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W33 B#: Liu K,Lyu X Q,Gu Y, Yu HF,Ren G Y, Zhang M. The 2D/3D medical image registration algorithm based on rapid digital image recon-
struction[ J]. Journal of Image and Graphics,2016,21 (1) :0069-0077. [ X3, BB, A5, TR, fEEE, 1. JudBr Qs 2 46/3
Y pE s G T ], o R4 R 264 ,2016 ,21 (1) :0069-0077. ][ DOI. 10. 11834/jig. 20160109 ]
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The 2D/3D medical image registration algorithm based on rapid digital

image reconstruction

Liu Kun, Lyu Xiaoqi, Gu Yu, Yu Hefeng, Ren Guoyin, Zhang Ming

School of Information Engineering , Inner Mongolia University of Science and Technology, Baotou 014010, China

Abstract: Objective To overcome existing problems in generating digitallg reconstructed radiongrapl (DRR) and to meas-
ure the similarity needed for large computations in the process of 2D/3D medical image registration, a hybrid registration al-
gorithm was proposed. This algorithm combines pattern intensity with gradient on the basis of the Bresenham line generation
algorithm. Method First, the space coordinate system, in which the position of the virtual point light source, 3D volume
data, and projection panel can be determined, is established. Second, virtual point light source emits virtual light and the
light passes through volume data. The DRR image can be obtained by computing the gray value of points projected by every
virtual ray to the image panel via the ray-casting algorithm, which is an enhancement of the Bresenham line generation algo-
rithm. Third, the registration components, including interpolator, space transformation component, optimizer, and pyramid
filter, are instantiated. ‘The pyramid filter is initialized such that the number of layers and shrinkage factor of each layer are

set. Fourth, the reference image and floating image are processed separately into different resolution sequence images and
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image pyramids. The image resolution increases from top to bottom in the two pyramids. The arranged images in a pyramid

correspond to those of another pyramid. The transformation parameters are calculated by the improved mode intensity meas-

ure, and the optimal transformation parameters are obtained by the improved Powell algorithm. The above process will be

executed circularly until the image registration is complete. Result The experimental results show that compared with an al-

gorithm based on correlation coefficient, mutual information, and pattern intensity, the proposed method shows a substantial

increase in registration efficiency. The completion time of the simulated registration experiment and clinical registration ex-

periment are 76.2 s and 64. 9 s, respectively. The proposed method increases efficiency by 3~ 6 times compared with the

traditional registration algorithm. Conclusion The hybrid algorithm not only has strong robustness and high clinical require-

ment accuracy but also significantly reduces the time required for registration.

Key words: 2D/3D registration; improved Ray-Casting; Bresenham line generation algorithm; improved pattern intensity

(PT) ; multi-resolution; improved Powell algorithm
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Fig. 5 Registration flow chart
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Fig. 6 Final experimental results ( (a)reference image; (b)

floating image; (¢ ) post-registered floating image; (d) pre-
registered difference image; (e) post-registered difference

image )

13 R ST BCHERIA 2 & 5 AR SOt
Ja B BCHERL 4 5 PO HE B R ) S A0 B 2 Rt Ay

© rhiE K% KR AR RABUIT



Eo1%/E1HE /20161 B

75
XU, 2ERE, /F, FElg, ZEE, KB
HIERFRIGEEN 2 /3 HEZEIREE

XFH o
¥ 8 FhELVE A& SE IS HE R I [E] 54T T X L,
SRR 2 FoR

F1 AXEEHEGREREAERFEEZSHEXRY.E
FEEEEASEERELMNESHTLL
Table 1 Final position parameters comparison between
proposed algorithm and traditional algorithm combined by
ray casting with correlation coefficient, mutual information

and pattern intensity respectively

Ray-Casting  Ray-Casting  Ray-Casting &

e & & & ER7S
R FREL HiGE BB EE 4

I, 0. 056 -0.006 -0.034  0.001
t 9. 574 9. 808 9.797  9.980
‘ 9.971 9.890 9.999  9.998
r, 5.103 4.576 4.958  5.000
r, 4.785 4.672 5.013  5.003
r, 4.880 4.824 5.002  4.988

%2 [ DRR & E A SRR A & B R E Xt
Table 2 Comparison of the registration time between

different DRR generation algorithm and similarity measure

/s

. v - s PR
Ray-Casting AHCHRE  Hi5E  HERHE jé;ﬁ;
L4311 260. 2 300.4  418.0 174.9
et g 197.8 240.5  298.3 76.2

3.2 IfERECAE LIS

SEHRECHE S 3 A AR B S IR B, RN
128 x 120 x 165, 2 #4i%5Hi I E 4 X &%, KR
472 x 387, SLER DL X LS 5% E14 , DRR EIZ
FIF B EUE

ARCA PR EERIE 7 iR, B 7(a) HTE
B X UG AR BRI I, B 525 IR

3¢ 3 Wk 3 P L Ge O A A S AR St
Ji ) L SR 2 B T T B 5 1) e 2 B S A T
XF L o

() ZFHHGR

(o) BLHEIS i3 114

F |

(d) FEHERT 22 (IR

(e) BLMEJG 22 (H A&
7 AR SR B HE S g0 45 R A

Fig. 7  Final experimental results( (a)reference image;
(b)floating image; (¢) post-registered floating image ;
(d) pre-registered difference image; (e) post-registered

difference image )
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Table 3 Final position parameters comparison between
proposed algorithm and traditional algorithm combined by
ray casting with correlation coefficient, mutual information

and pattern intensity respectively

Ray-Casting Ray-Casting Ray-Casting VNS

2H & & & ERFS
MR hfEs  BSRE AR
t -1.5643 -1.5660 -1.5973 -1.5708
t 0.2033  0.19544  0.2337  0.2617
t, -0.0647 -0.0593 -0.0719 -0.065 1
r, 68.557 69.318 70.509  65.060
r, 67.221 67.408 67.657  66.928
. 0.0055 0.0056  0.0059  0.0052
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Table 4 Comparison of the registration time between

different DRR generation algorithm and similarity measure
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