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Abstract Multi-viewpoint optical positioning system is an effective solution to make up for the disadvantages of
light occlusion in optical positioning because it can reduce the blind area in the operation and obtain a larger field of
vision. In this paper, multi-viewpoints optical positioning algorithm based on the optimal reconstruction accuracy 1s
proposed to solve the problem of light occlusion in optical positioning. First, the proposed algorithm analyzes the
number of optical positioning markers in each viewpoint to confirm the light occlusion of each viewpoint and surgical
instrument. Then, according to parallel stereo vision measurement accuracy analysis model, the influence of the
multi-viewpoints structure and the position relation between the marker and the camera on the measurement accuracy
is analyzed. Finally, the viewpoint pair with the best reconstruction accuracy and no occlusion is selected surgical
instruments. Experimental results indicate that the proposed algorithm can achieve accurate positioning and real-time
tracking of surgical instruments when there is a certain view occlusion.
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Fig. 1 Parallel stereo vision measurement accuracy analysis
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Fig. 2 Parallel multi-viewpoint optical positioning system of

our research group
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Table 1  Occlusion of each view

Viewpoint Video frame with occlusion
1 212—272
2 89,98,100,106,110,142,152
3 1—54,205,212,227,246
4 1—127
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Fig. 3 In the optical positioning system of our research group, images collected from each viewpoint when different viewpoints

are occluded. (a) Occlusion at viewpoint 1; (b) occlusion at viewpoint 2; (c¢) occlusion at viewpoint 3; (d) occlusion at
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Table 2 Focus of each view unit: mm
Viewpoint Focus f;
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Table 3 Baseline distance between different binocular viewpoints

unit: mm

Binocular vision  Baseline distance between viewpoints B,

1.2 119.5
1.3 249.6
1.4 369.5
2.3 130. 2
2.4 250.1
3.4 120.0
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Table 4 Total measurement errors of different binocular viewpoints unit: mm
Average of total measurement errors of different binocular viewpoints e; Reconstructed
Frame No. ) )
1.2 1.3 1.4 2.3 2.4 3.4 viewpoints
30 0.1133 — — — — — 1.2
60 0.1147 0.0532 — 0.1052 — — 1.3
90 0. 1150 0. 0536 — 0. 1060 — — 1.3
120 0.1154 0.0538 — 0.1062 — — 1.3
150 0.1169 0. 0544 0.0363 0. 1069 0. 0547 0. 1180 1.4
180 0. 1204 0. 0559 0.0373 0. 1094 0. 0559 0.1202 1.4
210 0. 1247 0.0578 0.0384 0.1120 0.0574 0.1228 1.4
240 — — — 0. 1209 0.0613 0. 1304 2.4
270 — — — 0.1232 0.0634 0.1343 2.4
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