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Abstract: An open resection of liver tumors is the most effective method for their treatment. The intraop-
erative three-dimensional (3D) reconstruction of liver surface based on binocular structural light plays an
important role in the accurate localization of liver tumors. However, due to factors such as illumination in
the surgical environment and the location of images captured by the binocular camera, a local brightness
saturation occurs in the captured images, leading to hindrance in the three-dimensional reconstruction of

the liver surface. To solve this problem, an adaptive optimal fringe grating based on the segmentation pro-
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jection algorithm of different reflectivity regions is proposed in this paper. First, a physical model and a
sketch of illumination on the liver surface under binocular system were established, and the influence of lo-
cal brightness saturation on the liver surface was analyzed. The region was then divided according to the
different reflectivity of the liver surface. The intensity of the adaptive optimal fringe grating was calculated
according to the region segmentation projection algorithm of different reflectivity, so as to achieve the parti-
tion projection of the liver surface. The saturation points of the left and right camera images were trans-
ferred to the streaks cast by the projector. The effectiveness of the proposed method to overcome the local
brightness saturation of the liver surface was verified by the local brightness saturation experiment. Final-
ly, the experimental results of porcine liver showed that the deletion rate of porcine liver 3D reconstruction
surface decreased from 1.1%, 2.9%, and 1. 4% to 0%, respectively, under three different operating con-
ditions due to local brightness saturation, and the accuracy of porcine liver 3D reconstruction reached 0. 75
mm. The method described in this paper can essentially meet the requirements of doctors, including the in-

traoperative 3D reconstruction accuracy of liver surface to be less than 1 mm with no defects in the recon-

structed surface.
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Fig.1 Physical illumination model of liver surface
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Fig. 2 Light schematic of liver surface based on binocular

structured light system
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Fig.3 Light analysis of the surface of the liver based on

the surgical environment
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Fig.5 Projection flow of adaptive optimal fringe gratings
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Tab.1 Hardware function and parameters of three-dimensional reconstruction platform of liver surface
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Fig. 6 Hardware platform of three-dimensional recon-
struction system of liver surface based on binocular

structured light
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Fig. 9 Three-dimensional reconstruction of porcine liver based on local luminance saturation improvement



%114

Wk T, 55 T 0 S5 RO Y AR rh BT 35 T e 78 58 B8 4 A oy IX £ 5 2599

A SCHR ARG O 1k DL = g R T R
JRE VT R TR T RAS SR R 0 vk A A
JHF 2 1 2Z 0] (9 0 22 2R 47 43 BT o WIEL 10 il LU
WL BR T Jm R A AR R X S8 A AR K ) e 2,
A% DX I O 22 K 2 ¥ 78 0. 01 mm LAPY, 7T DL Z
WS AT o B8 0 s 2% 1 L R U013 0E DL R e
5 53 S 2 TRT 1 O 22 B9 b oE 22 49 5114 005, 0. 12 1
0.21 mm. 7€ i1 = 2 & R &6 5 B AR N i
SR Y E R A BR RN 1.1
2.9% F 1. 4% K& 2 0% o K4 Ja) B 52 B i Fi X 5k
HEAT TR 3 W, 32 X I B 0 A 48 ) DX Ja e, o i 22
AR AT B T, 2 A3 DX A AR Y R
25,003 2 TR AR X 3 de K 0 e 22 38 B 7. 45
mm , F 2% i 22 35 3. 23 mm, 5 i 1 5 A 2 1
267 0.18 mm. Hi M AT LA Ry &8 5 B 4R A1 A
A 43 W12 DX 3 3 B — 4k T 52 ), X L AH 48 19 2
P XA 2 7= A — R R
33 ETRMmERMYERNRERE=4

ERRGERELR

I A8 AR AL 18 A A S Y JHE U ik o D10 I

MEEE gé
oo

&0

0.0320

0.0213

. i1 6
0
3
il 029 u

oo | [04029
L 16781
2084
KEN

.....

e sl ik

zzzzz

sssss

PEL10  Jai &P Ji o TR S IX 4o o8 36 T U 1) = 4 T %) L
Fig. 10 Three-dimensional reconstruction comparison of
the area near local brightness saturation before

and after improvement
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Tab.2 Deviation of 3D reconstruction of liver surface be-

fore and after local brightness saturation improve-

ment
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Fig. 11 Three-dimensional reconstruction model of pig

liver based on CT section
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Fig. 12 Verification of three-dimensional reconstruction

accuracy of porcine liver surface with "one" inci-

sion
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Fig. 13 Verification of precision of three-dimensional re-

construction of liver surface before and after tu-

mor enucleation

A S X BE AR AR T NE B DD BR TR o
SRS DI U B N %) = i ¢ S B Y D 7
T] = 2 A b R AT R R . R (a,
Voo 2) N AR O = A A Ry I E R B A —
M (2, v, 2) B CT =2 E @ R Ly —
R0 3 e T A n A X N R TR Y P B R 2
E. N :

2\/( Lei ™ -rxz)z +( Vei — y.\»f)z ‘Hya- - y,n-)z
E,— —! .

n
(24)
IRA IS R ANR 3R . g4 R ]
VLA H T 0 35 T = 24 o 1) O 24 1% 22 K B2 Bl
AT )RR ZS 09 2 2R BEHE R



o511 3

Wk T, 55 T 0 S5 RO Y AR rh BT 35 T e 78 58 B8 4 A oy IX £ 5 2601

K3 ARAFARETHENRA=-SEZRE
Tab.3 Accuracy of 3D reconstruction of liver surface un-

der different operating conditions
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