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A near-infrared binocular system for optical instrument tracking

Wang Jie, Zhong Chongliang, Zhu Weidong"
(School of Mechanical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: The near-infrared optical tracking system has rapidly developed into an important part of surgical
navigation because of its high precision and convenience. A high-precision and low-cost optical tracking system
was designed based on binocular vision. The system used the passive marker ball (NDI passive sphere) installed
on the instrument as the marker, and added a near-infrared filter in front of the binocular camera lens to eliminate
the interference of ambient light. Firstly, the contour filtering algorithm was used to extract the marker contour,
and the least square ellipse fitting algorithm was used to obtain the pixel coordinates of the marker projection
center; Secondly, an instrument recognition algorithm was designed so that each instrument could store the central
pixel coordinates of the marker ball separately and orderly for the resolution of multiple instruments; Finally, by
matching the mark centers corresponding to the left and right views, the spatial coordinates were reconstructed,
and then the coordinates of the instrument tip in the world coordinate system were derived. The system was
used to track the instruments in the experiment, and the irregular placement of instruments was used to verify the
accuracy and robustness of the instrument recognition algorithm. The accuracy rate was 95%, and the average
recognition time was only 4 ms. The stability, static positioning accuracy and dynamic tracking of the system
were tested. The results showed that the stability error could reach 0.13 mm, the static positioning accuracy could
reach 0.373 mm. The proposed near-infrared optical tracking system has high accuracy and stability, and can meet
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the requirements of surgical navigation.
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Fig.5 (a) Contour error extraction; (b) Correct contour extraction
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1751.783 03731  641.047
A=A = [ 0 1749.971 495.806 } (24)
0 0 1.0
0.998 -0.016 -0.056
Ry=| 0.013 0.998 -0.043 ] (25)
0.057 0.042  0.997
Ty=1[ 429.585 4.763 2.711 ] (26)
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Fig.9 (a) Multiple instruments identification; (b) Add interference
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Tab.4 Time required for multiple instruments

identification (Unit:ms)

Number of Four interfering light No interfering light
instruments sources sources

1 4 3

2 42 3.5

3 4.5 4

3.3 REMRKIE
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Fig.10 Tip rotation test
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3.4 ELCFEEWIE

T (VLR FE S0 TE S 36 v R g [ 3] = 2 A A
I E, ZERE OG0 1.2, 1.4, 2 m =07 B M 1.6,
1.8 m KPR 25kl . 1.6 m 3 17 0w 2568 55 Ah = 414
BTG . SEI rh AR AE = A A AR BT — A
a5 5. 10, 15, 20 mm, ic 5542 5 5% 30 A4 #E 25 1
25 PR,

x5 BUFEENK (B EX)

Tab.5 Positioning accuracy test(Unit:mm)

Position 5 mm 10 mm 15 mm 20 mm
1 5.1087 10.3104 15.5100 20.5739

2 6.3136 10.6348 15.7608 20.8322

3 5.1060 10.0926 15.1268 20.3387

4 6.4282 12.4944 18.3975 23.2675

5 52923 10.4994 15.6380 20.8859

6 6.0823 11.6198 16.8552 224211
RMSE 0.6195 0.9252 1.2160 1.1768
MAE 0.5528 0.7435 0.9411 0.9718

%€ 5 A%, 5. 10, 15 il 20 mm /) RMSE 43
9 0.6195, 0.9252, 1.2160, 1.1768 mm, MAE 43 %l
0.5528. 0.7435, 0.9411, 0.9718 mm, # 5 H %5 4 41
A7 B R 22 B, X R G 2 B S 0 2 m Ab i) S 56 &
R 13 SAMEBIE T, REAE 1.2 ~1.6 m
DX ] 3 [T P e 2 2 o G B B A, L2 B 3 B 5 11 38
I, RZES B . SEER R NG B S T AR R
B R BEEAE 1.2 ~1.6 m (Y3 B X 8] H. 78 3 5 1)
AP R G, B, AT RGEAE 1.2~1.6 m AT
Bl X E) AR, 2 74 B AT 3k 0.373 mm,
3.5 BhSERERIIE
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IE, 25515 6 FiR .
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Tab.6 Dynamic tracking verification (Unit:mm)

Distance True value Max error RMSE MAE
D16 70.5 0.4072 0.6184 0.5254
D14 70.7 0.1720 0.5205 0.4097
D24 100 1.0654 0.5765 0.4619

% 6n] J, 34 B 7E 1.2~1.8 m (9 35 Fl Y
RMSE {E% M. A 3 FHE LT 19 MAE #/hF
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