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Abstract

Abstract: In order to improve the accuracy and speed of registration between two groups of 4D-CT images
under different physiological activities, based on FFD model of multi-resolution B-spline, a registration
algorithm using ICP to optimize the model is proposed. The ICP algorithm is added before the traditional
b-spline to realize the point cloud registration between two groups of 4D-CT images: the appropriate
model is generated from the two segmented groups of 4D-CT images, then the two groups of point
clouds in the model are registered with ICP. The improvement rates of similarity measurement at level 1,
level 2 and level 3 are 8.68%, 10.46% and 2.39% respectively, and the speed improvement rates are
-51.89%, 41.71%, 81.09% respectively.
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Abstract: In order to improve the accuracy and speed of registration between two groups of 4D-CT
images under different physiological activities, based on FFD model of multi-resolution B-spline, a
registration algorithm using ICP to optimize the model is proposed. The ICP algorithm is added before
the traditional b-spline to realize the point cloud registration between two groups of 4D-CT images: the
appropriate model is generated from the two segmented groups of 4D-CT images, then the two groups of
point clouds in the model are registered with ICP. The improvement rates of similarity measurement at
level 1, level 2 and level 3 are 8.68%, 10.46% and 2.39% respectively, and the speed improvement rates
are —51.89%, 41.71%, 81.09% respectively.
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Fig. 1 B-spline registration framework
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Fig. 2 ICP optimized B-spline registration framework
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b i1 e e
J7id: ICP flLALi) B #£2% L5 B FES ICP 4L ) B 1;2;54%% B F5%
A Level 1 Level 2 Level 3 Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
Pig-Groupl 13.50 29.11 42.61 7.25 41.11 109.03 —-6.25 12.00 66.42
Pig-Group2 19.02 28.56 47.58 8.98 29.74 397.39 -10.04 1.18 349.81
Pig-Group3 22.92 32.93 55.84 10.16 31.16 300.84 -12.76 -1.77 244.99
Pig-Group4 20.28 27.31 47.59 9.45 58.20 257.90 -10.84 30.89 210.31
Pig-Group5 17.92 31.08 48.99 8.70 34.89 321.44 -9.22 3.81 272.45
Pig-Group6 20.36 28.71 49.07 8.60 39.88 559.66 -11.75 11.17 510.59
Pig-Group7 20.66 31.96 52.62 9.24 35.82 420.39 -11.43 3.87 367.78
Pig-Group8 13.97 25.02 38.99 7.96 19.35 43.33 -6.01 -5.67 4.34
Pig-Mean 18.58 29.33 4791 8.79 36.27 301.25 -9.79 6.93 253.34
Dog-Group] 41.67 44.65 66.50 29.16 67.34 624.71 —-12.51 22.69 558.20
Dog-Group?2 58.16 60.75 80.80 28.18 59.81 200.39 -29.98 -0.94 119.59
Dog-Group3 66.76 69.41 94.43 27.05 65.26 257.44 -39.71 5.85 163.01
Dog-Group4 69.57 71.21 87.43 26.06 49.42 274.99 —43.51 8.21 187.56
Dog-Group5 42.03 43.58 57.58 26.33 49.79 273.35 -15.70 6.22 215.77
Dog-Mean 55.64 57.92 77.35 27.36 66.32 326.18 —-28.28 8.41 248.83
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R2 PIRITEAUNE R AR S
Tab. 2 Comparison of similarity measurement between two methods

ik ICP (ALY B A 4 B pE ICPIRILI B ARG RA B R

41 =

Level 1 Level 2 Level 3 Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
Pig-Group1 0.74 0.77 0.97 0.65 0.61 0.96 0.08 0.16 0.01
Pig-Group2 0.60 0.81 0.91 0.49 0.62 0.89 0.11 0.19 0.02
Pig-Group3 0.57 0.80 0.93 0.49 0.53 0.91 0.08 0.28 0.02
Pig-Group4 0.70 0.87 0.90 0.58 0.52 0.92 0.12 0.35 —-0.02
Pig-Group5 0.70 0.78 0.95 0.57 0.59 0.88 0.13 0.19 0.08
Pig-Group6 0.65 0.87 0.88 0.56 0.67 0.87 0.10 0.20 0.01
Pig-Group7 0.90 0.89 0.95 0.58 0.77 0.84 0.32 0.12 0.10
Pig-Group8 0.85 0.74 0.93 0.85 0.72 0.95 0.00 0.02 —-0.01
Pig-Mean 0.71 0.82 0.93 0.60 0.63 0.90 0.12 0.19 0.03
Dog-Groupl 0.46 0.77 0.86 0.44 0.79 0.86 0.02 -0.01 0.00
Dog-Group2 0.45 0.80 0.88 0.45 0.69 0.87 0.00 0.10 0.01
Dog-Group3 0.47 0.77 0.85 0.43 0.78 0.81 0.04 -0.01 0.03
Dog-Group4 0.50 0.67 0.76 0.48 0.79 0.78 0.02 -0.12 -0.02
Dog-Group5 0.49 0.79 0.86 0.46 0.77 0.80 0.03 0.02 0.05
Dog-Mean 0.47 0.75 0.85 0.45 0.76 0.83 0.02 -0.01 0.02

NP SEn H 5 B SR A AH R, 7E level 1
(RIEF B, ICP ARAL 7 VAT T3 B[R] 22 L AR 4 7 v
18 50.83%; {HTE level 2 G, 1548 B FEAHITT
FEPAT PRI ) 57.92 s, 1 ICP ALK B BE4:
PATHSIA] /2 66.32 s, (A1 ICP LAb ik, ~F-EImt
R T 16.19%; 7E level 3 IS, 1448 B R4
T3 AT P B0 [A) & 326.18 s, 10 ICP AL i) B FE
KPATIF A 77.35 s, {6 ICP AL T7i%, P
AR T 76.29%. UiWAfE A ICP ARALI 77 7T K
TEHE = B RS AN ELHE R R

FIT LA, TC V8 & S0 4 I 60 T i A2 3 40
Ha L IE I (OO, B TG Y HRE (9 1), level 1
i H ICP LAk 7 vk be e, 15 level 2 PLJ level 3
I} TCP AR 7792 (A TR v 33 B L SR 7 2 o

T2 ARG 2 BRI 3ANELT, SRR
H ICP thAtf& 4 B #E 2% )5 DL K& 4t B BRI U7 %
TR BAR LRI B, B 1RSI 3 AT,
ICP fiift. B B2k 5640 B FEAR I 572 2[RI AR AL
FEM ], IEERRICP AL S B FESk S ikt
540 B FE ST IEAR NI B v, SRE AR

MER 2, SRR T IEECE, A S H )
AL S5 B &M EEEEGE, EE S
T 87.50%. JH Level 1, Level 2, Level 3 =it
HERE B NP YA B B S, FR e i)
N 11.77%- 18.82%, 2.70%, ViH: sh¥nsE(E
ICP L) B AEABIAERS FE I & EHALE 4 B
FEIRT

HHAR L NRRBCHE R T AR E, R 2
R EHE, SRR ICP Rk TTES
G JIERN ZENIEERS T 72.22%, U BfE
ICP 4K 14 75325 B 3R B vy 1) A AL 1 BE i b 40
18, BPECHERCRLT . Level 1, Level 2, Level 3 ]
PHIREE R E SN 4.56%, —0.68%, 1.97%.
ICP AL ) 77 1 REH /N AL LS R PR TG HE K 22
XFF N EC R Rk, A ICP RALIJTE, i
HEH E (level 2 PAK level 3 Hh)FILRE 4R H FTHE & o

ZEE 13 4P (8 HEhWsg e s 4l A K 5
PP sEIG ), f3H ICP AR T T 38 EE A
MMERR SR, Mk 3 fin. 4L, Bk
Yi, X T HFAERIRCE, TGV RS A I A R T
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Tab. 3 Improvement rate of speed and similarity ratio by
ICP optimization %
Ve ICP flLfb ICP flLfb e
f P IR
Level 1 -51.89 8.68
Level 2 41.71 10.46
Level 3 81.09 2.39
4 i

AKAE B FERTEASTCHEZ /T M ICP NI AC
HER Tk, AR RS S 142 N FdkAT B FF
FREAECHE. H B MR B R E, FREH
BEFE T Bkt ARG IR 7 AR &, R = 2t 4
AR B bR SRR . ARAEEE @ AL,
{5 B8 L VU 4 CT FI3h A e DU 48 CT 12
ATHCHESESG o S50 45 TAF BN ICP X 5% HIE [ AE
ZEREAR U M B = EUR O HE ARG 2, JF HLRE R &
o A 7 114 38

G AT ENIRE LS S AL DY 4 CT SE5
B, vTUUE AR ICP ik B FERHIH
RAESRPERCHE E O AR T RIFMAR . HEH
I F B B 9 Rl R Hp B A 7 R R R Y O
B MR DR R B A S R A i, AT TR
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