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Object Detection Based on Improved Gaussian
Mixture Model and Shadow Removal

Wang Lin, He Meng
(College of Automation and Information Engineering, Xi’an University of Technology, Xi'an 710048, China)

Abstract: Object detection technologies have emerged as an important research area with increasing popularity of computer vision and cam-
era devices. Even though several object detection approaches have been proposed. they cannot address various challenges in actual complex
scenes owing to their applicability and restrictions. For the traditional Gaussian mixture model is sensitive to dynamic background. light change
and shadow, an improved algorithm of Gaussian mixture model is proposed. which is used for object detection in video. Firstly, we extract
rough region of the current frame by the traditional Gaussian mixed model. By introducing the two— level learning rate and combined weight in-
to the Gaussian mixture model, the moving region and the background region containing the dynamic background are distinguished. Then shad-
ow is removed based on color characteristic and spatial continuity. Finally. the complete and accurate moving object area is detected out by mor-
phological closing operation. Comparative experiments indicate that the proposed method not only can effectively restrain the influence of dy-
namic background, but also suppress the influence of shadow and light changes.

Keywords: object detection; Gaussian mixture model; dynamic background; shadow removal

0 35

B By FBR AR IR V7 2 5 T PR A4 R R4 1 W 0 1 e g —
NEZLR, MPREERSE. PKERS. AMBEN S
BRER ARG . X4 b T AR AE B IR, R LR SR
W7k, I BARRMEI Iy RAIE I BB R L L B A
2k, TR R E R AP REHN T, TR0l
Bk Ik =AY B AL, 1H R IR A R
BIEE (RSB S s ) . XS SR R
Wk T — e kiR, g, BEADLERAL. ST,
MR PPN, AHHLERS S, X 2 Pk OE 2 7 A R B P P
BB .

JE TR A R TR 1 SRR T BT T2, B REAL B
BHTA AL I AL R G MO R R B S TS . SR T B
H P AR A B e R R . R T R X A 2% I sh A stk

Wi BEH:2019-01-10; {EEHHI:2019-02-11,

ESTE B R E AR T (2017ZDCXL—GY—05—03) ,

EFEB N E ARA963 ) B IIHEKRE N4 B, EEN
FEURBE 2 2 AL 38 4 FVEE 42 4 7 8 A TR O

JEHRE SRR DI BR T — S Ty vk . SOk (4]
PR T — PR B AR 2 B A R A Dk, il sl A
Drichilet s ECGI A T A5 A5 3R (9 i S 1584 Ay 5 A%, 2
— BRI R B e BB . R R S T
BRI KA EIE Y . W BB 2 o] SR Ry SO R
SEML. SCHR (5] #2—Fh il FAE LR K— 3 R IR 5L B R
VIR Tr 3 [ XS 5 0 B 3 23l 1 A, 4R 1A
WSO BE . 192 T AT S ). SOk (6 42 H— ok e
s [ S ARES S T5 % R S 20 A 15 386 [ 20 #r i
SR S 0 P A R R R 2 RUBE W) S B > A
I 7 [ DC BC AR 25 5 1 J7 3 a2 )5 B AT e, il et
SO A5 S, AT RN S 2R s A5 5. Wi SCik [5 - 6]
RERTIRA I A et EIEIF A 5 B TR A
RIS Tl B A U — [l R

FESCPRI I X7z 3 H AR A BTS2 R AR A P dlkos . I
is gl R AVE TR BTS2 AR 1E 2 B L0 a8 sh . i ok
XM, WEFENGAR T —se g5k, SCEk (7] 3R — A
BT ORI, RIS R 2 i HSY 5
AL AARAGI AR . %707 ik B s ot (9 B B2 1R R A



El

Ok, S T UORIRA MR RS BT KRR H bR « 51 -

BRSEZEMP MNP ZERR N ARS]MEZEANR, MR GR
M RN R R EARAR £ . AR, AU B E BT RE
Tovk IR X 535 B 52 AR (L R 41 St iR () Gn i € 1) 22
T BEERANAN . SCHEk (8] b mrik g i@ iE(E R
SRINBI R I, AR5 (5 B B A5 S ok A AL B B2 sl AR B 1%
RWwaAhit. ZorE R T RIFN BRI R, 4G
A EGE R (7] Rk T ok, HENT IR
5 BT A B RE AT I, 5 % i S ) AR BT 64 T B 3 0,
240 R0, Sk (9] $RU RS S HSV 5 SRR AE ) 085
BRI, MRDR T B T B L (AN R T A B T R DR A
7 B RE i 1)

FEXF LR A1, 48— Fh 3 F R VR G A 5 B
ZERI B ARG Ty . B SE 0 TR SE IR G e ST R B K AR it
X3 R s XA 5 A2 gl H bR X, SR 5 AU A ) A
HEMNEGI ARG, WX HEEIETRNE
SIS IS B X, R R A S NS AT R W]
WF, R T IHBRBASZ AT B bn A DR B B 2 e . ) TR T 6 R
PSR MESMENINELRIE . BRERRYIRIIEA
IXRETE SIS 5T 4R HE T 5 A0 75 R By, 10 L BB 98 K ff 1) 2%
I i B 52 0 ' RRAZ AR Y 5200
1 BEREaHRE

BGR G R R A E SRR R A () MBS
[E] FA A5 b 3 o 3% 5 BB AR — A5 2 (E 19 B Rl A (X
Xoo X)) REBNGE B RN GEME, b X, 26
ZME R J (o) B AR R RUME A B R Bl K A sy 0 A
PRSI A 5 1 R UM AU SR 2R

P(X) = D) wn, X (X sM.) (D

Horb g, 5 0 205 AT AT IR or,, S € I 2 5R
i A E WA AT AR, M, 2 ¢ R ZISR @ A WA A B By 2248
W S5 1 A e ST 20 AT 2 T R AR

(X M) =
1 +x
Co” M, 170

Hops 2 X, IAEEG UM 25 M, = ol 1, Hoh TR B
5ol o2 ¢ 2055 @ S e A s 22 .

PR XS RIEIA N K A&
TR, BHEHRBILH., MR AES T 2.5 Mr
HEZEVEE Y, WIDHUC I, (R R mBHIE N 5 &NCA
VERE, 53 S N Rl s el . A VEAC, Wl (3 T Y
HiE A G FHARE, WHEHE 0. & KA
W o A0 OB — RS RS R B VSR, 8 K A& 40 A A
B /N 53 A — A HE B EAE g B, S BRURCR T 22 T
INKAE BRI 14 o 307 0 A AT R 4

w,, = 1 —Dw,, 1 TalR,,)

i = Q=P + X,

o= A—PRd . +pX, — )" (X, — )
Iﬁ— a/wi.,

w) M (X ) (2)

3

Horpr, o &2 2] B BIRIDCHLES R, , = 1, % W2 0552545
AR @A P = w./o.. NREVNFEITHER, K5k
FERT B A m oA A ol s, Horp

B = argmin, ( iw,_l =1 (4)
Horb: T2BE, WTHEREREIGE.
2 MRS HER

AR E SR & W R g, R TR G e T A Y
R AE A B E I A (4 0 BRE A6 R R N B LB Bl I Rt
HRRE . R ERR R X 48 o X 0RHE B H A X
Bls BEE MG ) ATF HAR AR R R AR Bl 25 18 8 4 5 AL
HAH, WM RERENSIA T, BIRSSE RN
SR IG SR T L T 60 AR A 2 ) 3 S 1 1) 6 2 9 B Ol B A2 1k
MBI 55 68 TR 25 4 4 #1045 30 Wi 8% 19 2 3l A Ax
[

BRI AENE 1R,

| H1gF 5 |

BNl
l l
N | s H b s |
| |

,Tiﬂﬁ%éﬁ%ﬂiﬂ%ﬁ |

| He B0 2% ) A P |
1 B 5% 2 B

| AL |
]
| &) H b |

K1 S e

2.1 HEEEER

BT R GREHORAR, BUR. KIS T, K25
AR ik R ERE AR & T . WUk, WE—FREg A2
SRR R IR R SR B — R R IR A R A,
o 2 2] RN G AR 5 ATR G e i, Bk e
AT R FRARTMER. T, B g msrilsh
BHERERNO T,

2.1.1 M F

FAGMIEAEmIEAR g, =R o Mg, —MEa AR
ZIWRE., ¥ AREREMK, EHIFUFABRGEERE
MRS =T RIE R/, 55 FBCE S HEE, sl
TS, ) HOR M KN, 2 5w T R oE T
PENC L R T b I R, R IE R ),

Sbr b, s K A A AL AR, T X N R —
BI2E 2 F, DUIdEE RS, [FIBHA B T BT S P #r b B
PRIIRIBSITEE TR BRI LB DN, %X
RLOZR— AR B 2% > R, USRS T3, JEa
00 R 7



© 52 . THE AL R A

82T %

T A SC i Se X BARUT ) BEAT IR A e S5 e A8E AR IR i
itiz 2l 5 bR e DR, 43 A8 B2 192 2 X DL K it
X, HH & R 5 1032 ol X8RN A 2 B 5 T A B e Y X
W, RIS — R FETR, EN a5 TR
R R R RE S X, RIS R ) R,
XH e o
2.1.2 HENE

TERGE MR A R R b, B A & T I ek
wi. /o WIBEFHES . ARG OB T B A de e A (B 1Y &
W dnX (). HERPEHEETRE. fis/5
BB PR (R T U4, AR R TC R R W S B TR 4
I RE S T B .

ASCFHAEIE r KA 0o R T, IR ESIA
—MIEE . AERENERR po N T E A m =, Al
HEE—Nd, (EBRJEK/2) . Hfi=1,... . K.d, MAIG{HE
S Lod,, WY B B5F [E] 09 78 Ak B e 07 4 1 2 B K
B AR AT WNR o, A5 TR) ¢ FOAEJR) £ 1 B 54 34 22 i o DT
Be, U, K3l 1 A0, HEER L. EREERE I R
B A T R AR

HAERE «., W HEEEL 6.

Ty = Uiy X, + (1 —v.,) Xv, Xw, (5

Hrpr, o, BFFAERT, B8>S0 ER e
—NERUE S v, € 0,1 v, BRI, FRIR 1% = W 43 i B RS e
M EPHE N TR ATREETE R BN, MR8 %m0 &
BATRE, MEHHE IS REE R, I8E R v,
HEM 6):

_ 2,
K

YR TR G s BT TR v, 3 B — A R v 8T 43 A R
K(K = 7, LAWK A RE A M B 1 RN A AR 0 1% 8 AR 3
KER BE T8 R 0.85, BRSNS IEGRE
RS AN ME S 20 A BT 7 1 e/ LU o e BT ER AR 0. 055 e
WA 1070,

2.2 BEEER

RS, R G R BT SR A A B
RS 1132 20 XS A R 25 30 X8k, AR 3 2o 15 U 2 ) A
WA ERMEACHD T R, RIHMEs Hir. B
ARSI E ARSI RS B . DRI T S PR B R X R

BAE, B BRI T WAL B, ARG R B 5 AR B B X
BUXT LG RE o AR5 R TR B A5 S ARZE & 0 7 6 X [ 5% IX
W AT R .

TERGB 25 [H], SZEMOAERHERA T E. S22 EE
A= EERAR M . I % ot AR (b A R B R Y AR
. i HSV 28], MRIGE@E (D, WME (. B{E (V)
AR E LB, B AR RN S Y RO R A
B2, 5 ARMER A R A S . 7RIS 5 E)
MR 022 (BILESIEE) 5 AR A 22 010 8%
B, MEZ T, RGBIFRZES —M, FHRA HSV Bl

(6)

Vit

23 [A) AT B S T R
2.2.1 EHRWALHE
SR HSV gl zs M Xt EHR T 0V o it 174k
L, DIy P15 AR B KX e i T = {H',S" V') &
FE% 1 HSV 40t AHEH V S e
" V' — min(V'
V= max(V') — r;in(>V1) D
Hrp. vV, BOBEN Ve, VI EEUR TV 48R
W, EREH VAR ALEGN V4R VL B8, BRI
Wy ERE%G 1L, = {H',S"\V,} .
2.2.2  HET U FIZS [R) 7 S A B S R
Pt % IS A I Jr 8 R 5 2 TR AR 4 T £ A 2 () 3 S 1
MEANBERIT IS, Bh), FATE T L HSV B 55 1]
Y 2R/ T R WORKE B AR (S 8,
HSV it 7 [a] 2 B A B 3L T 6 A BE B2 2Z [ 9 3724 40 85 .
SRIGRAE ARG B A X s AR E T, KRR
R ANARBREANZGE.
—MEE pGLp) WA (8, WA LI E—4
B ER.

B << (F}/B)) << B » .
(F; —B) < <zs.H (8)
1B =B 1=
oo (UL FS FY ) R(BY L BSLBY) 49 3 UM F R 55

B A 1G53k A~ B B 1 9 52 AR 28 R DU A B30 5 e S 24 T WIT AN
MUYV 3E A Y LGSR AR R B A2 2 T AN Y S
TR V7 38 BRI B R B B P € L0515 76 224
TR S Mot i) S 3 T A 25 {E Y BB, < A2 24 A RN T S o
B H BB R 22 BE . osorw € [05255] o BRI B » B »
tsotn ZEERER, T LK LA B A I AOR . i 2 5
&) MITABREAB—A K, 3% X3 &1 25 SRR B 5%
X 45,

SR JE FEAR YR B A5 B E — 2515 3 5 o 1 B X3, 3T
BRI 2 X p AR R SRR |, | RO
BEJFM0, . BEMERERE ., >, €[0,10], AHEEW
BESHBEEE | v, =0, , Bdl—FHE, BEHNEm
WREAR T,

XFFAIE R % K I h g — MR R pGLy)  HAEY
Al F A S50 B P B ) i 2 (BT
Vit it
{<vf+ﬂv§xvf—%vfn*}

FEVIEARIUN 15% IR B — R R al p o) 4b H4THT
i F A 5 S 2% Wi B ARk B 7 [ A DG Al T

N, = arccos[ (9)

¢ = {ZH@,—M,)}/N 10
Forr: N 2P AR B R IR R 0GB T 10
Iiﬂﬁv T S [Ovﬂ'] H }Il[]%ﬂﬂpgfa , H(s) =1, ?551']% 0, CIEIL:
TER) A AR IR B 52 DX b 2 T F R 57 2% i B o b 2 5



570

EOobk. F. SETUGHER G s AL S B R BR A B AR A © 53 -

WA AR R 5 SRR DB . B0 AE 1 9020 AR B R X

PR c = o IRER, LR AR DR P O f 4R L

PR X, R <, o o B o 3CE SRR A

HRAE. W3R 1 s A B R B 3 S i) 7 SR i
K1 ORMBIBIE A T 00 2 8r 1 B et W

ZH A v el L
Bine [o.1] 0.21
Buigi [0.1] 0.99

s [0,255] 76

H [0,255] 93

T [0,10] 6

2 [0.n] 7/10

T, [0,1] 0.2

DL AR BB 1) 25 BR 3 A 5O B 82 1 B A R {1 &
BOTRE S BIF 20k, &%, FILTRE R ELS DI &
A E R, IFHBRB/NME S, ST S — AR, T
DI B2 R AL 3], I8 25 27 Ak 38 2 R 3R AT % HE
AR R BB HATHEY . B EE 2 fisH .
i Bk B
3 XBHERSHF

WOHE SR T Q5. 8. 0 - AR W dmik e,
F OpenCV, HEHFHE N Inter WA CPU, F i kN 2. 5GHz,
PAEN 4GB f PCHL.

T UEWT SO S P ER A AT . BB 5]
ST S S CDW — 20147 347 X6 L3 56
AT S SR AT AT . (1) XF “baseline” 28 5 H1 iy
WS 3 R FITR A e 0B 80 3 5 A0 ) 09 80 1k AT 52 3 ke
s (2) X “dynamic backgrounds” J& 31| #f i) B ¥ 471 R H]
RG5O R AT SRR X L (3) X
“shadows” Z& 1| W HLARUY 51 % FH 6 T HSV 364,23 6] 1) B 5%
FBRDT S UOH S R R AT LT b AR ITE R RS 432
*x 288,

B2 NEE—HRsE R . X “baseline” JE5 v i WL )7
B R PR A e B 0 32 15 0 Ja A S ik i AT SRR X LG . T 2
F1 (al) N “baseline” ZEH|F Ay “highway” JF 5 H 156 445
WU AR, AN GIRER P B AE KPS AT . 4T
A (a2) NEGRA @B M 45 2R (a3) Al# G
Bk R, mE 2 TR, EAERIREG RS, X
iRl RIS S B R AL S SR 22 T Rk JS Y O 1 R )
BN A R R R B S BRI R T, R4 R TE R

Pl 2 Sk IS S R A DN 45 2R X L

B 3 M H SRS B . XF “dynamic backgrounds” 2%
SR PR G e SR B 32 5 WOH IS M B i i AT SRR XS . 3
g1 (bl) & “dynamic backgrounds” 2K 5| f7 1y “fountain01”
JEH AR 235 WU AR, FEAMBURIM S (b2) NESRIES
TR T ZE R s (b3) MEGH R BRI ZE R, M A 3
LA, (FRGSIRA R IR, X S A S AT R b
MIROR 2%, MG B R TH R T R BRI ER H A, ke
285 ST A

(b2) (b3)

B3 Zhasfr s

4N S SIS R . X “shadows” IR AIRG
A 5 ok g G W R R T L X e, 4 (e Dy
“shadows” Z& 5l 1 Y “peoplelnShade” i 5| /1 {55 453 i it
bar, FIMOEIEERZU LR, AFEFTE: (c2) NEET HSV

U, ) B B 2 5 BR O ER R I A5 2R s (e3) il i R 4R
Bery BRI 4 w1, 26T HSV B %S [ 1) B
LRI XU AR A B ROR 25 . R S B T I
25 SR T AR

=

(cl) (c2) A (c3)
B4 52 25 Bk SL ]

4 HRIE

3 Hh — B T O R 5 v U B 5 B R 5 BR Y H A AG
T7 it o RS A U o) RN S A 5 TR R T
B SR G i — 5 ) T T € R 1 5 s () 3 2 1 T vk 5B
#s AT A 2 Ak PR O MERR 132 3 F AR XK X
SCHR R SO B R AGIN T ik BE A Ak AR AL SR TR B e R AR
TESNZS T 5. GRS (LRI 52 /9 3 5 A6 DK J32 IR % 1) i
TESN 5 T R HER A9 K 032 3l H Aw . (I BR 3l .
SR B BOR PG PR AF RE I H AR . AL IR R 3 52
U T T HSV B A 0] B R BR TR A . R ARG
Hoxtiz g HERBIRZ AT A BR . TEARR I TAE R, K55 ik
B o LT o s A0 4 S IR BRI v AT R 3 N

S E Tk

[1] Brutzer S, Hoferlin, Benjamin, Heidemann G. Evaluation of back-
ground subtraction techniques for video surveillance [ AJ]. IEEE
Conference on Computer Vision &. Pattern Recognition [ C]. IEEE
Computer Society, 2011.

CTE:5 53 10)



