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Adaptive Localized Region-Based Fast Active Contour Model by
Introducing Global Information in Local Region
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LAI Qian-Feng ZHANG Gui-An
(School of Computer, Wuhan University , Wuhan 430072)

Abstract  To solve the problems in segmenting HIFU (High Intensity Focused Ultrasound)
ultrasound image of uterine fibroids, we propose an adaptive localized region-based fast active
contour model by introducing HIFU image’s global information in local region, which is more
accurate as well as more efficient. The proposed segmenting model incorporates HIFU ultrasound
image’s global information in local region to form a locally global force. Meanwhile the gray level
distribution uniformity around each pixel point on the evolution curve is calculated to dynamically
determine the various application condition of HIFU image’s global information in local region
and the shape constrained information of the uterine fibroids in HIFU images, which is assigned
to overcome the sensitivity of the initialized contour by applying the locally global force when
segmenting HIFU ultrasound image of uterine fibroids. By using the calculated gray level distribution

uniformity around each pixel point on the evolution curve, the adaptive localized region-based fast
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active contour model adaptively changes the local radius of the localized region, and then dynamically

adjusts the size of localized region during the evolution process of the active contour curve,

achieving more accurate and more efficient segmentation results of HIFU ultrasound image of

uterine fibroids. By applying the same localized region to calculate the local forces of adjacent

pixel points on the evolution curve, our method further improves the segmentation efficiency,

finally achieving accurate and efficient segmentation of HIFU ultrasound image of uterine fibroids.

The experimental results show that compared with recently proposed MSLCV (Multi-scale and

Shape Constrained Localized C-V) model, our method solves the problems in segmenting HIFU

ultrasound image of uterine fibroids as well as improves the segmentation accuracy and increases

the average segmentation efficient by 84. 6 %.

Keywords

segmentation of HIFU uterine fibroids ultrasound images; active contour model;

global information in local region; adaptive localized region; MSLCV model; level set
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FATE A SC 7 1 0 T HIFU 15 LR 88 75 1R
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B MSLCV R RN 78 HIFU 5 L 8
FUG B or B R B HE AT T X e AR SCER X 15 43 1 &
QIVRFE LA S S 500 SE PR B S X R 45 A 5k
360 0 A0 R 3 B e A 1 2 B0 D AR SRS TR 1Y e %
e

HIURRCIER GAC c-Vv RSF

FESEE0 H, GAC L7 2 4] il 2 i 4 s 5k 1Y
SR E R —1; CV BRI TR TAUE & SN 0. 2;
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B C D E
Method

F G H 1 ] F-H{E

DSC MSSD DSC MSSD DSC MSSD DSC MSSD DSC MSSD

DSC MSSD DSC MSSD DSC MSSD DSC MSSD DSC MSSD DSC MSSD

GAC 0.912 111.08 0.919 48.71 0.871 135.61 0.896 83.83 0.925 77.50
Vv 0.791 505.22 0.718 1243.59 0.756 613.14 0.475 1332.22 0.877 186. 35
RSF 0.918 1789.09 0. 760 3657.52 0. 714 5875.36 0.773 3411. 81 0.775 4188. 33
LGF 0.882 115.49 0.927 56.79 0.937 33.60 0.946 40.90 0.931 48.70
LCV 0.955  18.11 0.943  23.30 0.942 159.92 0.886 336.86 0.933  56.09
MSLCV  0.956  20.01 0.937 32.54 0.958 13.06 0.961 9.43 0.944  43.81

AICT5 0957 19.69 0.955  13.06 0.958 14.55 0.949

0.893  30.90 0.959

0.927 14.39 0.942 16.62 0.930 53.75 0.866  46.98 0.942
16.66 0.947 35.99 0.927 13.41 0.952 11.15 0.943

0.881  69.59 0.851 165.24 0.853 287.40 0.787 155.58 0.760 302.89 0.865 143.74
0.704 192.55 0.526 1704.19 0.749 793.00 0.613 221.83 0.558 1462.99 0.676 825.51
0.628 1953. 21 0. 843 1115.22 0. 886 1211. 66 0.439 7385.04 0.787 4505.49 0. 752 3509. 27

11.13 0.923  84.46 0.636 1977.27 0.872 377.68 0.890 277.69

0.881 36.46 0.906 93.91 0.892 191.70 0.315 471.75 0.937 14.96 0.859 140.31

12.33 0.936  26.29
49.68 0.878 38.06 0.940 15.42 0.941 22.77

F2 MESHHNDEZENREERSE FEMNITER B LE (A 2s)
. Method
rmage GAC cv RSF LGF LCV MSLCV ATy 1
A 33. 15 35.43 320. 00 183. 78 121. 00 19.09 9.78
B 29.99 32. 96 303.51 169.11 120. 90 18.52 10. 66
C 29.61 32.17 280. 02 156. 48 125.73 19. 15 10. 30
D 30. 61 34. 46 254. 99 165. 12 99. 95 14.39 8. 55
E 28. 49 32.14 278. 83 168. 50 170. 11 24.52 11.36
F 29.73 33.04 246. 96 157. 10 67.85 11.53 7.37
G 26.75 28.96 218.13 150. 72 83.81 13. 49 6. 85
H 26. 20 29.23 212.57 151. 65 134. 11 18. 61 9.03
I 30. 26 33.55 248. 50 160. 97 66. 56 11.79 7.71
Al 26. 80 29.78 218. 07 152.02 75. 40 12. 30 6. 86
FHIE 29.16 32.17 258. 16 161. 54 106. 54 16. 34 8. 85

3.2 UtafEEtE
T MSLCV 56 R, A 3CT7 3 BT 51 A1 Ja
Sy {5 B A RO IR > T 0 W0 6 e B AR B R A R
JEAE L DUR 3 X AL B GRS [ 149 40 4R Ak 56 B
PEAT I H L 0 B UE AR AL SR 2 SR AN 7 R 3

R,
BIha%e

R T5 i

B 7 ASCHTE S MSLCV BUBE R 90 6 46 B F 4 HIFU
T WU 7 19 10 53 0 5

x3 RATBVMBREEARXFEHELTF
MSLCV # &8 4> 2] 45 B33 bk

MSLCV AR5
Image
DSC MSSD DSC MSSD
A-1 0.873 207. 89 0.938 33.86
A-2 0. 849 96. 69 0. 945 36. 38
B-1 0. 754 290.13 0.931 30. 05
B-2 0. 863 117. 22 0.933 33.70

I 7 Fi gk 3 "] LLE A [E) B ) 46 e JE Ok
MSLCV #7853 45 5 o oy P 52 0 ALK, B MSLCV
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Y50 DX IR JR 3807 I 85 /0N B T8 AR 29 3R 1 AEAE
2PN AMET AL A8 3OO G i G A R B4R
FEIEH T R4 )R J1, iR T MSLCV 57 i)
G Ak e B FURR M A s ) 8T, AR 3 W] LA L R 7R
AERI VIR BE S o 4 SCT7 15 BT 45 10 43 0 25 AR SR
8 MSLCV Y [y 431 45 5 5 i .

3.3 #MEI

R T B UE AR SCOT IR A E SR R R T L R
iT7E HIFU FE HUE A ER A f B L (AR R
() 46 50 85 0 3R R B 1 R FH 22 RO 3 i
JR AT A A AR 2 CRE R SR AR AR R il
M2 REERE) MR 3R 2 RER L, RMHH
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Background

HIFU treatment is a new type of non-invasive operation
and has been gradually put into actual treatment of uterine
fibroid. The segmentation of uterine fibroids in HIFU
ultrasound images is a critical stage in HIFU therapy, but now
the precise segmentation of ultrasound images has always
been a problem and there are no appropriate and special
segmentation methods for it in HIFU treatment.

Many state-of-the-art methods can obtain good segmen-
tation when the ultrasound images are clear and homogeneous.
However, the HIFU ultrasound images have severe intensity
inhomogeneity and blurry boundaries and common methods

are easy to lead to boundary leakage or excessive contraction.
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In recent years, though many region-based localized active
contour models had been proposed to segment uneven targets
in clutter images, but for HIFU ultrasound images with
seriously low signal to noise ratio, low contrast level, and
weak edges, they were unable to obtain satisfying results.

In this work, to obtain more accurate and efficient
segmentation results, we propose an adaptive localized region-
based fast active contour model, which is more accurate
and efficient and overcomes the initialization sensitivity by
introducing the global information in local region to form
locally global force. We propose an adaptive localized region-

based fast active contour model, which is more accurate and
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efficient and overcomes the initialization sensitivity by intro-
ducing the global information in local region to form locally
global force. Our method solves the problems in segmenting
HIFU ultrasound image of uterine fibroids, overcomes the
initialization sensitivity of MSLCV, improves the efficiency
on the premise of accuracy and gains more accurate and
efficient segmentation results. The segmentation results can
further be adopted to reconstruct the 3D models of tissues
and organs in our projects.

The method proposed in this work can help obtain the
segmentation results of HIFU ultrasound images of uterine
fibroids faster and more accurate, which greatly impacts

overall process of the operation., relieving patients’ pain in

HIFU therapy.

We have published a paper about segmentation of HIFU
uterine fibroids ultrasound images on PLOS ONE in July
2014, which was named “Multi-Scale and Shape Constrained
Localized Region-Based Active Contour Segmentation of
Uterine Fibroid Ultrasound Images in HIFU Therapy” and is
the basis of the method proposed in this work.
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