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Design and Application of Surgical Navigation System Based on Visual
Technology

Abstract

Abstract: A navigation system based on vision was designed to solve the problem of using complex
equipment to assist the real-time tracking of surgical instruments because of low registration of 3D in the
existing surgical navigation system. Face point cloud was reconstructed in the patient's space by using
the sinusoidal structured light, From rough to precise registration, patient space and model space were
made by using facial feature; The three dimensional coordinates of the marker points on surgical
instruments was restored by using continuous corner detection algorithm, binocular stereo vision
principle and Kalman filter algorithm to obtain accurate position of surgical instruments. The experiments
show that the surgical navigation system based on vision can achieve the requirements of accurate,
stable, real-time tracking of surgical instruments.
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Abstract: A navigation system based on vision was designed to solve the problem of using complex
equipment to assist the real-time tracking of surgical instruments because of low registration of 3D in the
existing surgical navigation system. Face point cloud was reconstructed in the patient s space by using the
sinusoidal structured light, From rough to precise registration, patient space and model space were made
by using facial feature; The three dimensional coordinates of the marker points on surgical instruments
was restored by using continuous corner detection algorithm, binocular stereo vision principle and
Kalman filter algorithm to obtain accurate position of surgical instruments. The experiments show that
the surgical navigation system based on vision can achieve the requirements of accurate, stable, real-time
tracking of surgical instruments.

Keywords: surgical navigation system; space registration; sinusoidal structured light; Kalman filter

55 BRI 4B SR IR, i CT(Computer

[ |
Tomography, THH ML X HZkKi/=). MRI(Magnetic
MR it i S5 i S A2 Y i A SBE T Resonance Imaging, 3RS ERIHT, KA
FEPIRL s PERSETARIOEA S S\ iy, w6, TR D %
FARTRERIIROTET B MRTRIT g futischethiinors I e A (B IR 200
) f,  ARAERE S BRI T AR EEK, G T
Wk HH: 2017-05-11 &R HIH: 2017-07-10; ) %éﬁ*@g%ﬁgﬁﬁg(ﬁﬂHE&E%‘K%EE)’ BT
P [RBCROS T GOBARDIIS). HAR MR, 2T AR EERAAR.
YEB A 2319772, %, WP, Wit R, . i X . § i
BFFLIT MBI STHLEEA : #o2t(1990-), B4, i, LA BIATRSE BB B BAL AR
Wik, BFFT I s ST K, TR SR LA S R TE

http: // www.china-simulation.com

* 2025 -

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 9, Art. 20

5§29 B3 9 M
2017 £ 9 H

PR ORI L AEH . TR 50T & 4t (Surgical
Navigation System)th " &% 51 F4MEFFAR SR
4 (Image Guided Surgical Navigation System), 1
XF Ry F AR ) R PTRRALG 5 v K 2 5 A3 AR AV 1)
P&, ARG S TG, ¥ KB A R
VO, AEAMRFTR BRI N 2 4
TETFRFMRG N, A7AE 2 FIANE] ) = 4E2% 1]«
BRI R A ] i CT. MRI A5 2R 5
FR) = 2 R A 381 ) 2 TSR T A P 2 TR RR Ay A
[B)s T8k A H AR R GE o A B A Py
TEMRZE TRIRR A9 N A, 3K 2 e [A] (R & R
SRR AL —. HAET, JEThrid SULH
(R MRS U 7 2 g DL IR e TR 7 v, R
FEIRN SR T T N TARcd, SR JG LA A
Hs N 22 e)3E 5 T3 s 5 3 i) 77 XU X R4
SERGA Mo SCER[1FR T Ml T3 Gt I A th 2
H AR ARl A0k, T P IE B 41 )
A BN SCER21AEE F 300 A E ] BCE bR il
Wse e A AN HET Al RULEC R ik Ca
RENARH SRS RE, AR N ok WAk B3R
(IS R A TRt 7/ K87 2 VAT RS €Nl TME ) i
w2y MAXN THRCY) T LB (e, 458
Wk E . HEETFRCSILECIIEMLL, ARG
KHEET NIRRT VL R T, IR
POHRMG « Sy W AR AR IEREAT UL AT, SER T
RS AR N3 B (VR BT o B BRI
NTHARCH), HFLTARETHERS, b B IR
b= A TR SR GERAT T RN, 75 2l i
THRHLDE R SRR T ARASE, PRI T R A0S
I ERER R TR M AR B AR L — HETA
Z R0 T AR AR ER 7, WOHUBR R 55 8 75 B R I
I 2% BRI (optical tracking , OPT) . Hi ff B i
(electromagnetic tracking, EMT)ZP4, SrEk[5]3%
H PR AR 3 A 32 PR R T RS S RE B))
M 7% o SCHR[61H 1 37 VR ol 255 B8 s PRI AP AT A
PRERTF ARSI o SR IX LET7 A8 FH )3 A P ERER B 4
B2, W T EE R A . ARG UL AR

ARG HAR

Journal of System Simulation

Vol. 29 No. 9
Sep., 2017

RS ALK ERER T ARA I 7EORUEERERRS EEKIRT$2 T
BRAR R G AR

BEXTELA TR SR G A7 AL RO RS 2 )
Tou N 22 )V MG AR AN 5 B Ah 52 % e 2 Al B 52
ST AR B IS R BB (1 T i, AR SR Aol L
WTARSHARLG, HIZ TR

(1) o TREm B RE MR L, 3R Fh AR 2
R T N R AL v E S AU S

(2) 9 T T ARG IEE I ERER I EOR, $2 i
5320 A0 RSN SRR p g A D T AR -
FHEFRIE s

() PEHIETRIRZUEPCLFRIRE ISR B
MITAREEBIIG, JEm T RS MPTTIRE

1 REGEWR

AR SR GE A 2 (A AR BT T AR s B
R, RGRRILE 1.

v
ST IESLEHING
Gik e NG B

K hRc S
VELESE Y k;%éjﬂzﬁ
[CPE A7 i IR 2R

A LR

A5 (B DR TR R R

BT AR bl
1 FREM ARG

Fig. 1 Flow chart of surgical navigation system
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Fig. 2 Face reconstruction based on sinusoidal structured light
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Fig. 3 Absolute phase diagram and reconstruction results
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