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TOM TAT
Hién nay, co nhiéu thudt toan bat bam doi tuwong dat hiéu qua kha {6t trén danh nhin thd'y

(visible hay RGB images) nhuw KCF, CSRDCF, SiamFC, SiamRPN, ATOM, SiamDW ST, DiMP.
Tuy nhién, cdc phirong phdp nay bi giam chat lwong khi diéu kién chiéu sang ciia méi truong bi
kém di. Cdc thudt todn sir dung két hop anh nhin thdy va anh nhiét (thermal hay TIR images) nhuw
FSRPN, SiamDW T, mfDiMP dé chitng minh hiéu ning bat bam doi twong dwoc ndng cao ding
ké so voi khi chi dung riéng anh nhin thay hodc anh nhi¢t. Trong bai bao sé trinh bay ket qua
nghién ctru mot thudt toan bat bam doi twong sur dung da nguoén anh voi trong so xac dinh theo
diéu kién moi truong. Két qua thw nghiém trén bo dir lieu VOT-RGBT cho thay, thudt toan nay
co chi sé EAO dat 0,423, cao hon so vdi mot sO t{zuét toan Z‘)dt bam do”z; twong pho bién hién nay
va dat toc do khoang 13 khung hinh/gidy trong diéu kién phan cung pho dung.
Tir khoa: Mang no-ron tich chap; Bét bam déi twong; B6 loc twong quan phén biét; Két hop da ngudn tin hiéu.

1. MO PAU

Bit bam dbi twong 13 bai toan co ban, quan trong trong linh vuc thi gidc may tinh va dugc sir
dung rong rii trong nhiéu tmg dung gidm sat dya trén video nhu: giam sat bién gidi, phat hién
hoat dong kha nghi; giam sat giao thong, phan tich va trich xuat thong tin vé giao thong cong
cong, tic duong, du lich hodc an ninh,... cling nhu trong diéu khién tu dong nhu: diéu khién bat
bam muc tiéu, xe ty 141 va nhiéu ung dung khac. Kho khan chinh cua bai toan nay 1a chi cé dugc
thong tin cia ddi tuong tai khung hinh dau tién va sy thay d6i ciia diéu kién chiéu sang
(illumination change), su che khudt boi ddi tuong khéc (occlusion) hay su chuyén dong (motion).
Ngoai ra, toc do xur ly cuing 1a mét diéu kién quan trong dé ap dung céac thuét toan bat bam d6i
tuong vao thuc té [1].

Ngay nay, c6 mot s6 thuat toan bat bam ddi twong trén anh nhin thay dat hiéu nang kha tét va
da dugc dung trong cac Gng dung nhu KCF[3], CSRDCF[4], SiamFC[6], SiamRPN[7],
ATOM][8], SiamDW[9], DiMP[10]. Cac thuét toan bat bam ddi twong nay dugc phét trién theo
hai hudng tiép can. Hudng thir nhat dya trén DCF (Discriminative Correlation Filters - B loc
tuong quan phan biét), trong do, trong s6 cia DCF duoc wdc lugng trén mién Fourier boi ddi
tuong tai khung hinh déu tién [2]. Trong cac khung hinh tiép theo, trong sb cua bo loc duge cap
nhat khi dinh vi dugc dbi twong dé phat hién di trong chinh xac hon & cac khung hinh tiép theo.
Thuat toan KCF nang cao do chinh xac nho ting s luong dbi tuong dé udc lwong DCF bang
viéc st dung ma trin tuan hoan (Circulant Matrices) trén mién Fourier [3]. Trong khi do, thuét
toan CSRDCF nang cao hiéu ning bang viéc két hop nhiéu 16p DCF duoc wdc luong boi nhidu
dic trung cia ddi twong nhu anh da mirc xam (Grayscale), HoG (Histogram of Gradient),
ColorNames [4].

Gan day, nho sy phét trién cta cac ky thuét hoc sdu (Deep Learning), cac thudt toan co xu
huong sir dung cac dac trung tich chap nhiéu 16p [5] dé giam sai sb bam bét dbi twong. Tiéu biéu
theo hudng tiép can nay co thé ké dén phuong phap SiamFC, SiamRPN dya trén mang no-ron so
sanh (Similarity Learning - con goi 1a Siamese) v6i kha nang woc lwong chinh xac vi tri ciia dbi
tuong. Hién nay, cac thudt toan bat bam ddi tuong trén anh cho hi¢u ning cao két hop ca hai
huéng tiép can nay thanh hai budc trong mot thuat toan: (i) bude phan loai (Classification) st
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dung DCF véi dic trung tich chap dé boc tach dbi twong va phat hién cac vi tri ¢o kha niang 1a
dbi twong trong khung hinh méi; (ii) budc udc luong (Estimation) dé tir cac vi tri ¢6 kha nang 1a
dbi tugng trong khung hinh méi, udc doan vi tri chinh xac cua ddi twong. Thuét toan dau tién
theo hudng nay la thuat toan ATOM (Accurate Tracking by Overlap Maximization), trong do,
budc wée lugng vi tri xac dinh qua do chong 1an (Overlap) thay vi udc lugng truc tiép vi tri nhur
cac céc thuat toan SiamFC, SiamRPN [8]. So dd thuat toan ATOM mo ta tai hinh 1. Sau do,
thuat toan SiamDW_ST néng cao d0 sdu cua dic trung tich chap bang cach sir dung ResNet-50
thay vi ResNet-18 két hop mot s6 k¥ thut dé nang cao tdc do tinh toan [9]. Trong khi d6, thuat
toan DiMP cai tién budc phan loai dé dat do chinh x4c cao hon [10].

Huén luyén truée
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Hinh 1. So do thudt toan ATOM.

Anh nhin thay s& cung cip nhiéu thong tin vé dbi twong nhu mau sic, hinh dang, kich thuéc
chinh xac,... nén cac thuét toan bat bam ddi tuong trén anh nhin théy s€ hoat dong tbt voi diéu
kién moi truong tét. Tuy nhién, hiéu ning s& suy giam dang ké khi diéu kién méi truong kém
nhur trong cac trudng hop anh sang yéu, trdi mua hay swong mi. Trong khi d6, anh dugc tao tir
tin hi¢u hong ngoai budc song dai (8+14 pum), goi tat 1a anh nhiét, khong bi anh hudng trong cac
truong hop nay [12] (hinh 2). Mit khéc, cac loai thiét bj dé tao anh tir tin hiéu nay ciing c6 thé
tiép can dé dang vai chi phi khong cao. Vi vay, huong nghién ciu bét bam d6i tuong st dung két
hop anh nhin thiy vi anh nhiét bat dau duoc chi y thoi gian gan day [1].

Céc thuat toan bat bam ddi twong sir dung két hop anh nhin thay va anh nhiét nhu FSRPN
(phét trién tir SiamRPN), SiamDW _T (phat trién tir SiamDW_ST) hay mfDiMP (phat trién tir
DiMP) dat hiéu ning cao hon dang ké so voi .cac thuat toan chi sir dung anh nhin thdy hodc anh
nhiét [12]. Tuy nhién, khi st dung nhiéu ngudn anh, cac phuong phap nay déu chua xem Xet to1
cac diéu kién moi truong nhu do chiéu sang (khi d6 chiéu sang yéu str dung anh nhiét s& tot hon
anh nhin thdy) va nén nhiét moi truong (khi nén nhiét cao do twong phan ciia anh nhiét s& thap
hon anh nhin thay). Vi vdy, trong nghién ctru nay sau khi phén tich, lira chon dwoc phuong 4n
két hop anh nhin thdy va anh nhiét trong bai toan bt bam ddi twong, chung t6i s& dé xuit mot
thuat toan bat bam ddi tugng két hop anh nhin thdy va anh nhiét c6 trong sé phu thudc vao hai
diéu kién moi truong néu trén. Trong do, do chiéu sang cua moi truong cod thé dugc x4c dinh
thong qua d6 nhidu cua anh nhin thay, nén nhiét cia méi trudng cé thé dugc xac dinh  thong qua
cuong d6 sang cua anh nhiét nhu da mo ta trong [13]. Tuy nhién, trong bai toan bat bam ddi
tuong c6 thé xac dinh duge ving c¢6 kha ning 1a ddi twong nén thay vi xac dinh nén nhiét cta
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moi truong, co thé xéc dinh truc tiép dd tuong phan cua dbi tugng trén anh nhiét. Do d6, chiing
t6i dé xuat xac dinh trong s6 dua trén d6 nhidu cua anh nhin thiy va d6 twong phan ciia ddi twong
trén anh nhiét. Cudi ciing, phuong phap dé xuét duoc thir nghiém, danh gia véi bo dir liéu VOT-
RGBT va két luan.

H‘|nh72. So sanh hiéu nang bdt bam doi twong trén cdc nguon anh khac nhau. Mau vang ké:t quad
chuan, mau xanh la bat bam su dung danh nhin thay, mau do su dung két hop dnh nhin thay va
anh nhiét.

Trong phan con lai ciia bai bao nay s& trinh bay cc ndi dung sau:

- Phén tich, lwa chon phuong an két hop anh nhin thay va anh nhiét trong bai toan bat bam dbi
tuong tai muc 2.

- P& xuét thuat toan két hop anh nhiét va anh nhin thiy sir dung trong s6 trong bat bam dbi
tuong tai muc 3.

- Thir nghiém va danh gia két qua tai muc 4.

- Cubi cling 1a két luan va huéng phat trién tai myc 5.

2. PHAN TiCH, LUA CHON PHUONG AN KET HQP ANH NHIN THAY VA ANH
NHIiN THAY TRONG BAI TOAN BAT BAM POI TUQNG

2.1. Lyra chon thuit toan biat bam ddi twong két hgp anh nhin thiy va anh nhiét

Nhu da dé cap tai myc 1, cac thudt toan bét bam ddi tuong st dung k¥ thuét hoc sau Kkét hop
anh nhin thdy va anh nhiét c6 hiéu nang kha tot va dang duoc s dung co thé ké dén nhu
CISRDCF, FSRPN, SiamDW_T hay mfDiMP [1]. Dé co thé sir dung lam nen tang phét trién
thudt toan bit bam ddi twong str dung da nguon tin hiéu anh c6 két hop trong s6 phu thudc vao
moi trudng, thudt toan phai co hiéu nang tt va toc do phi hop.

Céac thuat toan néu trén dugc do luong hiéu nang dua trén phuong phap trong cudc thi VOT
[1]. Cudc thi nay cung cap bo dir lidu va cac cong cu do ludng cac thuat toan bit bam déi tuong
pho bién nhat hién nay. Cac phuong phap do luong duoc sur dung trong VOT la chi so d6 chinh
xéac (Accuracy, viét tat 1a A), chi s6 do bén viing (Robustness, V1et tat 1a R) va chi sb do chong
lan trung binh ky vong (EAO - Expected Average Overlap) 1a chi s6 tong hop ciia hai chi s6 trén.
Do chinh xac 1a d6 chong 14n trung binh (Average Overlap) giita khung du doan va khung chinh
xéc trong qua trinh bit bam thanh cong qua cc chudi anh. Do chong l4n duogc tinh bang ty 18

34 D. V. Higp, T. Q. Dirc, “Mpt thudt todn bit bam déi twong siv dung da nguon tin higu anh.”



Nghién ctru khoa hoc cong nghé

dién tinh giao nhau va dién tich hop nhau cta hai khung hinh (IoU - Intersection over Union). P9
bén vimng do s6 1an thuat toan bit bim d6i twong bi mat bam muyc tiéu trung binh ddi véi chudi
anh c6 chiéu dai trung binh trong tap dir liéu. B9 chéng lan trung binh ky vong dugc xac dinh
bang d6 chdng l4n trung binh, khi thut toan bi mat bam d6 chdng 14n bing 0 [1]. Do hiéu ning
cac thuat toan néu trén dugc xac dinh trong cac moi truong khac nhau, chiing t6i st dung di licu
va by cong cu trong VOT va cai dit lai cac thuat toan trén may tinh c6 CPU Ryzen5 3600 va
GPU 1080Ti. Két qua do ludng d6 chinh xac, do bén viing va do chong lan trung binh ky vong
dugce mo ta tai bang 1 cho thay thuat toan DiMP c6 hiéu ning cao nhat, thuat toan SiamDW_ST
c6 hidu ning cao thir hai va hai thuat toan ndy c6 hiéu ning bat bam ddi tuong cao hon nhiéu so
v6i cac thuat toan khac. Toc do xir 1y (khung hinh/gidy) cta cac thuat toan dugc mé ta tai bang 2
cho thdy thuat toan SiamDW_T (19,2 khung hinh/gidy) c6 toc do xir 1y cao hon nhiéu so véi
thuat toan mfDiMP (8,61 khung hinh/giay).

Bing 1. Két qua do lwong EAO, A, R ciia mét s6 thudt todn bat bam doi twong da nguon anh.

Phwong phap | EAO | A R
CISRDCF | 0,346 | 0,502 | 0,412
FSRPN 0,387 | 0,630 | 0,372
mfDIMP 0,411 | 0,602 | 0,343
SiamDW T | 0,413 | 0,589 | 0,329

Bing 2. Toc dg xir Iy (khung hinh/gidy) ciia mt sé thudt todn bdt bam doi twong da nguon anh.

Phuong phap CISRDCF FSRPN mfDiMP SiamDW T

Toc do 32,1 38,1 8,61 19,2

Tir cac so sanh & trén co thé théy, lya chon thuét toan SiamDW_T dé tiép tuc nghién curu tich
hop trong s6 phu thudc vao didu kién méi trudng 1a phu hop vi ddy 14 thuat toan ¢ hiéu nang bat
bam d6i tuong tot va toc do phu hop.

2.2. Lwa chon mitc két hgp anh nhin thiy va anh nhiét trong bai toan bit bam ddi twong

Nhu da dé cap tai muc 1, thuat toan SiamDW _T dugc phat trién tir thuat toan SiamDW_ST
dugc xay dung tir kién trac duoc dé xuét trong thuat toAn ATOM va st dung mot sb ky thuat
nang cao toc do xtr 1y, giam sai s6 d& mé rong tir mang ResNet-18 1én mang ResNet-50. Kién
trdc cua thuat toan SiamDW_ST dugc mé ta tai hinh 3. Thuit toan SiamDW_ST cling nhu
ATOM bao gdm budc phan loai va budc udc lugng. Di twong dugce trich chon dic trung thong
qua mang ResNet-50 da duogc huin luyén véi bo dit liéu ImageNet. Budc phan loai léy dac trung
tir sau Block 4, budc udc lugng ly dic trung tir sau Block 3.

bdi véi budce phan loai, tir dac trung cta dbi tugng & khung hinh trudc thyc hién udc lugng
md hinh (Model Prediction) chinh 1 udc lugng trong sé cua 02 16p két ndi hoan toan (Fully
Connected) nhu mo ta trong [8]. Trong qua trinh bit bam d6i twong, twong tw nhu cac thuat toan
dua trén DCF, mo hinh s& dugc tich chap voi dac trung cua khung hinh hién tai dé tim ra cac vi
tri c6 kha niang 1a dbi twong. Sau khi xac dinh dwoc vi tri ciia dbi twong trong khung hinh hién
tai, tién hanh cap nhat mé hinh (Update Model Prediction) dé sir dung cho khung hinh tiép theo.

Dbi voi bude woc luong, ddc trung cia khung hinh truée xp va ving bao chuan (ground
truth) By duoc diéu ché ToU (IoU Modulation) dé tao ra vector diéu ché c(x9, Bo). Trong qua
trinh bat bam dbi twong, dbi véi cac vi tri co kha nang 1a doi twong trich xuét ra cAc manh dic
trung z(x, B), trong d6 x 1a dac trung cta khung hinh hién tai va B 1a cac vung bao du doan cua
cac vi tri c6 kha ning 1a d6i twong. Tung manh dic trung z(x, B) nay két hop véi vector diéu ché
c(xo, By) dé uoc lugng IoU (IoU Estimation) bang cong thirc 1 véi 9123 1203 16p két n6i hoan
toan (Fully Connected) dé tir diic trung tich chdp cho d6 ra d6 chong lan (IoU) [8]. So dd cac
budc thuat toan SiamDW_ST dugc mo ta tai hinh 4.
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10U(B) = g123(c(xo, Bo) - 2(x, B)) 1)

Anh tham chiéu

[0.72,
0.77,
0.61]
loU

v

—

> Tich chap

Anh kiém tra

Uéc lwgng d9 tin ciy
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Hinh 4. So do cdc bude thudt todn SiamDW ST.

Dé két hop anh nhin thy (goi 1a RGB) va anh nhiét (got 1a TIR), co thé két hop & cac mirc
khac nhau. Trong nghién ctru ndy, tuong ty nhu cac mirc két hop trong [12], cac murc két hop da
thir nghiém gdm: mirc diém anh (két hop tir anh dau vao), muc két qua va cac muc dic trung:
dic trung tich chap, uwéc lwong/cap nhat mé hinh (goi tit 1a mirc mé hinh) va didu ché/ude luong
ToU (goi tit 1a muc IoU). Pbi voi mic IoU, ngoai thir nghiém két hop dang cong Hadamard
(cong timg phan tir) nhu [12] duge mo ta tai cong thire 2, ching toi thir nghiém nhan Hadamard
(nhén timg phén tir) nhu mo ta tai cong thirc 3.

IoU(B) = FC, (F61 (gllz(cRGB -zRGB)) @ FC, (gl,z(c”R . zT’R))) (2)

I0U(B) = FC, (F61 (91.2(cR - 28B)) © FCy (g12(c™™ 'zT'R))) @3)
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Trong d6, g, ,(cREE - zRGE) thé hién phép udce lugng ToU chi bao gdm 02 16p két ndi hoan

toan. FC; 1a mot 16p két ndi hoan toan dé giam s6 lugng chiéu cua dic trung tir 512 xudng con 256
va FC, la mot 16p ket noi hoan toan dé tir 256 chiéu cuia dac trung tinh ra d6 chong lan (IoU).

Béang 3 mo ta két qua cta cac thir nghiém két hop cho thay két hop & muc udc lugng IoU
dang nhan Hadamard cho két qua t6t nhat. Do d6, & cac bude tiép theo s& tiép tuc nghién ctru &
murc két hop nay.

Bing 3. Két qua ¢ cdc mike két hop dnh nhin thdy (RGB) va anh nhiét (TIR).

Miic két hop Pic trung | M0 hinh loU Kétqua | EAO| A R

Riéng biet TIR TIR TIR TIR 0.257 | 0.354 | 0.898

- RGB RGB RGB RGB 0.256 | 0.446 | 0.761

Muc diém anh | RGB+TIR | RGBT RGBT RGBT | 0.345 | 0.552 | 0.381
Mirc két qua RGB/TIR | RGB/TIR | RGB/TIR | RGB+TIR | 0.349 | 0.554 | 0.391

RGB/TIR | RGB+TIR | RGB+TIR | RGBT | 0.391 | 0.602 | 0.368

Céc mue dic trung | RGB/TIR | RGB/TIR | RGB+TIR | RGBT | 0.413 | 0.589 | 0.329
RGB/TIR | RGB/TIR | RGB*TIR | RGBT | 0.419 | 0.587 | 0.299

3.PE XUAT THUAT TOAN KET HQP ANH NHIN THAY VA ANH NHIET SU DUNG
TRONG SO TRONG BAT BAM POI TUQONG

3.1. Phuwong an két hop cé trong sé anh nhiét va anh nhin thiy trong bt bam déi twong

A U'éc lwgng md hinh U6c lugng dj tin cly U'6c lwgng IOU cia
Pic trung RGB —» Lgd =t o e
y RGB RGB RGB
4 Kéthop lou
. U'6c lwgng mé hinh U6c lwgng dd tin ciy U6c lugng IoU cia
Pac trung TIR ! i s o Laaped
: TIR TIR TIR
LLL| Cap nhit mé hinh I
RGB
—  Udc lugng vang bao
'~ Cap nhit md hinh TIR <

Cap nhat vi tri

Hinh 5. So @6 két hop anh nhin thdy (RGB) va anh nhiét (TIR)
trong thudt todn bdt bam doi twong.

Nhu da phén tich tai myc 2, phuong phap két hop cho hi¢u ning cao nhat 1a két hop & mirc
déc trung sau udc luong loU (So d6 duoc mo ta tai hinh 5). Sau 16p u6c lugng IoU cua anh nhin
thiy va anh nhiét s& bo sung mot 16p két hop IoU dé thuc hién két hop hai dic trung nay. Lop két
hop IoU liy dac trung ¢ 16p cudi cua lop Udc lugng loU ciia RGB va Udc luong loU cia TIR
két hop vai nhau. Mat khac, dé dua trong sé méi truong vao viéc két hop, tir cong thic 3 ta cd
cong thuc 4, véi w la trong so dac trung anh nhin thay va 1 — @ la trong s6 déc trung dnh nhiét.
So d6 cua 16p két hgp loU c6 trong so tai hinh 7.

I0U(B) = FC; (FC1(g12(c"%® - 2°®)w) © FCy1(g12(c"™® - 2"®)(1 - w)) (4)
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Fully Connected Layer
512 -> 256

U6c lwgng ToU ciia Fully Connected Layer
RGB 256 ->1
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Dic trung két hop —

Fully Connected Layer
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Hinh 6. So d6 I6p két hop IoU c6 trong sé.

3.2. X4y dung trong so

Trong cong b6 [13], chung t6i da chimng minh dugc cac diéu kién moi trudng nhu d6 chiéu sang
va nén nhiét méi trudng c6 anh huong dé két qua phat hién d6i tuong. Khi d6 chiéu sang yéu sir
dung anh nhiét s tt hon anh nhin thay va khi nén nhiét cao d¢ twong phan ciia anh nhiét s& thap
hon anh nhin thay. T ¥ twong d6 ta xay dung trong so cia thuét toan bat bam doi tuong. Tuong tu
nhu trong [13], c6 thé st dung d6 nhicu cua anh nhin thay dé xdac dinh di€u kién anh sang. Tuy
nhién, trong so do két hop IoU co trong s6, ta dd co cac vi tri c6 kha nang 1a doi tuong, do do, céd
the su dung truc tiep do twong phan dé xac dinh chat lugng xac dinh doi twong cua anh nhiét.

Nhu vay, c6 thé tinh trong s6 w thong qua nhidu d6 nhiéu cua anh nhin thiy noise € [0,1]
va chat luong cua mo ta doi tugng trong anh nhiét thé hién bang dé twong phan Weber cua doi
tugng v4i nén goi 1a web = I;ﬁ, v6i I 1a cuong do sang cua ddi tuong va I, 1a cuong do sang

b

ctia nén, va duoc chuin héa ndm trong dai [0, 1]. Nhu vy, cong thirc dé tinh trong s6 duoc md
ta nhu sau:
w = a; eP1web 4 g, e~B2moise | 1 (5)
}?é tim dugc cac tham sd ay, 81, @z, B2 can si dung phuong phap dé khép duong cong phi
tuyén (curve-fitting) Levenberg-Marquardt v4i b dir liéu huan luyén (twong ty nhu trong [13]).
Trong mot 56 bo dir liu, khi tro1 t6i, camera tu dong chuyén sang st dung chiéu sang bang
tin hiéu hong ngoai gan, anh nhén dugc la anh da mirc xam, do d6 khong ap dung cong thuc 5
dugc. Vi vay, trong thudt toan ta s€ xac dinh néu anh nhin thay & dang da muc xam (khi camera
tu dong chuyén sang str dung tin hi¢u hdng ngoai gan) bang chi s6 MSE (Mean Squared Error).

Néu 14 anh da murc xam, trong s s& duoc xac dinh biang do twong phan giita anh nhin thdy (sau
khi chiéu hong ngoai) va anh nhiét bang cong thirc 6.

w = ay eP1Vebres 4 o, e~ F2webr 4 1 (6)

Trong d6, webggp , weby 1 d6 twong phan Weber ctia ddi twong du doan trén anh nhin thay
va anh nhiét.
4. THU NGHIEM VA PANH GIA KET QUA
4.1. Piéu kién thir nghiém
Thuét todn bat bam doi tuong két hop anh nhin thay va anh nhiét dugc thir nghiém trén bo div
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lidu VOT — RGBT 2019. Kém bo dir lidu nay c6 cac cong cu dé do ludng hiéu ning va tdc do
cua thuat toan, duoc goi 1a VOT Tookit. B§ dit liéu VOT-RGBT 2019 bao gém 60 chudi va
20083 khung hinh mo ta cac hoan canh bat bam dbi tuong [1]. Trong do6, c6 43 chudi vao ban
ngdy, 17 chudi vao ban dém; 2798 sé khung hinh c6 déi twong bi che khuit; 0 s6 khung hinh c6
d6 chiéu sang thay dbi; 17751 s khung hinh c6 chuyén dong thay doi; 10927 sé khung hinh ¢
dbi twong kich thudc thay doi; 2019 khung hinh c¢6 camera chuyén dong. Chiéu dai chudi trung
binh 1a 224; khoang lay mau chiéu dai chudi dé tinh EAO (Expected Average Overlap) c6 phan
b xac xuat chiém 50% la tir 46 dén 291. Gidng nhu trong [1], cac chi s6 duoc thir nghiém 1a cac
cac chi so chinh trong VOT nhu: chi s6 d6 chinh x4c (Accuracy, viét tit 1a A), chi sd do bén
vimg (Robustness, viét tit 1a R) va chi sé do chdng lan trung binh ky vong (EAO - Expected
Average Overlap) 14 chi s6 tong hop cua hai chi s6 trén.
4.2. Két qua thir nghi¢m

Thuét toan duge md ta & muc 3 duogc so sanh véi cac thuét toan bat bam ddi tuong sir dung
da ngudn anh dién hinh nhu CISRDCF (phét trién tr CSR-DCF), FSRPN, mfDiMP,
SiamDW _T. Két qua phuong an dé xudt cho hiéu ning cao nhat, EAO 1a 0,423 so voi 0,413;
0,411; 0,387; 0,346 cua cac thuat toan SiamDW_T; mfDiMP; FSRPN va CISRDCF (hinh 9)
v6i toe do 1a khoang 13,1 khung hinh/gidy dbi vi may tinh thir nghiém c6 CPU: AMD Ryzen
53600 va GPU: GXT 1080 Ti. So véi SiamDW_T ¢6 téc do 19,2 khung hinh/gidy; mfDiMP
c6 toc do 8,61 khung hinh/gidy (bang 2).

Buang cong EAO theo s6 Iiong khung hinh

Mb ta Do chinh xac (Accuracy) - Dd bén ving (Robustness)

1.0 08 —=-- CISRDCF
4 CISRDCF FSRPN

oa| *® FS?SI;P; 07 --- mDiMP
v S ! —-- SiamDW_T
® SiamDW_T [ P

08 | x PP déxuat 06 v —— PP D& xuét

>
8 Q
é 08 s 5 04
< 05 : 03

0.4 02

03 01

0.2

0.4 05 0.6 0.7 0.8 0.9 1.0 1] 200 400 600 800 1000
Robustness (5=100) S6 lwong khung hinh
Hinh 7. Biéu d6 d¢ chinh xdc - dé bén viing. Hinh 8. Puong cong EAO
theo so luong khung hinh.
5. KET LUAN

Trong bai béo, cac tac gia di trinh bay cac nghién ctru, phan tich vé cac phuong phap két hop
anh nhin thay va anh nhiét trong bai toan bit bam ddi twong va dé xuit thuat toan két hop su
dung trong s6 dya trén do nhidu ciia anh nhin thdy va do tuong phan ctia d6i tuong trong dnh
nhiét. Két qua thir nghiém trén bo dir liéu VOT-RGBT 2019 cho théy, thuat toan c¢6 chi s6 EAO
dat 0,423 & téc @6 13,1 khung hinh/gidy ddi v6i phan cimg thong dung. Két qua nay cho hiéu
nang cao hon so v6i mot s6 thudt toan bat bam ddi twong sir dung da ngudn anh phd bién nhu
CISRDCF, FSRPN, mfDiMP, SiamDW _T. Trong tuong lai, ¢6 thé bd sung cac phuwong phap xéac
dinh diéu kién méi trudng chi tiét hon nira dé wdc lugng trong sé két hop dé nang cao hiéu ning
ctia bai toan bat bam d6i tugng ddng thoi co thé t6i wu cac phuong phap tinh toan dé ting toc do
xu 1y cua thuat toan.
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ABSTRACT
Weighted Multi-Modal Fusion for RGB-T Tracking

As an important task in computer vision, visual object tracking, especially RGB
tracking like KCF, CSRDCF, SiamFC, SiamRPN, ATOM, SiamDW, DiMP are commonly
believed to be fast and reliable enough be deployed. However, RGB tracking obtains
unsatisfactory performance in bad environmental conditions, e.g. low illumination, rain,
and smog. It was found that thermal infrared sensors (8+14 um) provide a more stable
signal for these scenarios. Some same level fusion modal algorithms such as FSRPN,
SiamDW_T, mfDiMP obtain higher results while the environmental conditions are not
considered. The paper describes a weighted multi-modal fusion for RGB-T tracking.
Experiments are carried on VOT-RGBT dataset that demonstrate our algorithm achieve
EAO of 0.423, higher than some popular tracking algorithms and can operate at speed of
13 fps on casual hardware.

Keywords: Visual Object Tracking; Multi-modal fusion; Convulutional Neural Network; Discriminative Correlation
Filtes.
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