1000-9825/2003/14(12)2074 ©2003 Journal of Software %% 1 % R Vol.14, No.12

E T Hessian F5FF 890 BER IR EVE L
FAY, B R, A8, AER

(P HEBEB BT AT E, AL 100080)

Centerline Extraction Based on Hessian Matrix

LI Guang-Ming, TIAN Jie", ZHAO Ming-Chang, HE Hui-Guang

(MIPG Group, Institute of Automation, The Chinese Academy of Sciences, Beijing 100080, China)
+ Corresponding author: Phn: 86-10-82618465, Fax: 86-10-62527995, E-mail: tian@doctor.com
http://www.3dmed.net

Received 2002-10-08; Accepted 2002-12-31

Li GM, Tian J, Zhao MC, He HG. Centerline extraction based on Hessian matrix. Journal of Software,
2003,14(12):2074~2081.
http://www.jos.org.cn/1000-9825/14/2074.htm

Abstract:  Virtual endoscopy, which is a noninvasive procedure for detecting anomalies inside human organs, is
meaningful for medical diagnosis and surgery. In order to perform an accurate navigation, the centerline of the
model must be extracted. In this paper, a new centerline extraction algorithm based on Hessian Matrix is proposed.
First, the distance transformation is performed. Then the initial path is obtained by computing the eigenvalues and
eigenvectors of the Hessian matrix. After that, the visibility test with an adaptive visibility sphere radius, which is
determined by the eigenvalues of the Hessian matrix, is carried out to remove the useless voxels in the centerline.
Finally, the path with all the points staying away from the surface is generated by Dijkstra’s shortest path algorithm.
The experimental results illustrate the efficiency of the proposed algorithm.
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Fig.5 Two profiles of the blood vessel. Fig.6 Two branches of blood vessel
Its cross-section can be considered as an ellipse which stay close together
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Fig.8 The quantitative analysis between our result and the ideal result
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Fig.9 MRA data, the shape and the centerline of cerebral blood vessel, shown from three different angles
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Fig.10 The shape and the centerline Fig.11 The shape and the centerline of

of abdominal artery hepatic blood vessel
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Fig.12 Three navigation frames inside the blood vessel
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G VE R B, FATH LS T MRA B A8 T B A IR IR E N AL i 8l 2 22 1 He P 5005 DU AR 53X
H1 T He (53200 5= N TEABAUL 0 Kt oK 10 I 1) 3 EEREAE A I % A i L T AR 3R (R I 2 i 17 o 0 17 LA 3 4
X R P AN R AR U, R AU A I T A S R R K R ) S e ) Hessian R FF AT 4R R AR
RABIN B A 3K — D5 T 1 33 J R A BoAN va, 5 — 5 TR T SRR AL A AR Ak 17 A A7 A A DR S0 TR e
X T B A B T B ER 33 R A I Hessian H F, DAL IT 61 P 77 ARORE 3t BE A BeA T4 B .
Table 1 Running times for our method. The run time of visibility test for He’s method™

is shown in the brackets in the 4th column

£ 1 ACHBA TSR IS 47 ) 3 TR I — R Sy o Hel!

PRSI T D FD  1i)
Distance map (s) Ridge extraction using Hessian matrix (s) Visibility test (s) Total (s)
Simulated data 1.833 0.06 0.351 (1.342) 2.364
MRA 4.677 0.08 0.621 (1.131) 7.32
Abdominal artery 7.721 0.53 48.309 (443.007) 57.551
Hepatic blood vessel 63.797 0.821 34.58 (191.636) 106.868

4 BEERE

ARSCHEH T — ML T Hessian K EF 1 L B AR S IOV 0 o0 0 2 11 B — A AR i A 1 Hessian
A G SR AR AL R AR AIE 1) 8, FRATT AN (E AT DA H = AR Hd b 8 2 AR A 06 v 0 i 42, 38 W] DU R B i
S 3t iy 7 R AIL PR RS PR AT RLER (K 2 A% ) I Heessian &R PR 47 A1 17 53 AT DU T 38 905 I PR R0 A 7 1 428 o A SC
SR AE AR A4 FE B R BT A0 & N i I Z8CR.

FEAF B OB A J5 U i T DR AR AT PR SE L P U, QA A RS T R O U S I N ) 5
Ha) A Ja BRI G R — > T LA, 1 U A 1) S BRSO 25 R0 S AR BRI kB, AT 34 R DA RS BEAT P 5 T ()
G ARG HE T BB 2 AR N P 10988 90 I R s S R P B AR ) A AR TR R AT R Y-
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