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A Study on the Deformable Image Registration Based on the Tissue
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Abstract The image registration is a process of establishing spatial correspondences between two images. It is widely
used in the computer vision, the remote sensing data analysis and the image processing. Especially in the image-guided
radiation therapy, the image registration plays an important role. Recently, the scale-invariant feature transform (SIFT)
has been used in the medical image registration, and obtained promising results. However, SIFT is apt to detect blob
features which cannot reflect properly motions of lungs. In this paper, a hybrid feature detection method, which can detect
lung tissue features effectively based on Harris and SIFT algorithms, was proposed. In addition, a novel method which
can remove mismatched landmarks was also proposed. A series of thoracic CT images were tested by using the proposed
algorithm. The quantitative and qualitative evaluations show that our method is much better than the conventional SIFT

method especially in the case of large deformations of lungs during the respiration.
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Algorithm: Structural Invariance Removing Method

Require: Suppose P;, P, are preselected point sets. Every point in P, has a correspondingly matched point in P,.

The number of P,, P, is n.
Ensure: Final set of matched feature pairs.

1: Let O be a set of point pairs; O, O, be sets of points.

2: 0« G0 «G,0, < I
3:for i < 1ton

4:  do Q, < n, number of points in P; which have nearest distance to Point i

S: 0O, < n, number of points in P, which have nearest distance to the point which corresponding to

Point i

if n >7 then

o R

9: end if
10: end for
11: Return O

QO <« Point i and its corresponding point

n, <—the number of matched pairs between Q; and O,
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Fig. 2. Comparison among mismatched pairs removed by different mothods
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Fusion images of lung CT images
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Table 1. Comparision of the proposed method and the conventional SIFT
PR FR P HE iy L4 SIFT J7ik ¥/ RES
SSD 104151 56727 37650
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Table 2. Errors of 15 representative points using the proposed method and conventional SIFT

b g SHBUBIRRE R BR R MR (mm)
[fIAEFR (mm) AEFR (mm) SIFT 757k S RILWIRT
1 191.6,224.7,21.0 191.6, 219.8, 40.5 7.1, —1.9,10.5 2.2,2.4,3.0
2 294.6,234.3,21.0 299.5,227.3,51.0 42, —4.2,18.0 0.7,1.4,3.0
3 287.6, 265.1, 45.0 288.3,260.9, 64.5 1.6, 1.4,0.0 0.7, 0.0, 0.0
4 189.4, 246.9, 55.5 186.0, 242.0, 72.0 —0.1, —2.1, 1.5 0.6, 0.0, 0.0
5 309.2, 299.1, 54.0 305.7, 299.8, 70.5 —14,07,1.5 —0.7, —0.7,0.0
6 284.1,353.3,82.5 280.7,351.2, 82.5 —0.6,06, —1.5  —1.0, —0.4, —1.5
7 188.8,297.0, 81.0 184.7,295.6, 90.0 1.4,2.1,0.0 0.0, —0.7,0.0
8 280.7,266.4, 73.5 279.3, 265.0, 90.0 —0.7,3.5,3.0 0.0, 0.0, 1.5
9 289.7, 306.0, 93.0 286.2,303.9, 100.5 —0.7, —0.7, 0.0 0.0, —0.7,0.0
10 188.8, 236.5, 96.0 186.1, 233.7, 106.5 —2.7, —2.1,6.0 —0.7, —0.7,1.5
11 309.9,303.3,106.5  305.7,304.0, 111.0 —3.5,1.4,0.0 —0.7, —0.6, 0.0
2 191.6, 279.6, 109.5 187.5,278.9, 114.0 0.1, 1.4, 0.0 0.1,0.7, 0.0
13 262.6,346.4,117.0  257.7,341.5,117.0 0.0, —3.4,0.0 2.1, 0.0, 0.0
14 190.9,271.9, 123.0 190.2, 269.9, 123.0 0.0, —0.7,0.0 0.0, —0.7,0.0
15 319.6,263.6,135.0  318.9,269.9, 139.5 0.0, 2.1, 0.0 0.0, —1.4,0.0
MAD 1.6,1.9,2.8 0.6,0.7,0.7
Std Dev 2.6,2.2,52 0.9,1.0,1.2
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