W47 & 2 W H 31 b % # Vol. 47, No. 2
2021 £ 2 H ACTA AUTOMATICA SINICA February, 2021

EF K FEEMPRER RIS CT FHIRTEE B 315 &
e BFH OB E BEME B R

W OE BT SRR TR 12 W 0 AT AR, A SRR T —FE i T KCE AR AR IR AT E S CT
Fea UG B8l #1073%. o, SRS CT FFA MG BEAT TR B, 238k 5 AN AH ORI 2 B FNZHZR. AR5, )P A B A
by, 0 AT BE RS I W ISURIAH D) v JHEE 23 T 45 R AP AR e R 8, SEIR CT R AUIHIE Azl by de s TR 2
B, SR A T IR R R R S5 1) IR L AT, FEAEskU) R 2 d0 58 e J5 E B B T K 8 B8 3 IR 43 . Jdad
X XHCSU14 ¥ Al Sliver07 Hd e b I35 CT J3 41 1 FFME 73 5256, LA S JLA IR o B 505 I LA, SR8 T RSOk
(AT 2, Hor RS B ey, Bk,

KEEIR MRS E, ACPEE, TRARFARSE, EH OT BIR

IR ZER, BT, B, BV, Mk, 3T ACEERIRI IR IEE CT JPAFNE A%, B3R, 2021,
47(2): 327-337

DOI  10.16383/j.aas.c180544

Automatic Liver Segmentation From CT Volumes Based on

Level Set and Shape Descriptor

LI Yang"? ZHAO Yu-Qian™ 3 LIAO Miao® LIAO Sheng-Hui' YANG Zhen®

Abstract Liver segmentation is an important prerequisite and basis for computer-assisted liver disease diagnosis. This
paper proposes a novel method for automatic liver segmentation from CT volume based on level set and shape descriptor.
First, irrelevant tissues and organs are removed from original CT volume. Then, intensity bias field together with perimeter
term, distance regular term, and segmentation result of neighbor slice is utilized to construct a level set energy function,
through which initial liver segmentation results for the CT volume are generated automatically. To avoid segmentation
error accumulation, a liver boundary refinement method based on shape descriptor and bottleneck rate is proposed for
each initial segmented slice to remove over-segmentation regions caused by intensity overlap. The experiments on CT
volumes from XHCSU14 and Sliver07 databases, as well as the comparison with other algorithms show that our method
can segment livers effectively with high accuracy and robustness.
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Fig.1 Flowchart of the proposed method
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Fig.2 Pre-processing for liver CT image. First row: Original CT images; Second row: Results of pre-processing
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Fig.3 Bias field based intensity correction. (a) Pre-processed abdominal CT images; (b) Liver slices within masks

generated by location constraints; (c¢) Bias fields; (d) Liver slices corrected by bias fields
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Fig.4 Initial liver segmentation based on level set. (a) Preprocessed CT image; (b) Initial contour of level set evolution

(white curve); (c) Initial segmentation result (white curve)
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XHCSU14 and Sliver07 databases, respectively; Second and fourth rows: Partial enlarged liver segmentation results

(The white and black curves are segmentation results of experts and the proposed method, respectively)
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Fig.9 FPR and FNR distributions of segmentation results for XHCSU14 database. (a) FPR distribution;
(b) FNR distribution
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Fig.10 FPR and FNR distributions of segmentation results for Sliver07 database. (a) FPR distribution;
(b) FNR distribution
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Fig.11 Dice coeflicients distributions for XHCSU14 and Sliver07 databases, respectively. (a) The Dice similar
coefficients distribution of XHCSU14 database; (b) The Dice similar coefficients distribution of Sliver07 database
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Fig. 12 Liver segmentation results of slices with severe hepatic lesions. The black and white curve represents

segmentation results by the proposed method and experts, respectively
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Table 1 ~ Segmentation performance comparison on XHCSU14 database (mean + std)

Jii VOE (%) RVD (%) ASD (mm) RMSD (mm) MSD (mm)
SCHR 4] 8.1+1.6 5.44+3.7 1.3+0.3 2.840.9 42.5+18.0
SR [6] 10.2+2.1 26+24 1.54+0.3 26+1.3 27.54+10.6
3k [7] 54+0.8 —-03+1.3 0.8+0.1 1.3+0.3 20.5£7.4
KT 5.3+0.8 2.14+1.0 0.7+0.1 1.2+0.3 19.0£6.5

%2 Sliver07 Hofli 7 FIVERELLAL (B £ brvfE2E)
Table 2 Segmentation performance comparison on Sliver07 database (mean + std)

Jivk VOE (%) RVD (%) ASD (mm) RMSD (mm) MSD (mm)
ik [4] 74+1.9 46+£2.8 1.24+04 28+1.3 38.54+18.0
ik 6] 8.9+2.2 2.3+2.0 1.44+0.3 24+1.2 24.3+9.6
SCHR [7] 5.8+3.2 —0.1+4.1 1.0+0.5 20+1.2 21.249.3
ATk 5.7+3.0 —0.5+4.0 1.14+0.5 2.1+1.3 21.54+10.7
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12 iR, 536, BT URBE A 2] I T ER I R8s
SAEA LR A e, W 2% N R R0 55 2 B i JHE I
sy
# 3 Sliver07 ¥l E 7 BIMERELLEL (BI1H)
Table 3  Segmentation performance comparison on

Sliver07 database (mean)

- VOE  RVD ASD  RMSD  MSD
TEC gy ) (mm) (mm)  (mm)
Sk [10) 5.37 1.32 0.67 1.48 26.93
ICHk (18] 5.90 2.70 0.95 1.88 18.94
SCHK [16)  5.36 0.03 0.96 1.84 19.20
ATk 5.69 —0.58 1.06 2.08 21.51
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