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TOM TAT

Ky thuat bat bam muc tiéu sir dung cdc thudt toan tim kiém va du dodn cua may tinh dé dinh
Vi va doi theo cac muc tiéu mot cach ty dong ma khong can con nguoi can thié¢p. Viéc ap dung ky
thudt bt bam muc tiéu vao nhiém vu theo doi, quan sat sé€ giup nhiém vy nay tro nén hiéu qua va
dé dang hon. Mot yéu cau quan trong cua nhiém vy nay do la toc dg bt bam phai di nhanh de
dam bdo yéu cau thoi gian thiec, dong thoi van dam bao dg chinh xdc va 6n dinh. Ngoai ra, cac
thiét bi quan sdt thuong sir dung phan cirng nhé gon nhw mdy tinh nhiing voi hiéu nang thap, cdc
camera lai co do phan gidi cao. Trong bai bdo nay, mot thudt toan bat bam dua trén loc twong
quan Kernel (KCF) dwoc sir dung trén mdy tinh Raspberry Pi 4B dé thwc hién bdt bam tiu
thuyén trén bién. Két qua thir nghiém cho thdy bdt bam chinh xdc, én dinh, toc dd bdt bam dat
toi 20 FPS voi do phdn gidi cia camera la 1280 x720 pixel.

Tir khoa: Bit bam muc tiéu; Raspberry Pi; KCF.
1. MO DAU

Bit bam muc tiéu dya trén hinh anh ludn 13 mét linh vuc nghién ctru quan trong cia thi giac
may tinh va xir Iy hinh anh, thu hit duoc nhidu sy quan tdm cia cic hoc gia. Ky thuat nay rat
hiéu qua trong viéc theo ddi, giam sat cac muc tiéu di dong, vi vy, c6 y nghia va tiém ning 16n
trong cac nhiém vu theo doi, gidm sat. Cac nhi€m vu co6 sy gép mit cua bt bam muc tiéu nhu:
Giam sat an ninh tai cac khu vuc trong yéu nhu khu vuce quéan sy, co quan chinh phi, san bay,
nha ga,...; Hién dai hoa vii khi khi tai quin su, bao gdm tén lira dan dao, ngdm bén cua vii khi,
diéu khién bay, thiét bi trinh sat UAV,...; Hé thong giao thong thong minh; Cac phwong tién giao
thong khong ngudi 14i; Giao tiép nguoi may [1-4],...

C6 rat nhiéu cac thuat toan bat bam véi nguyén ly khac nhau va cling c6 nhiéu cach dé phan
loai. Nhom tac gia chi xin gidi thiéu qua mot so thuat toan bt bam pho bién, chia thanh 3 loai
nhu sau. Mot 13, thuét toan bat bam truc tuyen, lgi dung nhitng thuét toan phan loai va dinh vi
don gian dé nhan dién muc tiéu dua trén nhiing déc trung co ban nhét, do d6, c6 thé bat bam muc
tiéu mot cach nhanh chong. Nhitng thut toan loai ndy thuong yéu cau thap vé tai nguyén ctia
phan cimg nhung két qua khong méy on dinh, ddng thoi rat nhay cam véi nhimg van dé nhu che
khuét, thay déi hinh dang muc tiéu, phong nén phirc tap. Tiéu biéu c6 thé ké dén 1a thuat toan
Mean Shift [5, 6], Thuat toan Frag Track [7, 8], Thuat toan bat bam dya trén Linear Subspace [9,
10]; Thuat toan bat bam dua trén Sparse Coding [11, 12],... Hai 13, thuat toan bat bam dya trén
loc twong quan (Correlation Filter, CF) nhitng thuat toan nay dwa bai toan bat bam muc tiéu
thanh bai toan loc tuong quan d6i v6i khu vuc tim kiém, vi tri muc tiéu 1a vi tri dé bo loc (filter)
cho gia tri 16n nhat. Thuat toan loc tuong quan co ban nhat do Bolme dé xuat, con duoc g01 la
thuat toan MOSSE dua trén tong phuong sai [13]. Tlep d6 c6 rat nhiéu cac thuat toan cai tién
nhu cac thuét toan ding phuwong phap thu thip miu tuin hoan CSK va thuit toan loc tuong quan
dua trén khong gian Kernel do Henriques dé xudt [14, 15]. Ngoai ra, con c¢6 phuwong phap
STAPLE cuia Bertinetto, MKCF ctia Tang, ACFN ciia Choi [16-18],... Ba 1, thudt toan bat bam
dua trén hoc sau, lgi dung nhitng dac tinh vu viét vé thiét 18p dac trung ctia thuét toan hoc sau dé
giai quyét bai toan bat bam gitp cai thién vuot troi vé do chinh xac. Tuy nhién, thong thudng
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nhitng thuat toan nay can mot lugng mau 16n va thoi gian 1au dé huan luyén. C6 rat nhiéu cac cai
tién cta loai thuét toan nay, nhu thuat toan HCFT cta Ma, DeepSRDCF ctia Danelljan [19, 20-
23],... Nhin chung, mdi thuat toan déu co nhitng uu nhugc diém nhét dinh, cac thuét toan don
gian c6 muc su dung tai nguyén thap thuong co két qua bit bam thiéu 6n dinh hosc kha ning
chong che khuét kém, cac thudt toan phuc tap s& cho hiéu quéa bit bam tSt hon nhung thuong hao
tén nhiéu tai nguyén. Can ctr vao muc dich st dung khic nhau, phai can bang giita cac yéu to
trén dé lya chon thuét toan phu hop nhét.

Xuat phat tir nhu cau cia mot thiét bi quan sat tau thuyén trén bién cé chiic ning bat bam
phuc vu theo ddi giam sat muc ti€u va thudn tién cho thao tac do cu ly b?mg laze tich hop trén
thiét bi. Bai bao xay dung vé 1y thuyét, lip dit phan cimg va lap trinh phin mém cho mot hé
thong bt bam tau thuyén str dung mot may tinh nhung Raspberry Pi dam bao hiéu qua bét bam
muc tiéu t6t va dap ung thoi gian thyc. Vi€e sir dung may tinh nhung Raspberry Pi nham han ché
ti da vé ich thuac, khéi luong ciing nhu muc tiéu thy dién nang cua phan clng trong th1et bi
quan sat tong thé, dong thoi dam bao loi thé vé gia thanh va d& dang trong trién khai thuc té va
khai thac str dung.

2. THUAT TOAN BAT BAM DUA TREN LOC TUONG QUAN KERNEL

Cin cr vao yéu cau vé toc do xur 1y cling nhu mirc d6 sir dung tai nguyén cia thuat toan,
nhom tac gia da tién hanh céc thir nghi€m, so sanh va lya chon ra thudt toan bat bam dua trén loc
tuong quan Kernel (KCF) [15]. Day la thuat toan cho hiéu qua bat bam tbt, ¢6 toc do xir Iy nhanh
du dam bao yéu cau thoi gian thuc v6i mire sir dung tai nguyén thap. Dudi ddy 1a gidi thidu vé
nguyén ly va quy trinh thuc hién cia thuét toan nay.

2.1. Nguyén ly thuét toan KCF

Thuat toan bat bam KCF dya trén mau léy tir frame anh c6 chira muc tiéu ban dau dé khoi tao
ra mot bo loc va dung no trong viée loc tim ra vi tri cua muc ti€u trong frame mai (Qua trinh nay
tuong ty nhu 1 qué trinh hudn luyén trong hoc sdu) [15]. Cu thé 1a tim ra mot ham sé f(x) =
wTx dé gia tri phuong sai giita n6 va gia tri hdi quy y; 12 nho nhit, KCF sir dung hdi quy Ridge
nén ta co:

loss = min,, Y () = yo)* + Allwll? 1)

Trong do, ||w|| biéu dién mé dun cua w, tham sd chinh quy héa A dugc thém vao dé tranh
hién tugng overfitting. Tinh dao ham vdi w ta dugc:
w = (XHX + A" 1xHy 2
Matran X = [x ] (x; 12 mau dugc lay tir frame chira muc tiéu ban déu) y 1a ma trén cda cac
gia tri hoi quy y;. X 1a phép hoan vi Hermitian, X H=(x*)T v6i X* 1a s6 phuec lién hop cua X. |
1a ma tran dinh danh. Vi gid tri t5i wu ctia W ¢ thé biéu dién thanh t6 hop tuyén tinh ctia mau x;:

n
W= ) X 3
i=1
Nén ham bo loc c6 thé biéu dién thanh:
n
f2)=wTz= Z ax! .z 4
i=1
Théng qua xtr Iy tuyén tinh hoa va thém anh xa phi tuyén hoa ta duoc:
n
) =) @) ¢() = a"$(X). $(2) ©)

i=1
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w=¢X)a (6)
Trong do, a™=[a;], p(X) = [¢p(x;)T]7, thay vao phuong trinh (1) ta dugc:
loss = mingllp(X)p(X)"a — ylI* + AllpX) all? ()
Tinh dao ham cuda o ta duoc:
a= (@@ + ANy = (K +AD7y (8)
Matran K = ¢(X)¢(X)T 1a mot ma tran tuan hoan K = C (k). Do do, cé thé don gian hoa a:

a = (A.diag(F(k)). A" + A.diag(158).AF)~ 1y = C( (F(k) n /16))3/ 9)

O day, diag() biéu dién ma tran dudong chéo, tién hanh bién ddi fourier roi rac (DFT) vdi ca 2
vé ta duoc:

1 *
F@ = (7 535) ©F) (10)

Thay a vao cong thice (5), ta duoc:
f@) = (K*)a (11)

Vi K* = ¢T(x)¢(Z) cling 1a mot ma trén tuan hoan, nén dé giai phuong trinh trén chung ta
tién hanh DFT dé bién n6 vé ma tran dudng chéo:

F(f(2) = F(k**) O F(a) (12)
Trong do:

1
k** = exp <—p(IIXII2 +zII? - 2F‘1(F(X)*®F(Z)'))> (13)

Theo cong thirc trén, bang viéc tinh toan gia trj cuia ma tran Kernel k*? thdng qua cac ma tran
gié tri x va z, cong thuc caa bo loc dugce xac dinh. Gia tri cta f(2) tai cac vi tri c6 thé xem nhu
mot thao tac loc khong gian trén cac gia tri k*%.

2.2. Quy trinh thyc hién thuit toan KCF

. Trich xudt . . £
Nhap frame diic trm Tinh toan Huin
dau, chon : El— ma train [—* luyén Két thic
muc tiéu vun‘g‘muc Kernel Filter
tiéu
it da Filt s Trich xuat .
Bat dau ,1 er Tinh todn 1:1(, xud Nhap
tim ra - dic trung
ma trin [+— tim frame
cua e Kernel vung tiép theo
tiéu kiém

Hinh 1. Luu d6 thuwc hién thudt todn bat bam KCF.

Hinh 1 thé hién luu dd cua thuét toan bat bam KCF, bat ddu bang viéc doc dit liéu anh dau
vao (c6 thé tir video sin c6 hodc tir camera). Sau khi nhap frame dau tién, nguoi thao tac s& luya
chon muc tiéu can bit bam (khoanh vung hinh chii nhat quanh muyc tiéu do). Thuit toan s€ trich
xuit dic trung ving théng qua st dung phép dich chuyén tudn hoan dé tao thanh nhiéu miu 4o
phuc vu huén luyén va tinh todn ma trdn Kernel theo cong thurc (13) & muyc 2.1. Sau do, tiép tuc
hinh thanh b loc d& phuc vu cho viéc tim kiém muyc tiéu & frame sau. O frame sau do, tiép tuc
trich xuét dac trung cua vung tim kiém, la mot vung rong hon bao ham vi tri ciia muc tiéu &
frame trudce va tinh toan ma tran Kernel twong img. Sau d6, thudt toan sur dung b loc da tao ra &
frame trude tién hanh loc va tim ra vi tri mdi cia muc ti€u ¢ frame hién tai. Thuat toan tiép tuc
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quay lai budc trich xuat dic trung viing muc tiéu va tién hanh lai cac budc nhu & ¢ frame dau va
vong ldp nay lap di 1dp lai v6i tiing frame cho dén khi qua trinh bat bam két thuc.

3. THU NGHIEM VA KET QUA

Trong phan nay, bai bao s& gigi thiéu vé hé thong bat bam, qua trinh lap trinh phan mém dé
thir nghiém thuét toan bit bam va phén tich vé két qua thu duoc.
3.1. Thiét 1ap hé théng va ndi dung thir nghiém

Hé thong nay bao gdbm: 01 méy tinh nhing Raspberry Pi, 01 camera ngay, 01 man hinh hién thi,
ban phim, chudt,... Str dung mdy tinh Raspberry Pi 4B véi CPU 4 nhan 1.5 GHz 8GB RAM c6 hd
trg nhiéu loai cong giao tiép téc do cao. Camera mau cua Owon véi cong két ndi USB véi do phan
giai 1280x720 pixel va tdc d6 quét cua camera 1a 30 FPS. Sir dung mot man hinh 15.6 inch do
phan giai 1920x1080 pixel d& hién thi hinh anh. Sau khi két ni camera, méan hinh, ban phim, chuét
v6i may tinh thong qua cac cong USB va micro HDMI, tong thé hé thdng nhu trong hinh 2. Sau
khi ldp dat phan cimg nhém tac gia cai dit hé diéu hanh Raspberry Pi OS 32x, cai phin mém
Python, OpenCV va cac thu vién lién quan dé phuc vu viéc 1ap trinh. N6i dung thtr nghiém bao
gom: Thir nghiém d6 chinh xac, 6n dinh bit bam va téc do cua thuat toan KCF d6i voi cac muc
tiéu tau thuyén; Thir nghiém so sanh tinh nang thuat toan KCF véi mot s6 thuat toan khac.

—

Camera

k)

Nguén dién

May tinh

Diéu khién /_/

Hién thi

::::::

Hinh 2. Anh tong thé ciia hé thong bdt bam dwa trén Raspberry Pi.
3.2. Két qua thir nghi¢m va danh gia
3.21. T ~hu" nghiém do on dinh bdt bam ciia thudt todn KCF doi véi Cac muc tiéu tau lhuyén trong
video san co va ngoai thuc té

bé phuc vu cho viéc thir nghiém chung t6i thu thap mot s6 video sdn c6 vé tau thuyén cling
nhu st dung camera dé€ thu thap anh ngoai thuc t€. Luu y, két qua bat bam cia thuat toan voi cac
muc tiéu trén video va qua camera la twuong duong nhau, do d6, xir 1y trén video san c¢6 van danh
gia duoc thuat toan mot cach chinh xac, chiing chi khac nhau ¢ toc d6 hién thi két qua.

Nhom tac gia sir dung thuat toan KCF tién hanh bit bam voi muc tiéu trong cac video va thu
duoc mot so két qua. Hinh 3 gidi thi¢u mdt so ket qua bat bam co tinh dai dién, khung chit nhat
mau do 1a ket qua bat bam (hinh 3a) va hinh 3b) 1a cac video san c6, hinh 3c) la hinh dnh ngoai
thuc t€). Trong d6, hinh 3 a) frame 243 va hinh 3 b) frame 26 deu thé hién kha nang bat bam hig¢u
qua cua thuat toan khi gap phong nén phirc tap. Hinh 3a) frame 450 va hinh 3c) frame 214, 218
lan lugt the hién kha nang bat bam cia thuat toan khi gap che khuat mét phan va kha nang khoi
phuc bat bam sau khi bi che khuat hoan toan. Hinh 3b) frame 132, 199 déu thé hién kha nang bat
bam tot khi muc tiéu c¢6 hinh dang va kich thudc thay doi.

Qua thir nghiém cho thay thuat toan KCF c6 két qua bat bam t6t véi kha nang giai quyét mot
s0 hién tuong thuong gap khi bat bam muc tiéu la phong nén thay doi phurc tap, muc tiéu bi che
khuat va hinh dang, kich thudc muyc tiéu thay doi.
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‘a) 168 243~ 450

'c"); 146 T s snectod i e 218

Hinh 3. Két qud bdt bam doi véi mét sé muc tiéu tau thuyén trén bién.
3.2.2. Tinh toan sai s6 bdt bam va toc do ciia thudt todn KCF, so sanh véi mét sé thudt todn pho
bién khac

8 v T T T . :
——Sai sé phuong ngang RuUMUEIETR 550 ANH NHI%E;“
[ [=-=-Sai sé phuong doc L )

o

o

>

Sai s6 twong d6i/%

CU LY:287 m

ANSEUETET 585 ™ N WIRLE L

N

o

CU LY:287 m

6 8 10
Thoi gian/s
Hinh 4. a) Sai s6 twong doi ciia thudt todn KCF theo thoi gian;
b) Thir nghiém thudt todn bdt bam véi muc tiéu quay boi camera hong ngodi.

bé danh gia mdt cach dinh tinh vé d6 chinh x4c cta thuat toan, nhom tac gia st dung sai )
tuong dbi gitra vi tri bat bam va vi tri thuc ctia muc tiéu, theo hai phuong doc va ngang dé danh
gi4. Hinh 4a) 1a d6 thi cta sai s6 tvong doi theo thoi gian, truc tung biéu thi sai s6 tuong dbi tinh
theo%, truc hoanh 1a thoi gian tinh bang gidy. Két quél cho thay sai sé chu yéu 1a phuong ngang,
ciing 1 phuong di chuyén cta myc tiéu. Trong 16 gidy bét bam sai sb lity ké 1a tu’o‘ng d6i nho chi
khoang 7%, lac nay khung bat bam van bao quat dugc muc ti€u. Tuy nhién, sai so nay c6 xu
huéng tich lily dan theo thoi gian do d6 néu thoi gian theo ddi qua lau c6 thé din dén bi truot
muc tiéu, luc nay can phai tién hanh bit bam lai. Vé téc do cua thuat toan, qua tinh toan thu dugc
tdc dd video dau ra dat t&i 20 FPS, dam bao yéu cAu thoi gian thyc [24]. Nhu vdy, qua cac thi
nghiém trén cho théy thuét toan KCF du dam bao cac yéu cau vé do on dinh cling nhu tde do dé
thuc hién nhiém vu bét bAm muc tiéu trén bién da dé ra.
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Bén canh d6, dé so sanh thuét toan KCF véi mot s6 thuat toan phé bién khéac & cung mot diéu
kién thir nghiém dua trén céc tiéu chi gan véi tmg dung co thé ké dén nhu: Do 6n dinh, toc do xu
ly, kha nang khoi phuc tim kiém sau khi bi che khuat hoan toan, mic sir dung tai nguyén phan
clng, va tong hop nhu trong bang 1. Qua so sanh ¢6 thé thay, thuat toan KCF vira ¢6 d9 6n dinh
t6t, kha ning chong che khuat 1 phan, kha nang khoi phuc tim kiém, téc do xir Iy twong ddi cao va
mirc sir dung tai nguyén gan nhu thap nhat (24%, chi xép sau thuit toon MOSSE), la thuat toan
phii hop nhét cho yéu cau bit bam muc tiéu trén bién da dit ra & phin mé dau cua bai bao nay.

Bdng 1. So sanh thudt toan KCF voi mot 50 thudt todn khdc.

Toc Kha ning S.dung tai

Thuat toan Dy on dinh d3/FPS  khéi phuc  nguyén/%
KCF On dinh, chong che khuit 1 phan 19-20 Co 24
Boosting Tuong dbi 6n dinh 5-13 Khéng 32
CSRT Re‘}t' 6p din‘h, chdng che khuat trong 56 Cé a1

thoi gian dai
TLD Twong ddi 6n dinh 1 Co 40
MossE ~ Khong on dinh, I6i khi gap che khuat 7 g cé 19
hoac phéng nén thay doi 16n
MIL Khong on dinh 4 Khéng 50
Optical flow  Khong 6n dinh, d& trugt myc tiéu 10-11 Khéng 28
Medianflow  Khéng 6n dinh 17-18 Khéng 44

Ngoai ra, nhom tac gid cling da thtr nghiém thuat toan trén vdi muc ti€u la mot drone dang
bay duoc quay boi camera hong ngoai, nhu trong hinh 4b). Két qua cho thiy mic du muc tiéu
kich thudc nho, hinh dang thay ddi va hinh anh 1a anh den tréng nhung thuat toan van dat duoc
két qua bat bam t6t. Viéc ap dung thuat toan bit bam ddi véi anh ngdy va anh hong ngoai co ¥
nghia quan trong trong viéc tng dung no trén cac hé thong quan sat da kénh ngay dém phuc vu
quan sat canh gidi cac muyc tiéu trén bién.

4. KET LUAN

Trong bai bao nay nhom tac gia di gioi thiéu vé thuat toan bit bam dya trén loc twong quan
Kernel, phén tich cac vu nhuge diém va dua ra co s 1y luan dé ap dung cho hé thdng bat bam
tau thuyén thoi gian thyc voi phan cung 12 mdy tinh nhung Raspberry Pi. Qua thu nghiém trén
cac video san c6 va video thuc te tr camera quan sat cac muc tiéu tau thuyen trén bién da lam
sang to do chinh xac, 6n dinh va toc do cua thuat toan KCF. Két qua cho thay thuat toan déu dam
bao t6t cac yéu cau, giai quyét duoc cac hién tugng thudng gip trong bét bam, dong thoi dap timg
yéu cau thoi gian thuc. Hé thdng bat bam thoi gian thuc véi Raspberry Pi ma ching t6i xdy dung
hoan toan du diéu kién dé 1ap dat va sir dung trong céc thiét bi quan sat canh giGi trén bién.

Thuét toan KCF van chua phai 13 t8i wu nhit vé téc do bt bam, do vy, huéng nghién ctru
tiép theo 1a cai thién vé toc do thuat toan dé co FPS cao hon dé ap dung dugc voi cac camera c6
d6 phan giai cao hon ciing nhu kha ning bat bAm nhiéu muc tiéu dong thoi.

Loi cam on: NNOm tdc gia chan thanh cam on su tai tro vé kinh phi tir ngdn sach cia S¢ Khoa hoc
tinh Ba Ria-Viing Tau.
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ABSTRACT
Development of a real-time object-tracking system using Raspberry Pi

Obiject tracking uses computerized algorithms to locate and track targets automatically
without human intervention. Applying object-tracking technology to the observation
mission will make it more effective and easier. An important requirement was that the
tracker must be fast enough to meet the real-time requirements while still ensuring
accuracy and stability. In addition, observation equipment usually uses compact hardware
(such as embedded computers) and high-resolution cameras. In this paper, a Kernel
Correlation Filter (KCF) based tracking algorithm is used with a Raspberry Pi 4B to
track objects at sea. The experiment results show that the tracker works well and stably,
and the tracking speed reaches 20 FPS with 1280%720 pixels of camera resolution.

Keywords: Object tracking; KCF; Raspberry Pi.
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