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Segmentation of CT angiographic images of the coronary artery based on an improved active
narrow band model
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Abstract: As an important step in vascular disease study, segmentation of the coronary artery images is closely associated with
stenosis grading and plaque detection. Herein we propose a new method for segmentation of CT angiographic (CTA) coronary
artery images by combining the active narrow band and sign pressure function (SPF) level set to solve the problems of gray
scale heterogeneity and low contrast of the vessels. Morphological dilation and erosion operations were applied to the initial
contour to establish an active narrow band to limit the contour evolution. A local SPF was then constructed in the active narrow
band, and a level set algorithm was used to facilitate the convergence of the initial contour into the exact contour. Finally, a
morphological closing operation was utilized to smooth the curve. With the use of active narrow band to localize the image
region, the computational complexity and the gray scale heterogeneity of the images were reduced to promote the evolution of
the contour curve to the tiny peripheral vessels and narrow areas. The experimental results showed that compared with the
traditional segmentation method, the proposed method achieved more accurate segmentation of the coronary artery images to
facilitate the diagnosis of the vascular lesions.

Keywords: coronary artery; vessel segmentation; CT angiography; active narrow band; sign pressure function; level set

T ERV YO SRR A o AR IR
L T A1 (WHOVSEH o s e VPRGBS [0 ML PP B ol 98, R4

B e PR 3l ik A0 B8 2 i 8 X6 T ML A8 5 1) 7 1 12 W
HAFEERE X, CT I &% (Computed Tomography
Angiography, CTA) R IC B3 M S8 s )32 i T

[WeFE HE#A)2016-10-20
[BE£T B K AR =4 (91330101, 11531005)

(1EHE B IR0, WA 5T A, B0y ) B AL B, E-mail:
466329416(@qq.com

BIE1EE V21, B, 80, W05 1A < Ao D Bt S | el
AbFE  E-mail: yangxp@mail.njust.edu.cn

M FRAS BIIFFE b o HLrp i A 3 RS D B
AR, Sk L AT AT E B b A
BT IR SR o (H B G B ) — B KR



H24 TRAB I, A BTG Sh A OB R SR S Ik CT i 483 52 R 7331 -171 -
AP R, JE SR A CTA B B0 L % fvldin( L)+ )+ T T (2)
AR AN TR B A A LA BRI (1) i V|

AU L EEAR 5 (2) AR BIK K BE A 5T 5 (3) S A 5K
BEFININL A AR A 3 A 55 5 (4) = A4 o3 1 T4
(IR , ‘B85 S5 e 2 L1 20 .

H G, 2 E N Ah2g 38 6 3 F CTA B P I &
T MG, IR Z R 24, Shahzad %57k
FH L 00 RS A% (] 0 9 a4 e AR 20 ok 1) A8 s 3
#1. Santos & H HH —Fh BT [ am 0 XA KA CT
¥ AN 508 ik 530 5 vkl N T e B A i A
KAENZ AR A . Wang ™ $2 H—Fp 4 A sh b5tk 3h
ok o380 BB 2= PEAR ROAE SR , 1 5 FH I 1k 43 1 A~
O E, SR 5 I Hessian 5 P 7 IS 98, FEHIE T
& JRy R TR GE T B BTG B %8 BRAR 10 435 il A%,
o 45 AR TR )7 . Cheng 255l i i AJEIR AR
ST SRS B e AR | DLSR I A R
el T A ANEELE ANTEEE I, PN A SR
R C #J{H (Fuzzy C-Means, FCM) &1 4] 5] 145
By I A5 DX 305 1 5 DXk, P45 50 A Ak A B D ST
PRIMAE /0] . Cruz-Aceves %5 il i FLE PUFR H SR )
I A R W DE BC i € % (Gaussian Matched Filters,
GMF) I 1R sl Ik o3 1303 45 Hh 25 i AR SRk 1Y
O EIRG B e R o AR SRR CTA 5tk sl ik i MG S s
R BT IR EE AN IR LU BEAR 4 55 300 B 1) it , 48
TR AR B K A T . K S AR I S AT
5 T R KRR RUAR S & 5 AR S5
VPR A, I X BE AN YA 5T 1 I A R A 1Y
STEIREST o ARSCTEA )R T B N7 FA L S Y
AR IFTE SN CTA BIMR EaEAT 59 45 th 25 R
ISR VAN ¢

| B S ENREREEFIRE
1.1 =8I

RGBS 43 BT VE T 43 o 36 T X5 B
BTG5 B AR 435 LL C-V (Chan& Vese )
FERIPIHT GAC (Geodesic Active Contours ) 15 1 10y
R, C-VRERL i 46 5 il 2 P AP 8 DX Bl iy K FE A
S LI DU 0T 24 A i v e /D, A 38 gl 4 i Ak 2]
HArii 509 H 89, 1 GAC BRI FH i 50986 B A5 B
N4 [ R A Ry T G il [ R, FLRE 07 pRAY -

E(0)= f (V)] ()| (1)

Horfr, g S FH5 1k pREL, 38 2 AR 4 i FK PR ]
PIF5%] Euler-Lagrange 77727 :

Zhang 55" R EE T C-V BV GAC BRI A5,
P& T T 7% 77 R %1 (Sign Pressure Function,
SPF) B 7K V- AR AL | W W] S 6 1 B /K P-4 R sy B
DR E WAL G, I BB ge 5 B S B &l .
ASCRE BT A SPE AL,

SPF PREIE XN -
I(x)- ¢ ;cz
SPF(I(x))= e ,axel) (3)
max(|/(x) - —5—2|)

WARHAESEN -1, 1] H, e, BUE C-V RS
AR R M 2 AP X P34 K BE . SPF pRECE AR
GAC SR 343 45 11 R, 75 3K P S 10
H:

b Y ]
& = SPFU() (dw(‘ %) )+ )|V |+ VSPF(I(x)y Vb  (4)

TESCERL 11 I B UGEARUS , FH e s e 0 Ak
74 oA BRI A W LR A R MR By il 2 o
div<|§i|>|v¢| S W BRI T R I G A
SR AR 7 B A 55 i S B TN g 71, VSPE(I(v)) Vb
Tt AT LA W2 B KA R R A A -

% = SPF(I(x)y o Vb | (5)

SPF A A& i | GAC HE Y 178 73 W etk 134
T 1 pR B, A A5 WS S E MR T, [0 553300 S
F3 R IS SR LGS o AE R AR AU
TEMG XS0 4 R ge 5 B, B DL JE ik 2 #14E [R5t
() H bR, B SEEAR 20 Bk S v i 48 AR A 4028/ BLK
FEARIER T o

1 FE ARG AR B bk 5 ) LA 2O6F FE B2 AR R i A8
A IR FEAS S g ) 0, FRATTRE) 3% A8 4 DA R e
JEER ot 4 () A DX, (TR AR08 5 R B, S LA
(SR o o SCZEAR A5 e J) &L (Narrow Band
Sign Pressure Function, NBSPF) A :

()~ JZ’”Z
NBSPF(/(x)) = . ,xe () (6)
max(|/(x) - —=—2))

v, Fl v, 73 5 Fe 7R R 784 Y B P il 26 C s Fak
HI B SRy K BE SAEL, e SR
_ JaB@.y) H()) 1()dy

(7)
[ H(b()dy

1



-172 -

Hh [ R 2 B2

5344

LB = H) 1)y
C [La-H@m)y

T BREL Blb,y) HIRARIC R0, r g 7T
ZNAR, BE A

B(qb,y>={1’ o=yl <r 9)

0, otherwise

(8)

2

FARRL K-S AT RE A -

%‘f = NBSPE(I(x)) o| V| (10)

SR TE SR AT ) R & NBSPF AH LT
4 JEAE B A5 5 ) BRI SPF i Sh A i =)
TRAE B, B hT M s e AR B K A K B AR A, TE R
TRBE B MLAE DX 3R, R P4 T SPF AR RS R £ A5
XG5 A G SRR EARTSRAT BT I 5
1.2 B

ARSI AR SR B BRI R T

Stepl « KW AR FE B B TR 0 1 A i 48 IR, W 4R
KA pR B b Sl (R

1, xe,

¢r=0=1_ " ca,
Hp, Q, 2 EG e Uk Q 1—4~F4.

Step2: FHIE &2 T A

30 o X AR KOTSRS ki Bk b
SNAEAT , A7 1) B B A AR 90035 1 25 48 o6 R i K
INFTERA A 2, 250 TG 2 B RSTB/0N A s 1Y)
B RGN | SRy 43 A B ) 90 PR/ | 3 P
o AT Y P Sk h I ks B AR G, A0 i 2 PR I K
B A R, A2 2k a] ) DX s B A 3 sl s X e, n
1R R B et , Horp SR8 ST MR &K
A b o —BAEN T FIZE BT R KN
TERAR R DE PR B2 o Fc B3R Dy A g 9 2 oy
ARG FoE ki,

Step3 : TEAEHF XI5 P B BT /K P-4 bR

LB bt B4 P 10 G A K P2 ] ) [X sk S
BRI, €,  MRIE A (T ITE o, , LUEIKIE 21
NG EE ] 1) XA E A e BEAMRIX IR €, L i)
P ) IHE v, ;s A A (6) . (10) 3153 NBSPF
PRI, AR T BT I B2 N KB R B . AR D7k
W5 o i e e A 24 RPE — S IR AR 3 B 78 4 N
17, BERE AR /MY R L, AN 5 32 3] J&] RIS FU R IR 1Y
HAZHAUR T, 35 T I AR HIR R

Step4 : X BB 2547 N M) s ilcan iz 5

o= L,$>0

-1, otherwise

(11)

(12)

F

| |

o
e
-

B EEFHETEE

Fig.1 Active narrow band building map
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Fig.2 Flow chart of the algorithm of the narrow band
sign pressure function (NBSPF)
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a: Segmentation results of the geodesic active
contours (GAC) model
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b: Segmentation results of the Chan& Vese
(C-V) model

c: Segmentation results of the sign pressure
function (SPF) model
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Fig.3 Segmentation results of the coronary artery images in 4 models
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d: Segmentation results of the proposed
NBSPF model
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d: Inmitial contour

b: Segmentation result
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c: Zoom in on the details
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Fig.4 Image segmentation results with the proposed NBSPF model
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