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Abstract: In order to detect LSS( Low, Small and Slow) targets in complex sky backgrounds, we study the
visual salient region characteristics of the LSS target and scan line filling algorithm and propose an adaptive re-
al-time detection technology for LSS targets in dynamic complex backgrounds. Firstly, a saliency map is ob-
tained based on the Luminance Contrast( LC) of the image. Secondly, the morphological gradient is used to
extract the saliency feature and the seed points of the scan line filling algorithm are obtained by the three frame
difference algorithm. Then, the scan line filling algorithm is used to grow the image and the foreground is seg-
mented using the proposed adaptive double Gauss threshold segmentation algorithm. Finally, according to the
change of the object’s area of occupation, the center distance and the aspect ratio of the candidate target, the

false targets are eliminated and detection is completed. In order to verify the effectiveness of the algorithm, 7
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test groups of complex sky background video sequences are selected and compared with other excellent detec-

tion algorithms. The results show that the running time of the proposed algorithm for moving object detection is

0.040 9 s and the accuracy rate is 89.97% . When compared with other algorithms, the average running time

is reduced by 0. 35 s, and the average accuracy of detection is enhanced by 24. 5% . The algorithm has good

stability and is robust in target detection in complex backgrounds.

Key words: computer vision ;visual saliency;scan line filling ; curve fitting ; adaptive threshold segmentation
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Fig. 1 Feature analysis of the LSS-target image
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Fig.2  Visual saliency results

22 BEEZHHEE

N T AEANSE B PR B P R B R A AR
SO A5 2 BB B 0 5 = Ay R T A T
TRlG R THEES R, B, B H R
BEF LAY 3 x 3 TE T A 3 531§ O 408 HL i
SIS . TR B A L S B RIE . S8
JE R PR IRCE B RRAE FEAT = W22 53, AT AR A5 A1
o BEIEIME 3 FR,



5 o it
, HAEF TR AUF .
&0 &
1 v ! ” ’
A ST A H I 0 2 BRI P BR I
T A B E WA b WA R ?LMﬁ %ﬁg@a KW;W%WQ
ANESEREE T ) B 4 R, NERAES R R IEMG 5

i 5

K3 BRI FkR e B A
Fig.3  Schematic diagram of gradient difference algo-

rithm

2.2.1 HEBEFHE

IESIZT S R LB S I N SRV S
Al A B R K L ik B A R A A R R
Top-Hat 42455 Z FE & MR Bz /7. 115/
EURIIE 8522 0 B 2 LR 2 B B 8 E
— DT T EUSR ARRAE R, B 25 ik
A P9 2 e T o O o BE At A 3 2 45 S5 B

AR 5 W AR H b i) BT 1 S R T 3%
Yo (30 A ANER Y sk B B . THEE TR
A GG FR, T 45 i o0 28 I B i Xl ) e
KA FFRE S S % AR 2R R e, HECE
FRkAXW T

X@Y={EI [(YV),~X] CX|, (5
Hop X AR EIR Y HE5HEET B .,

A b — b R 00 S 30 B D R A 4
At RE . AT RARIRIGRER /N BIJo R SCryyie. HH
SR TR A R AECE B, TR A5 oo R i w2
DAk i) fe/MEL, IR 28 275 RidR i E IR R

W(n +1,n) ={
W(n,n-1) = {

Diff(x,y) = {

HrfWn +1,n) 81 W(n,n - 1) F7-AH 2B # &1
TRV EIGER, Diff (x,y) Fm —WE R RIEE5)
FILR, Q NARBIE,

0.W(n+1,0)~W(n,n-1) #1

A ok f PR 0 26 A PS4 5 A A B R Tk s AR
55 I MG ) 2 (8 UG 7 1) o 3 2 A R K F Ol
5Ty ) B AR R S5 R e R AR R, AKE
] 55 18 7 ] 1 4544 T R 43 0 R B Ak LS 5 g ok
FUMG I 25 (MR 5 A B 2 2 K J5 1115 5 6 1k
Ja ER 2 E %
R TARBUCE Z 0 5, AR SOl AR L S 2
BEREIFA T A Rk T
dst =X@Y-X-Y. (7)
2.2.2 EpHE
) 22 4 2 3l 5k o) A 1 14 R 91 Y
T 2 P RS M 22 4338 B R B 2 X 3 A B30 0
RIS T T P15 =2 T ) 2 50 D oA X6 g 7 AR R (B 25
ML e . HACE AR T
B(x,y) =1 A, (x,y) A, (x,y)t , (8)
Py = [P EE ()
0, D(x,y) <p
Ho:B(x, y) Fon A AR W Wt 1% 1 22 45 4, D
(x,y) FTRE TR ENER P A5 B
S R (0] 22 23 B0 R AT AR DU B, 25 7= A 8
T Fn s B4, HIGH R 5 1k ks sl FE AR
120 E AR, BORREVE R “ A/ NE” B BRI 145 3L
FBto ZW2E5r SRR 22 50 50 i S pty ik
A1 7 etk Bk b A AR = G 0 o — 4l i A7 22
51, RERSHERf G I 2152 ) H AR Z h R R 51, T LA
VER SRR F i (A 3T Bt HACE A Xk
T

L,1 A, (x,y) —A,(x,y) | =0Q

; (10)
0’ | An+|(xJ> _An(x9y> l < Q
1; | An(x,y) _An—l(x’y)|20 , (11)
O’ | An(x,Y) _An_1(x,9’) I < Q
1,Wn+1,n)~W(n,n-1) =1 (12)

B E 2200 (AR INIET 4 i 7s , NSE S 28CR n]
VAt 5T SR B O0S L BE B S 25 P R Ak T R A 4
WIS AREARS 2 )5, S T8 R g 7



554 1 SE A IR R TR RV B AR I AR 857

®
&
&

=
&

ZWiZES

Dst

K4 BREZZE TS

Fig.4 Gradient difference results

BB VAT SRR AL, By PR T 25 0 305
B M O RE BRI A X S PR
RS IX AR S o B 22005 ik ] LU A skt
HAT WL XIS 10 - a5, HL 3 T K B8 R AIE 72
SrJE R B A T R B B R R AR TR, Al
DAGHE G B A o I 70 e 22 X0 — 155 DL A9 H
b1

3 /Mg H A

3.1 ETHM&ERHRBER

DRI 0 S A A 1% 3 X IR e
BOA B R IR i R o i B R N B 4
BE RO 50 IR, i 4R 2 B BoA
B TERR R RS IR X sk Fh 1
MBI 5 S 0 AR R AR E ST A A
FHIE), R3OS (0% 5 o SR Ja K AR 2B 1R %
s, ERULEFE , BRI e &P TR R R
AR DS AR AR R R AL 5 A P
Aol — 70 DU 1] 4 R, A AP 8 X TR —
MEE T3 Rl N ER  JE A8 A\ X I -
TTF—MEaR KEERE-DEANER, X
AT ERE SR K, BRI B A

B=.

G K IR KL AR RS AL LAy
IR EYSEIID e IR O EPESES (VO s = G 7S
) S 2R BB vy, SN AN o AR SOt A 2
TR LITE Y DS AE AR B R P A — ke it
VA, $R SR B AR . IR BE AN R T3 U9 5 5
Ab 3R 15 1 W 08 38 DX IR/ R SR X, T2 7 7K
P51 3T I B ER R B, Aoy Bol Uk B
FHAR IR 5

AR (E S)h

(1) Wt A —A~ 23 0 R T A7 i B 22 73
FREAR BN BT o, R T R AR

xLeft xRight

e b
T TP
ok k%
HEER 'HEEE
* 8

, ‘ LINLE

CEENE

[ [ ] Xk

Seed : %

(IR BE (5238 0 RP R W e

Fig.5 Flow chart of scan line filling algorithm

(2) I A7 s B B R 2, RS IRl T A
FRAEAARE L AT A0 22 AP T e AT AR 4
FFEEORIVGR BOT T 7S, R #M 2 KR
NH A FIE LKA

| P, =B | < 7y

| P, - B | < 7¢ s (13)

| P, =Byl <7y
Hor, P (P APy o3 i 3 TR R TE R .G B
HIE K BEAH . BrBe Tl By 73 3 FKoR iZAT Rl ¥
WAER .G BEEBRENKEE . 77 M7y N
FI5E BE

(3) 10 NI 75 F 4 X B AR 4 AL A, B o
HiX—XBAREE R F LT AL RS
TEZESE AT G 0T FE SRR R A

| P, —vp ! < oy
| Po =yl <og s (14)
| Py, — v, | < oy

Horb yevye Ay 2002 AR AR BT



858

Hh DG

2%

R.G BiEBIRZREWIKEM . op.o Fl oy BHE
A

WARAEAE , PR DX B 22 45 PR s (A AR 2R S A
A SRR TR e A HERR

(4) B0 IR(2) , HEE RS,

A SO I AR K25 08 T 4 H AR
R A, PR RA AR IR ER,
MR AR X B, BIRTEA I
H L SO AR R B i s s AHEAR D
GBS 3 e T e ag =W i N i S B S O R
S R R A HERR 2 A AR, AT LA 48 HE AR 25 Tl
I BAE LA AR K T B i - B 5 43
R T ARG R AR, XA Kt AR
AP E R R R B T RO, Bk
(YIS IA] A A% B A, HL A K my BIR R c BAA
B g DX 3 3 1
3.2 BENBERSE

N T AEEUG A B R A, AR G T — b

BT R R IR o SR AR 0 e K
KAt BR A BT B, JF R i E R LR A I A i
O SR A HH A TR e /ML, K FL B0 A o B B A A de
i

L7 VAT AR UG LSS A D JEE 2R AR AL
RO o B ERIE RS /DT B G TR (B
R BOKEHON0,L -1 ]V B A K7 R
LT B AR A, A

H(s,) =n(k) k=0,1,--L -1, (15)
P(s,) = %k —0.1,L-1, (16)

Horpon RGN BBREFELGR, s N5k REBRE
JKRBE 0 FIKBER s IR R BB P(s,) AIKIE
G, WAL o X T Goad sk IR KRR AL
B A PG, FAR AT S5 00 7 P e B XL

R, HAR 0T A AR SCR A AR eR ok
XL BT

x —b x-b
f) = apespl = (] 4 agepl - ()] (17)
1 2
Hrb,ap, byye, ar, by, G HTRFFESEL R FHEAURETRT ER Ty B A TR S -
n 2 2
L(a,,b,,c, ,a,,b,,c,) = ﬂ{alexp[_(nk_bl) ]+azexp[_(7nk_b2) ]}a (18)
k=1 [ Cy
X b O
n —b 2 n —b 2
L(a,,b b = Y1 - (= - (== 19
(ay,by,c ,a,,b,y,c,) ; n{alexp[ ( c ) ]+azexp[ ( o ) ]} ’ (19)
Skad‘ al’bl’cl’a2’b2’62ﬂgﬁ@§&yg2§ﬂgﬁ:
1
aL(‘ll’bl’cl’az’bz’cZ) _ . 2 2 —
da, - ; a1+a2eXp[(”k—b1) _(nk‘bz)] =0, (20)
¢, ¢,
2n, _2b,
aL(a]’bl,cl,QZab2scz) — i Cy ! =0 (21)
81)1 k=1 1 +%exp[(nk b1)2 B (nk _bz)z] ’
a, ¢ &)
2(n, = b,)?
oL(a,,b,,c, ,a,,b,,c,) $ : 22 2
= _ — = 0 22
dc, AZ] CT(I +26Xp[(nfZE bl) _ (nk bz) ]) ’ ( )
a, Cy (&3
1
aL(alvbl’Cl,aZ’b2’02> _ - 2 2 —
” = ; alexp[(n" —bz) (nk bl) ]+a2 =0 (23)
C, e



454 REW S B IR ST B R/IME” BRI AR 859
2, 2,
dL(a,,b,,c;,a,,b,y,c,) _ - C; G -0, (24)

ab, T F

aL(al’bI’cl’az,b2962) .

o Bl 25 - (2

2(n, = b))}

ac, B ;{ci(l+%exp[(nkc_2b2)2_(nkc—lbl)z])}=0- (25)

AR T7 1406 Ja B BT BURAT W] R AR OR

e/ IMEL, LA S RANE 6 FT7R o
(a) JRAAEL )T 15l (b) A BTy

(a) Original histogram (b) Fitting histogram

6 XU R B £ B PRI 4 2R

Fig.6 Double Gauss function fitting histogram results

Mg (19) ~ (24) A 3K15 a), by, ¢, a,,
by, c YA THE B HACA B AT RAT R £ 1 25
i H/MA :

aL(x) |

ox ¥=0 = 0
lim, .. P45~ 0 (26)
lim, - oL(x) =0
c 0%
e s/ MEAE R 73 B EAUA LS, B R]
ARSI

g(.y) = {f(x,y),f(x,y) <R
0, flx,y) >R
A SCHR S IR TR T 8L G BT TR 3

{1 43 BN L SR AN & T R .

(27)

(b) 2R B4

(b) Segmentation image

(@) KR EIR
(a) Growth image

K7 BN EE ISR

Fig.7 Adaptive threshold segmentation results

3.3 FIRERBR

HUARA“AIR/ME” B AR — M5 1 % 1 X
S, B BB RUIR A B/ B 908 R DA 2 50 Y i
JE, Al RUAR 3 s ok H AR A R H AR Al B0 BE
B IR 2R TG HU2E SR IR R AR F b, B
SR, HAHRImEm T .

@ A BhARAT A6 5 BEAR) H bR B/ NME TR

¥
Qi HARmR S L
_ ¢l
S = ‘K(x (28)
@A H bR OB B AR L
_ e e ?
Ac = b_+a , (29)
@ﬂ“ j‘r‘inlﬁ[ﬁ:
b,
Aa = E , (30)

Hop, 1ol = >0 K(a,y) FoR HARFERG BT &

PR WBCE, K (w,y) Fn 5 i B AR 19 /MR
TR SR R 5 b, A by 205 2 A0 ik H
PRI NETE S ML . BBES R P
BT mAMRGE HAR XS ey, | S BR IR R

x1 FIREERE
Tab.1 Eliminating false alarm process
input: f£3%€ HARES R
output: A T

Llizhi}’T:{d’} A Flaf
2. Fori=1,r,eR
0.8<As<1
3. if Vs;:{0.75<Ac <1 then
0.35<Aax<1
4 T =T ™t A TH HRES
5. else
6 T =T A SRR
7. End for




860 o DA

2%

1 A bREEA 0 T, S BR REB H AR B BAA R an ke 1
NS

4 KILERBHHT

N T R AR SCE A RE , AR SO T i
w5 AR R AL, GRS (b, Sk, PS5
ZeABBLI T AR HEAT T IR (35 2) I 52 %
ZEJL ) Vibe 5 3E1 PBAS Bk HEAT T R I
SEMT e R T ARIE S B0 2 S A 4 S A R A P, A
SCAE S SCE R T IRAC RS AT T It

R2 KGR
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Tab.3 Detection accuracy and false alarm rate ( %)
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Video 2 30.4 72.5 87.0 82.4 76.5 4.6
Video 3 32.1 80.3 84.3 65.3 11.2 0.9
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Tab.4 Average time consumption and total time consumption of the proposed algorithm

o Wk ‘ SEIFERT (s/frame) . BEERT/s
Vibe PBAS Ours Vibe PBAS Ours
Video 1 76 0.362 0.396 0.042 27.512 30. 096 3.05
Video 2 69 0.346 0.389 0.048 24.081 26.841 3.31
Video 3 249 0.372 0.412 0.047 96. 682 102. 588 11.61
Video 4 90 0.329 0.386 0.046 29.61 34.74 4.102
Video 5 22 0.349 0.391 0.045 7.678 8.602 0.988
Video 6 64 0.354 0.397 0.043 22.656 25.408 2.764
Video 7 101 0.371 0.403 0.047 37.471 40.703 4.770

(a) A (b) Vibe S5 (c) PBAS 525 (d) A%
(a) Test video (b) Vibe experiment (c) PBAS experiment (d) Experiment by proposed algorithm

K8 XLk Sz gk

Fig.8 Comparison of experimental results for different algorithms
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