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Studies of Background Subtraction and Shadow Detection Algorithm
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Abstract Docking aircraft extraction from the captured image sequence and its shadow detection are the key works in the
Visual Docking Guidance System. The algorithm based on Mixture of Gaussians (MOGS) is widely used to subtract static
background. However, the real-time performance of the MOGS algorithm is reduced remarkably when high resolution image is
processed, the “bad-tail” phenomenon occurs when slowly moving and large object is extracted, and the shadow of moving
object can not be detected. An improved MOGS algorithm based on hierarchical image is proposed, and the problems of bad
real-time and “ bad-tail” phenomenon are solved. On this condition, a new shadow detection algorithm based on color
character and region character is presented, partially spatial constraints are used, and the shadow of moving object is detected
exactly. The experimental results in Visual Docking Guidance System show the validity and the practicality of the algorithms.
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Fig. 1  The Hierarchical image structure by preprocessing

(S, o B2 Al T S0 £ B R AR A9 R
JFERAEAEA o o MR, BSR40 15 /b ORI AR
JERFAE , T LA S5 B i R A A 1B S, R KR



1488 B 4 DR 2R

B3 %

FEA AT S E R Ry a5 R e B S, 2
(S SCINY R B B SRR o
gk
3.2 HitHs MOGS &%
MOGS F332 ) 8 57 5T B 2 120 B30 0k 1 A 0
A3, BRT AL DL T SR R ) PR 58 A8 A 1) 3 0
SRR ISR e . O TR R AR X PR 1 B A
I BE 7, 55 780 B 1 A2 R LT AR A
(1) ¥ SRR 5078 Ak 1 e 7 3 2 6% R
(2) 35 S RGHE 3 H b R bt T4t g
BRI X, 768 SRS A& i
3,55 L AT SRR S ECE B R =

m, = -p) ko, +p kX, (7)
o'fvz = (1 -p) *0'12»—1 +

p(X, —p, ) (X, —p,,) (8)

p=axn(X,|p., .2,) (9)

Fofth 73 A A T 2R 5 A o KA A BU{EL ¥ 3
(FEB iR X U AW

w,, =(l -a)*w,,, +axM_, (10)
1 k=1

v, = L (11)
0 kE#i

A, e BEFHEAR,0 <a <1 aid KA HEH R
FAF U BT 5 AR B B, AN BB A2 AR 2
MR, Gy R LR A, R 2 32 B 2212 H AL
RGN L 7/R 7 N (W= 5 )| s (N R U Nl
DLW R 2, R G 7 A 4 " LA, {H I W) R g 728
AR SE L BE ) AN 58, S RE A RO R A5 F 1R EEOR
e, X R R B SR Sk R AT T 2k, R X
Jr7s o
Y - {k - a, Mask(X,) =0 (12)
k- a, Mask(X,) =1
A, o TR S H HOR IR 2218 12 3h P 1k
[ELOANESl e S ik N DRI 4 i K7/ R NN TTRAR 2
RIS, ap BUB/IMEL, DT 5 Jid F8 7 45 B R B4 7 71 o
a, HEZEHZH RET RS o fllo NE
B AR A S A E U, R 0 < a <
a, < 1o TESEBRILHI, O T B4 3 0 34 45 B PRl
AL, AT LAGE T SR B E O 45 G B AR B
GERD TR S EC kT A S
B
B  TAT  B(E w0 FOT 22 o WM D7 1 A
Pkl (1) IEE T 2 o A — DB RE L, — B
10 ~20 22 [A], #{H o {1 FH SR A 20 B0 — WUEHROT A B

SPoint(x,y) =

HREWIEAT, o Ml p FHTE M H A5 (2) BUSER
DRI, Gt KX R R S w fl o AR
BRI AT IR 25 BEE Tk BT, o Ml B
i i8 AT HLSEE

3.3 ETHEBEB/GHHE MOGS &%

B F 53 )2 R 9 Bl MOGS 55 3k 2 e X I oy
PG 51 v 4 4 — it PR 2R A7 20 J2 P4 B, AR 1
RGP IIM R —)Z S, sk r MOGS 3 ik
Frag s or il e, F8 03 W0 58 M 45 AR R — X Z ik
SYEVR)Z S, BIR L 153 0 F 4

4 ETBEMRIEFFIERMRRKEN

S LY R NN R T TSR BB D) IE /R U
B VL FE DL OB ST R A E . A AR
I+ 32 3h R Y B R X I AR LAY T .

H AT A BR 2 460 0 50 7% K 22 Iy 5% 14 €8 R R A
HEATAG I, X 375 55 RS2 sh W R 1 JUAT R AE % BRI
T A SR 0T A B R A T Bk T
23 () 24 o 25 A 6 B 2 DX IR A7 RS, ORS00
SCEETE LR TS 50 B S A M LA L B R
PRy 2 SR IE R X 8 A I A 485 6 0 B R AG T ik
FHR 4y 23 R ) A5 8., i A R 2y 1 1 i s i1k
[ 9 5% X 38
4.1 ETBEEBHENPZENE X

T 5o B S R S S R R G BN rgb =8
[i) % 3 31 HSV 25 [i] o BRI 5% 7 5 DX 3 R 75 5 X 3 A
P, IR R W VAR S {EREAK, H EF1 S {4
24 N e 1 I Sl O W T R o N 4 T
BRI BB B 2, HO(EORT S AR k),
WO S (13) B AT B A AR e o BT A, e R
SPoint(x,y)

I (x,y)
1 aSB\(x,y>SB A

[ Plx,y) - B (x,y)[S7s A

[1"(x,y) = B"(x,y) [S 74 A

1" (x,y) = B"(x,y) |= 7,

0 Hith

(13)
X, 1Ce,y) M B(w,y) 00AURBR (v,y) 424
AR AT SAF; B H.S V. b 205 {3 HSV
23 (8] AR Z R AR AT rgb 23 [B] B b FAE I3 88 T 24 1k
FEZ M o R B AT LRGSR 10 Y 65 MR P - Dl 2 SR



5 8 1]

BAPE PR A T S50 K 52 A 0 50k 5 1489

o PEFEM/N ;B 7R AT LAY S5 i R R, — i
0<a<B<l,

TR R AR B B S A D Bk B R 2, &
BIHHEAETHZHANSZE o B 1y 7o FELFE,
18 S Y A B SRR LI I, B 52 i SO B e b iz
BB X O BEAR 4 i 25X (13) B 26, 0 T A 3K
K I B 52 X8, i UK S8 7y M7y (H R BER
7 A7y, 23 T BOK B R H R A 12 3l X 04 5% A
N X B,

4.2 ETEPSMEMXESFENRERZENEZE

—WAF LT, B A 5 X BOE L o A 3 A X
I, KBS R (R RRAE S X BURFAE AR S A, AT AR
Gy 23 M YRR B o3 H58 S IR i BT X sk, Bk
AE

(1) AL 7 €0 % 43 AE 1Y B 52 A 0 530 12 ok A7
B2 23 310, 45 3 B 52 DXCCBORE AR 5 19 K BE SRR AE 1Y,
Yo, Yo b n REAR S A B CREAS 5 n] RE AL
A5 B3 KB A )

(2) 156 5 36 I 00 6 % LM, 3 0 2 75
B 43 o TV REA B Y 0B B R , B AR A
I py FITT2E oy AE Sl B I B0 (6 T A

(3) FTHEEL 22 40 30 BT X B, B IC W6 AL 2
Bl (o) 520 BT B 50, 750 8 (0L B 2 1 B

(4) X 5 101 I3 B2 5 30N 7 5 b G A X B A7
B BRI, 445 4% 1K B0 0 0 A 4 L IX B K A
DI 0 R AR B BB DR LU B AT B B X
P

D) A B 0L B 2 X B0 0 9 4 I 35k 390 R 5 4
B F L AR B I B A SR
I3 L IR 2 K RS 2 382 D Bl 9 392 1 3 7
—E R HIE X

@) 0 T AE 0010 I 0 15 2 96 . 00 4T 75
ST X B0 R, FI R, i 22 (14) B, K38 R, Fl R,
HEAT A

Dis,,(R,,R,) <T,,
2,

H(R,,R)<T,, (14)

Dis,, (R, ,R;) =
acR; beR;

st Dis,, (R, R,) S X 5% 65 B 0 4 0L P 55 85
F(R) L g(R) (b(R) 5314 X B R, I rgh 43 ft
BT H(R, R, 91X 5030 4 4 4 0 dik /I B
B a FUb 435 X BG R, FIR, 0930 5 25 T, K
B A fiy 2 60 5, 6y SR HIHIK R, LR,
LI reb 7 145 A BRI % a,, B
S

() LA B0 5 5 2 T 245 4 L 2 96 1
I 38 7 0 B 40

@ X HR5E 5 W H B 1 1R, 7T L g
I B 010 8 1R A 30— A 30

(r(R) - r(R))" + (g(R) - g(R))" + (b(R) -~ b(R)’

H(R,,R,) = minmin | a - b | T, =f, +o, +i, +o, (0, +0, +0,)

5 SIGHER

3 o X R T [ B AL 37 1Y TRAILIA A A A A7)
PEATAL PR S R AE S, 2. S, 2 Lkt MOGS &
V25 8 0 T 8RB e 0 8 i AR R X IR IE 1Y 9152 46
ISR

P 2 (a) g RAHLIA AL 5, 23 B3Ol 640 x
480pixels; (8] 2(b) Ry oy 245 S, )2 E A n R,
S HER N 213 x 160pixels; & 2 (¢) M {#i F MOGS B =
A3 ERHLIA AL BRI RCR I AP B R AR .

(a) HAHFE

(b) SZE5ME

(o) F71E “HER” BRI FIBCRE

K2 MOGS k50 F1 3k K
Fig. 2 Background subtraction results of MOGS



1490 o E 4 B R 2= i

B3 %

Kl 3(a) R S, J2 Lkt MOGS 53k i 73 HI R
K& 3(b) 2 S, J= LBt MOGS 33k /Y 7 1 25 R
B fEi g BB B 38 0" LA, (B XA A7 AL
RFAE 2 BB R A A 3 45 ) 2 TAE TSR o A B0
MOGS kb il 3 x 3 i Hr 7= Az AR X 4] 15t
Fror )z, Mo /T MOGS ks H /) 1/9;

M S, J2 I MOGS ik iz H & S, J2 I MOGS &
PR 179, L, 3 T ook 55k i 42 5 i A IR
T MOGS Bz w ) 2/9, RIS 7239
P T RS L > T AR A R S R A AR ), AT
Pt — it ms g A= e Em e D3
W%, LK, a BLO0.15, a, BLO.55,

(a) SR EIBRE

(b) S 2 FIHCRE

K3 HT )2 R R BUE MOGS 3 %125 21 K

Fig. 3

G I O B 3 L R 5 = A o
Kl 4(Ca) M 4(b) M HCE, B4 (c) AT 4(d) H
Pl DA & B, o FH 2 T 00 R R ik A0 X8 R A
BR52 A60 0 B0 0 A 2 ™ A R E AR X I8l i3 ) )
B XIS B 5 o AR 2 PR N AR TR R U AR
U6 B 5 1 DA I 25 0 TR A R BLAY BT A 2 i
A A RAL DAY 138, e B R U AL )

The subtraction of improved MOGS based on hierarchical image
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