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LOI CAM POAN

T6i cam doan rang luan van: “Ky thudt hoc sdu cho bai todn theo vét da déi
twong” 1a cong trinh nghién ctru cua chinh toi.

Nhing két qua nghién ctru dugc trinh bay trong luan vin la cong trinh cia
riéng cua toi dudi sy hudng dan cia PGS.TS Lé Hoang Thai.

Toi cam doan céc sd liu, két qua néu trong ludn van 1a trung thyc va chua
tirng duoc ai cong bd trong bat ky cong trinh nao khac.

Khong c6 san pham/nghién ctru ndo cia ngudi khac duoc sir dung trong luan

vin ndy ma khong duoc trich dan theo ding quy dinh.

TP. H6 Chi Minh, ngay 25 thang 01 nam 2022

Hoc vién thuc hién luan van

Tran Qudc Pat



LOI CAM ON

Trong subt qua trinh hoc tap va nghién ctru thuc hién luan van, ngoai nd luc
ctia ban than, t6i di nhan dugc sy hudng din nhiét tinh quy bau cta quy Thay Co,
cung voi sy dong vién va ung hg cua gia dinh, ban be va déng nghiép. Véi long
kinh trong va biét on siu sic, t6i xin giri 101 cam on chan thanh téi:

T6i xin chan thanh cam on Ban Giam hiéu, quy Thady C6 Khoa Dao tao sau
dai hoc cua Hoc vién Cong nghé Buu chinh Vién thong da tao moi diéu kién thuan
loi gitip t61 hoan thanh luan van.

T6i ciing xin chan thanh cam on Thay PGS.TS L& Hoang Thai, nguoi thay
kinh mén di hét long giup do, hudng dan, dong vién, tao diéu kién cho toi trong
subt qua trinh thyc hién va hoan thanh luan van.

T6i xin chan thanh cam on gia dinh, ban bé, dong nghiép trong co quan di
dong vién, hd tro toi trong lac kho khin dé toi co thé hoc tdp va hoan thanh luan
van.

Mic du da cé nhiéu cd gang, nd lyc, nhung do thdi gian va kinh nghiém
nghién ctru khoa hoc con han ché nén khong thé tranh khoi nhitng thiéu sot. Toi rat
mong nhan dugc su gop ¥ cua quy Thay C6 cing ban bé dong nghiép dé kién thirc
cua to61 ngay mdt hoan thién hon.

Xin chan thanh cam on!
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. MO PAU

1. Ly do chon deé tai

Trong nhitng nim gan day, viéc phat hién va tai xac dinh di twong da co nhiéu
tién bo déng ké. Hai k¥ thuat nay 1a thanh phan c6t 161 dé hinh thanh h¢ thdng theo ddi da
dbi tuong. Tuy nhién, viéc hoan thanh hai nhi¢m vu trong mot mang duy nhét dé cai thién
tdc do suy luan chua dugc quan tdm nhiéu. Cac nd luc ban dau cho viéc hop nhét hai
nhiém vu trén cho két qua thap. Nguyén nhan chu yéu: 1a do k¥ thuat tai nhan dang chua
dugc huan luyén phd hop. Trong luan vin, ching tdi tim hiéu nhiing 1y do co ban dang
sau sy that bai; tién t6i, && nghi mot phuong phap co ban don gian dé giai quyét cac van
de.

Muc tiéu cua hé théng dé xuét 1a: du doan dudng di ctia nhiéu vat thé duoc chi ¥
trong cac video. Nhiéu img dung ciia hé théng dé nghi nay sé& rat hitu ich trong nhiéu linh
vuce thue té khac nhau:

e Du doan hanh dong.
e Phan tich cac video thé thao,
e Robot trg giap nguoi gia.

e Tuong tac gilra ngudi va may tinh....
2.Tong quan vé van deé nghién ctru

Theo vét da d6i twong (Multi-Object Tracking (MOT)) 1a mot trong nhitng bai
toan kinh dién thudc linh vuc thi gidc may tinh.

Cac phuong phap trudc day thuong chia bai toan nay thanh hai model riéng biét:
model (1) Bo do tim(detection): dau tién s& dinh vi va khoanh ving vét thé can chu y t6i
bang bounding box trong tip cac anh, sau d6 sang model (2), Bo két hop (association) s&
tao ra cac dic trung tai dinh danh (Re-identification (Re-1D)) cho mdi bounding box va
két nbi no toi mot trong nhimng tuyén duong (tao ra boi vat the) da dugc xac dinh béi cac
dic trung trude d6. Trong cac nim gan day, cac ky thuat trén da co nhimng budc tién dang
kinh ngac vé do chinh xac cling nhu tbc do. Tuy nhién, khi két hop hai model thi lai
khong thé dung & céc video co6 do phan giai cao (30FPS), do tc do thuc thi khong dam

bao, boi vi cac network d6 khong chia sé cung mot bd dic trung (Téc 1a mudn ding



dugc dic trung cua (1)detection thi (2) Association phai qua mét budce bién ddi nao d6 -
two-steps).

Véi su phét trién ctia hoc da nhiém (multi-task learning), phuong phap one-shot
cho viéc két hop (1) phat hién vat thé va (2) hoc cac dic trung Re-ID duoc cha ¥ dén
nhiéu hon. Do phan 16n céc dic trung co thé dugc chia sé giita hai model nén phuong
phap nay c6 kha nang lam giam thoi két hop (inteference time) hai model. Tuy nhién, do
chinh xac (accuracy) ctia phuong phap one-shot hién tai giam di ro rét, khi so sanh véi
phuong phap two-steps, dira vao cac thuc nghiém, thi rd rang viéc két hop hai model nay
khong thé thuc hién mot cach don gian duoc, ma phai chi y mot cach can than.

Thay Vi, str dung céc trick trong may hoc va hoc siu dé ting d6 chinh xéac thi ching
ta s& nghién ctru 1y do quan trong cho thét bai ndy. Sau ddy, sé 13 3 nhan t6 quan trong
nhat anh huéng dén accuray:

« Anchors don’t fit Re-ID [6](tdp dac trung ctia bd do tim khong khdp véi tap dac
trung tai dinh danh)

- Multi-Layer Feature Aggregation [8] (Tich hop cac dic trung qua nhiéu 16p)

- Dimensionality of the RelD Features [2,9] (Kich thudc cua cac dac trung Re-1D).

3. Muc dich nghién ciru

Xay dung mot mo hinh nhan dang theo vét nhiéu ddi twong (nguoi) dé tién téi xa
hon ¢6 thé 4p dung mo hinh cho mét sé linh vuc thuc té nhu: an ninh quéc phong, giao

thong van tai,...
4. Poi twong va pham vi nghién ciru

Poi tuong nghién ciru: Nhan dang theo vét nhiéu dbi twong (ngudi) quan tam

trong video & toc d6 30 khung hinh mdi gidy.

Pham vi nghién ctru: thyc hién trén tap dit liéu video FairMOT [9] va mot s6 tap
dir liéu video chon loc tir youtube khac. Cac video dir liéu chira rat nhiéu déi twong duoc

quay & nhiéu vi tri khung canh khac nhau (trén duong phé hoic trong siéu thi,...)
5. Phwong phap nghién ciru

o Phuong phép chuyén gia:



Téng hop cac kién thic da biét vé cac mo hinh hoc sau — cu thé 1a mang xuong
song (Backbone Network), Nhanh phat hién d6i tuwgng(Object Detection Branch) ,
Nhanh nhung danh tinh (Identity Embedding Branch), Do tim truc tuyén (Online
Tracking) [8].
o Phuong Phap Thuc Nghiém:

Thuc nghiém trén tap dit liéu video FairMOT [9] va mot s6 tap dit liéu video chon
loc tir youtube khac va bo dir liéu tu xay dung dé tim ra mot mo hinh cho do chinh xac
(accuracy) cao va tdc do chay thoi gian thyc khi nhan dang va theo vét nhiéu d6i tuong.

« Phuong Phép Tong Két Kinh Nghiém:

Nghién ctru va xem x¢ét lai nhitng thanh qué thuc tién da co cua cac tap dit licu

video da thuc hién dé rut ra két luan gitp xay dung mo hinh vira do tim va theo vét nhiéu

ddi tuong dam bao dat hi¢u xuét cao va tdc d6 nhanh.



II. NOI DUNG

CHUONG 1. COSO LY THUYET
1.1 Cac phwong phap do tim ddi twong

Multi-Object Tracking (MOT) 1a mot trong nhitng muc tiéu lau dai cta thi giac
may tinh [1] [2] [3] [4]. Muc tiéu 1a du doan dudng di cta nhiéu vat thé dugc cha ¥ trong
cac video. Cac umg dung ctia né s& ¢6 loi ich cho rat nhiéu tng dung khac nhu: dy doan
hanh dong, phan tich cic video thé thao, robot trg giip ngudi gia va sy twong tac giita
nguoi va may tinh. Cac phuong phap state-of-the-art [1] [2] [3] [4] [5] [6] [7] cii thuong
chia bai toan nay thanh hai model riéng biét: detection dau tién s& dinh vi va khoanh ving
vat thé can chu y t6i bang bounding box trong tip cac anh, sau d6 s& dén association s&
chiét xuit ra cac dic trung Re-identification (Re-ID) cho mdi bounding box va két ndi né
tGi mot trong nhiing tuyén dudng (tao ra boi vat thé) da dugc xac dinh boi cac dic trung
trude d6. Cac model trén da c6 nhimg bude tién dang kinh ngac khi ting d6 chinh xac va
tdc do trong cac nim gan ddy. Tuy nhién, khi két hop chung thi lai khong thé du toc do
khi dung ¢ 30FPS cua video bédi vi cac network d6 khong chia sé cung mét b dac trung
(tc 13 mudn dung duoc dic trung cia detection thi Association phai qua mot bude bién
d6i nao d6 — two-steps).

Véi sy phat trién cua viéc hoc tap da tac vu [8], phuong phap one-shot dé két hop
phat hién vt thé va cac dic trung Re-ID dugc cha ¥ dén nhiéu hon [9] [10]. Do phan 16n
céc dic trung c6 thé dugc chia sé giira hai model nén phuong phap nay c6 kha ning lam
giam thoi két hop (inteference time) hai model. Tuy nhién sy chinh x4c (accuracy) cua
phuong phdp one-shot hién tai lai gidm di 10 rét khi so sanh v&i phuong phap two-steps,
dua vao ca thuc nghi¢m thi rd rang viéc két hop hai model nay khong thé thuc hién mét
cach don gian dugc, ma phai chi y mot cach can than.

Thay vi sir dung céc trick trong may hoc va hoc sdu dé ting d6 chinh x4c thi chiing
ta s& nghién ciru 1y do chinh xac cho sy that bai d6. Sau day s& 1a 3 nhan t6 quan trong
nhat anh huéng dén do chinh xac:

e Anchors don’t fit Re-ID (Neo khong phu hgp véi Re-1D)
e Multi-Layer Feature Aggregation (Tong hop dic trung trén nhiéu 16p)

e Dimensionality of the RelD Features (Kich thudc cua cac dic trung Re-I1D)



1.2 Phan tich van dé

Neo khong phu hop véi Re-1D

Hién tai thi véi cach theo ddi one-shot [9] [10] déu dua theo neo (anchor) vi ching
déu duogc thay doi tir phat hién vat thé, tuy nhién cac cai neo vét thé d6 khong phu hop
cho dic trung Re-ID vé6i 2 1y do: Thtr nhét, khi ma c6 nhiéu neo dya trén cac image
patches, ching c6 thé du doan chung mét dinh danh cho cung 1 vét thé (Bounding box
tring 1én nhau). Viéc ndy s& gdy 1én sy nhap nhang cho mang. Thir hai, ban d6 dic trung
thuong dugce giam d6 1ay mau (down-sample) 8 lan dé co thé diéu hoa giira toc do va do
chinh x4c cho viéc nhan dién vat thé nhung lai rat 1a thd cho RE-ID vi object center co
thé khong dugc can chinh tét v6i vi tri cia neo do d6 c6 thé lam sai khi du doén dinh
danh cia vat thé. Pé xtr 1y van dé nay chung toi du doan pixel-wise keypoint (object
center) va dinh danh vat thé & trén ciing ctia ban do dic trung high-resolution.

Tong hop dic trung trén nhiéu 16p

Viéc nay quan trong vo1 MOT vi cac dac trung Re-ID can tan dung ca céac dac
trung cap thip va cép cao dé thich nghi véi vat thé khi bi phong to va thu nho. Trong thuc
nghiém ching ta thiy viéc nay rat c6 ich dé giam indentity switches cho phuong phap
one-shot vi n6 1a k§ ning dé xir 1y su thay dbi ty 18 cta vat thé. ( Cha y diéu nay s& khong
tac dung may téi phuong phap two-steps do vat thé s& co cuing mdt ty 1& khi da c6 budc
cit va thay d6i kich thudc).

Kich thudc cua cac dac trung Re-1D

Céc phuong phap cii dung cac dac trung Re-ID c6 kich thude 16n nhung & phuong
phap niy chung ta s& tim cach giam kich thudc cia cac dic trung Re-ID 1a do anh dé
huan luyén cho MOT it hon dnh dé huan luyén Re-ID, va ciing khong thé dung anh huén
luyén cia Re-ID duoc vi bd dit li¢u do chi dua ra cac anh hinh nguoi bi cit ra. Viéc hoc
cac dic trung c6 kich thude nhé ciing giup vuot qua dugc cac mdi nguy tir viéc over-

fitting khi hoc trén cac tap dir liéu nho, va ting tbc do cho viée theo ddi vat thé.



1.3 Giai phap
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Hinh 1.1: Tong quat one-shot MOT. Anh dau vao sé dwoc cho vao mang encoder-decoder
dé tao ra ban do dic trung do phan giai cao (stride = 4). Sau d6 s& dwa vao hai dau song
song dé du doan dic trung bounding box va Re-1D
Hinh 1.1

O day chiing toi s& gidi thidu mot cach giai quyét cho cic van dé & chuong 2. Mot
cach tong quat, ching t6i dung k¥ thuat anchor-free (khong neo) dé du doan tim vat thé &
trén ban d6 dic trung do phan giai cao (high-resolution feature map), khi dung k¥ thuat
nay chung ta s& vuot qua duoc van dé nhap nhang, tir 46 ma cac dic trung Re-ID sé& cin
chinh vé dung tdm cta vat thé hon. Sau d6 chung t6i s& thém vao nhanh song song dé du
doan dic trung pixel-wise Re-ID (dinh danh vat thé). O mang xuong séng (backbone
network) chiing t6i két hop vé6i ky thuat Deep Layer Aggregation dé c6 thé xir Iy cac vt
thé trén cac ty 18 khac nhau.

1.3.1 Gidi thigu hwéng tiép cgn méi

Vian dé cua cac mang object detection thanh cong nhét hién nay 1a chtng phai thuc
hién lan qua tAt ca cac vi tri co thé co vat va thuc hién phan loai mdi vi tri d6. Piéu do6
dan dén viéc lang phi tai nguyén tinh toan, khong hi¢u qua va can thyc hién cac budc hau
xt ly (Non-maximum suppression).

Hudng tiép can mdi cua luan vin 14 dua bai todn phat hién vat (object detection)
vé bai toan tim diém dic trung (keypoint estimation), tir d6 cling suy ra kich thuéc va

tinh toan dugc bounding box cho bai toan phat hién vat.



N6 vuot qua cac thuat toan 1 stage (One-shot MOT methods) phd bién nhét hién
nay 13 YOLO v3, RetinaNet trong su cin bang gitra toc do va do chinh xac. Hon nita do
chinh xac cua n6 con ngang ngira Faster RCNN - m0t mang phat hién vat 2 stage (Two-
Step MOT methods).

e One-shot MOT methods: YOLO v3, RetinaNet, CenterNet...
e Two-Step MOT methods: RCNN, Fast-RCNN, Masked-RCNN,...

1.3.2 Mang xwong séng (Backbone Network)

Luan vin chon mang Resnet-34 [11] 1am mang xuong séng dé c thé can bang
giira toc d6 va do chinh xac. Pé vat thé thich nghi duoc véi nhiéu ty 1& khac nhau mot
bién thé cua Deep Layer Aggregation (DLA) [12], su khac biét & DLA nay 13 nd c6
nhiéu lién két nhay hon giita dic trung low-level va high-level, twong ty nhu Feature
Pyramid Network (FPN) [13]. Ngoai ra tit ca cac 19p tich chip up-sampling duogc thay
thé bai deformable convolution layers dé chiing c6 thé linh hoat trong viéc thich nghi
v6i dang nguoi va thay doi ty 16. Nhitng thay d6i trén ciing rat ¢ ich dé lam giam thiéu
tac dong cua aligment issues. Két qua ta dat tén mang l1a DLA-34, anh dau vao ¢ kich
thudc Himage X Wimage thi ban d6 dic trung co kich thudec C x H x W 13 v6i H = Himage /4
va W = Winage /4.

F-> 4 ]—-){ -+ }--)' 4
A - #
Y o e Y
8 [->[8[->[8]->[4
7 24 !
Y ’ Y
16 F-»16}-------- >[T
24 g5
, Y
32 [--=mmmmmmmmmm- > 4
ouT
Sum Node —> Up Node ----> Deform Conv Stage

Hinh 1.2: Chi tiét mang xwong song DLA 34

Deep Layer Aggregation



Deep Layer Aggregation bao gom hai loai 1a: Iterative Deep Aggregation(IDA) va
Hierarchical Deep Aggregation(HDA). Phan 16n cac két ndi nhay bude hién tai van kha
12 nong vi du nhu ResNet. IDA va HDA ra doi dé phuc vu cho viéc nhay két ndi nay co

thé sau hon.

oul

[] Block Existing
[ ] Stage ]

[]  Aggregation Node
/[j

I Sy &

(a) No aggregation (b) Shallow aggregation

Hinh 1.3: (a) 12 mang CNN co ban nhw VGG (b) 12 mé ta két ndi nong nhw ciia Feature
Pyramid

Tang nhay két noi la gi?

32x upsampled

image convl pooll conv2Z pool2 convd pool3 convd poold convd pool5 conv6-7 prediction (FCN-32s)

|| ||| 1L

J

-----

16x upsampled

2x conv7 M % 2
1 prediction (FCN-16s)
l)(ll)
8x upsampled

Ix conv7 prediction (FCN-8s)

2x poold | I ' |
p(ﬁul.'f[ 11 |

Hinh 1.4: Fully Convolutional Networks for Semantic Segmentation

Nhay két ndi (Skip connection) c6 nghia 1a phép ghép lai, vi du nhu hinh 5 mé ta
cho FCN thi nhay két ndi tir "pool 4" d& nhay qua pool 5 va 6 dé két hop véi "pool 7".
Tai sao nhay két néi quan trong
1. Két hop cac dic trung cap thap véi cac dic trung cap cao lai véi nhau.
2. Mudn huan luyén cac mang sdu hon, thi vi du nhu cac két ndi ngan nhu ResNet co
thé gitip tranh tinh trang vanishing gradient véi mang rat sau.
3. Cac nhay két ndi dai c6 thé giup phuc hdi cac thong tin dd bi mat khi

downsampling. (Fully Convolutional Networks for Semantic Segmentation).



4. Tang tbc do hoi tu (Huan luyén mang). The Importance of Skip Connections in

Biomedical Image Segmentation.

ouT

s I = N - I o

[terative deep aggregation

ouT

Hierarchical deep aggregation
Hinh 1.5: IDA hoic HDA

IDA - Iterative Deep Aggregation tap trung vao giai quyét do nét (resolution) va
ty 18 (scale). HDA - Hierarchical Deep Aggregation tip trung vao viéc két hop cac dic
trung cho toan bd cac module va channel. Tir IDA va HDA chung ta két hop lai thi dau ra
clia mang sé& c6 ca ngit nghia & 16p cao va cac thong tin khong gian khac & cac 16p thap.

[[] Hierarchical Deep Aggregation

Iterative Deep Aggregation

_J Aggregation Node

— Downsample 2x

D Conv Block

[

w—~C-CHE )|

Hinh 1.6: Mang két hop IDA va HDA

DLA-34 gbc twong duong véi hinh 8 sau:
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IN ouT
4 > 4 —> 4 —>{ 4
Y
8 > 8 —> 8
Y /
16 > 16
Y /
32
Sum Node — UpNode ----> Deform Conv Stage

Hinh 1.7: DLA-34 goc
Feature Pyramid Network
Do tim cac d6i tuong co kich thudc nho 1a mot van dé dang duoc giai quyét dé
nang cao d6 chinh xac. Va FPN 13 mé hinh mang duoc thiét ké ra dwa trén khai niém

pyramid dé giai quyét van dé nay.

> predict

Semantic
Resolution value

a=
L ]

Hinh 1.8: Feature Pyramid Network

| predict:

> predict

Mo hinh FPN két hop thong tin cia mé hinh theo hudng bottom-up két hop véi
top-down dé do tim dbi tugng (trong khi d6, cac thuat toan khac chi thudng sir dung
bottom-up). Khi chung ta ¢ bottom va di 1én (up), dd phan giai s€ giam, nhung gia tri ngir
nghia s& tang 1én. Trong khi d6, FPN xay dung thém mo hinh top-down, nham muc dich
xady dung cac layer c6 dd phan giai cao tir cac layer co ngit nghia cao. Trong qua trinh
xay dung lai cac layer tir top xudng bottom, ching ta s& gip mot van dé kha nghiém trong

1a bi mat mat thong tin ctia cac d6i twong. Vi du mot ddi tugng nhé khi 1én top sé khong



11

thiy no, va tir top di nguoc lai s& khong thé tai tao lai dbi twong nho d6. Dé giai quyét
van dé nay, chiing ta s& tao cac két ndi (skip connection) giita cac reconstruction layter va
cac feature map dé gitip qua trinh detector du doan cac vi tri ctia dbi twong thuc hién tot
hon (han ché t6t nhat viéc mat mat thong tin).

Deformable Convolution Layers

Vi cac cach tich chip thong thuong sé€ tinh todn trén mdt ludi 6 vuong dinh trude
cho anh du vao hodc tap hop cac ban dd dac trung dua theo do 16n cua bd loc ()filter).
Ludi nay ¢ thé 1a 3 x 3 hodc 5 x 5 v.v. Tuy nhién, ¢ cac vat thé chung ta can phat hién
va dinh danh c6 thé bi bién dang, mic ket (trung voi vat thé khac) hoac thay ddi theo ty
1€, vi du trong bai toan nay la khi theo doi vat thé 1a con nguoi vl mot camera, thi vat thé
khi & xa camera sé€ bi nho lai, & gﬁn s€ phong 16n 1€n, hay nhu vat thé c6 thé bi che khuat
boi cay cbi, cot dén v.v.

O DCN, ludi ndy c6 thé bién dang, c6 nghia 1a mdi diém 1u6i c6 thé di chuyén boi
mét d6 1éch co thé hoc duge. Va tich chap s€ hoat dong trén cac diém ludi di chuyén nay,
do d6 duogc goi la tich chap co thé bién dang, tuong tu ddi véi truong hop téng hop Rol
(Region of Interest) c6 thé bién dang. Bang cach str dung hai mo-dun méi nay, DCN cai

thién do chinh xac cua DeepLab, Faster R-CNN, R-FCN va FPN, v.v.

2N
A
Regular convolution
y(po) = Z w(pn) - x(po + pn)
PnE R
4 > - >
L Deformable convolution
conv offsets
' | y(po) = > W(pn)-x(po+ Pn + Apn)
/ offset field P.ER
;"'l;":} v
il S5 ; o
{ D) where AP, is generated by a sibling branch of
deformable convolutior :
regular convolution
input feature map output feature map

Hinh 1.9: Deformable Convolution

e Tich chép thong thuong s€ hoat dong trén ludi vudng R.

e Tich chap bién dang hoat dong trén R nhung véi mbi diém duoc thay doi
véi mot offset co thé hoc Apn.

e Tich chap dung dé tao ra 2N sb luong ban do dic trung twong Gng véi N

diém léch 2D Apn (huéng x va hudng y cho méi offset).
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f f i f

Standard Convolution Deformable Convolution

—" A—

FEF < =3 '.2'5

Hinh 1.10: Tich chip bién dang c6 thé liy cac diém c6 gia tri khac nhau tuy theo anh du
vao, nhu ¢ hinh nay ching tip trung vao hinh anh cia con vit thay vi phan tan nhw ¢ tich

chap thwong

Regular Rol pooling

s il B e y(t,J) \ x{po + p)/n;
f y e e b —
~HE " [T pEhini,)
rd
¥ 5
d”/ g fe offsets Deformable Rol pooling
l‘,:‘ Ty, T v(i.j) L x(po +p + Api;)/ni;
lrt | PR Kshanmnas s i pebin
— o= ey 4 5
Rl M .
y OROTIAIS Hot paotog where Ap,, is generated by a sibling fc branch
input feature map output roi feature map —\l)u =" AP., o (w, h)

deformable Rol Pooling

Hinh 1.11: Deformable ROI

e ROI (Region of Interest) Thong thudng s& chuyén hoéa anh dau vao 1a ving 6
vudng c6 kich thude ¢ dinh thanh cac dic trung c6 kich thude cb dinh.

e O ROI bién dang ([Deformable ROI), dau tién & dudng trén hinh 12 chung ta vin
gan ROI pooling thong thuong dé tao ra ban do dic trung, sau d6 mot tang két ndi
day du sé tao ra cac offset dugc chuan hod Ap va rdi tir d6 bién ddi ban do dic
trung trén thanh ban d6 dic trung voi dua theo offset d6 (y = 0.1).

e Viéc chuin hod offset Apl 14 can thiét dé cho viéc hoc kich thudc ciia Rol bét bién.

e Cudi cung, & duong dudi hinh 12, ching ta s& bién d6i Rol pooling. ban d6 dic
trung dau ra s& duge pool dua theo offset da hoc dugc & trén.

1.3.3 Nhanh phat hién vdt thé
Phuong phap cua luan vin ndy |4 coi viéc phét hién vat thé nhu center-based based

bounding box regression task trén ban dd dic trung c6 do phan giai cao. Pé lam viéc nay

chuing t61 dung 3 vi¢c chay song song dugc két ndi voi dau ra cia mang xuong song dé
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tinh heatmaps, object center offsets va bounding box sizes, ¢ day chung t6i dang dung
ky thuat Multitask Learning . Trén mdi viéc song song d6 chung toi ap dung tich chap 3
x 3 (v6i 256 kénh) cho dic trung dau ra cia mang xuong séng va theo sau d6 1a tang tich

chap 1 x 1 dé tao ra dic trung cudi cling.

Detection

- .

—_—

box size
| A—T
i

center offset

....................................................

Multitask Learning - Multi Branch

Kién trac r& nhanh s& cho phép thuat toan hoc duoc nhiéu tac vu dong thdi nhung
khong chia sé dic trung. M6 hinh cua ching ta sir dung chung mot dau vao 1a anh va
phan nhanh thanh nhiéu mé hinh con. Mdi mé hinh sé& phu trach du bdo cho mot tac vu
mot cach doc 1ap.

Vi du: Trong nhén dién khudén mat, ching ta sé& can st dung rat nhiéu cac du bao
trén cung mdt anh khudén mat nhu: gidi tinh, do tudi, chung tdc, mau mét, mau toc,...

Nhiing tac vu trén khong chia sé cac dic trung dé phan biét. Vi du: Khi phan biét
gidi tinh chung ta dua trén cac dic trung vé d6 dai toc, rau, 16ng may, mat, cam va quai
ham nhiéu hon nhung phan biét do tudi ching ta chil yéu dya vao nép nhin trén khuén
mit, mau da, mau téc. Pay 1a nhitng dic trung khong hoan toan gidng nhau. Do d6 sir
dung kién tric multitask learning chia sé tham sb cho bai toan nay s& khong hop 1y.

Mot Iya chon t6t hon trong truong hop nay cho chung ta d6 14 xay dung mot kién
tric r& nhanh ngay tir input layer. Gitta cac nhanh 1a doc 1ap, chi sir dung chung mot dau

vao ma khong chia sé tham so.
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Hinh 1.12: Multi Branch - Kién tric ré& nhanh

Heatmap Head

Pau nay chiu trach nhiém udc tinh vi tri ciia tim vat thé. Biéu dién cta ban do
nhi¢t 14 tiéu chuan d¢ thyc hién nhiém vu uéc tinh diém tam. Kich thudc ban do nhiét 1a
1 x H x W. Phan hdi tai vi tri ciia ban d6 nhiét duoc mong doi 1a trung voi vi tri cua vat
thé trong tap ground-truth. Phan hoi ndy sé giam déan theo cip s6 nhan ti 1¢ thuan khoang

cach gifra vi tri tdm vat thé va diém can tinh.

04

- 0.0

Anh dau vao Tinh tdm vat thé Ban db nhiét

Hinh 1.13: Heatmap Flow

Center Offset Head

Pau nay chiu trach nhiém khoanh ving tim vt thé dung hon. Nhé lai rang & budc
trude do, budce trugt (stride) ciia ban do dac trung 1a 4 nén s& tao ra mot s6 13i khi noi suy
vi tri ctia vat trén anh that tir ban d6 dic trung. Dau nay khong c6 loi voi viée phat hién
vat thé nhung lai rat quan trong véi dinh danh vat thé Re-ID, khi ma dau nay s€ xac dinh
tam vat thé tot hon.

Box Size Head
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Pau nay chiu trach nhi€ém udc tinh chiéu cao va chiéu rong cua bounding box véat
thé tai mdi vi tri neo. Pau nay khong lién quan truc tiép dén cac dic trung dinh danh Re-
ID nhung d6 chinh x4c vi tri s& anh huong dén viéc danh gia hiéu suat phat hién doi
tuong. PAu ra cua size v trong Box Size Head 1a S € RW*H*2,

1.3.4 Nhdnh dinh danh vt thé

e

Re-ID Embeddings

' ’ extract features

~_|

- - - -

e e e e e e e e e e e e e e e e

Hinh 1.14: Nhanh dinh danh vt thé

Muc dich ctia nhanh dinh danh vat thé 14 tao ra cac dic trung dé c6 thé phan biét
cac vat khac nhau. Ly tudng thi khoang cach cac vat thé khac nhau s& 16n hon so véi
cung mot vat thé. Dé c6 thé dat duge muc dich nay chung t61 s€ ap dung 16p tich chap voi
128 Kernels trén dinh cta dic trung mang xuong séng dé trich xuét ra dic trung dinh
danh cho mdi diém. Ban d6 dic trung s& 1a E € R™2WH P3¢ trung Re-ID s& 14 Exy €

R128 cuia vat thé tai diém (x, y) s& duoc rat trich tir ban dd dic trung trén.

1.4 Cac ky thuat ap dung

1.4.1 Ham I4i

Dé huan luyén bat ky mang nao thi chung ta déu can phai dinh nghia ham 15i,
huan luyén mang tuong duong véi viée tim trong sd sao cho ham 15i 1a ¢6 gid tri nho
nhat, hay twong duong véi viéc d léch véi tap huan luyén 1a it nhat.

Ky thuat Focal Loss

Nhitng mé hinh nhan dién vat thé chinh xac nhat dén nay duoc xay dung dua trén
cach tiép can two-stage ma dién hinh 1a R-CNN. Cac m6 hinh nay thudong dugc ding véi
mot tip cac object ndm kha thua thét va rai rac, trai nguoc v6i phuong phap one-stage,
thuong duoc st dung cho cac tip mau object ¢ vi tri phan bd déng déu va day dic. Mo

hinh sir dung phuong phap one-stage thuong nhanh va don gian hon, tuy nhién lai khong
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chinh x4ac bang two-stage. Li do cho viéc nay 13 su khong can bang giita cac foreground
va background class gip phai trong qua trinh hun luyén. Trong phan ndy, ching toi s&
trinh bay mot giai phap dé giai quyét van dé trén, d6 chinh 1a sir dung Focal Loss.

Téng quan: Focal loss dugc sit dung bang viéc thay doi mot chut ham cross-
entropy nham giam trong sé ddi mat mat cuia cac object dugc phén loai tot. Thay vao do,
n6 s& tap trung vao cac trudng hop kho hon, nham tranh viéc cac truong hop dé s& gay
anh huoéng qua 16n dén mé hinh, dan dén giam hiéu qua khi huén luyén.

Focal Loss dugc dua ra dé giai quyét trong truong hop cd sy mat cin bang 1on

giita cac foreground va background classes trong hudn luyén, chang han 1:1000.

CE(p) = —log(p1)
FL(p.) = —(1 — p)” log(pr)

3 -
w
172]
o
2
well-classified
examples
1
)
0 - 1

0 0.2 0.4 0.6 0.8 1
probability of ground truth class

Hinh 1.15: So sanh giira Focal loss va cross entropy loss

Cross Entropy : Dé bat dau thi ching ta nhic lai dinh nghia ham cross-entropy

(CE) cho binary classification

CE. — —log(p), néu y = 1;
P4 —log(1 - p) con lai

Trong ham trén thi y nhan gia tri 1 hodc -1 biéu dién ground-truth class va p nam
trong khoang (0,1) 13 xac suat du doan cho class v6i y =1. Dé cho thuan tién ta dinh

nghia lai ham trén.

néu y = 1;

pe=1{" 1. CE(p.y)=CE(p) = —log(p)
1—p con lai

Cross-entropy c6 thé duoc biéu dién boéi dudng mau xanh da troi trong hinh trén.

C6 thé d& dang nhan thiy 1a v6i cac truong hop duoc phan loai tot ( xac suat 16n hon
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hoic bang 0.6) thi ham loss nhan gié tri vi d6 1on 16n hon 0, va khi tinh tong céc s6 hang
nay s& cho ra mét sb rat 16n so véi loss cua cac trudng hop kho phan loai, va c6 thé 1lam
anh huong dén qua trinh hudn luyén. Y tuong chinh cua focal-lost 1a d6i véi cac truong
hop duoc phan loai tot ( xac sut 16n hon 0.5) thi focal lost s& lam giam gia trj cross-
entropy ctia n6 xudng nho hon so véi thong thuong. Do d6, ta s& thém trong sé cho ham
cross-entropy dé bién thanh ham focal lost.

Pinh nghia ham focal loss: Chung ta sé thém mot nhan tir vao phia truéc ham
cross-entropy, duoc goi 1a modulating factor, véi gamma 16n hon hoidc bang 0 dugc goi
1a tham sd focussing c6 thé diéu chinh dugc

FL(p:) = —(1 — p:)"log(p:)

Quay tro lai hinh 17 ban dau, ham focal loss duoc mo ta véi cac gia tri khac nhau
clia gamma véi cac gia tri tr 0 dén 5, trong d6 véi 0 chinh 14 ham cross-entropy nhu da
dugc mo ta bén trén. Ching ta chil y dén 2 tinh chat ctia ham focal loss:

e Khi mot miu bi phan loai sai va pt nho, modulating factor gan 1 va loss s& khong
bj anh huéng. Con khi pt tién toi 1, tic cac truong hop duoc phan loai tdt,
moduling factor sé tién t6i 0 va ham loss trong trudng hop nay sé& bi giam trong sd
xudng.

e Tham sé focusing gamma s& diéu chinh ty 1é cac truong hop dugc phéan loai t6t
dugc giam trong sd. Khi gamma cang ting thi anh hudng cua *modulating factor
cling tang. Thuc nghiém cho thiy voi gamma = 2 thi két qua dat duogc s& tot nhat.
Heatmap Loss
Véi mdi GT box (Ground-truth box) b' = (xi, yi, xi, y}) trong anh, chung ta sé

tinh dugc tAm cua vat thé (c, ¢}) nhu sau:

i i
i T1 Ty

ng— 2
i Y1ty
Cy——2

Sau d6 diém & trén ban do dic trung s& duoc dinh vi bang viéc ldy tam chia cho do
trugt (stride = 4), do vi tri chi liy phan nguyén nén & cong thirc nay ta chi lay phan

nguyén sau khi chia cho 4.
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. . ci Ci
CprCy) = (| = |+ | =
Tiép dén phan hodi ban dd nhiét tai (x, y) s& duoc tinh bang cach ap phan phdi
chuan 1én diém d6 (phan phdi Gauss) nhu sau:

(z—&L)2+(y—el)?

N
= E exp 202
i=1

Trong do N thé hién cho sb lugng vat thé trong anh con oc thé hién cho do léch

chuan trong ham Gauss. Vay ham 13i cho ban dd nhiét s& dugc dinh nghia nhu sau véi k¥

thuat pixel-wise logistic regression with focal loss nhu sau [14]:

r Z (1-— ﬂl’my)alog( }my), néu M,, = 1;
heatmap = TN (1= M,,)?(M,,)*log(1 — M,,) con lai

Trong d6 M 1a ban do nhiét wéc luong, o, B 1a cac bién, c6 thé thay doi tuy v, trong
thuc nghiém thi co thé chon a =2, B =4 tuong tu nhu CenterNet.

Offset and Size Loss
Chiing ta c6 dau ra cua size va offset trong Box Size Head la SeERWH2va0 €
RWH2 Véi mdi tap GT box (ground-truth box) bf = (x!, yt, x5, yi) trén anh ta tinh

) doan

4’4
offset nay chinh 1a doan dé sira 16i khi 1ay phan nguyén & Heatmap head. Do uéc lugng
size va offset s& phu thudc vao vi tri ciia 8¢ va §¢ cia dau ra trong Box Size Head. Vay
chung ta s& dinh nghia ham 15i voi do dai mahattan nhu sau dé c6 thé can bang toc do
tinh toan va do chinh xac:

duoc size s' = (x5 — xt, y& — y1). twong ty GT offset 0' = (cx, cy) ([

+ 18" =8z,

N
Cboa: = Z‘
=1

Identity Embedding Loss 7 7 ’
Chung ta coi dinh danh vat thé 1a nhiém vu phan biét vat thé. Cu thé 1a, tat ca cac

truong hop vt thé trong lic huén luyén déu duge coi 1 cing mét 16p. Voi mdi Voi moi
tap GT box (ground-truth box) b’ = (xf, yi, xi, yi) trong anh, ching ta s& 1y duoc diém
tam ctia vat thé (ck, ¢}) trén ban d6 nhiét. Tir d6 ta s& rat trich véc to dinh danh dic trung
& E,i i, E, i tai vi tri 6 va hoc dé dbi chiéu n6 vao véc to phan phoi I6p Pk . it biéu
dién one-hot cho 16p nhan Ground-truth 1a Li(k). Vay ta c6 ham 13i softmax nhu sau:

1dentlty = - Z Z Ll k)log )

i=1 k=1
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Trong d6 K 1 s6 16p phan loai (number of classes). Mot cach dé hiéu thi mdi diém
trén ban dd nhiét sau khi duoc huin luyén xong s& c6 mat gia tri nhét dinh va gia tri nay
s€ khdp véi mot nhan trong 16p nhan Ground-truth, nén hai nhanh dinh danh Re-ID va
xac dinh vat thé chay song song v&i nhau va ra két qua cung luc dé cho bude tiép theo
Traking.

1.4.2 Online Tracking

Network Inference

Mang ldy hinh anh c6 kich thudc 1088 x 608 lam dau vao, giong nhu tac pham
truée d6 JDE [10]. Thue hién ki thuat non-maximum suppression (NMS) 1én trén ban dd
nhiét diém so dé trich xuat cac keypoint cao nhat. Chung toi gitt vi tri cia cac keypoint
chinh c¢é diém ban dd nhiét 16n hon ngudng. Sau d6, ching toi tinh todn cic bounding
box tuong tng dua trén hiéu s6 udc tinh va kich thudc hop. Chung toi ciing trich xuat cac
nhan dang tai cac trung tim ddi tugng ude tinh cung lic.

Online Box Linking

Chung t6i st dung thuét toan online tracking tiéu chuan dé dat duoc lién két hop.
Chung t6i khoi tao mot s tracklet dya trén cac hop udce tinh trong khung dau tién. Trong
cac khung tiép theo, chung t6i lién két cac hop véi cac tracklet hién c6 theo khoang cach
ctia chung dugce do bang cac tinh nang Re-ID va IoU. Chiing t6i ciing sir dung Kalman
Filter dé du doan vi tri ctia cac tracklet trong khung hién tai. Néu né & qua xa so v4i phat
hién dugc lién két, chung toi dat chi phi twong ing thanh vo cing, diéu nay ngin can hiéu
qua vi¢e lién két cac phat hién voi chuyén dong 1om. Cap nhat cac dac trung xuét hién cta
tracker trong timg budc thoi gian dé xir 1y cac bién thé vé giao dién [15] [16].

1.5 Két luan chwong 1

Chuong nay da trinh bay tong quan vé cic phuong phap do tim ddi tuong, dong
thoi néu 1én nhitng nhuoc diém lam giam do chinh x4c cua cac phuong phap. Qua do,
dua ra cac giai phap, hudng tiép can méi dén dé tai va cac k¥ thuat 4p dung nham nang

cao hiéu suat, do chinh xac hon ntra.



20

CHUONG 2. CAC CONG TRINH LIEN QUAN

2.1 Phwong phap Two-Steps MOT

Cac phuong phap MOT hién dai nhu [2] [4] [6] [7] [5] thuong coi viéc phat hién
ddi tuong va Re-ID 1a hai nhi€ém vu riéng biét. Pau tién ching 4p dung cac bd do CNN
nhu [17] [18] [19] dé khoanh ving tit ca cac dbi twong duoc quan tAm trong hinh anh
theo cac hop (boxes). Sau do, trong mot bude riéng biét, ho cat hinh anh theo céc hop va
dua ching vao mang nhung nhan dang dé trich xuat cac tinh niang Re-ID va lién két cac
hop v6i tao thanh nhiéu track. Cac cong trinh thudng tuan theo mot phwong phép tiéu
chuan dé lién két hop, trude tién tinh toan ma tran chi phi theo cac tinh ning Re-ID va
Intersection over Unions (loU) (chi sé danh gia dugc st dung dé do do chinh xac cua
Object detector trén tap dit liéu cu thé) ciia cac hop gidi han (bounding boxes), sau do sir
dung Kalman Filter [20] va thuat toan Hungarian [21] dé hoan thanh nhiém vu lién két.
Mot s6 lwong nhé cac cdng trinh nhu [6] [5] [7] st dung cac chién luoc lién két phirc tap
hon nhu mé hinh nhom va RNNS.

Uu diém ctia phuong phap two-step 1a chiing c¢6 thé stir dung mé hinh phu hop nhit
cho timg nhiém vu twong tmg ma khong can thoa hiép. Ngoai ra, ching cd thé cit hinh
anh theo cac hop giéi han da phat hién va thay d6i kich thudc cta chung thanh cing mot
kich thudc trude khi du doan cac tinh ning Re-ID. Diéu nay gitp xtr 1y cc bién thé ty 16
ctia d6i twong. Két qua 13, nhitng cach tiép can nay [4] da dat duoc hiéu suat tt nhat trén
céc bo dit liéu cong khai. Tuy nhién, chung thuong rat cham vi ca tinh niang phat hién ddi
tugng va nhing tinh ning Re-ID déu can nhiéu tinh toan ma khong can chia sé giira
chung. Vi vay, that kho dé dat duoc suy luan vé tdc do video von duge yéu ciu trong

nhiéu g dung.
2.2 Phwong phap One-Shot MOT

Véi sy phat trién vuot bac cia tinh ning hoc da tac vu [8] [22] [23] trong hoc siu,
one-shot MOT da bat dau thu hat nhiéu sy cha y cua cong cude nghién ctiru. Y tudng cdt
161 1a thuc hién dong thoi viée phat hién ddi twong va nhing danh tinh (cac tinh ning Re-
ID) trong mdt mang duy nhat dé giam thoi gian suy luan thong qua viéc chia sé hau hét
c4c tinh toan. Vi du: Track-RCNN [8] thém dau Re-ID & trén cung cua Mask-RCNN [17]

va hoi quy ctia mot hop gidi han va tinh nang Re-ID cho mdi dé xuat. JDE [10] duoc gidi
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thiéu trén cung cia YOLOv3 [18] framework giup dat dugc suy luan toc d6 video gan
bang nhau.

Tuy nhién, do chinh xac theo ddi ctia phuong phap one-shot thudng thap hon so
v6i phuong phap two-steps. Diéu nay 1a do cac tinh ning Re-ID di hoc khéng tdi wu, dan
dén s6 luong 16n cac cong tic ID. Dé giai quyét van dé, chung toi dé xuat sir dung céc
phuong phap tiép can khong c6 mo neo cho ca phat hién d6i tugng va nhing danh tinh dé

cai thién dang ké d6 chinh x4c theo ddi trén tt ca cac diém chuan.
2.3 Céc cong trinh khac

Bai nghién ctru cuia Peng Chu va cong sy vao nam 2021 “TransMOT: Spatial-
Temporal Graph Transformer for Multiple Object Tracking” [24]. Cong trinh nay dé xuét
mot giai phap co tén TransMOT, sir dung cic may bién ap do thi manh mé& dé moé hinh
hoa hiéu qua cac twong tac khong gian va thoi gian giira cac dbi tuong. TransMOT mb
hinh héa hiéu qua cac tuong tac ciia mot s luong 16n cac ddi twong bang cach sap xép
quy dao cua cac doi tuong duoc theo doi dudi dang mot tap hop cac dd thi co trong sb
thwa th6t va xay dung 16p ma hoa may bién ap db thi khong gian, 16p ma hoa bién ap thoi
gian va dya trén 16p bo giai ma bién ap d6 thi khong gian trén d6 thi. TransMOT khong
chi hi¢u qua hon vé mit tinh toan so v&i Transformer truyén théng ma con dat duoc do
chinh xac theo ddi tét hon. Dé cai thién hon nita téc d6 theo ddi va do chinh xac, ching
t6i d& xuat mot khuon kho lién két ting dé xur 1y cac phat hién diém thap va sai khop can
trong thoi gian dai doi hoi ngudn lyc tinh toan 16n dé 1ap mo hinh trong TransMOT.
Phuong phap dé xuit dugc danh gia trén nhidu bo dir liéu diém chuan bao gdom MOT]15,
MOT16, MOT17 va MOT20 va né dat dugc hiéu suat hién dai trén tat ca cac bo dit lidu.

Bai nghién ctru ctua Yifu Zhang va cong sy vao nam 2021 “ByteTrack: Multi-
Object Tracking by Associating Every Detection Box” [25]. Noi dung cong trinh nay
trinh bay vé viéc theo ddi da doi twong (MOT) nham wdc tinh cac hdp gii han va danh
tinh cua cac ddi twong trong video. Hau hét cac phwong phép c6 duoc danh tinh bing
cach lién két cac hop phat hién co diém cao hon ngudng. Cac ddi tugng c6 diém phat
hién thap, vi du: cac dbi twong bi tic nghén, chi don gian 13 bi ném di, diéu nay mang lai
cac dbi twong thyc su khong déng ké bi thiéu va quy dao bi phan manh. Dé giai quyét van
dé nay, bai nghién ctru trinh bay mot phuong phép lién két don gian, hiéu qua dé theo doi

bang cach lién két moi 6 phat hién thay vi chi nhitng 6 c6 diém cao. Ddi véi cac hop phat
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hién diém thap, str dung cic diém twong ddng cua ching véi cac tracklet dé khoi phuc
cac doi tuong thuc va loc ra cac phat hién nén. Khi dugc ap dung cho 9 trinh theo doi
hién dai khac nhau, phuong phap dat duogc sy cai thién nhét quan vé diém IDF1, tur 1 dén
10 diém. Dé thuc day hoat dong hién dai cia MOT, nhom tac gia di thiét ké mot bo theo
doi don gian va manh me¢, co6 tén la ByteTrack. Két qua, ho dat dugc 80,3 MOTA, 77,3
IDF1 va 63,1 HOTA trong b¢ thtr nghiém cia MOT17 véi tdc do chay 30 FPS trén mdt
GPU V100 duy nhét.

Bai bao cua Jialian Wu va cong sy vao nam 2021 “Track to Detect and Segment:
An Online Multi-Object Tracker” [26]. Trong cong trinh nay, tac gia trinh bay mot mo
hinh theo ddi va phat hién chung tryc tuyén méi, TraDeS (TRAck to DEtect and
Segment), khai thac cac manh méi theo ddi dé hd tro phat hién tir dau dén cudi. TraDeS
suy luan theo ddi dbi twong bu dip boi mot khéi lugng chi phi, duge sir dung dé truyén
ba cac tinh nang cta ddi tugng trude d6 nham cai thién kha ning phat hién va phan doan
dbi tuong hién tai. Tinh hi€u qua va tinh uvu viét cua TraDeS duoc thé hién trén 4 bo dir
lidu, bao gdbm MOT (theo d&i 2D), nuScenes (theo ddi 3D), MOTS va Youtube-VIS (theo
doi phan doan trudong hop).

2.4 Két luan chwong 2

Chuong nay da trinh bay cac cong trinh lién quan mat thiét, giup cing cb co sd
kién thirc cho dé tai. Tir d6 gbép phan gitp dinh hinh huéng phat trién cua dé tai. Tiép
theo, chuong 3 sé& trinh bay quy trinh thuc hién do tim va tai dinh danh ddi tuong, dong

thot cling néu 1én nhitng chi s6 danh gia s€ duoc st dung nham danh gid dé chinh xéc.
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CHUONG 3. QUY TRINH THUC HIEN DO TIM VA TAI PINH
DANH POI TUQNG

3.1 Huén luyén va ndi suy ra dic trung

3.1.1 Hudn luyén

Ground-truth box Anh dau vao 1D cia GT box
(w, H, 3

i x . k
¥ Lan fruyen nguwoc tong loi ve

- Encoder Decoder
ﬁ Bien the DLA-34 |«
Nhanh dinh danh Nhanh dinh danh

vt thé vt thé
¥
Dowsample v&i
trurort (stride) = 4
h 4
Headmap Box Size Re-ID
Head Head Embedding

Tinh Heatmap Tinh Center Tinh Box size
Loss offset loss loss

Epoch = Total Epoch

MNo

v

Két thuc

Hinh 3.1: Flowchart huén luyén
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3.1.2 Ngi suy dac trung

Dic trung & ddy bao gdm bounding box va ID ctia bounding box do.

iGroun d-truth bo Lb

—

Headmap
Head

Anh du vio
(w, H, 3)

ID cla GT box

Y

Bién thé DLA-34

"

Mhanh dinh danh
vat thé

¥
Dowsample v&i do
trurget (stride) = 4

Chon cac digm cure tri
khi céng thém ofiset
vao tam dv doan

Box Size
Head

¥

Rt trich ra cac gia tri
dai va ring dua theo k
diem circ tri

Fy

¥

Tao ra cac hip bao
guanh diém tam dua
Vao gia tri dai réng

h 4

Mhénh dinh danh
vat thé

Re-1D
Embedding

Y

Ruit trich gia tri offset
dwra vao k diém cuc fri

RL'J:t trich ra nh&n ID vt
the dwa vao gid tri trén
heat map

Léy droc bouding box
cudi ciing

-l

+

-

l Bouding box co 1D J

Hinh 3.2: Flowchart mo ta cach ndi suy dac trung
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3.2 Theo vét online (Online Tracking)

1
2
3.
4

Céc phuong phap trudc day hién thyc trinh theo doi thuong qua 4 budce chinh:

Khung ban dau cia doan phim

Phét hién dbi twong: Sir dung cac mang phat hién ddi dé trich xuat 6 chira dbi tuong.
Dinh danh d6i twong: Tinh d6 twong dong giita cac 6 chira dbi twong & khung trude do va
khung hién tai ( dbi tugng gidng nhau c6 khoang cach nho, khac nhau c6 khoang cach
16n).

Lién két dbi tuong voi ID dugc tao tir khung trude, tao méi néu chua ting phat hién

Diém khac biét chinh 12 ¢ bude sb 2 va 3 thay vi thuc hién tirng budc riéng biét,

nhém tac gia sir dung Deep Layer Aggregation dé tao ra bo dic trung co thé dung cho ca

bude Phat hién doi tuong va Pinh danh doi tuong, tur d6 cho phép trinh theo doi hoat

dong voéi tbe do cao hon so v6i phuong phép truyén thong.

Luéng xi¢ ly ciia trinh theo déi

Tracked list

ID Embedding:

4
- Extract Features \ Upda\e fea

es Track O

Cosine

Feature(x.y) Association - obieCt Ly Track 2 !
Feature maps - loU / ..........

Bounding .
Detection box Kalman Filter
Heat maps /
Center offsets ’e,,,oVe
Box sizes Bjga

Hinh 3.3: Ludng xir Iy ciia trinh theo déi

Trinh theo d&i cua nhom tac gia twong tu nhu Jointly learns the Detector and

Embedding v&i hai thanh phan chinh 1a giai thuat Hungarian va Kalman Filter. Giai thuat

Hungarian Dung dé so khdp hai vector dic trung cia d6i twong moi phat hién va ddi

tuong dang dugc theo doi. st dung do do khoang cach Cosine.
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Cosine Distance/Similarity

Item 2
X,

Item 1
/ 0

\

Cosine Distance

X,

Hinh 3.4: Khoang cach Cosine giira hai vector dac trung

Poor Good Excellent

Hinh 3.5: Piém IoU giira hai vector diic trung

Kalman Filter

Kalman filter dung dé dy doan vi tri cua dbi tuong tur vi tri hién tai, dugc chia lam
hai buéc du doan va cdp nhat. Thuat toan hoat dong twong tu nhu mdt budc huin luyén
trong mang neural tuong (mg v4i budc hoc(du doan) va lan truyén ngugce( cip nhat). Du
doan: Khi ddi tuong di chuyén mé hinh chuyén dong cta d6i tugng(vi tri va van toc va
ma tran hiép phuong sai) & khung truéc d6 duoc dung dé tinh vi tri va van toc ¢ khung
hién tai. Cap nhat: Dya vao vi tri thuc té va vi tri du doan dé cap nhat lai ma tran phuong

sai (covariance matrix) cuia doi tugng trong moé hinh chuyén dong.
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N

Predict

Update

1. Compute the Kalman Gain

2. Update the estimate with
measurement

3. Update the Error Covariance

\J Actual measurement

Hinh 3.6: Flow chart of the Iterative process

1.  Predict the state ahead
2. Predict the error covariance
ahead

Vi mdi bounding box ta sir dung diém Intersection over Union dé xac dinh vi tri
m&i cta ciia d6i twong. Tir d6 tach danh sach d6i twong phat hién thanh 3 phan gom:
e Tracked detection: chira dbi tuong dugc phat hién lai.
e Unmatched detection: chira danh sach d6i tuong mdi hodc co6 khoang cach dac
trung qua xa so vo1 dac trung cil.

Tracked detection: s& tiép tuc duoc ap dung Kalman Filter dé dy doan va cap
nhat lai mé hinh chuyén dong, néu khoang céach gitra vi tri hién tai va vi tri dg doan doi
tugng s& duoc x6a khoi danh sach tracked tam thoi dé kiém tra tiép & nhitng khung sau,
néu qua s6 khung quy dinh d6i twong s& dugc x6a hoan toan khoi trinh theo dbi.

Untracked detection: Déi tuong s& duoc gin véi mot ID méi va thém vao danh
sach tracked. Ung v6i mdi bounding box ta ciing c6 diém x,y trung tim twong tng, tir 6
trich xuét duoc vector dic trung c6 sb chiéu 128 thudc R va str dung cac do do khoang
cach cosine dé do khoang cich dic trung gitra danh ddi twong duoc phat hién tai khung
hién tai v6i ddi trong dang duoc theo ddi. Dua trén khoang cach cosine nay ta cé thé xac
dinh dugc ID dbi tuong dang duoc theo ddi ¢ vi tri nao trong Tracked detection. Ngoai ra
d6i v6i cac ddi twong d3 timg phat hién nhung khong thé tim thiy lai sau mét sb khung

nhét dinh s& bi x6a khoi trinh theo dbi.
3.3 Panh gia d¢ chinh xac ctia mo hinh

Trong vai nim gan ddy, cong dong theo ddi da dbi twong da phat trién manh mé
mot phan 13 do dau tu 16n tir nganh cong nghiép xe tu hanh. Diéu nay da din dén mot sd

lwong 16n cac MOT benchmark méi duoc dé xuat. Nhiéu trinh theo dai xép hang nay da



28

st dung chi s6 danh gia MOTA (Multiple Object Tracking Accuracy) [9], [27].... Chi s6
nay do ludng do chinh x4c tong thé cua ca trinh theo ddi va phat hién. N6 xur 1y ca dau ra
theo ddi va dau ra phat hién. Cong thirc tinh chi s6 MOTA nhu sau:

Yo (my + fp +mmey)

Zt gt

Trong d6 my, fpr va mmey 1an luot 13 s6 14n bo sot, sé 1an duong tinh gia va sb lan

MOTA=1-

khong khop ddi vai thoi gian t.

Thude do thtr hai duge st dung gan day duge MOT benchmark ap dung 1a IFD1
[28]. Chi sb nay duoc dé xuat dic biét dé theo ddi cac ddi twong str dung boi ‘multi-
camera MOT’. IDF1 gan day ciing da duogc trién khai nhu mét chi sé phuy trén tiéu chuan
MOTChallenge va da duoc vu tién hon MOTA dé danh gia boi mot sé phuong phap theo
ddi camera don. Chi s6 IDF1 1a ty 1¢ giita cac phat hién dugc xac dinh chinh xac trén sb
luong trung binh cta cac phat hién xac thuc va dugc tinh toan.

Tiép theo chi s6 HOTA (Higher Order Tracking Accuracy) dugc dinh nghia boi
[29] c6 thé danh gid tat ca cac khia canh cua viéc theo ddi. Chi s6 HOTA do ludng 1
rang ca hai loai 16i (nhdn manh qua mirc d&én viéc phat hién va lién két) va két hop chung
mot cach can bang. HOTA ciing tich hop ty 1é do luong d6 chinh xac ban dia hoa ciia cac
két qua theo doi khong c6 trong MOTA hodc IDF1. HOTA c¢6 thé duoc su dung nhu mot
chi s6 théng nhéat duy nhét dé xép hang céc trinh theo ddi, dong thoi phan tach thanh mot
nhém cac chi sd phu c6 thé danh gia cac khia canh khac nhau cua viéc theo doi riéng biét
va cho phép céc trinh theo ddi duoc diéu chinh cho cac yéu cau khac nhau. Chi sé HOTA
cling rat dé hiéu. Co thé thy r& diéu nay trong hinh duéi day. Po chinh xac phat hién,
DetA, chi don gian 1a ty 1& phan trim cta cac phat hién cin chinh. D6 chinh xac lién quan
nhu AssA chi don gian 1a sy lién két trung binh giira cac quy dao phu hop, dugc tinh

trung binh trén tat ca cac 1an phat hién.
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gt: —— DetA MOTA HOTA IDF1 AssA

100
A 50% 50% 50% 67% 50%
B: 35 70% 69% 50% 52% 35%
35
C: 25 100% 97% 50% 25% 25%
j 25 25 ~ Increasingly Increasingly =
25 Measuring Measuring

Detection Association
Track-mAP = 0% for A, B and C

Hinh 3.7: Vi du mét theo ddi don giin néu 1én mét trong nhirng diém khac biét chinh giira
cic chi s6 danh gia. Ba trinh theo déi khac nhau dwoc hién thi dé ting dd chinh xac phat
hién va giam d chinh xac lién két. MOTA va IDF1 nhin manh qua mirc anh huéng ciia

viéc

3.4 Két luan chwong 3

Chuong nay da trinh bay cac quy trinh thuc hién viéc do tim cung véi tai dinh
danh d6i tuong, bén canh doé 1a cac chi s6 danh gia dugc ap dung dé tinh toan do chinh
x4c ctia mo hinh trén bo dir liéu dugc xay dung cua luan van. Tiép theo, chuong 4 s&
trinh bay vé bo dit liéu thuc nghi¢m dugc st dung trong bai nghién ctru va danh gia né

v61 cac chi s0 danh gia da dugc néu Ién ¢ chuong nay.
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CHUONG 4. THUC NGHIEM VA PANH GIA KET QUA THUC
NGHIEM

4.1 Tap dir li¢u thue nghiém

Trong bai luan van nay da st dung bd dir licu MOT gém 4 tap dir licu la MOT15,
MOT16, MOT17, MOT20 cung mét bd dir li¢u luan van tu xay dung dat tén la MOT-25.

4.1.1 Tap di# ligu da céng bo: Multiple Object Tracking Benchmark

Bo dit liéu chtra cac chudi video trong moi truong khong bi gidi han duoc quay
bang ca may anh tinh va may anh chuyén dong. Theo ddi va danh gia dugc thuc hién
trong cac toa do hinh anh. Thong tin chi tiét cia ting bo dir lidu dé cap & [30]. Trong
luan vin nay sé lay tap dit liéu training ciia mdi bd MOT bao gom:

e MOTI15: gém 11 video: Venice-2, KITTI-17, KITTI-13, ADL-Rundle-8, ADL-
Rundle-6, ETH-Pedcross2, ETH-Sunnyday, ETH-Bahnhof, PETS09-S2L.1, TUD-
Campus, TUD-Stadtmitte.

e MOT16 gém 7 video: MOT16-02, MOT16-04, MOT16-05, MOT16-09, MOT16-
10, MOT16-11, MOT16-13.

e MOTI17: gbm 21 video: MOT17-02-SDP, MOT17-04-SDP, MOT17-05-SDP,
MOT17-09-SDP, MOT17-10-SDP, MOT17-11-SDP, MOT17-13-SDP, MOT17-
02-FRCNN, MOT17-04-FRCNN, MOT17-05-FRCNN, MOT17-09-FRCNN,
MOT17-10-FRCNN, MOT17-11-FRCNN, MOT17-13-FRCNN, MOT17-02-
DPM, MOT17-04-DPM, MOT17-05-DPM, MOT17-09-DPM, MOT17-10-DPM,
MOT17-11-DPM, MOT17-13-DPM.

e MOT20: gom 4 video: MOT20-01, MOT20-02, MOT20-03, MOT20-05.

4.1.2 Tap dir ligu xay dung
B6 dir li¢u nay dugc xay dung & cac khu vuc cong cong & Thanh phé HO Chi

Minh va Tay Ninh két hop véi mot video tim kiém duoc. B9 video tap trung chi yéu vao
viéc ghi lai canh hoat dong, di chuyén cua ngudi dan trong khu vyc. Cu thé bo dit lidu
bao gdm 8 video voi:

e Video 1: duoc cit tir video gdc [31] v6i ndi dung 13 nhay mua ¢ cong cong.

e Video 3, 5: duoc quay & khu vuc dudng 1én ndi va thanh that Ty Ninh.



e Video 7,9, 11, 13: dugc quay ¢ khu vuc bénh vién Ung Budu thanh phd H6 Chi

Minh.

e Video 15: duoc quay ¢ siéu thi Co.op Mark thanh phd khu vyuc Ho Chi Minh.

Céc thong tin chi tiét ctia bo dir licu

Thong tin chi tiét ctia bd dir liéu duge trinh bay trong bang dudi day:

Bang 4.1: Thong tin cta tap dir liéu MOT?25

Tén video FPS P§ phan giai P dai (s6 frame, sb gidy)
MOT25-01 30 1920x1080 1800 (01:00)
MOT25-03 24 1920x1080 370 (00:15)
MOT25-05 25 1920x1080 220 (00:08)
MOT25-07 30 1920x1080 1762 (00:59)
MOT25-09 30 1920x1080 3846 (02:09)
MOT25-11 30 1920x1080 1410 (00:47)
MOT25-13 30 1920x1080 3936 (02:12)
MOT25-15 30 1920x1080 991 (00:33)

4.2 Xay dung bd dir litu MOT25 Chi tiét qua trinh huan luyén

4.2.1 Xay dung tracker
Tu tap dir lieu MOT?25, tién hanh chay tuan tu tap 1énh (duoc cong bd boi nghién
clru cua tac gia [32]) sau trén mdi truong ctia Google Colaboratory [33] (bat ché do six
dung bo tang téc phan cimg GPU) dé xdy dung bd dir liéu tracker cho bai nghién ciru.
Tién hanh chay mo hinh dé phat hién cac doi tuong trén cac bd dir ligu da chuan bj nhu

Sau:

Budre 1: Cai dit mot s6 thu vién hd tro can thiét va mo hinh CenterNet.

'pip install -U torch==1.4 torchvision==0.5 -
f https://download.pytorch.org/whl/cul0Ol/torch stable.html

import os
from os.path import exists, join, basename, splitext

git repo url = 'https://github.com/xingyizhou/CenterNet.git
!

project name = splitext (basename (git repo url)) [0]

if not exists(project name):


https://download.pytorch.org/whl/cu101/torch_stable.html

32

# clone

!git clone -q --depth 1 $git repo url

# fix DCNv2

!cd {project name}/src/lib/models/networks && rm -
rf DCNv2 && git clone https://github.com/CharlesShang/DCNv2
.git && cd DCNv2 && ./make.sh

# dependencies

!cd Sproject name && pip install -g -r requirements.txt

Buéc 2: Cai dat FairMOT chira source code dé chay video
!git clone https://github.com/microsoft/FairMOT.git && cd F
airMOT && pip install -g -r requirements.txt

Sau khi doan Iénh dugc thyc thi thanh cong, cAu tric thu muc cua Google Colab
s€ hién thi thém thu muc FairMOT. Lic nay ta s€ vao thu muc videos va tién hanh tai 1én
nhirng video da duoc chuan bi tir trude dé tién hanh tao bo dit liéu tracker cho bai nghién
cuu.

Buéc 3: Di chuyén dudng dan vao thu muc models va tién hanh tai xubng mo
hinh Fairmot_d34 cho bai. M hinh co s& FairMOT (xuong song DLA34) di duoc huan
luyén trude trén mo hinh CrowdHuman (xuong séng DLA34) véi s6 epoch 1a 60 cling
phuong phap hoc tap tu giam sat (self-supervised), sau d6 dugc dao tao trén tap dit li¢u
MIX véi epoch 1a 30.

'cd /content/FairMOT && mkdir models && cd models && gdown
'https://drive.google.com/u/0/uc?id=1pl -
ael 8wWERAUREEnal quV_VFZbEVRT !

Buwéc 4: Tiép tuc tai xudng mo hinh ctdet_coco_dla_2x
'cd /content/FairMOT/models && gdown 'https://drive.google.
com/u/0/uc?id=11gRQjsG9BawIl8S1FomMg5iwkbongSpi"’

Buéc 5: O doan 1énh nay ta tién hanh thay ddi file minh can chay bang cach thay
thé chuéi MOT25-01.mp4 bang tén cua file can chay va chudi result-MOT25-01 bang tén
thu myc s& chira két qua sau khi chay xong.

!cd /content/FairMOT/src/ && python demo.py mot --

load model ../models/fairmot dla34.pth --conf thres 0.4 --
input-video ../videos/MOT25-01.mp4 --output-root ../result-
MOT25-01/

Két qua hién thi trong thu muc result bao gdm video dd duogc detect (s& 1a file

tracker ciia bai luan van) va file chira ndi dung chi tiét cc thong sd ciia video nay cling
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voi thu muc chira bo hinh anh 13 cac frame duge cét ra tir video. Lap lai bude 5 cho toi
khi hoan tat 8 file video d4 chudn bi, thu dugc bo data tracker.
Duéi day 1a mot s6 hinh anh duoc chup lai tr nhitng video sau khi chay detect

nhitng nguoi di bo.

frame: 138 fps: 4.01 num: 17

Hinh 4.2: Detect ngudi di b & khu vie Thanh that Tay Ninh
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Hinh 4.4: Detect nguwoi di bd khu vieee kham bénh ctia bénh vién
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Hinh 4.6: Detect ngudi di b khu vire mua sim & siéu thi

4.2.2 Xay dung ground true

Véi by data tracker thu dugc ¢ budc phia trén, tir cac frame dugc xuét tir video,

tién hanh danh nhin cho céac frame nay. Tu do, ta thu dugc bd ground true.
4.3 Danh gia va so sanh cac b dir li€éu voi TrackEval

Dé tién hanh so sanh va danh gia cac bo dir liéu, ta ciing can thuc thi tap 1énh véi
Google Colaboratory. Qua trinh nhu sau:

Buéc 1: Truy cap vao Google drive dé co thé thao tac véi cac thu muc

from google.colab import drive
drive.mount ('/content/drive"')
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Buéce 2: di chuyén dén thu muc 1am viée. O day luan van st dung thu myc MOT
14 noi chtra source code cuia dé tai, sau do6 tién hanh tai vé source code cua tac gia duogc
cong khai tai [29].

$cd /content/drive/My Drive/MOT
!git clone https://github.com/JonathonLuiten/TrackEval

Buwéc 3: sau khi hoan thanh viéc tai vé source code can thiét, ta di chuyén dén thu
muc TrackEval. Tép dit li¢u data.zip dugc tac gid luu trit & duong link nay. Sau khi tai
vé, tién hanh upload bo data vao thu muc trén dé giai nén.

$cd /content/drive/My Drive/MOT/TrackEval
'unzip data.zip

Buéc 4: Chuan bi bo data tracker va ground true cung thiét 1ap file code dé chay
tuong tng v6i hudng dan cia tac gia [29] sau d6 tién hanh thyc thi doan 1énh duéi day:

import sys

import os

import argparse

from multiprocessing import freeze support

# sys.path.insert (0, os.path.abspath(os.path.join(os.path.d
irname( file ), '..')))
import trackeval # noga: E402

freeze support ()

# Command line interface:

default eval config = trackeval.Evaluator.get default eval
config ()

default eval config['DISPLAY LESS PROGRESS'] = False
default dataset config = trackeval.datasets.MotChallengeZ2DB
ox.get default dataset config()

default metrics config = {'METRICS': ['HOTA', 'CLEAR', 'Ide
ntity'], 'THRESHOLD': 0.5}
config = {**default eval config, **default dataset config,

**default metrics config}

# m———m————m— e
==============================4#

config['TRACKERS FOLDER'] = '/content/drive/My Drive/MOT/Tr
ackEval/data/trackers/mot challenge/'

config['GT FOLDER'] = '/content/drive/My Drive/MOT/TrackEva

1/data/gt/mot challenge/'


https://omnomnom.vision.rwth-aachen.de/data/TrackEval/data.zip

37

config['BENCHMARK'] = 'MOT25'
T S
R Ry

eval config = {k: v for k, v in config.items() 1if k in defa
ult eval config.keys ()}

dataset config = {k: v for k, v in config.items() if k in d
efault dataset config.keys ()}

metrics config = {k: v for k, v in config.items() if k in d

efault metrics config.keys()}

# Run code
evaluator = trackeval.Evaluator (eval config)
dataset list = [trackeval.datasets.MotChallenge2DBox (datase
t config)]
metrics list = []
for metric in [trackeval.metrics.HOTA, trackeval.metrics.CL
EAR, trackeval.metrics.Identity]:

if metric.get name() in metrics config['METRICS']:

metrics list.append(metric(metrics config))

if len(metrics list) ==

raise Exception('No metrics selected for evaluation')
evaluator.evaluate (dataset list, metrics list)

Tién hanh chay danh gia lan lugt véi MOT15, MOT16, MOT17, MOT20 va
MOT25 ta thu dugc két qua nhu sau:

MPNTrack - pedestrian

10
0.8 4
0.6 -
w —— HOTA (0.54)
ﬁ — Deth (0.5)
D4 4 —— Assh (0.58)
=== [etRe (0.62}
----- DetPr (0.64)
07 4 === AssRe (0.68)
----- AssPr(0.73)
— Loch [(0.82)
0.0 T T T T
0.0 0.2 0.4 06 08 140

alpha

Hinh 4.7: Két qua chay TrackEval ciia b) MOT15
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MPNTrack - pedestrian

10
_________ __________.--'
.I-I-I“'"""r__l
0.8 A -
0.6 —————
w —— HOTA (0.6)
B —— DetA {0.54)
04 4 —— Assh (0.66)
=== DetRe (0.56])
----- DetPr (0.9}
024 ==- AssRe (0.7)
----- AssPr (0.88)
—— LocA (0.91)
DU T T T T
0.0 0.2 0.4 L 08 10
alpha
Hinh 4.8: Két qua chay TrackEval ciia b) MOT16
10 MPNTrack - pedestrian
o8 ____ LF;
0.6 -
w — HOTA {0.62])
& —— DetA {0.58)
pa 4 —— Assh (0.66)
=== [DetRe (061}
----- DetPr (0.89)
0.2 { === AssRe (0.72)
----- AssPr(0.86)
—— Loch (0.9)
0.0 T T T T
0.0 0.2 0.4 L 5 10

alpha

Hinh 4.9: Két qua chay TrackEval ciia b MOT17
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MPNTrack - pedestrian

10
0.8 -
06 -
w —— HOTA (0.55)
§ — [eth (0.58)
04 4 = Assh(0.51)
=== DetRe (0.61)
----- DetPr (0.82)
02 4 ==- AssRe (0.56)
----- AssPr(0.74)
— Loch (0.84)
0.0 T T T
0.0 0.2 0.4 0.6

alpha

Hinh 4.10: Két qua chay TrackEval ciia b MOT20

Tir biéu dd cua cac bo MOT 16 dén 20 trén ta thiy cac thong db, a6 do (metrics)

déu trén 50%. Trong do, tat ca cac bo dir liéu déu dat cao nhét 1a LocA dao dong tur 82%
dén 91%. Dbi véi MOT15,16,17 thap nhat 1a chi s6 DetA véi gia tri lan luot 1a 50%,
54%, 58%, MOT20 1a chi s6 AssA véi 51%. Cac chi sd con lai kha twong dong dao dong

tr 55% dén 89% vdi tat ca cac bo MOT.

MPNTrack - pedestrian

10
E'._]:.-.._..,.I.I---....
—E e ta.
0.8 - —SalnnIel
0.6 4 :-‘L-
. — HOTA {0.5]
§ — Deth (0.44)
0.4 | —— AssA (0.57)
—== DetRe (0.55)
..... DetPr (0.57)
02 { === AssRe (0.64)
..... AssPr (0.6T)
0.0 ' ' I
+ - 0.4 06

alpha

Hinh 4.11: Két qua chay TrackEval ciia b§ MOT25
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Ttr biéu d6 ctia bd MOT25 ta thdy chi s6 LocA van dat gié tri cao v&i 77%, gié tri
DetA thip nhat voi 44%, cac chi s6 con lai dao dong tir 50% dén 67%. Vi Iy do & Viét
nam it nguoi di bg, thuong di chuyén trén xe may va tinh trang dich bénh COVID dang
dién bién phirc tap nén chua thé quay duoc cac video v6i mat d6 ngudi di bd cao. Cing
v6i d6 bo dir liéu huan luyén ciia mo hinh chua cé huan luyén cic hinh anh nay (ngdi xe
may, di xe may,...) cho nén két qua phat hién d6i tuong thap hon rat nhiéu so véi bo dir
lidu cong bd trén trang MOT Benchmark.

Két qua chi tiét ctia cac biéu do duoc mo ta trong bang sau:

Biang 4.2: Két qua cac chi s6 danh gia ciia bo data MOT25

Video HOTA MOTA IDF1 MT ML IDs
MOT25-01 72.3% 49.5% 47.4% 84 72 371
MOT25-03 86.0% 83.2% 91.0% 9 10 13
MOT25-05 71.9% 15.7% 31.9% 8 12 34
MOT25-07 80.8% 21.6% 59.1% 34 20 115
MOT25-09 91.6% 32.9% 64.5% 33 11 145
MOT25-11 92.9% 48.5% 73.1% 11 3 39
MOT25-13 92.5% 51.2% 74.7% 70 21 210
MOT25-15 95.4% 53.9% 76.6% 11 3 40

Bang 4.3: Két qua tong hop cac chi s danh gia ciia cac bd data

Dataset | HOTA | MOTA | IDF1 MT ML IDs

MOTIS | 68.3% | 53.9% | 68.3% 237 138 413

MOT16 | 665% | 59% 68.4% 160 131 404

MOTL7 | 69.79% | 64.4% | 71.2% 649 360 1344

MOT20 | 67.79% | 72.1% | 67.8% 1070 236 2674

MOT25* | 833% | 234% | 59.9% 252 142 967
4.4 Nhén xét

Nhin chung tat ca cac bo dir liéu déu nhan dién dugc déu trén 50%, tuy nhién bo
dir liéu ¢ Viét Nam con kha yéu kém so véi cac bo dit 1i€u con lai vi cac ly do duoc liét

ké ¢ trén. Tur d6 cling nhéan ra phuong phap luén van xay dung so sanh véi bo dir liéu co
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san thi két qua kha 6n dinh, con bo dit liéu tw xay dung thi chii quan. Chi s6 MOTA thap
cho thfiy do chinh xac cua hé théng khi detech trén bo dir liéu MOT25 kém so voi cac bd

dir li¢u khac.
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CHUONG 5. KET LUAN VA HUONG PHAT TRIEN
5.1 Két qua nghién ciru ciia dé tai

Viéc nghién ctru bai toan theo vét da d6i tuong da va dang duoc nhiéu nha nghién
ctru ddc biét quan tim trong thoi gian gan day. Muc tiéu cua cac cong trinh nghién ciru
nay 13 tim ra phuong phap hiéu qua dé phat hién chinh xac d6i twong cling nhu danh gia
chinh xac dugc do chinh xac ciia timg mé hinh cy thé. Pong thoi cac nghién ctru cling
lién tuc tong hop va danh gia cac két qua ciia nhiéu cong trinh khac nhau, gop phan cap
nhat lién tuc xu thé nghién ctru trong linh vyc theo vét da d6i tuong. Voi dé tai luan van
nay, tac gia da tap trung nghién ctru cac cach thirc va tmg dung hoc sau dé tién hanh theo
vét da doi tuong trén bo dir liéu cua minh, cu thé:

Xay dung duoc bo data tracker va ground true c6 tén MOT25 gdm tong cong 8
video v6i do dai tir 20 dén 90 gidy trén mdi video tap trung & khu vuc cong cong Thanh
ph6 H6 Chi Minh va T4y Ninh. Sau d6, chay TrackEval dé danh gia véi két qua thu duoc
trén bo chi s6 danh gia HOTA, MOTA, IDF1, MT, ML , IDs lan luot 1a 83.3%,
23.4%, 59.9%, 252, 142, 967. Tuy nhién voi két qua nay thi ludn vin van con c6 thé cai

thién thém dé co thé dat duoc hiéu nang tdt hon trén bo data tot hon nita.
5.2 Han ché ciia dé tai

Trong qué trinh thuc hién bai luan luan nay ciing khong tranh khoi thiéu sot:

— BO6 dit lidu chua t6i wu: s6 lugng ngudi di bd trong mdi video kha it, chua quay
dugc video véi tan s ngudi di chuyén cao.

— M@ hinh (véi bg dir liéu training dugc sir dung) chura ¢4 nhiéu tu thé va hanh dong
ctia ngudi nhu tu thé ngdi, ngdi Xe may, lai xe, ci nhit do,.. von phd bién & Viét

Nam, chi phat hién duoc $6 it nguoi voi tu thé nay.
5.3 Huéng phat trién cia dé tai

Van dé kién nghi va huéng di tiép theo ctia nghién ctru:

— Xay dyng thém nhiéu bd data médi véi sé lwong ngudi nhiéu hon, khu vuc quay
video da dang hon.

— St dung thém nhiéu mé hinh khéac hoidc tu xay dung mot mo hinh maéi dé thuc

hién viéc tracker phong phu hon.
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