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TOM TAT

Bat bam doi twong dwa trén camera danh nhiét \a van dé cot 16i dwoc iing dung trong cac h¢
thong gidm sat an ninh. Trong qud trinh hoat dong, kich thudc va hinh dang cia doi tirong cé
thé thay doi lién tuc, ddc biét doi twong anh nhiét c6 do nhiéu I6n, dwong vién mo, gy khé khan
cho qua trinh bat bam. Bai bdo dé xudt nghién ciru thudt toan moi dua trén dac Haar xam cua
doi twong dnh nhiét va mé hinh phdn logi Bayes dé bdat bam trén nén anh hé‘ng ngogi. Két qud
thir nghiém cho thdy hiéu qua ciia thudt todn dé xudt.

Tir khoa: Bt bam ddi tuong; Pac trung Haar xam; bbi tuong anh nhiét.
1. PAT VAN PE

Bit bam dbi tugng ludn 1a mét trong nhitng linh vuc nghién ctru gianh dwoc nhiéu sy quan
tam. Gan day, nhu cau thyuc tién ddi véi bai toan bat bam déi tugng trong cac hé thong giam sat
an ninh, robot ngdy cang tang; song song vdi nd, yéu cau vé do chinh xac cling ngay cang cao
hon. Bit bam d6i tuong ¢ dé cap dén viéc sir dung mot phuong phép nhét dinh dé theo ddi duong
di cua ddi tugng trén mdi khung hinh ciia video, ca video 4nh sang thong thuong va video anh
nhi¢t. Cong ngh¢ anh nhiét khong bi anh hudng boi sy thay dbi anh sang va nguy trang t6t, phu
hop st dung trong dém t6i, diéu kién anh sang kém hodc méi truong khong on dinh. Tuy nhién,
khac voi bat bam ddi twong anh sang thong thuong, dbi tugng anh nhiét co duong vién mo va
nhidu 16n, c6 it dic trung, vi thé, viée trich xuit dic trung c6 anh huong 16n dén hiu qua bét
bam cua thuat toan.

Nhiéu nghién ctru da sir dung cong nghé anh nhiét vao linh vyc bat bam dbi tuong. Phuong
phap bat bam ddi twong anh nhiét ban dau cha yéu bao gom: phuong phap optical flow [1],
phuong phap so khop mau [2], thuat toan Mean Shift [3], b6 loc Kalman [4, 5], bo loc hat [6].
Nghién ctu [7] da két hop thong tin vé chuyen dong, bién do va kich thudc cua ddi tuong gitp
cai thién t6t hon do chinh xac ciia thuat toan bat bam. Nghién ctru [8] sir dung su twong dong cuc
bd cua muc ti€u va phuong phap ngoai suy du doan chuyén dong cua ddi twong dé ting cuong
thong tin ctia muc tiéu, thu nhé mién tim kiém qua d6 cai thién hiéu qua cua thuat toan. Tuy
nhién, thuat toan chwa c6 co ché cap nhat mé hinh dé co thé theo dai d6i tugng thoi gian dai. Khi
hoc sdu tré thanh chu dé nghién ctru hép dan nhét trong linh vyc khoa hoc may tinh, mét sb hoc
gia da ap dung mo hinh hoc sau vao bai toan bat bam dbi tugng va dat dugc két qua kha quan.
Trong cac nghién ctru [9, 10], cac tac gia Wang va Ma di truc tiép sir dung mang CNN duoc
huin luyén trén co so dir liéu ImageNet dé trich xut dac trung, sau do tién hanh phan loai dé thu
dugc két qua bit bam. Phuong phap nay mang dén do chinh xac cao va 6n dinh, nhung doi hoi
thoi gian va mot lugng 16n dit liu dé huén luyén mo hinh. Diém han ché trong [9-10] hién nay &
chd co s dir lidu anh nhiét chua du 16n (khong sin c6 nhu co s¢ dir liéu dbi twong anh sang
thong thuong), 1am anh hudng toi két qua huin luyén mé hinh va t6i uvu tham sb. Dé khic phuc
han ché vé dir liéu, Zhang [11] d3 dé xuit mot phuong phap bam anh khong can huin luyén
truéc md hinh hoc sau va ciing dat dugc chit luong bam t6t hon, tuy nhién, téc do bit bam cua
phuong phép nay chdm hon. Nghién ctu [12] tlen hanh xtr ly tdng cuong do twong phan cua d01
tuong va mdi trudng, nang cao thong tin chi tiét cia ddi twong, sau d6 sir dung mang no-ron tién
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hanh huén luyén dé thich tmg v6i xu huéng bién ddi cua dbi twong, giai quyét duge van dé bat
bam dbi tuong hong ngoai dé bj anh huong bai nhidu, qua d6 phan nao cai thién do chinh xac va
ti 1& bat bam chinh xac ctia thuat toan. Tuy nhién, thudt toan nay sir dung mang cip nhat mo hinh
muc tiéu van con tuong ddi don gian nén kha nang hoc tap con han ché, do 6n dinh cua thuét
toan chua cao.

Thuc té cho thay, trong hé thong giam bat bam anh, hinh dang cua db6i twong c6 thé thay do6i
lién tuc; d6i tuong c6 thé bi che khuat hodc bién mét khoi truong nhin. Pac biét ddi véi ddi
twong anh nhiét c6 do nhiéu cao, duong vién mo, su thay d6i nhiét do trong khung anh dan t6i su
thay doi phan bd nhiét ciia ddi tugng. Tir nhitng phén tich trén, bai bao dé xuat nghién ctru, xay
dung ddc trung phan b6 nhiét ctia di tuong va mé hinh phan loai Bayes dé bat bam ddi tugng.
Két qua so sanh thuat toan dé xuét voi 6 thuét toan bat bam khac cho théiy thuat toan dé xuit da
ci thién dang ké do chinh xac bit bam ddi trong anh nhiét.

2. PE XUAT THUAT TOAN BAT BAM POI TUQNG ANH NHIET

2.1. Trich chon dic trung Haar xam két hop

Trong qué trinh bat bam ddi tuong, cho du 1a dbi twong anh nhiét hay 1a ddi twong anh thong
thuong, thi viéc mo ta doéi tugng rat quan trong, truc ti€p anh hudng téi hi¢u qua cua thuat toan.
Dbi voi cac doi tugng anh thong thuong, viéc mé ta doi tuong thuong st dung dac trung dudng
vién, diac trung mau sic, dac trung két cau. Tuy nhién, khi st dung camera anh nhiét, hinh anh
do1 tuong c6 dudng vién mo, thi€u thong tin két cau, théng tin mau sac va cac dac diém chi tiét,
hinh anh dé bi anh huong boi su thay d6i nhiét d6 moi truong xung quanh dbi tuong, gay kho
khin cho viéc moé ta ddi twgng. Vi thé, chi sir dung mot tlnh nang duy nhat dé mé ta dbi tuong
anh nhiét c6 thé dan dén d6 chinh xac bt bam thap, khong 6 6n dinh va tham chi c6 thé 1lam mét
doi tuong trong qua trinh bat bam. Bai bao dé xuat sir dung dic trung méi trén co sé két hop dac
trung xam va ddc trung Haar dé mo ta doi twong, dugc goi 1a dac trung Haar xam. Cach két hop
nay nhéan dugc day da cac ddc tinh phan phoi nhiét ciia doi tugng. Bieu dien cua dac trung Haar
xam két hop nhu (1).

VRect = 6()1 fRect + a)zgRect (1)

Trong d6, @,, @, 1an luot 1a trong sb clia cac dic trung thanh phan, o, + @, =1; fo ., ru
lan luot 13 dic trung Haar va tong mirc xam.

Dbi véi bai toan bat bam ddi twong anh nhiét, trich chon dic trung c6 mot vai tro rat quan
trong, anh hudng t6i toc do xir Iy va hi¢u qua bat bam cua thudt toan. Pac trung co kich thudc 16n
s€ mo ta chinh xac doi tugng, tuy nhién, lugng tinh toan 16n dan tdi toc do xr Iy cham, vi thé bai
bao da sir dung phuong phap nén [13] d€ giam chiéu ctia khong gian dac trung nhu biéu thic (2).

v=Rx 2
Trong d6, X 1a khong gian dic trung ban dau; v 1a khong gian dic trung sau khi nén; R 1a ma
trdn nén c6 cac phan tir rj; dugce xac dinh trong bicu thirc (3).
1 Xdc suat 1/2s

rl./:\ﬁx 0 Xacsudt1-1/s (3)
-1 Xdc suat 1/2s

Vi s =2 ~ 4 1a cac s6 nguyén duge chon ngiu nhién voi xéc suat bang nhau, qua biéu thirc
co thé thay phan tir 0 ciia ma trdn c6 xac suat xuat hi¢n twong doi cao, tir d6 co6 thé giam kich
thudc cua dac trung, nang cao tinh on dinh cua thuat toan bat bam.

Biéu dién toan hoc cua trich chon dic trung Haar xdm nhu biéu thirc 4):
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r.f. ri9;
V=Y 1L,y
i VVij hij VVI] hlj

(4)

Trong do, wij va hj lan luot 1a chidu rong va chiéu cao cia ctra s6 dugce chon; fij va gij lan luot
la dac trung Haar va gia tri xdm cuta ctra s6 tuong ung dugc chon.

Dic trung phan bd nhiét bé mat tan dung téi da sy khac biét v& gia tri xam giita cac ving
trong anh, khong chi c6 thé mo ta su khac biét trong mot ving nhé ma con gitr lai cac dac di€m
cua gia tri xam trung binh, ttr 46 cai thién tinh ndng bat bam. Qua trinh trich chon dac trung duoc

thé hién trén hinh 1.
x =
% E B = Z i

erxm v / ” J "’j’;

X
Hinh 1. Minh hoa quda trinh trich chon ddc trung.
2.2. Nguyén ly hoat dong ciia thuit toan
Thuét toan bit bam dé xuét duwa trén tu tudng “Tracking by Detection”. Vé ban chat thuét
toan s dung b phén loai Bayes lam bd phan loai tryc tuyen Dic trung sau khi trich xuat dugc

dua vao bd phan loai Bayes dé tién hanh phan loai. So d6 nguyén ly mo ta thuat toan dugc thé
hién trén hinh 2.

| /"

Wl — | 4
i  Quaim| Wbl s
Frame t Tap dir hgu """" 1 \'H'H" huan 7 e =
ol Tuyén |

—_— VAV,
Wl Pic
Trich xudt Ma trén Déc tnmg | trung cta
dactrong  nén  saukhinén méiu che

B4 phén loai
Bayes

—— \ , phéan loai
Mau ché phan loai

Frame t+1

Hinh 2. So @6 nguyén Iy mé ta thudt todn.
Thuat toan bt bam dua trén phan loai Bayes va va déc trung phan b6 nhiét bé mat:

Buée 1:  Xdc dinh vi tri doi tuwong bat bam: Tai vi tri xung quanh doi tuwong trich
xudt tdp dir liéu dwong, tai cac vi tri cach xa doi tuong trich xudt tap div
liéu am.

Buwoc 2: Trich chon ddc trung doi véi tdp dir liéu thu duoc.

Buwéc 3:  Hudn luyén (truc tuyén) bo phdin logi Bayes.

Buwéc 4:  Tai thoi diém xudt hién khung hinh t + 1, xung quanh vi tri cia déi twong
0 khung hinh t, ldy mau nhiéu cira sé cho phan logi, sau do, trich xudt dac
trung ciia tirng cia so.

Budc 5:  Sir dung bo phén logi Bayes da hudn luyén o thoi diém xudt hién khung
hinh t dé phdn logi cdc cira sé6. Cira s6 ¢é diém phan loai 16n nhat chinh
la cira 56 ¢6 chiva doi twong can bat bam.

Buoc 6: Cdp nhat cac tham 6 cia bé phan logi Bayes ¢ thoi diém xuat hién khung
hinh t + 1 nhie & cdc bude 1, 2, 3. Tiép tuc xik Iy cdc khung hinh sau.
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2.3. Mo hinh phan loai Bayes
P6i voi mdi cua s6 cho phan loai, gia thiét cac phan tir trong khong gian dic trung
V= {Vl,vz, ..... ,Vn} doc 1ap v6i nhau. M6 hinh phan loai Bayes biéu dién nhu cong thic (5):

[T, pely=0p(y=1 | ¢ (p(v|y DJ :
H(v) = log| 4t S i
[1..p(ly=0)p(y=0) Zl p(v|y=0) zl ®)

Trong d6, y = {0,1} lan luot la miu am va mau duong. O day, gia sir ring xac sut tién
nghiém ciia mau dwong va mau am 13 bang nhau:
p(y=1)=p(y=0)=0 (6)
Diaconis va Freedman [14] da chimg minh rang, tat ca cac phép chiéu ngdu nhién cia cac
vecto ngau nhién nhiéu chiéu déu c6 thé xap xi bang phan phdi Gaussian, vi vay p(y=1)va
p(y =0) duoc coi 1a phan phéi Gaussian trong bd phan loai Bayes H (V).

{p(y=1)~ N (x4 07)

(7
p(y=0)~N(x',07)
Trong d6, 1,0}, 11,07 1an luot 12 gia tri trung binh va d¢ léch chuan cta dic trung thir i ctia
mau duong va gia tri trung binh va d¢ 1¢éch chuén cua dic trung thir i cia mau am. Cac tham )
duogc cap nhat nhu biéu thic (8):

ty <= Ay + (A=A
€))
ol \JA(0)) + (- 2)(c") + AL-A)(u — 1)’
Véi A laty 18 hoc, 4 va o dugce tinh bang biéu thic (9), n 13 s lwong mau.
1na
/’llz_Zk O‘Y 1V| (k)
©)

\/ Zk o\yl (k)_'ul)2

Sau khi hoan thanh cép nhat cac tham s6 cua bd phan loai, hé théng thuc hién bat bam &
khung hinh tiép theo. Tai xung quanh vi tri d6i twong ciia khung trude do, ldy mau nhiéu clra sO
dé phan loai, sau do6 trich xuat dic trung, str dung b phén loai da dugc cép nhét cac tham s6 &
khung hinh trugc dé phan loai cic ctra s6. Ctra s6 co diém phén loai 16n nhat 1a vi tri cia muc
tiéu can bam trong khung hinh nay.

3. KET QUA THU NGHIEM VA THAO LUAN
3.1. Diéu kién thir nghi¢m
Tac gia sir dung camera anh nhiét 640-P-C145 do Isarel san xuét, c6 do phén giai 640x 480,
d6 nhay nhiét nho hon 0,05 °C. Thir nghiém nay duogc thyc hién trén nén tang may tinh hé diéu
hanh Windows, Intel i7 va b nh¢ 8GB, ngdn ngir 1ap trinh C++, mdi trudong phat tr;en tich hop
(IDE) VS2010, co so dit liéu OpenCV 2.4.9. May tinh dugc két noi véi mot hé thong giam sat
canh bao co6 tich hop camera anh nhiét.

Bdng 1. Thong so cua camera.

Tham s6 Do nhay nhiét D¢ phan gidzi  Trwdong nhin rong Truwong nhin hep
Gia tri <50 mK 640 x 480 pixel 43x32 25 x 19
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3.2. Két qua thir nghi¢m

Bai bao sur dung sai léch cua vi tri trung tam (CLE) va ty 1¢ bt bam chinh xac (DP) 1am chi
tiéu dé danh gia hiéu qua cua thuat toan.

Sai léch cua vi tri trung tdm dugc dinh nghia nhu sau:

CLE, =\#I’(xi %) (¥ Y, )’ (10)

Trong d6, (X,, Y,)1a vi tri trung tAm clia muc tiéu thu dugc bang cach dénh diu trén timg

khung hinh, vi tri nay 1a vi tri thuc cia muc tiéu trong anh; (X, y;)1a vi tri trung tdm ctia muc
tiéu thu duoc bang thuét toan bit bam. Trong qué trinh bat bam, khi sai 1éch ctia vi tri trung tim
nhoé hon ngudng da dat thi dugc coi 1a chinh xac (Bai bao dat ngudng 20).
Ty 18 bit bam chinh xac (DP): Pbi véi video, ty 1¢ s6 khung hinh dugc bat bam chinh xéc trén
tong sO khung hinh dugc goi 1a ty 1€ bat bam chinh xac.
N
>4

. I NéuCLE, <20
DP =2 —, trong do d[:{ e (11)

0 Néu CLE, >20

Vi N 1a tong s6 khung hinh cia video.

Dé danh gia tinh hiéu qua cua thuét toan d6i véi nhiéu loai muc tiéu khac nhau, bai bao da sir
dung cac video tiéu chuan tir tai li¢u [15] d€ thr nghiém. K&t qua trich xuat tr mot s video thu
nghiém dugc hién thi trén hinh 3.

(a) Street (b) Quadrocopter (c) Horse (d) Car (e) Trees

Hinh 3. Minh hoa két qua bat bam trich xudt tir mét sé video thi nghiém.
Hinh 3 mé ta mot s6 ddi tugng bao gdbm ngudi di bo (hinh 3a, 3e), may bay khong nguoi lai
(hinh 3b), dong vat (hinh 3c), 6 t6 (hinh 3d),... Cac thuat toan st dung d€ so sanh (6 thuat toan)
véi thudt toan dé xuat trong bai bao nay dugc chia thanh hai nhom nhu sau:

1) Thuat toan bat bam dua trén cac méd hinh hoc sau: Thuit toan CF2 [10], thuat toan CNT
[11], Thuat toan DLT [16].

ii) Thuat toan bat bam dya trén cac dic trung trich chon thu céng: Thuat toan loc hat (PF) [6],
thuat toan CT [13], thuat toan TLD [17].

Két qua danh gia qua trinh bit bam ddi voi cac thuit toan khac nhau nhu trén bang 2.

Bdng 2. Két qua so sanh thudt toan dé xudt véi mot sé thudt toan khéc.

Thuét toan Thuét toan dya trén mo Thuét toan dua trén trich chon
dé xuit hinh hoc sau dac trung thi cong
CF2 CNT DLT PF CT TLD
DP (%) 87,4 79,8 70,8 72,9 71,4 71,7 61,5
(;:iifl) 18,52 30,3 50,6 83,6 92,2 21,4 53,9
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Qua trinh thir nghiém cho thiy, cac thudt toan bt bam sir dung cac md hinh hoc sau, cho két
qua chinh xac hon céc thuat toan su dung trich chon dic trung thu cong do mé hinh hoc dugc
huén luyén bang bo dit lidu. Tuy nhién, dbi véi anh nhiét viéc xay dung b dir liéu 16n, chira
nhiéu loai ddi twgng khac nhau rit khé khin, vi thé viéc sir dung mé hinh dwoc huén luyén dwa
trén anh thong thudng s& bi anh huong khong tot dén két qua bat bam, khong hoan toan chiém uu
thé trong bai toan bat bam d6i tugng anh nhiét.

Déi voi bo dit liéu Trees, thuit toan DLT xday ra hién tuong troi dbi tuong, két qua bét bam
khong chinh xac, thuat toan CNT x4y ra hién tuong mét dbi tugng. Trén bo dir liéu Horse, thuat
todn CF2 xay ra hién tuong mat doi tuong, thuat toan DLT x4y ra hién tuong troi déi tuong. Nhu
s6 liéu thé hién trong bang 1, thuat toan moi dé xuét co sai 1&ch vi tri trung tadm va ty 1¢ bat bam
thanh cong cao hon so voi cac thuat toan con lai. Co thé théy, viéc st dung phuong phap trich
xuat dic trung phan bd nhiét ciia ddi twong giup cho thuat toan dé xuét c6 thé thich tng tot véi
cac dic diém cua camera anh nhiét nhu do nhiéu 16n, chiu anh hudng nhiéu cua su thay ddi nhiét
d6 moi truong, ddi twong co duong vién mo, thich tmg tot trong diéu kién bat bam nhiéu loai ddi
tuong khac nhau.

Mot s6 hinh anh thu nghiém thé hién trén hinh 4 cho théy, st dung ddc trung phan bd nhiét
gitip cho thuat toan c6 thé thich Gmg va bat bam tét ddi tugng anh nhiét trén thuc té; co kha nang
dap tng duoc yéu cau vé do chinh xac va xir 1y thoi gian thuc ciia mot hé thong giam sat an ninh.

Bk B! BRI ice ! 1704 2o

Hinh 4. Mot s6 két qua thir nghiém bdt bam doi tiwgng dnh nhiét.
4. KET LUAN

Bai bao nghién ciru xay dung mot phuong phap trich chon dic trung phan bd nhiét cua dbi
tugng trén co sd st dung su khac biét mirc xam giita cac vung cua dbi tuong, su bién dbi gilia
cac khu vuc nho véi nhau ciing nhu dic trung xam cia cac cira s, qua d6 1am cho kha nang mé
ta ddi tuong anh nhiét tdt hon, nang cao tinh hi€u qua va tinh on dinh cua thuat toan. Két qua
thuc nghiém cho thy hiéu qua cua thuét toan d& xuét, ing dung bt bam tét d6i tuong trong diu
kién phuc tap, thiéu hut dir liéu huin luyén. Thuat toan dé xuét d3 cai thién dang ké dd chinh xac
bat bam, c6 thé duoc ap dung cho cac hé thdng giam sat canh béo, bao vé an ninh.
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ABSTRACT

Object tracking algorithm based on Bayes classification model
and Haar-grey features on infrared camera

Object tracking based on thermal cameras is a core issue in security monitoring systems.
During operation, the size and shape of the object can change continuously, especially
thermal imaging objects with significant noise and blurred borders, making it difficult to
capture and track. This article proposes a new algorithm based on the Haar-grey features of
the object and the Bayesian classification model to track objects on the infrared image
background. Experimental results show the effectiveness of the proposed algorithm.

Keywords: Object tracking; Haar-grey features; Infrared object.
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