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Fast 2D-3D Registration using 2D Distance Map for Endoscopic Operation
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This paper presents a new registration algorithm of 2D color images and 3D geometric
models for navigation system of surgical robot. A 2D-3D registration procedure is used
to superimpose a tumor model on an endoscopic image precisely, and is therefore indis-
pensable for the surgical navigation system. One of the typical techniques developed so
far is the use of external markers, but the accuracy of this method is getting worse due
to the breath, the heart beat, or other unknown factors. For precise registration of 3D
models and 2D images without external markers or special measurement devices, the
new registration method is proposed which utilizes the 2D images and their distance
maps created by the Fast Marching Method. We show some results of fundamental
experiments using simulated models and actual images of the endoscopic operation of

a gallbladder.
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Fig.1: Distance map obtained by Fast Marching
Method
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Fig.3: Applying the force f to all the triangular

patches of the contour points.

Steepest descent

. . Image plgne
direction =

%)/..[Projected
contour point

normal Vector VV
Focul point

(@ (b)
Fig.4: Force and moment around COG.
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Color image 3D object

(a) First term only  (b) First + second terms

Fig.5: Effect of the second term of Eq.1
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(a) Silhouette (occluded)  (b) Distance map and initialpose

(c) Final pose with M-estimator  (d) Without M-estimator
Fig.6: Effect of robust M-estimator
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2D image 3D model

(a) Initial position (b) 1 iteration (0.01s)

(d) 3 iterations (0.03s)
Fig.7: 2D-3D registration of simulation images.

(f) 60 iterations (0.6s)
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O 1: Accuracy of 2D-3D alignment after convergence

Position X y zZ 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

0 2: Comparison of accuracy of 2D-3D

alignment with and without M-estimator

Position b 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

O 3: Comparison of processing time for one patch

Number of points Proposed Point-based
on boundary method [us] | method 3) [us]
628 0.30 1.15
1265 0.30 1.50
1868 0.30 1.70
2490 0.30 2.22
120 pixels

color image

3D model

£

(b) t=7.65s

() t=12.81s (d) t=18.05
Fig.8: An example of moving object tracking.
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(a) Endoscopic image of
the gallbladder

(b) 3D model of the
gallbladder

£ e
(c3) (c4)
Fig.9: 2D-3D registration using actual images of
the gallbladder.
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