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Abstract This paper presents a fast pose estimation algorithm of a 3D free form object in 2D images using 2D
distance maps. Some registration techniques using a silhouette image or a contour line have been proposed so far,
but the calculation cost for determining point correspondences is considerably expensive. To overcome this problem,
the proposed method utilizes a distance map on the 2D image plane, which is constructed quite rapidly by the Fast
Marching Method. For pose estimation of the object, contour lines of the 2D image and the projection of the 3D
object are aligned using the distance map iteratively by the robust M-estimator. Some experimental results with
simulated models and actual images of the endoscopic operation are successfully carried out.

Key words Texture mapping, 2D-3D registration, Fast Marching Method, Distance map, Robust M-estimater
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Table 1 Computation time of the distance band by the Fast
Marching Method.

Image size | Whole region | Distance band
[ms] (10 pixels) [ms]
160x120 6.9 0.48
320x240 32.8 1.1
640x480 189.1 2.7
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Fig.6 Examples of 2D-3D registration using 3D models with various shapes.
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Table 2 Accuracy of 2D-3D alignment after convergence

Position X y Z Orientation roll pitch | yaw
Average [mm)] | -0.028 | 0.185 | -4.115 || Average [deg.] | -0.867 | -0.212 | -0.100
SD. [mm] 0.506 | 0.940 | 2.121 SD. [deg.] 6.209 | 3.311 | 1.188

03 00 AOO0O0DOOOODOOO

Table 3 Accuracy of 2D-3D alignment after convergence on orientation A

Position X y Z Orientation roll | pitch | yaw
Average [mm] | 0.033 | 0.030 | -3.763 || Average [deg.] | 0.063 | 0.1550 | -0.042
SD. [mm)] 0.017 | 0.022 | 0.484 SD. [deg.] 0.146 | 0.131 | 0.016

40 —
30 a
.
-10

Orientation error around pitch axis [deg.]

“%0 30 20 0 0 10 20 30 40
Orientation error around roll axis [deg.]
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Fig.9 Distribution of orientation error
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Fig. 10 Pose at three local minimum solutions
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Table 4 Comparison of accuracy of 2D-3D alignment with and without M-estimator

Position X y Z Orientation roll | pitch | yaw
M-estimator [mm] | 0.88 | 3.29 | 14.55 M-estimator [deg.] |-3.45| 6.47 | 2.69
Without M-est. [mm] | 1.90 | 6.79 | -26.21 || Without M-est. [deg.] | -2.24 | 15.14 | 9.60

(a) Silhouette (occluded) (b) Distance map and

initial pose

(c) Final pose with
M-estimator

011 0OoooMOOOOO
Fig. 11 Effect of robust M-estimator

(d) Without M-estimator
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Fig.12 2D-3D registration of simulation images.
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Table 5 Comparison of processing time for one patch

Number of points | Proposed Point-based
on boundary method [us] | method [5] [us]
628 0.30 1.15
1265 0.30 1.50
1868 0.30 1.70
2490 0.30 2.22

013 3000000000000000000
Fig.13 An example of mapping the camera image on the 3D

model.
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Fig.14 Experimental setup for evaluation of the surgical naviga-

tion system.
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Fig.15 3D liver model.
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Fig.16 Superimposition of the 3D liver model on the endoscopic

images.
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Fig. 17 2D-3D registration using actual images of the gallbladder.
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