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TOM TAT

Bai bdo nay dé xuat mot phuong phap cai tién cho bai toan theo doi ddi tugng dua trén nén tang thudt toan SiamRPN két hgp vdi co ché cdp nhat mau ¢6
diéu kién. Phuong phap nhdm khac phuc han ché clia cac b theo ddi s dung mau o dinh, von dé mat muc tiéu trong cac tinh hudng theo ddi dai han khi dac
diém hinh thai cGa d6i tugng thay ddi déng ké. Thudt toan sé chi cap nhat mau khi phat hién su thay d6i rd rét vé kich thudc hinh hoc giita anh mau ban du va
ddi tugng hién tai, dong thoi dat ngudng do tin cdy dinh san, gidp tang tinh 6n dinh va gidm hién tugng troi mau dong thai van git dugc hiéu sudt va téc do cia
md hinh. Cac thi nghiém trén tap dif liéu chuan 0TB-2015 va tap dit liéu anh nhiét AFII25 cho thdy phudang phap dé xuat dat do chinh xac cao, tuang duong véi
cac phuang phap hién dai nhu ECO, TDA-Track, nhung vugt trdi vé toc do xa Iy (1én t6i 190 FPS). Phuang phap cho thdy kha nang hoat dong hiéu qua trong cac
mdi trudng quan sat khé khan nhu dnh nhiét, diéu kién thai tiét thay déi va che khuat tam thi, tir d6 phi hop véi céc ting dung theo ddi thoi gian thuc trén UAV,
thiét bi nhting va hé thdng gidm sat thong minh.,

Tirkhéa: Theo doi bt bdm, SiamRPN, OTB-2015, AFII25.

ABSTRACT

This paper proposes an improved method for object tracking based on the SiamRPN algorithm combined with a conditional template update mechanism.
The method aims to overcome the limitations of trackers using fixed templates, which are prone to losing targets in long-term tracking situations when the
morphological characteristics of the object change significantly. The algorithm will only update the template when it detects a clear change in geometric size
between the initial template image and the current object, and at the same time reaches a predetermined confidence threshold, helping to increase stability
and reduce template drift while still maintaining the performance and speed of the model. Experiments on the 0TB-2015 benchmark dataset and the AFII25
thermal image dataset show that the proposed method achieves high accuracy, equivalent to modern methods such as ECO, TDA-Track, but is superior in
processing speed (up to 190 FPS). The method shows the ability to operate effectively in difficult observation environments such as thermal imaging, changing
weather conditions and temporary occlusion, thus suitable for real-time tracking applications on UAVs, embedded devices and smart surveillance systems.
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1. GIGI THIEU

Theo déi bat bam muc tiéu 1a mét nhanh rat quan

nhu quan sy, xe tu hanh va an ninh... Tuy nhién cac thuat
toan bam bat muc tiéu con nhiéu thach thuc trong cac

trong trong linh vuc thi gidc may tinh va c6ng nghé nay
dugc ing dung rong rai trong nhiéu linh vuc khac nhau
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(ing dung thuc té, chdng han nhu: su nhiéu déng cla céc
muc tiéu gidng nhau, dé bién dang muc tiéu Ién, muc tiéu
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di chuyén nhanh,... Do d6, viéc cai thién do chinh xac va
hiéu suat thai gian thuc cla viéc theo déi muc tiéu dang
dugc nhiéu nha khoa hoc dat lam trong tam nghién ciu.

Cac budc thuc hién co ban clia thuat toan theo déi muc
tiéu dugc mé ta nhu sau: Dau tién, trich xuat dac diém dugc
thuc hién trén mau Ung clr vién clia muc tiéu da biét, sau
dé két hgp véi thong tin, dac diém clia cac vung ding vién
ké ti€p dé déi chiéu, cong viéc nay dugc thuc hién va két
qua theo doi cudi cing do mé hinh da dao tao [1]. Cac
phuong phap theo déi bam bat muc tiéu truyén théng chu
yéu str dung cac tinh nang thu cong va dugc chia thanh hai
loai dua trén cac moé hinh quan sat khac nhau: phuong
phap mé hinh t8ng quét va phuong phap mé hinh phan
doan [2]. Nhitng nam gan day, cling vai su ra doi va phat
trién vuat bac clia hoc sau. N6 da dugc ap dung manh mé
trong linh vuc thi gidc may tinh, va cac thuat toan theo déi
bam bat muc tiéu cliing khong ngoai 1é. Do hoc sau c6 kha
nang trich xuat théng tin ng nghia va kha nang khai quat
héa manh mé nén hoc sau dan dugc stirdung réng rai trong
[inh vuc theo déi va dat dugc nhiéu két qua dang ghi nhan.
Theo céch hiéu va gidi quyét nhiém vu thi théng thudng
phuong phap theo d6i muc tiéu dua trén hoc sau dugc chia
thanh: theo déi muc tiéu dua trén phan loai, theo déi muc
tiéu dya trén hoi quy va theo doi muc tiéu dua trén sy két
hgp gitia phan loai va hoi quy. Marvasti-Zadeh va cong su
[3] da c6 mot bai téng quan thuat toan theo déi muc tiéu
dua vao hoc sau tir nhiéu goc dé khac nhau, nhu cau tric
mang, phuong phap huan luyén mang, chiic ndng mang
va dau ra mang. Fiaz va cong su [4] da chia cac thuat toan
theo doi muc tiéu hién tai thanh hailoai, dua trén loc tuong
quan va loc khéng tuong quan, dong thai phan loai va gidi
thiéu thém cac thuat toan theo doi muc tiéu khac nhau
trong hai loai trén theo cac cau tric khung mang khac
nhau. Mét bé di liéu theo déi muc tiéu méi OTTC dugc dé
xuat va cac thtr nghiém so sanh gilta cac thuat toan khac
nhau dugc tién hanh trén bo dit liéu nay. Javed va cong su
[5] thuc hién mét nghién clu so sanh vé cac thuat toan
theo doi muc tiéu dua trén loc tuong quan va mang song
sinh sau, déng thoi phan tich danh gia hiéu suat ctia mo
hinh nay trén nhiéu bo dir liéu. Soleimanitaleb va cong su
[6] da chia cac thuat toan theo d6i muc tiéu hién tai thanh
b6n loai dua trén tinh nang, phéan doan, uéc lugng va cach
hudn luyén, tap trung gidi thiéu cac thuat toan theo doi
duva trén quy trinh huan luyén.

Trong bai toan theo déi bam bat muc tiéu, thi theo déi
muc tiéu don la moét nhanh riéng, c6 nhiéu Ung dung
trong thuc té, vi thé né ciing dugc nhiéu nha khoa hoc
dao sau nghién ctu. Hién nay, viéc theo déi bam bat muc
tiéu don van con nhiéu thach thic do nhing khé khan
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nhu déi tugng bién dang, bi che khuat, thay déi ty lé va
su phuc tap ctia nén. Trong vai thap ky qua, cac nghién
cltu chd yéu dén tir cac héi nghi thi giac may tinh hang
dau thé gisi CVPR, ECCV va ICCV cling vai d6 la cac cudc
thi dugc t6 chuic trén toan thé gidi. Y tudng thiét ké cda
thuat toan theo déi muc tiéu don cé thé dugc chia thanh
ba phan: phuong phap truyén théng dua trén thuat toan
x0 ly tin hiéu hinh anh truyén théng va hoc may; phuong
phap loc tuong quan véi tinh nang khép mau, va cudi
cung la phuong phap hoc sau dé dao tao mé hinh sau d6
st dung phan loai hodc héi quy ra d6i tuong cudi. Nam
2016, thuat toan SINT va SiamFC lay y tuéng tu tr mang
than kinh song sinh (Siamese Neural Network, SNN) da
cho ra cdc moé hinh theo déi mdi dua trén hoc sau. Tiép
sau, SiamRPN ra doi va cé nhiing cai tién vuot trdi, giup
cdu truc SNN tda sang trong céac tap di liéu chuan
VOT2018,VOT2019 va VOT2020 [7]. Khac véi cac phuaong
phap theo doi truyén théng thudng chi du doan mét
bounding box duy nhat, SiamRPN st dung RPN dé sinh ra
nhiéu viing dé xuat (proposal boxes) va danh gia muc do
tin cay cho tung vung do, tu d6 xac dinh chinh xac vi tri
clia déi tugng. Kién tric nay khong chi tang do chinh xac
ma con gil dugc téc do xu ly rat cao. Trong cac tha
nghiém, SiamRPN c6 thé chay vdi téc dé 1én dén han 200
FPS, du dé ing dung trong cac hé théng thaoi gian thuc
nhu giam sat an ninh, robot ty hanh hoac UAV trén cac
manh nhidng nhé gon. Mot diém manh nira clia SiamRPN
la tinh téng quat tét. Do dugc huan luyén trudce véi nhiéu
cap anh khac nhau, né c6 kha nang xu ly cac bién déi vé
hinh dang, anh sang, géc nhin va ca truéng hgp doi tugng
bi che khuat mot phan. Tuy nhién, nhu nhiéu thuat toan
theo d6i don muc tiéu khac, SiamRPN van gap kho khan
trong cac tinh hudng phtic tap nhu déi tugng bi che
khudt hoan toan trong thoi gian dai, hodc cé nhiéu vat
thé tuong tu nhau trong cuing mét khung hinh. Cling véi
dé la su thay déi lién tuc vé kich thudc va hinh dang cda
déi tugng, dan dén kha ndng mat bam véi thai gian dai.
Bai bdo nay dua ra mét phuong phap bat bam muc
tiéu don dua trén thuat toan SiamRPN. Dt liéu dugc lay ti
nhiéu nguén bao gom céc tap di liéu chuan va dit liéu tu
tao cla nhém nghién ctu. Théng qua huan luyén cau trac
SiamRPN dé dua ra cac mé hinh bat bAm phu hgp. Mét co
ché cai tién trong phan suy luan bt bam dugc dé xuat dé
tang hiéu qua cho qua trinh bat bam muc tiéu dai. Thong
qua cac thi nghiém dé danh gia hiéu suat cia mé hinh.
2. PHUONG PHAP
2.1. Thuat toan SiamRPN

Khung téng thé clia SiamRPN dugc thé hién trong
hinh 1, khung dé xuat bao gbm mo6t mang con Siamese
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dé trich xuat tinh ndng va mdt mang con Region proposal
ké ti€p dung dé dua ra vung déi tugng. Cu thé, 8 mang
Siamese c6 2 nhanh con, mét nhanh la anh dau vao déi
tugng, nhanh con lai 1a anh téng thé. G mang Region
proposal, mét nhanh phu trach phan loai tién déi tuong -
nén, nhanh con lai dugc st dung dé dua ra khung ddi
tugng. Chinh vi vay, m6 hinh dugc dugc huan luyén tu
dau dén cuéi, khong qua nhiéu budc. Qua trinh huan
luyén sé lay anh dau tién lam anh déi tuong, cac anh sau
dugc nhap lién tuc vao anh tim kiém, tir d6 huan luyén ra
trong so t6i uu ctia mo hinh.

(W +p) X (h+ p) =52 (2)
trong d6, w va h la chiéu rong va chiéu cao ctia muc
tiéu, p dugc tinh theo cong thuc (w+h)/2. Sau cac budc
trén, cac dé xuat K hang dau sé dugc xép hang lai sau khi
nhan diém phan loai véi diém hinh phat. Phuong phap
loai trir khong t6i da (Non-maximum-suppression, NMS)
dugc thuc hién sau d6 dé c6 dugc khung gidi han theo
déi cubi cung. Sau khi khung dugc chon, kich thudc muc
tiéu dugc cap nhat bang ndi suy tuyén tinh dé git cho
hinh dang thay déi mugt ma hon.
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Siamese Network

Hinh 1. Khung tdng thé cla thuat toan SiamRPN

Trong qua trinh suy luan cda thuat todn nay. Nhom tac
gia da dua ra hai phuong phéap dé lua chon d6i tugng cudi
cung. Phuong phép dé xuat dau tién la loai bo cac hop
gidi han dugc tao ra bdi cac diém neo qua xa tam. Vi du,
chuing ta chi gil lai ving con g*g & tam trén ban dé dac
trung phan loai. Vi thudng gitra 2 khung anh néi tiép nhau
sé khong c6 sy khac biét I6n, nén phuong phap loai bd
cac diém neo & xa c6 thé loai bd hiéu qua cac diém ngoai
lai. Hinh 2 minh hoa viéc chon céc diém neo muc tiéu c6
khoang cach khong qua 7 pixel tur tdm cla ban d6 dac
trung phan loai.

Phuong phép lua chon dé xuat thi hai cia nhom tac
gia la sirdung ctia s6 cosin va hinh phat (penalty) dé xép
hang lai diém s6 cla cac dé xuat nham tim ra diém s6
tét nhat. Sau khi loai bé cac gia tri ngoai 1&, mét clra s6
cosin dugc thém vao dé loai bo d6 dich chuyén 16n cua
déi tugng, va sau dé mét hinh phat dugc thém vao dé
loai bd su thay d6i I16n vé kich thuéc va ty |1é dua theo
cong thuc (1):

a1, b 2.5 0

G day k la siéu tham s6, r biéu thi ty 1& chiéu cao va
chiéu rong clia dé xudt va r’ biéu thi ty 1é ctia khung hinh
cudi cung. s va s’ biéu thi ty 1é téng thé cta dé xuat va
khung hinh cuéi cling, dugc tinh nhu cong thuc (2):

penalty =e
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Center Size =7

Hinh 2. Phuong phap loai cac ddi tugng xa tam neo
2.2. Dé xuat 1 thuat toan hoc truc tuyén

Thuat toan SiamRPN la mét trong nhiing phuong
phap theo d6i déi tugng mét cach truc ti€p, dua trén viéc
st dung anh mau (template) lay ti khung hinh dau tién
dé thuc hién so khép véi cac khung hinh tiép theo. Tuy
nhién, trong cac kich ban theo déi dai han, dac diém hinh
thai, kich thudc, hoac géc nhin clia d6i tugng thudng thay
déi dang ké so v6i anh mau ban dau, dan dén hién tugng
suy giam doé chinh xac trong qua trinh theo doi.

Dé& khic phuc nhugc diém nay va ciing dam bao téc
do xu ly chia thuat toan, ching toi dé xuat mét co ché
cap nhat co diéu kién anh mau, dua trén sy thay ddi kich
thudc hinh hoc cta d6i tuong va dé tin cay cla bo theo
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déi. Cu thé, sau méi chudi khung hinh theo déi, néu ti lé
thay déi kich thudc gitra d6i tugng hién tai va anh mau
ban dau vugt qua mét ngudng xac dinh trudc, dong thoi
d6 tin cay clia bd theo doéi dat trén mét gia tri ngudng
cu thé thi anh mau ban dau sé dugc cap nhat bang anh
cUa d6i tugng hién tai. Viéc cap nhat nay nham muc tiéu
la ddm bao rang danh mau luén phan anh tuong doi
chinh xac hinh thai hién tai cta d6i tuong, tur d6 duy tri
hiéu qua theo déi 6n dinh trong thai gian dai. Phuong
phap dé xuat dugc mo ta nhu sau: Tai thai diém toching
ta chon anh mau zo; tai méi thai diém t;, c6 dau ra khung
Bi va diém tin cdy la si. Ta c6 kich thudc clia déi tugng tai
thai diém to va ti lan lugt 1a Ao va A, dugc tinh theo céng

thurc (3).
A, =w, xh,
{Ai =w, xh, 3

& day: wo, ho va w;, hilan lugt la kich thudc ctia khung
tai thai diém to va ti. Chiing ta dua theo céng thirc (4) dé
cap nhat anh mau z,.

Ai — AO
A0

s; >0,

>0,

(4)

& day, 6a va 6 la ngudng thay doi kich thudc va
ngudng diém tin cdy. Phuong phap nay gitt cho mau déi
tugng dugc cap nhat thich nghi nhung cé kiém soat,
tranh viéc cap nhat sai trong cac tinh huéng déi tugng bi
che khuat hoac theo d6i nham déi tugng tuang tu. Ching
t6i goi phuong phéap dé xuat nay la hoc truc tuyén nhanh
SiamRPN (FOL-SiamRPN).

3. KET QUA VA THAO LUAN

Dé danh gia hiéu suat cda thuat todn nhém nghién
clu dé xuat, chung téi st dung tap di liéu chuan OTB-
2015 [8] va tap dt liéu do nhém nghién cdu ty tao chidng
téi goi la AFII25. SIr dung cac chi s6 danh gid chuan
thudng dung, bao gém overlap precision (OP): do ludng
ti 1é kung du doan c6 d6 giao nhau (loU) = 0,5 so véGi
khung thuc; distance precision (DP): do ti 1& khung dy
doédn nam trong ban kinh 20 pixel tinh tu vi tri trung tam
cla khung thuc [9] va toc do xt ly khung hinh trén 1 gidy
(FPS). Chuing t6i s dung moét s6 phuong phap bat bam
muc tiéu tién tién hién nay dé so sanh va danh gia vai
phuong phap dugc dé xuat cla cung téi, bao gom BACF
[10], ECO [11], TDA-Track [12]. Két qua so sanh dugc chay
trén phan mém hé théng Window 10, ngén ng lap trinh
python, véi phan ciing la may tinh s dung card d6 hoa
NVIDA RTX 3060 12G VRAM.
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3.1. Trén tap dit liéu OTB-2015

Théng qua cac thi nghiém trén tap di liéu OTB-2015
VGi cac siéu tham s6 6a va 6s cho phuong phap FOL-
SiamRPN. Chuing t6i dua ra su lya chon t6i uu véi nguéng
cap nhat mau mau 6, > 1 va 6, > 0,25. Dua vao bang 1, co
thé thay rang phuong phap ECO dat dé chinh xac cao
nhat vé chi s6 OP va DP, tuy nhién lai gap phai han ché
I6n vé thai gian x( ly, chi dat 12 FPS. Trong khi d6, TDA-
Track thé hién hiéu nang kha én dinh véi d6 chinh xac
trén 80% va toc do xt ly chdp nhan dugc. Ngugc lai, BACF
c6 ca do chinh xac lan toc do x{ ly déu tuong doi thap.
Dai chiéu véi cac phuong phap trén, thuat toan ma ching
toi dé xuat tuy c6 dé chinh xac chi thap hon khong dang
ké so véi ECO va TDA-Track, nhung lai néi bat véi téc do
xU ly vugt tréi lén dén 190 FPS. TU nhiing so sanh nay, c6
thé khdng dinh rdng phuong phép cta chang téi da dat
dugc su can bang hop ly gitta @6 chinh xac va hiéu suat
thdi gian. V&i kha nang xtr ly nhanh gap nhiéu lan cac
phuaong phap khac, thuat todn nay dac biét phu hgp cho
cac Ung dung yéu cau phan héi tic thai nhu theo déi déi
tugng trén drone, robot tu hanh, hodc cac hé théng giam
sat thong minh hoat ddng trong méi trudng tai nguyén
han ché. Bay cling chinh lIa mét trong nhimg ly do chinh
dé chung téi lua chon thuat toan nay thay vi cac thuat
toan tién tién khac nhu SiamMask, SiamBAN, hay TransT.

Bang 1. So sanh d chinh xdc gilta cdc phuong phdp trén tap 0TB-2015

Phuong phap OP (%) DP (%) FPS
BACF 76,7 81,5 40
ECO 84,9 91,0 12
TDA-Track 84 88,1 80
FOL-SiamRPN 823 85,8 190

Ngoai ra, mot Igi thé khac la tinh én dinh clia phuong
phap khi xt ly cac tinh huéng phuc tap, chdng han nhu
déi tugng di chuyén nhanh hodc xuat hién nhiéu déng
trong khung hinh. Nh& su t6i uu héa vé mat thuat toan va
khai thac hiéu qua tai nguyén phan ciing, hé théng khéng
chi gidm thiéu dé tré ma con goép phan tiét kiém nang
lugng trong qua trinh van hanh. Tom lai, phuong phap dé
xudt clia ching téi khéng chi la gidi phap can bang gitra
dé chinh xac va téc d6, ma con chiing minh dugc tinh kha
thi trong thuc té, nhat la véi cac hé théng yéu cau hiéu
nang cao va tinh 6n dinh dai han.

3.2. Trén tap di liéu AFI125

Tap di liéu AFII25 dugc chup tu camera anh nhiét
hong ngoai cac may bay dan su, gom 8 doan video c6 d6
dai tu 250 t&i 2120 anh. Cac mdy bay nay dugc quay chup
V@i cac diéu kién thai tiét khac nhau va véi nhiéu hudng
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riéng biét, chuyén dung dé thir nghiém cac thuat toan bat
bam muc tiéu don.
Bang 2. So sdnh d chinh xdc gitta cdc phuong phap trén tap AFII25

Phuong phap OP (%) DP (%)
ECO 81,1 84,0
TDA-Track 79,3 83,2
FOL-SiamRPN 81,0 83,8

Trong bang 2, ching t6i dua ra két qua so sanh do
chinh xac gira cdc phuong phap ECO, TDA-Track va
phuong phap cai tién FOL-SiamRPN do ching t6i dé xuat
trén tap di liéu AFII25. K&t qua cho thay rang FOL-
SiamRPN dat d6 chinh xac OP la 81,0% va DP la 83,8%, gan
tuong duong véi phuong phap ECO (OP: 81,1%, DP:
84,0%) von dugc xem la mét trong nhiing phuang phap
c6 d6 chinh xac rat cao trong theo déi muc tiéu ngéan va
trung han.

Tuy nhién, mét diém khac biét dang chi y nam & téc
do xtt ly khung hinh (FPS) ctia cdc phuong phéap. Trong
khi ECO hoat d6ng v&i téc d6 chi khoang 12 FPS va TDA-
Track dat khoang 80 FPS, thi FOL-SiamRPN cho t6c do
trung binh lén t&i 190 FPS trén cung mot cau hinh phan
cling. Piéu nay khang dinh rdng phuong phap dé xuat
khong chi dam bao dé chinh xac bat bam cao, ma con dap
Ung tot yéu cau xt ly thai gian thuc, mot yéu té then chét
trong cac hé théng giam sat, theo déi tu déng va Ung
dung thuc dia ngoai troi.

Hiéu qua cha FOL-SiamRPN phan l6n dén tu chién
lugc cap nhat mau co diéu kién, cho phép thuat toan
thich nghi véi su thay d6i hinh thai ctia d6i tugng trong
qua trinh theo déi dai han ma khéng can can thiép hoc
lai hay tang thém dé phuic tap mé hinh. Cu thé, bing
cach so sanh ti lé thay déi kich thudc gitra anh mau ban
dau va doi tuong hién tai, két hgp véi ngudng do tin cay,
thuat toan sé chi cap nhat mau khi thuc su can thiét.
Diéu nay gilp tranh dugc cac cap nhat sai léch trong
truong hop déi tuong bi che khuat, quay lung, hodc xay
ra nhiéu anh nhiét.

e Khung chuin FOL-SiamRPN

Hinh 3. So sanh kha nang bt bdm muc tiéu thuc té cla cc thudt toan
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ECO = TDA-Track

Thuc té trén tap di liéu AFII25, dugc quay bang
camera anh nhiét vai diéu kién thoi tiét va géc nhin da
dang, cho thay ré uu diém cla chién lugc cap nhat mau
thich nghi nay. Trong cac doan video dai t&i han 2000
khung hinh, FOL-SiamRPN van duy tri dugc d6 chinh xac
cao va én dinh theo thai gian, trong khi cac phuong phéap
truyén théng nhu ECO dé gap hién tugng tréi mau hodc
danh mat muc tiéu sau khi di tugng c6 nhing thay ddi
tuc thi.

Trong hinh 3, ching ta c6 thé thay rang phuong phap
TDA-Track da gap kho khan khi d8i tugng di chuyén qua
vlung c6 may day dac, dan dén hién tugng mat muc tiéu
va khong thé tai xac dinh vi tri chinh xac cda d6i tuong
trong cac khung hinh tiép theo. Diéu nay phan énh diém
yéu ca TDA-Track trong viéc x( ly cac tinh huéng cé che
khudat tam thai hodc thay d6i manh vé dac trung thi giac.

Ngugc lai, hai phuong phap con lai la ECO va FOL-
SiamRPN van duy tri kha nang bat bam én dinh xuyén
sudt chudi khung hinh, cho thdy tinh bén viing trong
qué trinh theo déi. Dac biét, FOL-SiamRPN thé hién r6 |gi
thé vai co ché cap nhat mau co diéu kién, gidp thuat
toan nhanh choéng thich nghi véi su thay déi ngoai canh
va dac diém doi tuong, tir dé duy tri dugc vung theo dbi
chinh xac ngay cd khi tin hiéu anh nhiét bi suy gidm tam
thoi. Biéu nay khdng dinh tinh hiéu qua cta phuaong
phép dé xuat trong cac kich ban quan sat ngoai trdi c6
diéu kién bat lgi nhu suong mu, may che, hoac chénh
|éch nhiét d6 manh.

Tém lai, phuong phap FOL-SiamRPN la mét hudng cai
tién don gian nhung hiéu qua cho bai toan theo déi muc
tiéu trong thai gian dai, dac biét trong cac moi trudng khé
khan nhu anh nhiét hdng ngoai, noi théng tin hinh anh bi
suy giam manh va tinh nhat quan ctia déi tugng dé bi pha
vG. Phuang phap nay dong thai ma ra kha néng tich hgp
vao cac hé théng theo doi trén thiét bi nhing, UAV, hodac
cac tram quan sat luu déng nha hiéu suat xir ly cao va kha
nang hoat ddng 6n dinh ma khéng can mé hinh hoc sau
phuc tap. Trong cac
nghién cdu tuong lai,
ching to6i sé tiép tuc
huéng tdi viéc cai thién
d6 chinh xac, t6i uu
héa mé hinh, déng
thoi tich hgp thém cac
co ché hoc thich nghi
nham nang cao kha
nang theo doéi trong
cac kich ban ngay cang
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phuc tap hon. Ngoai ra, hién tai tap di liéu AFII25 méi
ding lai & con s6 hon 2000 buc anh, trong tuong lai
ching téi sé phat trién tap di liéu thanh cuc dai han,
chudi dit liéu ¢ thé 16n hon trén 10000 buc anh nham
phuc vu muc dich huan luyén va danh gia khach quan
hon cho cac mé hinh bat bam déi tuong.
4.KET LUAN

Trong bai bdo nay, ching t6i da dé xuat phuong phap
FOL-SiamRPN, la mét cai tién ctia SiamRPN véi ca ché cap
nhat mau cé diéu kién, nham nang cao hiéu qua theo doi
muc tiéu dai han. Bang cach sirdung tiéu chi thay déi kich
thudc va ngudng doé tin cay, thuat toan giup duy tri dé
chinh xac 6n dinh ma khong lam tang do phuc tap mé
hinh. Két qua thuc nghiém trén hai tap dit liéu OTB-2015
va AFII25 cho thay FOL-SiamRPN dat d6 chinh xac tuong
duong cac phuong phap hién dai nhu ECO, TDA-Track,
nhung vuot troi vé toc do xt ly (190 FPS), phli hop cho cac
ing dung thaoi gian thuc. Phuong phéap ciing cho thay
tinh 6n dinh cao trong cac moi trudng kho khan nhu anh
nhiét. Trong tuong lai, ching t6i hudng t&i viéc tich hop
hoc thich nghi dé tang cudng dé chinh xac trong cac kich
ban phtc tap hon.

TAI LIEU THAM KHAO

[1].LiX,, etal., “Survey of visual object tracking algorithms based on deep
learning,” Journal of Image and Graphics, 24(12), 2057-2080, 2019.

[2]. Kwon J., Lee K. M., “Tracking by sampling and integratingmultiple
trackers,” IEEE transactions on pattern analysis and machine intelligence, 36(7),
1428-1441,2013.

[3]. Marvasti-Zadeh S. M., Cheng L., Ghanei-Yakhdan H., Kasaei S., “Deep
learning for visual tracking: A comprehensive survey,” IEEE Transactions on
Intelligent Transportation Systems, 23(5), 3943-3968, 2021.

[4]. Fiaz M., Mahmood A., Javed S., Jung S. K., “Handcrafted and deep
trackers: Recent visual object tracking approaches and trends,” ACM
Computing Surveys (CSUR), 52(2), 1-44, 2019.

[5]. Javed S., Danelljan M., Khan F. S., Khan M. H., Felsberg M., Matas J.,
“Visual object tracking with discriminative filters and siamese networks: a

survey and outlook,” /EEE Transactions on Pattern Analysis and Machine
Intelligence, 45(5), 6552-6574, 2022.

[6]. Soleimanitaleb Z., Keyvanrad M. A. “Single object tracking: A survey
of methods, datasets, and evaluation metrics,” arXiv preprint
arXiv:2201.13066, 2022.

[7].LiB., Yan )., WuW., Zhu Z,, Hu X., “High performance visual tracking
with siamese region proposal network,” in Proceedings of the IEEE conference
on computer vision and pattern recognition, 8971-8980, 2018.

Vol. 671 -No. 11 (Nov 2025)

[8]. Danelljan M., Hager G., Shahbaz Khan F., Felsberg M., “Learning
spatially reqularized correlation filters for visual tracking,” in Proceedings of
the IEEE international conference on computer vision, 4310-4318, 2015.

[9]. Zhu Z., Wang Q., Li B., Wu W., Yan J., Hu W., “Distractor-aware
siamese networks for visual object tracking,” in Proceedings of the European
conference on computer vision (ECCV), 101-117, 2018.

[10]. Kiani Galoogahi H., Fagg A., Lucey S., “Learning background-aware
correlation filters for visual tracking,” in Proceedings of the IEEE international
conference on computer vision, 1135-1143, 2017.

[11]. Danelljan M., Bhat G., Shahbaz Khan F., Felsberg M., “Eco: Efficient
convolution operators for tracking,” in Proceedings of the IEEE conference on
computer vision and pattern recognition, 6638-6646, 2017.

[12]. Fu C, Wang Y., Yao L., Zheng G., Zuo H., Pan J., “Prompt-Driven
Temporal Domain Adaptation for Nighttime UAV Tracking,” in 2024 IEEE/RSJ
International Conference on Intelligent Robots and Systems (IR0S), 9706-9713,
EEE, 2024.

AUTHORS INFORMATION

Le Khanh Thanh', Vu Quoc Huy', Le Tran Thang’,
Bui Nguyen Quan?, Le Ba Tuan'

UInstitute of Automation, Academy of Military Science and Technology,
Vietnam

2486 Research Institute, Hanoi, Vietnam

HaUl Journal of Science and Technology | 15



