Nghién ciru khoa hoc cong nghé
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Tém tiit: Theo doi doi tu’ong da tro thanh mot trong nhbmg chii dé nghién civu hdp dan
nhat trong thi gidc may tinh va ngay cang phat trién trong u'ng dung thuong mai ciing nhw
nghién ciu hoc thudt. Cong nghé hoc sau da thuc sw ndng tam bai toan theo doi doi
twong, bang cdch cung cap kha nang hoc cac dac trung trieu twong giup bam bat doi
tuwong manh mé hon. Cac moé hinh theo doi dua trén Siamese da dat dwoc hiéu suat rdt cao
trong viéc theo déi doi twong triec quan. Bai bdo nay trinh bay phdn tich sau vé kha nang
hoc va suy ludgn cua tam mo hinh theo doi dwa trén mang noron Siamese trong nhitng nam
gan day. Két qua dinh lwong tir tdm bai bdo dwgc so sanh trén cdc by danh gia theo déi
triee quan phé bién OTB2015, UAVI123, VOT2018 va LaSOT.

Tir khoa: Thi gidc may tinh; Theo ddi déi twong; Hoc sau; Mang noron Siamese.
1. PAT VAN PE

Theo doi ddi twong tryc quan nham theo ddi dbi twong muc tiéu trong mdi khung hinh cua
mot chudi video. Pay 1a mot linh vuc nghién ctiru mé va hip dan véi nhidu tmg dung thuc té, bao
g6m robdt tu hanh [1], giam sat [2], 6 t6 tu 1ai [3], theo dbi nhin tir trén khong [4]. Tir nhitng dot
pha v& hoc sau (DL) trong cudc thi nhan dang hinh anh quy m6 16n ImageNet (ILSVRC) va ca
thir thach theo ddi d6i tuong truc quan (VOT), cac phuong phap dua trén DL da thu hat sy quan
tam clia cong dong theo ddi truc quan dé cung cép cac trinh theo ddi manh mé&. Mic du ban dau
mang noron tich chap (CNN) l1a mang thdng tri, nhung mot loat cac kién trac nhu mang noron
hoi quy (RNN), ma tu dong (AE), mang sang tao d6i nghich (GAN) va dic biét 1a mang noron
Siamese (SNN) & mang noron tiy bién hién dang dwoc quan tim nghién ciru. SNN duogc sir
dung rong rai cho cac trinh theo doi tryc quan trong vai ndm qua. V&i cac cdp muc ti€u va viung
tim kiém, cdc mang SNN hai ludng tinh toan cting mot ham dé tao ra mot ban d6 twong tw. SNN
chu yéu hudng t6i viée khic phuc nhitng han ché ctia cdc CNN sau duoge dao tao trude va tan
dung t6i da viéc hoc tir dau dén cudi cho cac tmg dung thoi gian thuc.

Gan day, c6 mot s6 bai bao [5-8] xem xét cac trinh theo ddi truc quan dua trén hoc sau. Vi dy,
[5, 6] phan loai cac phuong phéap thu cong va hoc sau thanh trinh theo ddi loc tuong quan va loc
khong twong quan. Bai bao [7] phan loai trinh theo d&i dwa trén hoc sau theo céu truc, chirc ning
va ddo tao. [8] trinh bay cac hudng nghién ctru méi nhit vé theo ddi chuyén dong dua trén mang
noron tich chip. Cong trinh [9] dic biét nghién ctru mot sb trinh theo ddi st dung mang Siamese
dua trén cac khia canh nhanh cia mang, cac tang va dio tao mang. Tuy nhién, bai bao nay khéng
bao gém nhiing trinh theo déi méi nhét hién nay.

Muc tiéu chinh ctia bai bio nay 1a phan tich sau céc trinh theo ddi dya trén kién triic Siamese
tién tién nhit tir nam 2018 trd lai ddy, cu thé 1a: SiamRPN [19], DaSiamRPN [20], SiamDW
[21], SiamRPN++ [22], SiamAttn [23], SiamBAN [24], SiamCAR [25], SiamRCNN [26]. Ngoai
ra, bai bao nay con néu ra cac thudc tinh trgc quan thach thic nhét cho tap dir liéu va tap dir ligu
OTB2015, va UAV123, VOT2018 va LaSOT. Bang cach lam nhu vdy, nhiing thach thirc chinh
nhét cia mdi tap dit liéu dbi véi cac trinh theo ddi gan day duoc chi ra.

boéng gop chinh duge tom tat nhu sau: Bai bao gidi thiéu mot s trinh theo déi tryc quan dua
trén klen trac Siamese tiéu biéu tir ndm 2018 dén nam 2020 dwoc ding trén cac hoi thao hang
dau vé thi giac may tinh.

Bai bao nay dugc trinh bay theo thir ty nhu sau: Phan 2 trinh bay nhing thach thirc va phuong
phap danh gia mo hinh theo ddi chuyén dong; Cac phuong phéap theo ddi chuyén dong sir dung
mang Siamese nhiing nim gan ddy, so sanh thuc nghiém cua cac phuong phap dugc thuc hién
trong phan 3; Cudi cung, phan 4 trinh bay tom tit cac két luan.
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2. THACH THU'C VA PHUONG PHAP PANH GIA THEO DOI CHUYEN PONG

2.1. Céc chi sé danh gia phwong phap theo déi ddi twong don

(i) Tinh chinh xac (Accuracy): Biém chong chéo dugc tinh theo § = 1ben 5'

. Trong @do, b,,

|beU
b, N, U va |.| 1an luot 13 hop bao quanh ddi twgng (BB ground- truth), hop bao quanh duoc udc
luong boi trinh theo ddi, toan tir giao nhau, toan tir lién hop va sé luong pixel trong ving két
qua. Diém chong chéo cho biét thanh cong cia trinh theo ddi hinh anh trong mot khung hinh
bang cach so sanh véi mot ngudng. Tinh chinh xac dugc tinh bang diém sé chong chéo trung
binh (AOS) trong qué trinh theo ddi khi cac udce tinh cta trinh theo ddi truc quan chong chéo voi
ground-truth.

(ii) Diém do bén (Robustness)/that bai (failure): Piém do bén hodc that bai duge xac dinh la
s6 1an khoi dong lai bat budc khi trinh theo ddi mét hodc tréi dat muc tiéu trong qua trinh theo
ddi. Thét bai duoc xac dinh khi diém chong chéo giam vé khong.

(iii) D§ chéong chéo trung binh duw kién (EAO): Diém sb nay 1a su két hop cua diém sb tinh
chinh xdc va do bén. Véi chudi video gom Ns khung hinh, diém EAO dugc tinh bang @y, =
(Nis Z?’;l @;). Trong d6, @; duoc xac dinh 14 gia tri trung binh chéng chéo mdi khung hinh cho
dén khi két thiic chudi khung hinh.

(iv) Dién tich dwéi dwong cong (AUC): Piém AUC duogc xac dinh ty 1& thanh cong trung
binh (dwoc chuan hoa tir 0 dén 1) theo cac ngudng trude khi xac dinh. Dé xép hang cic phuong
phap theo ddi truc quan dua trén hiéu suét tong thé, diém AUC téng AOS cua cic phuong phap
theo ddi truc quan trén mdi chudi video.

(v) Léi vi tri trung tam (CLE)/P§ chinh xdc chudén héa: CLE hay chi s6 d6 chinh xac 1a
khoang cach Euclide trung binh gitta cac vi tri ground-truth ciia muc ti€u voi cac vi tri uwdc tinh
boi trinh theo di truc quan. Do chinh x4c chuan héa nham muc dich lam giam d9 nhay ciia CLE
dbi véi kich thude ciia BB va do phéan giai khung hinh.

(vi) Biéu do chinh xdc (Precision plot): V&i CLE cho mdi ngudng khac nhau, biéu dd chinh
xac hién thi phan trim khung hinh video trong d6 cac vi tri u6c tinh cach vi tri ground-truth mot
ngudng xac dinh.

(vii) Biéu dé thanh céng (Success plot): V6i d6 chinh xac khac nhau dugc tinh toan trén mdi
ngudng, biéu dd thanh cong do ludng ty 1 phan trim cac khung hinh trong d6 d6 chong chéo
khung hinh u6c tinh véi khung hinh ground-truth 16n hon mot ngudng nhét dinh.

2.2. Thach thirc trén cac b dir liéu danh gia

Bo dir lidu danh gia theo doi chuyén dong truc quan di dugc dua ra dé cung cip cac danh gia
cong bang va chuan vé cac thuat toan theo doi d6i twgng don. Nhitng bo dit liéu nay dwoc phan
loai dya trén tmg dung theo d&i d6i trong chung chung va theo ddi tir trén khong. Céc tap dit liéu
nay chura cac chudi, khung hinh, thudc tinh va 16p (hodc cum) khac nhau. Cac thudc tinh bao
gom thay d6i d6 sang (IV), thay doi ty 1& (SV), tic (0CC), bién dang (DEF) chuyen dong mo
(MB), chuyen dong nhanh (FM), quay trong mat phing (IPR), xoay ngoal mit phang (OPR),
ngoai tam nhin (OV), nén 16n xon (BC), d6 phan giai thap (LR), thay d6i ty 1é khung hinh
(ARC), chuyén dong camera (CM), tac hoan toan (FOC), tac mot phan (POC), dbi twong twong
tu (SIB), thay doi diém nhin (VC), do twong phan thap (LC), camera phéng to (ZC), thdi luong
dai (LD), anh sang md (DL), rung may (CS), xoay (ROT), thay dbi nén nhanh (FBC), thay ddi
chuyén dong (MOC), thay d6i mau ddi twong (OCO), d6 phirc tap ctia canh (SCO), chuyén dong
tuyét ddi (AM), chuyén dong camera nhanh (FCM), va theo ddi dai han (LT).

OTB2015 [13] 1a bo dit lidu dang gi4 theo ddi ddi twong chung chung, dugc phat trién tir
OTB2013 v&i muc dich so sanh hiéu suit khong thién 1éch. OTB2015 chira 100 video dugc thu
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thap tir cac chudi theo ddi thuong duoc sir dung. Panh gia dya trén hai chi sd: biéu do chinh xac
va biéu d6 thanh cong.

UAV123 [14]. Theo ddi tir cac goc nhin tr trén khong da duge phat trién trong nhung nam
gan day va co nhiéu img dung duoc nghién ctru. UAV123 chira cac chudi video HD thuc té cung
cap tap dir li¢u theo doi theo ché do xem trén khong thua thét va do cao thap banh gia dua trén
hai chi sb: biéu dd chinh x4c va biéu d6 thanh cong.

VOT2018 [15] nham cung cap mot tap dir liéu nho, da dang va day du tir tap dir liéu hién co,
dugc gan nhin boi cac hinh chit nhat c6 thé xoay bao quanh ddi tugng (BB) va cac thudc tinh
tryc quan. Chi s6 danh gia gém: Do chinh xdc (Accuracy), d0 manh mé (Robustness), va do
chdng chéo trung binh duy kién (EAO).

LaSOT [16] 14 bd dit liéu theo doi ddi tugng don 1é quy mo 16n, di duge phat trién dé giai
quyét cac van dé cia bo dir liéu hién c6, ching han nhu quy mé nho, thiéu chu thich chét luong
cao, day dac, chudi video ngén va sai 1éch danh muc. Céac danh muc déi tugng la tir ImageNet va
mot sé img dung theo ddi truc quan véi s luong video trén mdi danh muc bang nhau. Tép hop
huén luyén va thir nghiém bao gdm chudi 1120 (2,3M khung hinh) video va 280 (690K khung
hinh) video.

Bang 1 so sanh cac bd dir liéu danh gia OBT2015, UAV123, VOT2018 va LaSOT trén cac
tiéu chi s6 luong video (NoV), s6 lwong khung hinh (NoF), s 16p (NoC), d6 dai trung binh
(AD), s6 luong thudc tinh (NoA), thudc tinh.

Bing 1. So sénh c&c bg dir liéu danh gid theo déi chuyén dong.

Nim | Bodir | NoV | NoF | NoC | AD | NoA Thugc tinh
liéu

IV, SV, OCC, DEF, MB, FM, IPR,

2015 | OBT2015 | 100 | 59K | 16 |19,8s| 11 OPR, OV, BC, LR

IV, SV, FM, OV, BC, LR, ARC, CM,

2016 | UAV123 | 123 | 113K | 9 |30,6s| 12 FCM. FOC. POC, SIB, VC

IV, SV, OCC, DEF, MB, BC, ARC,

2018 | VOT2018 | 60 | 21K | 24 12s 12 CM, MOC, OCO, SCO, AM

IV, SV, DEF, MB, FM, OV, BC, LR,

2019 | LaSOT | 1400 (35M | 70 |843s| 14 ARC, CM. FOC. POC, VC, ROT

3. CAC PHUONG PHAP THEO DOI POI TUQNG TRUC QUAN
SU DUNG KIEN TRUC MANG SIAMESE
3.1. Tong quan

Nhiém vu theo ddi ddi tugng tryc quan co thé dugc xay dyng nhu mot bai toan hoc c6 nhiém
vu chinh 1a tim vi tri myc tiéu toi uu bang cach cuc tiéu ham mat mat:

Lw) = Zyjr(f(xj;W).yj) £ Al ®
j=1

Trong d6, r(f,y) tinh toan phan du tai mdi vi tri khong gian va yj € RW>*H 13 nhin dugc
chu thich. Tac dong cua r duoc thiét 1ap boi yj va chuin héa cua wy, dugc thiét 1ap boi Ay.
Thuét toan theo doi dua trén mang Siamese ldy (1) nhu nhiém vu khép mau bang cach xay

dung cong thirc nhu mot van dé tuong quan chéo (cross-correlation) fva hoc khong gian nhing
@ () d tinh toan vi tri nao trong ving tim kiém c6 thé khdp nhat véi mau.

f(x,z2) = e(x)*@(2) + b*1 (2)
Trong d6, mot nhanh hoc cach biéu dién dic trung cua muyc tiéu z, nhanh con lai hoc viing tim
kiém x.

Tap chi Nghién ciru KH&CN qudén suw, S6 Déc san Hpi thio Quéc gia FEE, 10 - 2021 213




Cong nghé thong tin

SNN duoc sir dung rong rai cho cac trinh theo doi truc quan trong vai ndm qua. Muc sau s&
trinh bay mét s trinh theo ddi dién hinh tir nim 2018 dén 2020, duoc ding & cac hoi nghi hang
dau vé thi giac may tinh CVPR, ECCV.

3.2. Phuwong phap sir dung neo (anchor)

SiamRPN [19] dé xuét phuong phap gdm mot mang con Siamese d¢ trich xuét ddc trung va
mang con dé xuét vung dé sinh ving chira Umg cu vién. Trong mang Siamese, hai nhanh st dung
AlexNet [17] gém chu01 5 tich chap conv két hop véi maxpool, BatchNorm2d va relu dé trich
chon dac trung tir anh mau va vung tim kiém. Cap dac trung nay duoc dua vao mang sinh ing ctr
vién gom hai nhanh, mét nhanh dé phan 16p ddi tuong v6i nén, va nhanh con lai dé sang loc tng
clr vién. Trong mdi nhanh, dic trung tir mang siamese qua conv sau d6 két hop lai boi phép
tuong quan chéo dé cho ban do dic trung 14 2k kénh hay 4k kénh (mg v&i nhanh phan 16p va hoi
quy. Trong qué trinh dao tao, cip anh mau dugc ldy ngau nhién tir ImageNet [11] va lién tuc tir
Youtube-BB [12]. Mau dbi twong va mau dé tim duoc trich xuét tir hai khung hinh cta cing mot
video. Pau ra cia mo hinh la ban d6 tin cay (CM)-thé hién khu vyc chira ddi twong cin theo ddi.
Qua4 trinh dao dao ham mit mat cho phan 16p la ham entropy chéo, va ham L1 tron v6i toa do
dugc chuén hoa dé hoi quy vi tri ciia di twong. SiameseRPN dao tao tir ddu dén cudi dung dung
Stochastic Gradient Descent (SGD), mang con Siamese dung backbone AlexNet da dugc dao tao
trude trén Imagenet. Mot s6 phép ting cudng dit liéu dugc trong d6 c6 phép bién dbi afin. Ty 16
neo dugc dung 1a [0.33, 0.5, 1, 2, 3].

DaSiamRPN [20] stt dung mang AlexNet dugc dao tao trudc trén ImageNet nhu trong
SiamRPN [19] 1am ham ¢, trong d6 tham s6 cua 3 16p tich chap conv dau tién duoc giita nguyén,
chi diéu chinh 2 16p tich chap cubi. Dit liéu huin luyén duoc 14y tir cac bo dit liéu ImageNet-VID
[11], Youtube-BB, ImageNet-DET [11] va MSCOCO [10]. DaSiamRPN d¢ xuat cac chién luoc
dé cai thién khai quat cac dic trung di hoc va loai bo sy phin bd khong can dbi cua dir lidu. Dé
xur Iy cac video xam trong cac bd dir liéu danh gia, 25% cap anh duoc chuyén sang ché do xam
trong qua trinh dao tao. Trong qua trinh suy luén, phuong phap de Xudt st ' dung ham muc tiéu
méi phan biét d6i twong gdy nhifu dé sép x€p lai Gmg ctr vién gidng v6i mau can tim. M6 hinh
SiamRPN c6 khuynh huéng tim d6i tugng bat ky khi d6i tugng ra khoi khung nhin hodc tic hoan
toan, do d6 dan dén troi dat theo ddi. Trong DaSiamRPN, khi gap thét bai, chién thuét tim tir cuc
bd dén toan cuc dugc str dung bang viée ting kich thude vung tim kiém tir 255 1én 767.

SiamRPN++ [21] sur dung ResNet[18] duge dao tao trudce trén ImageNet lam backbone trich
chon déc trung bang viéc thay doi mot so tham s cia mang ResNet dé khai thac tinh ning siu
ma khong 1am mét dic trung dich chuyén bét bién ciia mang Siamese. Cu thé, thay dbi stride va
tang dilate cho khdi conv4 va convs, dong thoi 3 16p tich chap 1x1 duoc gén vao conv3, conv4,
conv5 ciia ResNet dé giam chiéu dic trung vé 256. SiamRPN++ dé xuét sir dung twong quan
chéo sau-rong (DW-Xcorr) dé két hop thong tin giita hai nhanh hiéu qua hon so v6i mang
SiamRPN (s6 tham s6 it hon 10 1in so véi SiamRPN). Mang dugc ddo tao trén MSCOCO,
ImageNet-DET, ImageNet-VID va Youtube-BB nhu DaSiamRPN. Ca dio tao va suy luan déu st
dung anh miu 127 pixel va khu vuc tim kiém 255 pixel. SiamRPN++ dao tao dung SGD, hé s
hoc 14 0.001 ddi véi 5 epoche dau tién, 15 epoche tiép theo hé s6 hoc giam dan tir 0.005 dén
0.0005. Him mat mat twong tu nhu SiamRPN. Pau ra cia mé hinh 1a diém sé va duong bao
quang dbi tuong.

SiamDW [22]. Viéc néi rong (padding) mang dan dén sai léch vi tri trong mo hinh Siamese,
SiamDW d¢ xuat dung don vi CIR (Cropping-Inside Residual) dé bo néi rong khi xay dung
mang Siamese dung backbone ResNet, ResNeXt va Inception. SiamDW xay dung mang
backbone sdu va rong hon bang cach xép chdng cac don vi CIR. Tham s6 mé hinh dugc khoi tao
v6i trong s6 duoc dao tao trude trén ImageNet, trong qua trinh dao tao dong bang 16p tich chap
dau tién, va tinh chinh cac 16p khac. Pau ra ciia mé hinh 1a ban dd tin ciy va ban db dic tinh. Bo
dir liéu huan luyén 1a ImageNet, ILSVRC-VID va Youtube-BB.
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SiamAttn [23] bao gdm mot modun chi ¥ Siamese bién dang (DSA), mot mang dé xuit ving
Siamese (SiamRPN) va mot modun tinh chinh ving. Dic trung cia 3 giai doan cudi dugc trich
xudt va diéu ché boi médun DSA. DSA sau d6 tao ra hai ludng dic trung cht y va dua vao cac
khdi SiamRPN dé dy doan vung theo doi don. Mddun tinh chinh vung cai thién d§ chinh xac vi
tri cia ving muc tiéu du doan. Két qua theo doi 1a hinh bao va phan ving déi tugng

SiamRCNN [26] dugc xay dung tir FasterRCNN véi khung suon trich chon dac trung la
ResNet-101-FPN, tiép theo 1a modun dé xuét ung cu vién, hai ph?m xac dinh lai ddi tuong tur
khung hinh d4u tién va khung hinh truée @6, cudi clng 1a thut toan dong xac dinh két qua theo
ddi 12 hinh bao va phan ving di tuong. M6 hinh dugc dao tao dong thoi trén cac bo dir lidu
ImageNet-VID, YouTube-VOS 2018, GOT-10k va LaSOT. Phuong phap nay dung 18k video va
119k &nh tt MSCOCO, so vdi SiamRPN++ dung 384k video va 1867k anh tinh. Trong qua trinh
dao tao, mo hinh dung chuyén dong mo, ty 1¢ xam, gamma, 14t va tang ty I¢.

3.3. Phwong phap khong sit dung neo

Céc phuong phap dung neo d& cp & trén thuong phai dinh nghia truée tham s6 neo dé xac
dinh chinh xac quy md va ty 1& ciia muc tiéu. Dé thiét ké cac tham s nay can phai c6 kinh
nghiém diéu chinh va lién quan dén nhiéu tha thuat dé dat dugc hiéu suét tdt. Dé khong phai thiét
1ap cac tham s neo, mot sé phuong phap khong sir dung neo di duoc dé xuat.

SiamBAN [24] st dung ResNet-50 lam khung trich chon dac trung twong ty nhu
SiamRPN++, bang viéc thiét 1ap sé truot bang 2 & hai khéi conv4 va convs, ty 18 atrous & conv4
va conv5 lan luot 12 2 va 4. Pic trung thu dugc tai 3 khdi conv3, conv4, conv5 & mdi nhanh s&
duge diéu chinh vé cung s6 kénh 256 thong qua conv, sau d6 dugc két hop lai véi nhau thong
qua DW-Xcorr. Him mat mat ding trong mé hinh gdm ham phan 16p 1a ham entropy chéo va
ham hoéi quy 14 ham IoU. Pau ra ciia mo hinh 1a dudng bao quanh ddi tuong va diém sb doi
tuong. SiamBAN duogc dao tao trén cac bd dir liéu ImageNet-VID, YouTube-BB, MSCOCO,
ImageNet-DET, GOT-10k va LaSOT dung thuat toan t6i wu SGD.

SlamCAR [25] gdm hai mang con, mang con Siamese st dung ResNet-50 de trich chon dac
trung cia mau va ving tim kiém, dic trung thu duoc duoc diéu chinh vé cung sb kénh va két nbi
thong tin v&i nhau théng qua DW-Xcorr dé duoc ban db phan hoi dic trung R* 1am dau vao cho
mang con phan 16p-hdi quy. Nhanh phéan 16p va nhanh hdi quy ciia mang con nay gém 5 tich
chap conv cho phép xac dinh dbi tugng can tim kiém tir R*. Ham mat mat duoc dung 1a ham
entropy chéo, loU va ham méat mat trung tdm. Bo dir li€u dung dé dao tao gém MSCOCO,
ImageNet-DET, ImageNet-VID, YouTube-BB. Qua trinh suy ludn, mé hinh dy doan hop bao
quanh ddi twong trong khung hinh hién tai.

Téng hop va so sanh cac phuong phap trén theo cac tiéu chi khung suon, dir liéu huin luyén,
dic tinh khai thac, nén tang ngon ngit, toc do chay, va két qua dau ra dugc trinh bay trong bang 2.

Bing 2. So sanh kién tric cdc phwong phdp theo déi chuyén dong sir dung kién triic Siamese:

DAF (ddc tinh hinh dang sau), CM (ban do tin cdy), OS (diém doi tirong),
BB (hép bao doi twong), FM (ban do ddc tinh), SGM (mdt na phdn ving).

Phu’(,rng Backbone Dir lle;uAhuan }?ac Ngo~n Nén tang T()Ac Pau
phap luyén tinh ngir do ra
. ImageNet,
SiamRPN | AlexNet Youtube-BB DAF | Python | PyTorch 160 CM
ImageNet,
. Youtube-BB,
DaSiamRPN | AlexNet ImageNet-DET, DAF | Python | PyTorch 160 CM
MSCOCO-DET
SiamRPN++ | ResNet-50 | ImageNet, DAF | Python | PyTorch 35 0sS,
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MSCOCO, BB
ImageNet-DET,
ImageNet-VID,
Youtube-BB

ResNet, ImageNet,
SiamDW ResNeXt, ImageNet-VID, DAF | Python | PyTorch | 13.93
Inception Youtube-BB

CM,
FM

MSCOCO,
YouTube-VOS,
LaSOT,
TrackingNet

BB,

SiamAttn ResNet-50 SGM

DAF | Python | PyTorch 33

ImageNet-VID,
MSCOCO,

YouTube-VOS, DAF | Python | TensorFlow | 4.7
GOT-10k,
LaSOT

Faster R-

Siam R- CNN,
CNN ResNet-

101-FPN

BB,
SGM

ImageNet -VID,
Youtube-BB,
MSCOCO,
ImageNet-DET,
GOT-10k,
LaSOT

0s,

SiamBAN ResNet-50 BB

DAF | Python | PyTorch 40

MSCOCO,
ImageNet-DET,
ImageNet-VID,
Youtube-BB

0s,

SiamCAR ResNet-50 BB

DAF | Python | PyTorch 40

3.4. So sanh dinh lwgng cic phwong phap

Muc nay so sanh cac trinh theo doi dya trén cac d¢ do dinh luong da dé cap 6 muc 2.1 trén
cac bg dir liéu danh gia OBT2015, UAV123, VOT2018 va LASOT. Két qua dugc tong hgp nhu
bang 3.
3.4.1. So sanh trén bo dir liéeu OTB2015

Hai chi s6 dugc ding dé dénh gia trén bo dir liéu OTB2015 1a AUC va biéu dd chinh xac
(Prep.). Két qua dugc lay tir thue nghiém cua bai bao goc cho thay trinh theo doi SiamAttn dat
AUC va Prep. cao nhat lan luot 1a 0.712 va 0.926. Cac trinh theo doi SiamRPN++ va SiamBAN
dat chi so Prep. kha cao ung véi 0.923 va 0.910. SiamCAR khong trinh bay két qua thir nghiém
trén bd dir li¢u nay.
3.4.2. So sanh trén bo dir lieu UAV123

Déi véi bo dit liéu theo ddi tir trén khong UAV123, SiamRPN va SiamDW khong c6 két qua
thur nghiém dugce trinh bay trong bai bao. Hai chi s6 dugc dung dé danh gia la biéu do thanh cong
(Succ.) va bicu do6 chinh xac (Prep.). Trinh theo ddi SiamAttn ¢6 chi so thuc nghiém cao nhat
trén ca hai chi s6 Succ.(0.650) va Prep.(0.845). Tiep dén la SiamRCNN v6i
Succ.(0.649)/Prep.(0.834). Céc trinh theo doi dé xuat trude do va trinh theo do6i khong dung neo
¢6 chi so thap hon (xem bang 3).
3.4.3. So sanh trén b¢ dir lieu VOT2018

Cac trinh theo doi SiamRPN va DaSiamRPN danh gia trén bd VOT cli hon VOT2018.
SiamAtnn tiép tuc cho thay két qua t6t nhat trong sb céc trinh theo doi duoc dé cap trong bai bao
nay véi cac chi sé danh gia A(0.63)/R(0.16)/EAO(0.47). Trinh theo ddi SiamBAN cho théy tinh
méinh mé& véi chi sb R thap bang 0.178 va chi s§ EAO (0.452) cao hon céc trinh theo dai khac.
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3.4.4. So sanh trén bo dir lieu LaSOT

LaSOT la b6 liéu theo doi déi tugng co thoi lugng video dai. SiamRCNN voi kha nang phat
hién lai do6i tuong cho két qua t6t nhat, v6i Succ./Prep. 1a 0.648/0.722. Ti€p dén la SiamAttn véi
Succ., Prep. l1an lugt 1a 0.560 va 0.648. SiamBAN c6 két qua cao thtr 3 véi 0.514/0.598.

Tir két qua thuc nghiém thay rang, trinh theo ddi SiamAttn dat két qua tot nhat trén cac bo dir
licu OTB2015, UAV123 va VOT2018, con SiamRCNN dat lgét qua tot nhat trén bd dir li€u
LaSOT. Trinh theo do6i dung neo tuy chay chdm hon nhung két qua thudng cao hon trinh theo
d6i khéng dung neo.

Bing 3. So sanh két qud cic phirong phdp theo doi chuyén dong sir dung kién triic Siamese.

OTB2015 UAV123 VOT2018 LASOT
HJdi thao Trinh theo doi
AUC/Prep. |[Succ./Prep. A/R/IEAO Succ./Prep.
CVPR2018 SiamRPN 0.637/0.851 - - -
ECCV2018 DaSiamRPN -/0.88 0.586/0.796 - -
SiamRPN++ 0.696/0.923 |0.613/0.807(0.600/0.234/0.414|0.496/0.569
CVPR2019
SiamDW 0.674/- - -1-/0.270 0.384/-
Siam R-CNN 0.701/0.891 |0.649/0.834(0.609/0.220/0.408|0.648/0.722
SiamBAN 0.696/0.910 |0.631/0.833(0.597/0.178/0.452|0.514/0.598
CVPR2020
SiamAttn 0.712/0.926 |0.650/0.845| 0.63/0.16/0.470 |0.560/0.648
SiamCAR - 0.614/0.760 - 0.507/0.510
4. KET LUAN

Bai bao da trinh bay céac chi sb dung dé danh gia cac trinh theo ddi ddi tuong don, cung véi
d6 1a cac bo dir liéu v6i cac thong sb va thach thic twong tmg ciing dugce khao sat. Mang noron
Siamese gom hai hodc nhiéu nhanh dé do luong mirc d6 tuong tur glua muc tiéu mAau va ving tim
kiém, duogc str dung rong réi trong céac trinh theo ddi trong thoi gian gan day. Két qua chinh cua
bai béo 14 trinh bay siu tim m hinh theo ddi sir dung kién tric Siamese dugc dé xut tir nim
2018 dén nam 2020. So sanh d4nh gia két qua thyc nghiém ctia céc trinh theo doi nay trén cac bo
dir lidu phd bién OTB2015, UAV123, VOT2018 va LaSOT da dugc dé cap. Két qua cho thiy
trinh theo d3i SiamAttn tinh toan tuong quan giita cac dic trung chii ¥ c6 két qua cao nhat trén
cac bo dir liéu OTB2015, UAV123, VOT2018 va SiamRCNN c¢6 két qua cao nhat trén bo dir liéu
LaSOT. Cac md hinh d& xuét sau da khéc phuc dugc mot s6 han ché cua mé hinh trude va co két
qua cao hon trén mat s6 bo dix liéu cu thé.
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ABSTRACT

STUDY OF VISUAL OBJECT TRACKING METHODS
BASED ON SIAMESE NEURAL NETWORK ARCHITECTURE

Visual object tracking has become one of the most active research topics in computer
vision, which has been growing in commercial development as well as academic research.
Deep learning technologies have significantly advanced the task of visual object tracking,
by providing the strong capacity of learning powerful deep features. Siamese-based
trackers have achieved excellent performance on visual object tracking. This survey
presents a deep analysis of the learning and inference capabilities of eight trackers based
on Siamese neural networks in recent years. Quantitative results from eight papers are
compared on popular visual tracking benchmarks OTB2015, UAV123, VOT2018, LaSOT.

Keywords: Computer Vision, Object Tracking, Deep Learning, Siamese Neural Networks.
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