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TOM TAT

M6 hinh lwéi phéan loai da cho thdy 1a mot lua chon dang quan tam d€ phat hién
ddi twong tir hinh anh camera. Bfing cach ap dung moét bo phan loai don cho moi
vung cu thé trén hinh anh. Muc tiéu cta nghién cttu nay la d€ tang hiéu nang cua
hé thdng phat hién d6i tuong trong khi van giit dwoc tinh 6n dinh, d chinh xac
cting nhu t6c do truee tuyén cta viéc phat hién d6i tugng tiv Camera. Péng gop cua
nghién cttu 1a m6 hinh luwdi phén loai trén y tuwong lién két b phéan loai ngoai
tuyén voi b phan loai truc tuyén trong mot ludi theo cach tiép can thich nghi
nham gia téng su on dinh trong phat hién d8i twong khi moi treong va ddi twong
thay ddi. Két qua thuce nghiém cho thdy két qua phéan loai d6 chinh xdc cao voi sw
hién dién ctia cac ddi twgng khong di chuyén, cac d6i tuong cé kich thudce va tuw thé

khac nhau trong moi treong phttc tap.

Tw khéa: phat hién d6i tuong, hoc truc tuyén, ludi phan loai.

1. MO PAU

Véi ngay cang gia tang s6 luong clia camera gidm sat ciing nhu nhu cau ctia cac
hé thong gidm sat dong bd dit liéu triec quan hinh anh dang la mot doi hoéi thuce t€ ngay
cang gia tang. Mot trong nhitng budc dau tién trong nhiéu tng dung trong hé thong
giam sat thong minh xac dinh cac d6i twong, hudng téi giam sat triec quan; phat hién
ddi twong tir cac camera trong mdi treong thiee. D€ dam bao phat hién ddi teong chinh
xac ma khong can sy can thiép ctia con nguoi ching ta phat trién cac cach ti€p can
khac nhau ma ¢ d6 cho phép két hop véi thong tin ctia khung canh cu thé tai ting thoi
diém khac nhau. Céch tiép can ndi bat phd bién nhat la ap dung mot ky thuat cira sd
truot [1, 2, 3,4, 5,7, 8]. Mobi vung anh ctia mot hinh anh nhét dinh dwgc thi nghiém
cho du d6 1a phu hop véi mot mo hinh wéc tinh trede d6 hay khong, va cudi cung tat
ca cac vung anh phu hop duwgc théong bao két qua. Thong thuong, muc tiéu cta
phuong phép nay la xay dung mot mo hinh chung ma ¢ d6 cé thé ap dung cho tat ca
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cac kich ban c6 thé, va cac bai toan phat hién d6i twong khac nhau [7, 8, 12]. Cac nghién
ctru nay lam t&n kém nhiéu cong sttc va mat nhiéu thoi gian dé chuan bj mau. Thém
vao d6 do cadc mau chuan bi tir trede nén khi 4p dung vao cac khung canh méi dé phat
hién ddi twong thi c6 thé khong phat huy hiéu qua, mudn hiéu qua thi phai huan luyén
lai véi cadc mau méi hodc cap nhat bo sung thich nghi cac mau trong khung canh méi
nay. Diéu nay phai c6 mo6 hinh méi, lwéi phan loai véi cach ti€p can hoc may mai trén
co s0 két hop hoc ngoai tuyén va triee tuyén.

Doéng gop ctia bai bao gom: (1) M6 hinh lwdi phan loai dua trén két hop hoc
trigc tuyén va ngoai tuyén véi chién lwoc cap nhat ¢6 hiéu qua nham gia ting su on
dinh trong phat hién d6i twong khi mdi treong va doi teong thay doi; (2) Xay dung mo
phong thyre nghiém voi cac bo dir liéu benchmark duwoc dung rong rai so sanh trong
cac nghién ctru duoc cong bo cong khai..

Phén con lai cia bai bao duwoc td chitc nhu sau: Trong phan 2, dé cap dén cac
van dé nghién ctru lién quan. Trong phan 3, gidi thiéu mo hinh lwdi bo phan loai dua
trén lién két hoc ngoai tuyén va tryc tuyén dung cho phat hién déi twong. Phan 4 dua
ra danh gia thyc nghiém ctia phuwong phap dé xuat. Cudi cung, két luan 6 muc 5.

2. PANH GIA MOT SO NGHIEN CUU LIEN QUAN

D¢ cai thién sttc manh b phan loai va ti€p tuc giam so lugng mau huin luyén
cua mot bd phén loai thich nghi st dung thuét toan hoc truc tuyén cé thé duoc ap
dung [11]. Vi vay, hé thong co thé thich nghi sw cac thay do6i ciia méi truong (vi du,
thay d6i cac diéu kién cua anh sang) va nhiing bién d6i ma khong can phai xt ly boi
cac mo hinh ban dau. Trong thuc t€, theo cach nay sy phtic tap cua bai toan la giam va
bd phan loai c6 thé dwoc huan luyén hiéu qua hon. Cac hé thong thich nghi c6 mot
nhuoc diém: di liéu mdi chua duoc gan nhan sé duge dwa vao mot mo hinh da duwoc
xay dung. Céch tiép can nay dién hinh la ty hudn luyén [14], huan luyén dong thoi [4,
13], hoc ban giam sat [8]. Cac phuong phap ban giam sat, thuong duoc st dung boi két
hop nhitng thong tin cho triede va khai phd cac mau méi tir dit lidu cé sdn dé hinh
thanh nén mot bd phan loai. Phwong phap ty huén luyén hay huan luyén déng bo
thwong gdp nhing han ché vé cac rang budc ly thuyét khong thé dam bao trén thuc t€
hodc la dwa vao phan hoi cua cac by phan loai hién hanh, ca hai két qua phan loai
khong dang tin cay. Cac bd phan loai httu hiéu hon tranh nhiing van dé trén c6 thé
dwgc huan luyén st dung ludi cac bd phan loai [6, 9, 10]. Nguoc lai voi ki thuat ctira s6
treeot, 0 d6 mot bo phan loai dwoc lwong hda véi cdc vi tri khac nhau trén anh, y tedng
chinh cta lwdi bd phan loai 1a huan luyén cac bo phéan loai riéng biét cho mdi vi tri
khac nhau ctia hinh anh. Nhw vay, s¢ phttc tap ctia nhiém vu phan loai da dwoc x& ly
boi mot bd phan loai don vi vay do phitc tap duwoc giam dang ké. Mbi bd phan loai 1a
chi c6 thé phan biét ddi twgng can phat hién tir nén anh tai mot vi tri cu thé trong anh.
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Bang c4ch st dung hé thdng cac bo phan loai trirc tuyén cé thé thich nghi véi su thay
ddi ctia cac diéu kién mdi treong, lam giam hon nira sy phtic tap ctia cac bo phéan loai.

3. MO HINH LUOI PHAN LOAI
3.2. Lwéi phan loai

Y twong chinh ctia lwdi phan loai la khai thac kién thic cua b phan loai san co
cho trudc va rang véi camera 1a ¢ dinh. Bang cach st dung thong tin nay, toan bo
nhiém vu phat hién déi teong cé thé don gian héa dé 18y mau tir dau vao ctia hinh anh
stt dung cd dinh lwdi I6ng vao nhau (ca vi tri va ti 18), trong d6 moi phan tk cta lwdi
i=1..N teong tng v6i mot bo phan loai Ci . Biéu nay dwoc minh hoa trong Hinh 1. Nhuw
vay, nhiém vy phan loai dwgc thuc hién theo b phan loai Ci don gidn hoa sy phan biét
véi nén anh voi phan ti lwdi cu thé tir d6i twgng can duoc quan tdm. Hon nira, cac
camera c3 dinh cho phép wéc tinh mdt phang ctia anh nén, trong d6 tiép tuc giup giam
s0 lwgng cac bd phan loai trong lwdi phan loai. Do don don gian hda nay cac by phan
loai it phtrc tap hon cé thé dugc 4p dung. Dic biét, bidu dién dya trén ludi 1a rat thich
hop cho cac bo phan loai truc tuyén gon nho, cd thé duoc danh gia luong hoa va cap
nhat rat hiéu qua.

—
| |

Hinh 1. Y tudng chinh ctia ludi phan loai theo nguyén tic chia dé tri. Anh dwoc chia thanh cac

vung véi ludi chong 18p cao vé ca vi tri va ti 18, trong d6 mdi phan tt lwdi cé mot bd phan loai
riéng ctia nd va chiu trach nhiém phat hién déi twgng trong vung do.

Tai mdi thoi diém ¢ chién luoc cap nhat cd dinh duoc stt dung cho ca mau
dwong va mau am déi véi bd phan loai Cit'. Cho mot tap biéu dién mau dwong duoc
gan nhan X*, sau d6 stt dung <X, +1>, xe X*. D€ cap nhat by phan loai mot mau
duong dung theo dinh nghia. X4c sudt ma mot ddi tuong xuat hién trong mau xi duoc

cho b&i p(x;, object) :%; O do #pi 1a s6 doi twgng xudt hién trong mot vung cu thé

trong mot khoan thoi gian At. Do d6, cap nhat mau am véi mau hién tai twong tng cho
b phan loai twong ting v6i ludi da thiét lap <x; ,-1>, xe Xla chinh xdc véi phan

16n thoi gian véi xac sudt p(xi = object). V&i cac ti€p can nay, xac sudt cua cap nhat sai
cho mot mau cu thé'1a that sy rat thap.
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3.2. Bo phén loai dya trén két hgp hoc ngoai tuyén va truc tuyén

Két hop Boosting ngoai tuyén d€ lua chon dac trung véi Boostring truc tuyén
d€ lya chon déc tinh cho phép két hgp thong tin tir cac di liéu cho truede véi thong tin
mdi ma nhiing thong tin nay khong cé sén khi huan luyén bd phan loai ngoai tuyén.
Két hgp nay dugc minh hoa trong Hinh 2.

Trong sé mau
Dy(n)
Tatca e mb
L miu » @ s e
huan luyén hSel,

Selt

Cdp nhit
trong so mau
Dz(n)

®®ed

wic ligng
8 e

= Il e

Tit ca wirs hagng
s 10 @ SN
< Khiri tao trong clia

huan luyén - mu higntal

A=t - N

Cip nhit
trong so mau

D3\ :

Cap nhit
trong s6 mau
Drin) ) \
Tit ca w
L miu Lip i i
hun luyén . . @ @ . s

‘ Khoi tao bé phin loai manh H ‘

,1®

_ 18

B& phdn loai manh H ‘

Hinh 2. M6 hinh két hop hoc ngoai tuyén va truc tuyén: mo ta hoat dong cua thuat toan

Boosting ngoai truyén va Boosting truc tuyén lua chon dac trung.

A 4 . A . A L
Thuat toan 1: Huan luyén ngoai tuyén 4.e0tine ,Z_;‘ D)1 (0 (%) £ ¥,) ;
Vao: Tap mau huan luyén )
S ={(% Vo) (XL YOI Y € {141} 5. Chon ] bd phan loai yéu tot nhat dé

] khoi tao chon bo chon t voi cac dac
Ra: H)=sign(} . h(x)- trung phtt hop
Ay __ poff —line

Phuong phap: 6. Chon a, = In% ,

1. Khoi tao cac trong s6 D, (i) = i; t
L 7. Cap nhat phan bd cac trong sd
2.for t=1,2,..., T do 5 _q_m{exp(—at) h(x) =y,
exp(e) h(x) =Y,

NP SR o~ A ) T 7z
3. Doi véi mai ddc trung j huan luyén ‘

mot bo phan loai yéu hj: X 2 Y véi 8. end for

16i d6i v6i phan b Dr
Thuit toan 2: Huan luyén truc tuyén
két hop véi huan luyén ngoai tuyén
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Vao: - Mau huéan luyén (X y)ye{-1+1}; 5.
- Khoi tao 7" = 4" =1; 6.
- Khoi tao trong s6 A = 1. 7

Ra: H(x)=sign(}.|_ a.h(x). 3

Phuwong phap:

1.fort=1,2,...,Tdo 9.

2. forj=12,.,
3. h,; =update(h, ;(x, y), 1)

4. if h;(x)=y then

J do

corr

__ qcorr .
0= +A;

else ﬂtm’/’rjfmg /fltwrong +1;
1 off—line on-line
€ :E(et,fjf " el )'
end for
j*=argmjin(et'j)? & =€ h=h;~
(1 o) he(x;) =
a—lln 1-g |;A=4X t
=3 — )2y,

2e,

10. end for

3.3. Ap dung mé hinh két hop hoc ngoai tuyén va hoc triec tuyén cho lwéi phan loai

Vi y tudng xay dung mot hé thong phat hién doi tuong dua trén ludi cac bo

phén loai. Cu thé, ap dung phuong phap hoc lién két Boosting truc tuyén vdi hoc ngoai

tuyén dé€ hudn luyén bd phan loai véi viéc st dung quy tac cap nhéat ¢d dinh c6 xac

minh dya vao by phan loai d6i twong da duoc huan luyén trude. Dua vao do, hé thong

phat hién d6i twong dua trén ludi cac b phan loai bao gom giai doan danh gia va cap

nhat dugc mo ta trong Hinh 3.

Trich mau Phin loai méiu
Giai doan
danh gia . Y S
Giai doan g 1 | <:/
Cap nhat
Cip nhat ;nﬁu khing phai Cip nhit méu
ddi twong doi twong

Hinh 3. Ludi cac bd phan loai. Moi phan tt ludi la mot bo phan loai doc lap, c6 kich thude cd

dinh. D€ thich ting véi su thay d8i ctia khung canh, tling bd phan loai duoc cap nhat bang quy

tac cap nhat két hop véi viéc xac minh cac mau sit dung mét bd phéan loai da duoc hudn luyén

tredce.

D& khai thac cac thong tin c6 sdn cho triede, bai bdo dé xuat cach tiép can lién

két Boosting ngoai tuyén va tryc tuyén voi nhau. Boosting ngoai tuyén dung dé khoi

tao cac by phan loai vdi cac dac trung phu hgp véi tiing bai toan cu thé. Qua trinh lua

chon dic trung cho phép xtt ly cac tinh hudng thay d6i mot cach hiéu qua bang cach
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chuyén d6i gitra cac ddc trung khac nhau va lya chon cac dac trung phtt hop nhat cho
bai toan thuec t€. Vi vay, phat trién thudt toan Boosting ngoai tuyén [2] thanh thuat toan
Boosting ngoai tuyén c¢6 lya chon ddc trung duwoc mo ta trong Thuét toan 1, thay vi chi
lua chon mét bd phan loai yéu tot nhat tai moi vong ldp thi ching ta chon | by phan
loai yéu t6t nhat tai moéi vong lap. Hon thé nita, d€ gitt cho cac thong tin tir Boosting
ngoai tuyén lya chon déc trung, bai bao cai tién thuat toan Boosting truc tuyén [3] cho
Iya chon ddc trung nhu trong Thuat toan 2. O d6 viéc tinh 18i da duoc stra ddi tinh
toan lai mot 16i két hop dua trén ca 16i ngoai tuyén cling nhu 16i truc tuyén

6 = 1 (esfjf,.me +eg’j*""e)' Béng cach stt dung Thuét toan 2, mot bo hoc truc tuyén, mot hé

il 2
théng dwa trén ludi phan loai ¢ kha ndng phat hién thich nghi cao nhung 6n dinh véi
nhitng thay d6i ctia doi twong va mdi treong va nhitng han ché ctia Roth va cac cong
su [6] duoc giai quyét.

Dé xdy dung b phat hién noi trén can thyc hién cac budc sau:

Hudn luyén bo phéan logi ngoai tuyén truée: Cho mot tap cd dinh X+ cac mau d6i tuong
can huan luyén. Budc dau tién ta hudn luyén mot bd phan loai st dung thuat toan
boosting ngoai tuyén. Véi cac ddc tinh fj dwgc chon ta ¢ thé wéc tinh dwge phan phoi
Dr twong tmg cling nhuw 161 €™ trong qud trinh huan luyén, va 18i nay dwoc gitt

¢ dinh trong sudt qua trinh huan luyén triec tuyén sau nay.

Cdp nhdt bg phin loai truc tuyén: Phan phoi Dr cac mau khong phai d6i tuong duoc
cap nhat théng qua cac vung anh hién tai trong khi phan phdi Dt duoc gitt ¢§ dinh.
Dua vao hai phan phéi Dr* va Dr ta ¢6 thé xdy dung dugc mo hinh phan biét doi
twong/ khong doi tuong cho moi phan loai yéu tuong ting voi mdi dic tinh. Hinh 5. thé
hién sy phan phéi Dr vaDr.

Lua chon dic tinh tryc tuyén: trong qua trinh lya chon céc dc tinh, cac 16i huan luyén
cling dugc tinh todn. Nhu da trinh bay & phan trudc, bd phan loai yéu cé 16i nhé nhat
sé duoc chon. Cudi cung, ta dwogc mot phan loai manh H(x). Ta st dung H(x) nay dé
danh gia trén cac khung hinh méi, néu cac H(x) tra vé két qua 16n hon ngudng cho
trude (vi du: 16n hon 0) thi chi ra d6 1a d6i twong, nguoc lai thi khong phai doi tuong.
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Déng di licu

Hinh 4. Quy tac cap nhat. Hinh 5. Véi mbi dic tinh f, ngudng 6 duoc tinh
toan duya trén hai phan phéi Di* va Dr .

Phdt hién déi twong va chién lugc cdp nhdt

Trong giai doan dau, hé thong duoc huan luyén moét cach dong bo nhu thé hién
trong Hinh 4. Cho lwéi cé n by phan loai Gj hoat dong trén cdc vung anh Xj va mot bo
phén loai C duoc khoi dong cung theo phwong thitc truot ctra s trén nén trir anh nén
B. D€ bit dau huan luyén dong bg, bo phan loai G cling nhu bd phan loai duoc khoi
dodng cung véi bd phan loai dugc hudn luyén ngoai tuyén (Thuat toan 1). Cac bo phan
loai trong lwdi Gj va bo phén loai C thao tac trén nén triv anh dong thoi v6i nhau. Mot
s phan 16p dang tin cay ctua bd phan loai Gj dugc stt dung dé€ cap nhat bd phan loai C
véi nén trie dai dién tai vi tri j. Nguoc lai, mot sy phan 16p c6 do tin cay C tai vi tri j
duoc tao ra mdt mau cap nhat cho b phan loai G;. Thong tin cho trudc cia bd phan
loai ngoai truyén da thu gitt cac thong tin chung gay ra mot s6 luong nho cac ban cap
nhat du kha nang thich nghi véi cac bo phan loai trong khung canh hinh anh méi.

Hinh 6. Giai doan khoi tao lwdi: lwéi phan loai 6 phia bén trai la dwoc dong hudn luyén véi mot
bd phan loai ddc lap hoat dong trén hinh anh loai bo nén ¢ bén phai.

B¢ phan loai C dugc stt dung nhu la sinh ra dit liéu mau duong dé€ cho cap nhat
ciing nhw mau Am cap nhat cho cac b phan loai trong Iwdi (Thuat toan 2). Cap nhat
ddi twong duwong duoc lan rong cho tat ca cac bd phan loai trong ludi trong khi d6 cap
nhat cdc mau 4m duoc thuc hién ddi véi moi bd phan loai cu thé trong ludi.
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Chién lugc cap nhat

Hinh 7. Hinh anh minh hoa giai doan phat hién va cap nhat dong thoi

cac bd phan loai trén lwéi.

4. THUC NGHIEM VA KET QUA

D€ minh chiing nhitng diém manh cta cach tiép can dé xuat, nghién ctru thue
hién 2 thuc nghiém, d6i twong nguoi di bd. Nghién ctru lya chon mét sd bd di liéu
duoc cong bs cong khai dung cho luwong hda két qua nghién ctru dé€ tién hanh thuc
nghiém. Tt cac thi nghiém nhiing loi ich cia phuong phap dé xuét la r6 rang. Doi voi
cac thuc nghiém vé phat hién nguoi di bo, Mbi bd phan loai ¢6 20 bd chon, trong dé
mdi bd chon gom 10 by phan loai yéu. D€ tang su viing chic ctia céc cap nhat mau am,
hé thong thu thap chong 1ap bon vung hinh anh nén hoat dong trong bdn khoan thoi
gian khac nhau.

4.1 Thuc nghiém 1: B6 dit liéu PETS

Trong thuwc nghiém nay, nghién ctu st dung bo d&t liéu PETS
(http://www.cvg.reading.ac.uk/PETS2006/data.html) cong bd cong khai sd liéu ndm
2006 bao gom 308 khung hinh (720 x 576 pixel), trong d6 c6 1.714 nguoi di bo. Nghién
citu nay so sanh cach ti€p can véi cac phuwong phap tién tién khac, cu thé la mo hinh
doi tuong bién dang cta Felzenszwalb va cong sw nam 2008 [7] va Biéu d6 cua hudng
tiép can Gradients ctia Dalal va Triggs ndam 2005 [5]. Ca hai phuong phép st dung cd
dinh b phéan loai da duoc hudn luyén ngoai tuyén va duoc dya trén ky thuat ctra s6
truegt. Ngoai ra, bai bdo so sanh phwong phap tiép can cho ludi phan loai phuong phap

18



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 19, S6 1 (2021)

cua Roth va cac cdng su [6]. Phuong phap ti€p can lwdi phan loai st dung thong tin
nén dé tao ra luwdi, loai bo tat ca ddi twong dwong phat hién sai cho cac ctra sO truegt dua
cac bd phat hién d6 nho hon 75% hodc 16n hon 125% kich thudc groundtruth dé€ dam
bao mot so sanh cong bang.
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Hinh 8. RPC: Recall-precision cho PETS2006 chudi cc bd phat hién tién tién khac nhau so véi

cac tiép can phuong phap dé xuat.

Céc két qua duoc thé hién trong Hinh 8, c6 thé thdy rang cach tiép can phuong
phéap dé xudt bo phan loai 6n dinh hon cac bd phat hién d6i tuwong trén cung bd dir liéu
cling nhu cach ti€p can phan loai ludi ban dau, c6 thé duoc coi la mot co sd cho
phuong phép dé xuét. Ngoai ra, trong Bang 1, cung cap thong tin recall, d6 chinh xac
cho cac gia tri F-Measure t6t nhét. Két qua minh hoa phat hién d6i twong dwgc thé hién
trong Hinh 9.

Bing 1. So sanh Recall va Precision

So Sanh
Phwong phap
Recall Precision F-Measure
Felzenszwalb va cong su (FS) [7] 0.73 0.88 0.79
Dalal va Triggs (DT) [5] 0.50 0.88 0.64
Roth va cac cong su (CG) [6] 0.78 0.79 0.78
Phuwong phap dé xudt (Proposed) 0.86 0.96 0.90
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Hinh 9. Minh hoa két qua phat hién ctia phuong phap tiép can trén b dix liéu PETS.
4.2 Thuc nghiém 2: Bo dit liéu Caviar

B0 dit liéu Caviar hién thi m¢t hanh lang trong mot trung tdm mua sdm tir hai
goc khac nhau. Goc dau tién bén hong hanh lang, goc thit hai nhin trye dién ban.
(https://groups.inf.ed.ac.uk/vision/CAVIAR/CAVIARDATA1/) Vi nghién cttu bai bao
quan tam dén qua trinh phat hién nguoi véi ty 1é thay doi nén tap trung vao bo dix liéu
dau tién. Dt liéu c6 dang MPEG hodc JPEG va c6 d phan giai la 384x288. Ddi voi thuc
nghiém nay lga chon mot trong tap dit liéu kha phuc tap dé danh gia la
ShopAssistant2cor vi né ¢6 chuwa mot s6 luong 16n nguoi di bo (1265). C6 370 khung
hinh voi kich thudc hinh anh 384 x 128. D€ tién hanh thyc nghiém véi phwong phap
ti€p can dua trén ludi cac bo phan loai trén bo di liéu Caviar, cac tham s6 sau dugc
khoi tao: Kich thwdc vung anh: 32 x 64. S6 cac b chon dung dé€ huan luyén truc tuyén
cho mot bo phén loai la: 10. S6 cac bo phan loai yéu ctia mot bd chon la 20.
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Hinh 10. RPC: Recall-precision cho Caviar Dataset.

Két qua ctia chudi dit liéu Caviar dwoc thé hién trong Hinh 10 va Bang 2. Mot
lan nita né ¢ thé thdy rang cac ludi phat hién thich nghi t6t hon hon bd phat hién ddi
twong chung [5, 7], dac biét la Recall. Két qua minh hoa phat hién d6i twong duwoc thé
hién trong Hinh 11.
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Bdng 2. So sanh Recall va Precision

So Sanh
Phuwong phap
Recall Precision F-Measure
Felzenszwalb va cong su (DPM-FS) [7] 0.62 0.90 0.74
Dalal va Triggs (HOG-DT) [5] 0.41 091 0.57
Roth va cac cong su (CG-OOL) [6] 0.78 0.87 0.82
Phuwong phap dé xuat 0.92 0.93 0.92

Hinh 11. Minh hoa két qua phét hién déi twong nguoi di bd trén bo di liéu Caviar.

5. KET LUAN

Trong bai bao nay, phwong phép lwdi phan loai cho bai toan phat hién doi
twong trong anh tir camera duwgc dé xuat; O d6 véi cac bd phan loai trén luwdi duwoc
hudn luyén két hop ca hoc ngoai tuyén va hoc truc tuyén. Nghién ctru két hop véi mot
bd phén loai da dwgc hudn luyén trede mot cach can than dung dé xac minh kiém tra
cdc mau trude khi cap nhat. Tiép tuc giit cdc mdu duong dai dién cd dinh va tao ra mot
tap mau am wdc tinh tr md hinh nén. Thire nghiém mo hinh lwdi phan loai dwoc tién
hanh trén hai by dir liéu PETS2006 va CAVIAR. Céc két qua thuc nghiém, duwgc danh
gia va so sanh voi cac phuong phap khéc trén tiing bo di liéu déu cho thdy phuong
phép dé xudt cho bai toan phat hién d6i twong c6 do chinh xac cao, thoi gian dam bao
c6 thé thuce hién tryc tuyén, thich nghi v6i nhiéu moéi truong va van dé that lac doi
twgng trong hé thong phat hién déi twong duoc giai quyét. Hudéng ti€p can tiép theo
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cua bai bao nay la phat trién thanh mo hinh lwéi phan loai véi nhiéu déi tuong dwoc
phat hién khac nhau nham d4p tng cac bai toan trong thuec té.
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ABSTRACT

The grid classifier approach has proven to be a viable option for detecting objects
in camera images. Each specific region on the image is classified using a single
classifier. The goal of this work is to improve the object detection system's
performance while maintaining the stability, accuracy, and online speed of object
identification via a camera. This paper's contribution is a grid classifier model
based on the idea of combining the off-line and on-line classifiers in a grid in an
addaptive method to improve object detection stability when the environment and
object change. Experimental results show high accuracy classification results in the
presence of non-moving objects, objects of different sizes and postures in complex

environments.

Keywords: object detection, on-line learning, grid classifiers.
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