o
FIRVCHC AR BN 8 p 5 p M B m &2 v, IF it

By Sk v I, IR T EE BIE (A
WFFEEC20°) , WITA A48 2% 31 Y 5 R IR DT T s, 8 2
Tp 6 a5 R 22 Bl , X R A 1 e AT FBT AT R . IR 3c
R AXF ARG R R B
1.5 EFPCAHEEFHEER

15 ATP 37 557 0145 B AR A0 o 7 i A 0 B A5 B B
HEST ML OC R M A R AR A R ) — A B
T T A BB O 3 1 A [ 47 8 7 4 ) AR ARG
AIP R HAT AR | XA A 50 T DA AR
RO AR (0 25 SRR 0AIE o T JE v A RN o 3 S
B 1 7 A B A e S A TR 2
W H A 2 HRBIS, IR I PCA Bl AT 56 FH ok k47 B gl b
B, PCA L B2 R 40 5085 & IF A U 8
FeolfE B B R R s i A R 5 B . BN TE
A B S S R R O HEA T R P AR RN R P
J7 220 W 3 ek e P Oy 2 i B R A T RRAE AR 23 i A5 2
R AE o (R R AE A R B /N ATHES ) | BURRAF ()
TR R B 3 38 JEL L B, B0 AT S BRI e e o A A
F 5% PCA B35 19 B B AN L 1 A, S 32 offe o5 Rt
NS AT R

c= [CI!IJ,CLZ’/,C]&J, “Cyijo cN’z,,,cNJ’,]T (6)

d=[d,ddy, e dydyndy,] (7)
Hor e, BB ISR n A X R S S i o
i=1,2,3 500 Fx, yo z Ao NNER A

AT D, e B A 4 5 Rl o 25 L



2

- 203 -

D=d-d (8)
Hop DR P i, d Y s IR E T
25

-1 o 3

dzgﬁzﬂzﬁﬂJ (9)

¥ ¥ )7 250 % cov (D) = DD, I+ B A E (A
FVRRIE M) & . ZECRIEDS B R IR B KT 95% M AT i
T, FEME AT d AT R R R REAE AR B K KRR 1)
e, B :

d=d+Y " wee, (10)

& 4a 78 AL 1 95% {5 2 i B SE 1 A5 F2 Al o 5 2R
(L1641 F R ) , FEEU L ) I AR RN AT

D~ WE (11)
H E= [e],---,ek]@/é?ﬁﬁl(/l\%ﬁf'ﬂ%,ﬁﬁ W =
[woeeeow, | AR AR (. 28 I TT LA H A7 5 Mg ot
Jf A5 e H YRR 5 S R D 3 R B A v el
AT

c=A"WE + A4, (12)

A RS E X LG RE IT HOmACE £
TR A, DR s AR . 454 Lk Fist
(12),e AT LAE Y

cxA'D+A,=A"(d-d)+A,=A-d+ B (13)
Horp, 4 R B 2 ATP A 3 A5 d RN 45 Bt AH 05 2 0 56

I R ¢ BRI OC 2R I ARRIE R B B A RO B0 SR A b
)4 JRyis SretE . SIAMNEE RIS i
Sy T P R B 3 RN, oo A7 3 B A b, mT iy
TFoLm R Em S A .

1.6 & FHEERIEIE Fn7EHT B & BN B

Z A Ry AR N ] T DN A A 08T R B, JE AR
HOHT (B35 W B A d, T ] 3R PCA J7 v B F i Al
B 45 AF B A A B, WU AT Do B4 3 45 B AR 4 X
IV 153 :

Cop = Apydoy, + B, (14)
o nsp FRFT R . LT HUE R E 1 AP 214,
S0 AT LATSEIN H 0 3l Jo 30 b 2% I RH BRI . TR SRS
FRAF VLT HEE SR A A RS B AR DR AIE B RIS 0 A
AR AL AT AR R LSRR s AR LA o o ATP £
SRR T T AR RVAT A S AT g B2 45
IS AFLCo JUE 2R THT A9 LS AR o i 3 408 AU A7 (Y 4 1
TEXA SRR, Q& 4b iz, sip i AIP YR S 1Y
LA, T BOR AR R — B AH S AR IR 5 p's dE 2
AR T LAARAR 5 p e 1) 4 A4S p~p, (R
Bl d~d,) . p,'~p," 530NN p~p,7E S L BIXT N
Ry A ENTR A R i o IR A B AT R 15 p
Hp Wi m .

F=k2;zwi (15)

0o 2 4

6 8 10 12 14 16
B Wix

a: BRI ERENEESEMS

b: RIEMBEE T EE

B4 £HRERHEE

Figure 4 Construction of a global model
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Figure 5 Cardiac surface point cloud and the corresponding points in each time phase
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Figure 6 Accuracy validation results of the global model
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F1 LEREEHEFHERMIRE (nm, ¢ + )
Table 1 Errors of the global model of cardiac surface

motion (mm, Mean+SD)

BEFS WA RMSE  DMEE LS Z ED
M4
pl 0.267+0.020 1.446+0.096
p2 0.549+0.051 1.399+0.029
p3 0.841+0.074 1.567+0.139
p4 0.209+0.020 1.445+0.061
p5 0.755+0.063 1.658+0.100
S HAR
pl 1.202£0.069 1.571+0.080
p2 0.895+0.093 1.727+0.093
p3 1.441+0.152 1.698+0.117
p4 1.025+0.056 1.779+0.104
p5 1.912+0.138 1.746+0.110

[5% k]
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