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Vessel detection of the portal vein in computed tomography based on Hessian matrix and cosine law

DENG Jincheng', LIU Changchun', MO Zhenli’, CHEN Zijie', WU Jianghua'
1. Shenzhen Yino Intelligence Techonology Co.,Ltd., Shenzhen 518057, China; 2. Shenzhen Mindray Bio-medical Electronics Co.,
Ltd., Shenzhen 518057, China

Abstract: Objective To improve the detection of the portal vein on computed tomography (CT) images with a new vessel
detection method based on Hessian matrix and the cosine law. Methods By fully considering the gray level and structural
characteristics of the portal vein on CT images, we used a low gray threshold of the liver for preprocessing of the input CT
images. We proposed a new vascular similarity function based on the cosine law to compute multi-scale function response,
and utilized the low gray threshold of the portal vein image and the connected domain extraction method to extract the
maximum connected domain. Results The proposed vessel detection method achieved the effective detection of the portal
vein on CT images, and the detection results was closer to the manual results made by doctor in IRCADb database.
Conclusion The vessel detection method based on Hessian matrix and cosine law can facilitate subsequent image
segmentation and three-dimensional reconstruction.
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Tab.1 Geometric structure depending on different eigenvalues

3D
Geometric structure

M P As

N N N Noisy

IL, IL, H- Plate-like (bright)

L L H+ Plate-like (dark)

IL, H- H- Tubular-like (bright)
L H+ H+ Tubular-like (dark)
H H- H- Blob-like (bright)
H+ H+ H+ Blob-like (dark)

3D: Three dimensions; H: High; L: Low; N: Noise; +/- indicates the

sign of the value.
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a: Original

c: Multi-scale detection of cosine law—
based method

d: Largest connected domain of Li’s

method based method

e: Largest connected domain of cosine law—

f: Doctor’s manual result
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Fig.2 Comparison of vessel detection result between Li’s and cosine law—based methods

AN P 1Y IO R D) 1) A i A (B 6 T L 43 S
ML . M3 FR, L g om i g a1
BB WS AR T Li O s T A % FU )y A
SRR ) TR R S 1 vl S S [ 1 I~ S 3
S B e 0 1) 1 A5 485 SR AR R 422 IRCADb 4 4
SRR PN

R T k20 Ay BT A [R) R B 4 A I A 5 IR -
CADb E a4 P R RN T E g5 F iy 22 5, FRATIMH
FHAUERA BE (Accuracy ) . R U5 (Sensitivity ) FlAE 574
(Specificity )3 Mg bRl =", W 2 s, Hp 4
AN BRI AR S 285 % IRCADb $di 4 h 241 CT $k
PEIEAT L, I G BCOE B 2, ) g
AT, JE T4 5% 0 BT VRN B A8 5 L ik
SeR P ISR L L A MR B RN S T LT T AH 22 A
BN A SR IL TS i RAEE , SRA B T sX e By ik
i 25 5% 5 IRCADD 48 4 vh & K N T #4551
DK s

rh T IS R R R 25 A RS IR R VR BB A
54 1 FH Hessian K BRI {E 22 1] 8 5 22 R KGN IML45
FEHUAS T 3 ARSI ARG SR AR, F T X RR A A Y

B BRAE T 8] BORLRE | : B0U/% 52 11 Hessian A R4
SR A E LA A9 SN T 282 | I A5 B AN % [6R) 1)  d
B, DRI 5 2 78452 SR IE T 88k CT B K
JIE B 5 R R A R P A 5 B 3t i v I A5 R (L
PRI, A 35 4% 58 Hessian A 38 5 5 I 78 JF 17 bk
LRSI r A8 R FH AR

it % 22 20 CT EMG B i Bk S 5, T DA &k
L, FET Hessian 5[4 19 22 RUBE I 34 0 Bk T LA
GG A TRk LA, Lit O ke Mg T4k @ By
B S A AR AT U o [RIE, ARIE LiT T vk R
T4 7% BT VL () SE I 25 1T L, vl LR 3 T4
5% BT L R A LA I A R I 25 R, OF Y
PR B RN T EI R,

FEARAT 5 AR I Ik i A7 A 00 28 SR
AT DL — 25 X6 JHF ) e B O A8 20 7 7 A 1) 4351, R
=2 T A ROR T AT B AR G AR ] RO
[FIAE , FERE I e K A o 67 55 4 B RN 2H 2L A T o
it b o3 E RN = 4 e, A9 2 MERR 0 = 4E AR,
TEARAG X 2L = HE BT )5 |, 456 A0 L 0 o3 B R
SEEL R UFIRR 6 Bl B A= A T AR ET R, DA T
TR,

FET Hessian HiFE Kz BT TRk i A R



- 466 - Ho ] B2 B R %3445

a: Li’s method

d: Li’s method

b: Cosine law—based method

e: Cosine law—based method

g: Li’s method

h: Cosine law—based method

i: Doctor’s manual method
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Fig.3 3D vessel models constructed based on the data sets processed using 3 different methods
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Tab.2 Difference in results obtained by different methods

Method Accuracy  Sensitivity ~ Specificity
Li's method 0.995 0.663 0.996
Cosine law-based method 0.994 0.857 0.995
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