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Abstract: Comparing with the classical level set, the variational level set without re-initialization can avoid repeating initialization,
which greatly reduces the algorithm’s running time while using the edge gradient information of images to accurately capture the local
structure. However, this model cannot adaptively obtain initial curve, and the model’s topology cannot be changed to detect multiple
targets. To solve the problems above, this paper proposes an adaptive contour based variational level set model for multiple target
detection in complex background. First, the inter-frame difference algorithm is combined with K-means clustering algorithm to obtain

multiple initialization curves, and then the noise is reduced by morphology method. This can estimate the position and the size of the

« EETH: ERERBIEIE4(61501352, 61503292, 61203202); Bkt H SRRl SR 78 TFkI- 745 A 151 H (S2015YFIQ0573);
rh o RS S AR Lk 45 3 % T 4 (JB151308, JB150228, JB161308, XJS16075)
Foundation item: National Natural Science Foundation of China (61501352, 61503292, 61203202); Natural Science Basic Research
Plan in Shaanxi Province of China-Special Foundation for Young Scientists (S2015YFJQ0573); Fundamental Research Funds for the
Central Universities (JB151308, JB150228, JB161308, XJS16075)
R I A]: 2016-06-01; &K [A]: 2016-07-18, 2016-09-29; K FH i [8]: 2016-10-22; jos 7E 4% Hi kI 8]: 2017-03-17
CNKI P25 48 5 B 2017-03-17 14:37:13, http://kns.cnki.net/kcms/detail/11.2560.TP.20170317.1437.001.html

© WA

PEEBATRS httpe// www. jos. org. cn



2798 Journal of Software #1F53k Vol.28, No.10, October 2017

moving target in complex background. The variational level set without re-initialization is further extended to multiple targets from single
target, and the model’s ability is improved to deal with the images of non-uniform gray. Experiments on standard database and real scene
data sets indicate that the proposed method can accurately locate targets contours of different scales and gray to improve the evolution
efficiency and accuracy of the algorithm.

Key words: variational level set; inter-frame difference algorithm; K-means clustering algorithm; morphology; complex background
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Fig.2 Three frame sequence images of four experimental data
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Fig.3 Results of frame difference of sequence images
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K4 mizE<5 R4 R

(@) (b) © (d)
Fig.5 Processing results of morphology
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Fig.7 The situation of including three level sets

W7 &4 3 AR
LAY R 2 AKC PRI BRI ITR] RE ONR(19), 8RR I 7K 745 B S A5 B R (R L.
P(¢) = %ZL}(\W&\ ~1)*drde (19)
k=1

KA, 0 =(4. 0. ) LRV EKTER R EL
ST A A 2 S O R AT B M R, FRATTE K ST 4 1 N S BB e B0 1 n R I B e BTRTA K
15 i £ (14 R B AL LRIk, 7K ST SR 1R 1A S R B R RO SO F T SURAI U 35 I SR 2R s R

E,(¢)= a)z jQ drde + %i]ﬂ(\v@ |- 1)*drde (20)

Hr, KT 0 1R B G T A R R L
PSRN KT 4 st 2 (04 B2 DL K A DX 38R By T AR AR DA s A el 8 v A 240 3, 81 e, AT BLE L2 A K1 4R 1 A1
BEF TN 48 7K B il 264 B A DX 3 i AR R AU AN 2R 7 O

E,.(9) :zﬂ’kLg(¢k)+z}/kAg(¢k) 2D
k=1 k=1

Forb 4 R B8 kAN KT 5. il 2K 1 2 AR B AE A SO BN 5. J9 o0 KT SR BT 5 110 DX Ssk i AR 20 R &R 5
FEARSTHEME R 1.5.g NIBZAE /R REL Q2 1), K15 2 2 Dy 25 i 2 4 B2 22 i 7 1 B 1) X3 T A
B DSk A 2 A, 32 R A

L,(#) =2 [, 85|V | drde (22)
4,(¢) = Y gH (=4, )drde (23)
k=1

Horh, L () KT EEIEI S KL, 4,(p) N HARXII S, ¢ NH &k DKVE k=1,2,...K, g NILGIER
PRI, i BAAR B Dirac PR, H N Heaviside 2R %5.
RO A EKFEMBRERZEN

&P =E,(H+E,,(9) (24)
K AE 5315 18 /KT 4R 1) 2 BE 192 2R (2(24)) EAT BRI T B AT A5 4 R O R
os _ .| Vg | - . ¢ ||
67@{_ a’dlv[v¢j ﬂ|:A¢k le[WﬂH 5(¢k){zifle(gv¢kH ;Vk35(¢k) (25)
R4 Euler-Lagrange J7 F2 R4 B T P&k, Al 33 AL I FE R (MK P RS ¢, B
(Zk—a)dlv[ivqﬂ ,u{Aqﬁk dlv[ ¢H (¢A){Zﬂ dlv[ ‘ ]}-kagé'(@ (26)

2 W X (26) % 26 EAT 2 A 10, B T 459 2 R 1, (r,0) IS 3N H AR IR I 25 5 T8 43 /KT AR I 2 B FRAG
MEEK BRI 1.
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Table 1 Multiple target detection algorithm based on variational level set
1 ETERDKFENZ Bkl E %

BB WEFIESHC Max, 100000 2058 F 800, KT 58 M 2R RE I 20 3R R A, A A DXl T R ) 240 3R 2 B s
W2, BEIEREE Count=0;

IR 3. Q0T AT A H A i

B4 AR KR

PRSI 23) T E AR X R

BIR 6. Al aRQ26) 5 B K T4 i 2k

BT, 2 Count > C_Max I, W FVEFE 175 W, Count=Count+1,FF 44 B L 3% 3.

4 ZWERKSH

AT B B AR BV A S, AR ST 4 A A R RN I S s R K B B S B R AT 0 BRI IX S
AL AL

(1) LSEWRI(level set evolution without re-initialization)&y2: 21 Li 46 A2 HY i) — b G 75 4 48 AL I A8 43 7K ~F
B 71, HE AR 43 A 3R R R 1 266 BE A5 I, A A5 LE AT 7K P SR 1% AR, A8 Bt PR AR T s E 2R
AT LAXT 2 H b BB AT 2 F1.

(2) LSBMOIS(level set based multi-objects image segmentation) 75 =M% x| Fil 1k &5 A $2 B9 — Fb 3k F 7K P 4
12 HAx UG o> 3005 2, AR A7 20 B BHE B8 — AN AN G il A N0 0G50 R, 48 8 T DX 30 ) 32 3h 6
R S RTAR G 0 EAT AR AL, I A5 3 B AR BB BR M 28 1% T vk 78 o e T BRI B R FE (S B IR b, RE 6%
A Wb oy FUK BEA I S AR

3) T FHE1EZ B FRI ) C-V R R E(KM-C V) DUA ST K-means 58 25 5015 3K 15 FO W 4B T8 40 il 2%
LGSR A C-V BB AT ith 2ok AT Ak

4) AT 711G % B RN E LSBMOIS(KM-LSBMOIS). PLZ S K-means 5828501 3R 15 B4 45 T8 4k
LRl SR T X 3 ) 3 Bl e R A 2 ot it 46 A7 1 A Ak

(5) ASCEEHMET B IENAE AL 557K FE L BRI E ACV-LSM.

# 18 3 K-means FEAHIER ) 2 B BENLA) 610 10 52 8, 48 SO ik B 5 0 UG REAT 20 ROMSZ 5258, 98 )5
R A ] 25 B (median) fF 9 B & 45 28 1 FOEREVERIEAR 2 000 R, FH R TTVEIHER 500 R EVEF S8t
WRERI6 VAT W e ,C-V BB EEF SR E N At =050, =0, =1,4 =0.5,4, =0. HAL TP S H0% 2
HNe=15A=5u=02/At,A=5v=15.

T ARSI TR S I8 HAE Y TEAE R T RS R 3E1T:CPU i Intel (R) Core (TM) 3.10 GHz, N {72
6.00GB HJ PC ML, #1E RSN Windows 7,ZFE1E SN Matlab 2015b. MR EHE 2K H Computer Vision and
Robotics Research H1[# highway 1Tl 5 51 B4 2 bR 37 35t v 0 R 008 2 R B — B3 21 UG R i =i 5 1) 1]
B 75 BRI RSE A 320x240 153
4.1 BEBESHFIIER

A B R 4 L B B GOk S L B E S R ELVE LR 1 LRNEE 2 SRR AR 3 MiEsh B R,
A3 AR 4 HELWHEEH 4 Ni2sh Hir, X R EEARMAE. KEMREE R IR ENIESS
H 5, B A BE 21 B I AR A, AT DA X B30 v A ) PR v A 1 AN B A SIS R I 8 P, LB 1 AT R 2 4T R
NT S AT EEST S 3 NS HERAIRE I GE L5 3 AT 44T BOR T S M LB S 4 AN 83 H bk
ARG I 455 R M BT T 8(a)~ & 8(e) ik %F . LSEWRI. BLSMOIS. KM-CV. KM-BLSMOIS. ACV-LSM.

& 8 B 5 RV 45 SR AT LUE B, LSEWRI A A el H AR AN 5t X304 71X 1 B2 T H A da 1L
i 28 S [ 72 1 — AL R G B A T AE, DRt 4 RS B e I L 24 1 3 S iF LSEWRIT A g B A (1 53¢
frill 125 B #56T LSBMOIS  J7 32, %) 46 R 18 Ak th 42 (9 o7 B 2 BE AL 3k B FR) B AR SRk R i o AL T- MR Y 4
1 b R RS AL B F2 H LSBMOIS 34 15 5 4 ik AR, L T A L R B 8(a) B 8(b) W LUE i, ¥ A&
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R BER R T HEAE W16 v A4 il 28 R B AL I v a4 ith 266 T &8 B 24 R B A e A Bt 5] 5 5k
K 32 3 H . 5 2 A8 102, BT SR R SCHR 1 B 3E R H AR 5 R D 0 46 T A i 28 KM-CV. KM-
LSBMOIS H1 ACV-LSM 34 A {5 it £y A4 A5 I 2132 3 H b J&] BBl 31X B 50 0F T A% SCET 3R AT 4R Ak il 28 75 15 (KA 2 1,
Wik 8(c)~ 8(e)Fiun.

H & 8(c)T LAE 2,5 F KM-CV,H T C-V BB £ F BIE M4 /M5 B 0, B b, 7k AR S A 72 R4
SN B ARBEAT RN B 8(d)TT LAE 3,5t F KM-LSBMOIS, BT F B 3& B H AR 8 B A 0 a4k ith 48,
W67 ¥ P RAS IR AR I 25 SR LR F LSBMOIS 7 v B ar il 14 285 SR (Un ] 8(b) i ) B & (HL 5] It A 7244 15 S5 i
9 EH AR AT R I 1% B A SCHTHR ACV-LSM. BVE75 3 T et (A i 25 31, a0 &1 8(e) BT 7, i £ IR g A it 2 7
g hL 723 B AR A, B 22 B bR K A R B AR i sz, G B M S I X F R H T ACV-
LSM % I B8 =38 16 B A5 2, TR MG AE 3047 38 A 315 AT, AN 2 B0 18 2 52 380 FCAth J88 1 ottt 28 2 75 S5 IX S R 52 ), A
T B w7 7RG I 0 T P X L — 2D UG IR T AT AT R &R T8 4 K AR 10 2 H Fn kMBS L (A 2otk L gk &
HERG S, AT IR EE R AR UF M X 43128 3 H bR AT 5% X ek, M T 32 s 77 RS 0 FR) A 2880 1k R0 o

(@ (b) © (d) (e
Fig.8 Detection results of five kinds of comparison algorithms for four experimental data

Bl 8 5 Pk L S vdend 4 2 S 30 B (1 A ) 45 S

4.2 SRR PHIFTIE S

A1 SR = sz bR 5 1 51 G SR it — 2B 4 LU IGAE 5 R AR XA G IR 2B B 4107 5,
A S DL R B H bR IX 2518 30 H bR ok T 5 R Bk, Wi B 9 s B 10 SR 75 Fxd B B Al
S5 o & 10(a)~& 10(e) i k% B2 LSEWRI. LSBMOIS. KM-CV. KM-LSBMOIS. ACV-LSM k& i 5 5.
10 7T LLE B S 7E B b S A AR B s I OL T AR 4 FPEES I T B A, F, BT 10(a) B i
HEE R AT LUE T 58 2% (15 LSEWRI 7R 44 3 H b5 B3 78 oy SR B8 KBk AR, 78 15 F A B0 AH Rk Ak
B LT AR B S T3 B AR B A 100045 R AT LA T E B R NG, LR
RS DL 1k H bR B AL AT R T AL it 28 75 T AL AR R R R B T R 5 R Bl H BRI R Sl b
H #5347 0 W7, T AS B 8 HE A RS U 2032 30 B b5 B 10(c)~ Bl 10(e) 145 S 7T LG H, 5% F o 1] 22 43 v F
K-means FEEIEANL A 7753 BUE 3 B br B AL, H L, 10(c) M 10(d)72 % B 10(a)F ] 10(b) EER] 46 il 26
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SREU7 5 b ) ek, v U 2L I 10(e) A EL 10(d) 45 SR8 R LKL 10 B 1000) iR &S REF A2 T C-V
T 2 BT R 42 R A5 B R I E AR AL [ I AR P 45 H AR 5 8 S DUIX 40 AR SRR ACV-LSM. BV
i 285 R an B 10(e) B, BAR AT I M BEAG BT T B&, 2 H AR bk B 2 53 5 B 1 5k W A BT L ACV-LSM %
SiRMIL %S HFF RSN GAFIEZE R (H ACV-LSM 18R RE88 44 BT (1132 30 H Ar A 5 DX 380 ) o 1 3 —
S UGAIE T A SCATHE 7 V24 Bl T At S5 92% 10 A R0t AR o

I AT BL R SEI AT DLE L ERT R 2 R0 202 3 B FREEAT AR D0 455 R A UG AT =i 2 S s L B
FIFH K-means 5% 3RAF ] 46 18 A0 1th 2, 56 5 28 HRORE I &5 SR TZE L AR G 1)« VA X W1 Ui A it 28 R AT o5 i Uy v B
IR Z SR TKPEN 2 B s BB 5 E1 0515 C-V AL DL R AR 73 K S 5 nT LG B, AR 4 KPR 1R 1
AT 3% S A 32 B B AR, [E B A AR T v A SE bR B AR R 52 4R 1935 B, ACV-LSM B 5 HE B Hiu R I HY
122 Hbr AL B I TE A R4 (o AT 45 ) DL K Hb T b 7 286 5 R 0 19032 3l H W5 AR 3R 32 00T 1T, BB 68 3 A0 AR Y
HE 2 H xR, 13 200 = R 45 R

- .
T

(a) (®) ()
Fig.9 Three consecutive frame images in real scene
B9 HSLtmiEs:

() (b) (© (d (e
Fig.10 Detection results of five kinds of comparison algorithms in real scene
K10 5 Fhoxt B R E N s AR I 45 R

4.3 BERBITEYEX L AR

F 2T 5 PRSI S 238 47 I 1F), AR 2 T LA He,Li B ) LSEWRI S0 HH b T JeAi )L
TSR0 AR 1B AT T R AR R IR i T L G 1 R AT AR A X — 1 R T C-V R SRk i Y I T S 2 D T A
JURh B X B T H A By Al S BA WL EE, LSBMOIS  J7 v BT i BRF 1] 2 25 v 1 0 Ath J U 5036 A ST
FEH T ACV-LSM J7 VA& 7545 3] v B K 00 225 SR A [R] IS, i PR R ) 0 652255 /N T B C-v RSB0 22 AR Al 300k 3k
ARUH 2 2 /T LSEWRI S92 25 45 A6 I 45 R 1) A 6 16 A0 S5092% 19032 47 I T80 ) DU B AR SO 3R SR AR AT
B 5T 241830 B bn ke I, 58 88 18 32 552805 A0k Ak 8 1 2 1) 45 30 4R G i) A, B A B Ak 1 A0 A 12k

Table 2 Runing time of all the data for five kinds of comparison algorithms (s)

F2 5 Pl BV BT A B8 AT I ) D)
i LSEWRI LSBMOIS KM-CV KM-LSBMOIS ACV-LSM
B 1 28.693 514 383.895 428 14.378 181 156.571 810 27.982 037
s 2 28.664 303 387.449 078 14.542 172 155.860 801 27.956 993
Bl 3 29.004 017 381.244 135 13.977 008 157.446 840 27.512 702
B 4 28.969 817 380.836 147 14.413 224 157.606 330 27.668 476
SR = E 125.682 831 2 094.233 166 20.460 849 799.584 212 97.484 193
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5 B %

38 AT A6 P AN 2 R G I A2 24 1 7 T 4 5 32 R 7 A M e R ST X A 1 4 T — i S R
Aoy AKPARTT I DR L T E R R 2 B AR %07 200 = miE 0 T5iE S T B RRF RS A,
SRR T B B IE LY H AR ER Al TR, A SR N A 7 KT SR T A T A i 2 bt AR SOKS B bR AR
TR R D9 % H R AL Gp AT SRR TR A B Rl 17 RS B B0als B B 00 I 4 SRR WL A ST R AR U ik e
i Tt b 5 S AN [ RUBE AN A FE H AR (R 58 38, AT 78 1o S0 (R T A AR 2 T 2 H AR AR 73 KT R B e %
AERAAS U LR AS 5 0 b A 0 R0 e B 1 4, JE R X AR R AR 3 S AT AS U I, BE 5 A R0 A 3 5 4 A
HHIE TS S0 H AR 05 0, A B R T R

(7 P 3 75 281, 228 1 A K T AR L 425 P, 50925 R A 00 R il = 0 2 W1 B A b, e — 20 P A 4 ) 0 B0
(R R 2 AT — 2B MW 7T 75 1) BRATTIA D, 2 Wt ) (7 bR STAE JEH D fiff ok 0 — ) RS (A R it o T 2%
FIA0, AL E AR S AR R I A U A P £ 2 BB R B 3 — il L BT TR S 0 R KT
MR 5 G 2 B PR AR (U UG AIE T G RP IR A5 ) R AR e, BE T S IRV 0 10 22 7 AT SR AR R N T — 20
v b G0 ) oA Tk 17
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