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Abstract: In this paper, a feature-based registration technique is proposed for pre-contrast and post-contrast lung
CT images. It utilizes three dimensional(3-D) features with their descriptors and estimates feature correspondences
by nearest neighborhood matching in the feature space. We design a transformation model between the input image
pairs using a free form deformation(FFD) which is based on B-splines. Registration is achieved by minimizing an
energy function incorporating the smoothness of FFD and the correspondence information through a non-linear gra-
dient conjugate method. To deal with outliers in feature matching, our energy model integrates a robust estimator
which discards outliers effectively by iteratively reducing a radius of confidence in the minimization process. Per-
formance evaluation was carried out in terms of accuracy and efficiency using seven pairs of lung CT images of clinical
practice. For a quantitative assessment, a radiologist specialized in thorax manually placed landmarks on each CT
image pair. In comparative evaluation to a conventional feature-based registration method, our algorithm showed
improved performances in both accuracy and efficiency.

Key words: non-rigid registration, lung CT, free-form deformation(FFD), 3-D feature detection, scale
invariant feature transform(SIFT), energy minimization
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Fig. 1. Block diagram for the proposed registration algorithm
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Fig. 3. Feature correspondences between the source and target images. Blue and red dots denote the features in the source and
target images, respectively. Matched pairs which have the shortest distance in the descriptor space are connected by green lines
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Table 1. Comparative evaluation of the performances in terms of
accuracy. The 2nd column represents initial registration error.
The 3rd and the 4th column represent the error after using the
TPS-based method and the proposed method respectively

Average + St.Dev [mm]

Dataset
Initial TPS-based Proposed
1 7.06+3.14 1.22 + 0.96 1.12+0.94
2 3.92+1.24 1.08+0.64 0.98+0.54
3 6.02 £ 2.52 1.14 +£ 0.80 1.11 £ 0.66
4 493+ 2.29 1.833+1.80 1.14 £ 1.70
5 6.78 £ 4.85 1.21+£1.73 1.16 £ 0.76
6 2.22+1.59 0.84+0.52 0.94+0.63
7 2.72+1.44 0.99+1.10 0.96 + 1.04
Mean 4.81+2.44 1.11+£0.98 1.06 £ 0.90
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Table 2. Comparative evaluation of the performances in terms of efficiency. The 2nd and the 3rd column represent the execution
time of the TPS-based method and the proposed method respectively. The 4th and the 5th column represent the extracted key-
points in source image and target image. The 6th column represents the matched correspondences between the two key-point sets
extracted from the source and the target image

Dataset Execution time [min] #.Keypoints #.Keypoints # Correspon
TPS-based Proposed in Source. in Target. dences
1 300.20 7.46 8699 9955 5402
2 363.89 5.45 10280 11338 7903
3 266.21 4.81 8261 9345 5313
4 423.49 6.92 12022 13325 7689
5 395.19 6.52 9766 11326 6432
6 412.92 7.52 11583 13913 7382
7 428.84 5.12 8825 10115 6139

Mean 370.11 6.26 9919 11331 6609
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