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A Variational Level Set Model Based on Beer-Lambert Law
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Abstract: The intensity inhomogeneity and low contrast caused by air extinction significantly reduce image quality
and affect the subsequent image segmentation and target recognition. To solve this problem, a variational level set model
based on Beer-Lambert law is proposed for image segmentation and inhomogeneity correction. Firstly, the observed image
is modeled by a product of a degradation field and a real image based on Beer-Lambert law, in which the degradation field
is regularized by a Markov random field, and the real image is represented by a piecewise Gaussian distribution. And then,
using maximum a posterior probability (MAP) criterion, and incorporating a regularization term, we propose a variational
level set model. Finally, an alternating iteration algorithm combining with gradient descent is developed to numerically
solve the model. The experimental results validate the proposed model and algorithm, which can eliminate the effects of the
intensity inhomogeneity, and obtain satisfactory results of image segmentation and correction. Compared with several state-
of-the-art variational models, the proposed model shows the best performance in terms of the JSI, DST and VOE indexes.
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Wi AE 2 4 B RS2 B0 F0 H FR A I KOs 58 Weizmann !
R FEFEATINR . Weizmann B0 B 4015 200 g 2 &
1%, Hh s 14 Bhs 24 BAri 445 100 5. I
HBEERM T H52 0% 25 B (Ground Truth, GT), &
A GTEE RN — A AER . h T &5 Hr 53 #1  &
2% 3 % H Jaccard VG it & %% (Jaccard Slmilarity, JSI)
Dice VI 2 % (Dice Slmilarity, DSI) , 1K % & &% 2%
(Volumetric Overlap Error, VOE) 3/VCHD 22 %0% & 47
WO

ST R A SCRERLRT CV A A LBF AL | LGDF
B MCV A GLFTF AR S GLIF B2 45 6 A~
Oy KPR EAT T X LS8 . Hoh MCV #E7Y (GLFIF
BEAUFN GLIF A 2 5 Ao HAT AR PR et AR 737K F-
SRR . MCV BLRLUETE CV B R 3ERl B 456 T FIZ
) 22 RUEE Z0 ), & AT DAAE — i P2 B b HERR 40750 5
345 H bR YA R R 48 5T . GLFIF B3 GLIF 455 751 2
WA G T Rl B2 R (5 B TR A 16 o 4 B A
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(o) JEIREME EH (b) LICHEIAME I G H 7 E
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Ml“ ﬂuLML ’LM“H luLL,A
(c) LSACM BT A& TF R LTI (d) ASCEAMEIE EIG B 5 &
K7 JEREAEIE RS T E
R2 AXEBGLICHKE | LSACMEE MR LR | 4% B E5LAA B M JSTLFT DSIE, LA K & /NF VOE {8,
LIC B LSACM AR | A SCfim BXHE— 25 UL B T AR SO A A 3 7 AR oh B B AR 1
P4 - - - N
Iter Time Iter Time Iter | Time i%ﬁk% .
Horse([# 5) 120 | 803 | 150 | 10.12 | 50 | 261
Plane([4 5) 160 | 1073 | 210 | 14.11 | 60 | 3.25 5 #Hit
Wire([%] 5) 130 | 872 | 140 | 935 | 50 | 262 AT R BB, 20 T — ANy K 4k
BIMRFSGE6) | 90 | 612 | 110 | 746 | 40 | 209 g st A BB IE . ¥ AEE T IR A E

R, Hor GLFIF BERUS | T RO J@ B R 45, 1 GLIF
BERR T AL G

K 8 /R T Weizmann 4G4 H 3 i MG B9 43 #1245
W X3 EEMEE L S AR FEE B H R, JFE
FRAFAE — R FEPE K BEAN Y B GE  585— 51 R i ik 44
PLRAH R A GT &5 5%, Hm 75K /R T CV A
LBF &%  [LGDF Bi#l MCV A  GLFIF A  GLIF #&
TRURIAS SCABETRY 1) 43 0 45 51 LA e X 7 Y (B AR AR . DA
SCERZE R AT LA Y, 7RI 7 AR | A SO g
HEBR 7K BRI sE e, s A o 5 AR A i e
JEE , IF H A0 A5 Bk wER i SR I ke, 91 an g —
MR G AR 2%, 58 I IR B B4 SR A28 — MR EAZ v
LA IR . 2 3B/ T 7 RT3 3 i 15 431t
ZE LY ST, DSI A VOE B LA M 34~ W eizmann 2045 5
NG R BIAE AR . S A5 A R AR SR Y

A R UL G oy i R — A IR Ak S A S R Y AR
AR5 AE X 50 R M o U)X LI [l 45 14
B, XHR b3 1T Markov FEMLIZIE WAL, X S E 4
SCa 43 i Gaussian 20 A7 B, 455 7K P-4 R BCE )
HENT ARGy KOV ARRERY | B ST ok A G R0 B R B Y 28
TR AR IR AR HEA T BUELR A . SEUe g5 SRR, X T
RS, A SCRERY AT DUAR 4 b HE bR B Ak 3 1 52
HEHE R A BRI BRI LA 22 B ) R 49 ) A
RUAH EL , A SCREARL R R 30T A SR IR RIOR . (H R TR 2
fe i, ARSCRE RS G R A e 528 40K
AR, I AFAE IR A7 B 1 WAk ] . AR SCR ] Mar-
kov FEHLIZIE N4, 32 A A BIA T i — 20 I FRIE A SE
B TR UE, TR R & A A A e e
AT LR AR IENAE B 1k . 5 e o8 A PR 46 T A
1R k37 1 18 45 A 1 DAk T
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Test image ST LBF #5734 LGDF 57 MCV 57 GLFIF 57 GLIF 57 ARSCAE T
K18  Weizmann ZUHE£E b 3 15 B4 1) 73 #) 45 1

F£3 RBTE Weizmann BB E R 2 B4R B9 )SI1, DSIFA VOE &

G/ S EIE18 CV iR LBF 78 LGDF 57 MCVHERS | GLFIFEER | GLIFAER AR SR
JSI 0.7325 0.704 3 0.7139 0.638 6 0.7111 0.650 6 0.743 2
Image 1 DSI 0.845 6 0.826 5 0.8330 0.779 4 0.8312 0.788 3 0.8520
VOE 0.294 1 0.287 4 0.2932 0.2104 0.3290 0.2347 0.128 1
JSI 0.403 2 0.373 2 0.3480 0.362 6 0.3713 0.4143 0.623 2
Image 2 DSI 0.465 3 0.429 1 0.291 6 0.416 0 0.426 8 0.478 3 0.732 1
VOE 0.5567 0.417 8 0.4619 0.545 4 0.520 8 0.422 8 0.147 6
JSI 0.7325 0.704 3 0.7139 0.638 6 0.7111 0.650 6 0.753 4
Image 3 DSI 0.8456 0.826 5 0.8330 0.779 4 0.8312 0.788 3 0.862 3
VOE 0.294 1 0.287 4 0.293 2 0.210 4 0.3290 0.1347 0.119 8
JSI 0.563 5 0.439 6 0.3990 0.521 8 0.5702 0.548 5 0.603 2
Weizmann DSI 0.6939 0.597 5 0.402 4 0.657 4 0.701 1 0.686 6 0.7115
VOE 0.402 2 0.288 5 0.318 1 0.418 6 0.369 8 0.3363 0.276 5
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tion[J]. Applied Mathematical Modelling, 2016, 40(17-18):
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