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TOM TAT

Tén dé tai: Hé thong nhan dang mat do giao thong tir ngudn camera cong cong.
Sinh vién 1 thyuc hién: Nguyén Tién Trong S6 thé SV: 102200291
Sinh vién 2 thyc hién: Nguyén Kiéu Quéc S6 thé SV: 102200282
L6p: 20TCLC_KHDL

Trong qua trinh diéu khién va quan 1y giao thong, viéc gidm sat mat do giao thong
dong vai trd quan trong trong viéc cung cap thong tin kip thoi va chinh xéac, gitp giam
thiéu tic nghén va tai nan. Dé giai quyét van dé nay, chung em di xay dung mot hé
théng nhan dang mat d6 giao thong tir ngudn camera cong cong, nham hd trg cong tac

diéu hanh giao thong hiéu qua hon.

Pé dat duoc muyc tiéu ndy, chung em da nghién ctru va ap dung cac phuong phap va
thuat toan nhan dién hinh anh, két hop v6i cac cong nghé tién tién nhu hoc sau (deep
learning) va xtr Iy anh s6. Hé thong nay st dung dit liéu tir cac camera cong cong dé
phan tich va xac dinh mat do giao thong tai cac khu vuc cu thé, tir d6 cung cp thong

tin chinh xac va kip thoi cho cac co quan quan ly giao thong.

Ching em cling da xay dung mot co s& dit liéu phong pht va da dang, chira thong tin
vé cac diéu kién giao thong thuong gip trong thuc té. Qua qua trinh nghién ctru va thir
nghi¢m, hé théng da cho théy hiéu qua cao trong viéc nhan dang mat do giao thong.
Tuy nhién, van con mot sd diém can cai thién dé hé théng tré nén hoan thién hon.

Trong thoi gian t6i, chung em s& tiép tuc phat trién va hoan thién hé théng, nham nang
cao do chinh xé&c va hi¢u qua trong vi¢c nhan dang mat dg giao thong, gop ph?m vao

viéc quan ly giao thong thong minh va hiéu qua hon.
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LOI NOI PAU

Trong bdi canh phét trién manh mé& ctia d6 thi hoa va ting trudng dan sd, viée quan 1y
va diéu tiét giao thong tré thanh mot thach thire 16n dbi voi cac co quan chic ning.
Mat dg giao thong ngay cang gia tang doi hdi cac bién phap quan ly phai hiéu qua va
kip thoi. Dé hd tro cho cong tic nay, viéc Gmg dung cong nghé vao giam sat va phan
tich giao thong dang tré thanh mot xu hudng tit yéu. Do an "Hé thdng nhin dang mat
d6 giao thong tir ngudn camera cong cong" duoc thyc hién véi muc tiéu nghién ciru va
phat trién mot hé thong c6 kha ning gidm sat va nhan dang mat do giao thong, nham

cung cap thong tin chinh xac va kip thoi cho viée diéu hanh giao thong.

Hé thong nay sir dung céac thuat toan nhan dién hinh anh va cong nghé hoc sau (deep
learning) dé phan tich dit liéu tir cic camera cong cong. Qua do, chung em hy vong sé&
g6p phan nang cao hiéu qua quan 1y giao thong, giam thiéu tinh trang Un tic va tai nan
giao thong, dong thoi tao ra mot moi truong giao thong an toan va thudn tién hon cho
nguoi dan.

Pé hoan thanh dd 4n nay, chung em da nhan dugc sy giap do va hd trg tir nhiéu ca
nhan va to chirc. Ching em xin bay t6 long biét on sau sic dén Thay Nguyén Téan
Khoi, anh Nguyén Minh Hoang da tan tinh hudng din, cung cép kién thic va kinh

nghiém quy bau, ciing nhu déng vién ching em trong sudt qua trinh thuc hién d6 an.

V6i nhitng két qua dat duoc, hé théng s& gép phan cai thién tinh hinh giao théng va

nang cao chat lugng cudc song cho cong dong.



CAM DOAN

Chung t6i xin cam doan rang toan b ndi dung cua dd an t6t nghiép "Hé thdng nhan
dang mat d6 giao thong tir ngudn camera cong cong" 1a do chinh chung t6i thuc hién

dué6i su huéng dan cua thiy Nguyén TAn Khoi va anh Nguyén Minh Hoang.

Trong qua trinh thyc hién dd 4n, ching t6i dd nghién ctru, thu thap va tong hop thong
tin tir cac ngudn tai liéu tham khao, va da trich dn diy da cac ngudn nay theo quy
dinh vé 1iém chinh hoc thuét. Tt ca cac sb licu, két qua va nhan xét trong dd 4n déu 1a
trung thuc, khach quan va chua ting dugc stir dung dé bao vé mot do an, luan van hodc
cong trinh nghién ctru nao khéc.

Chung t61 xin chiu trach nhi¢m hoan toan vé tinh trung thuc va chinh xac cua ndi dung
trong do an nay.

Pa Niang, ngay 16 thang 06 nim 2024

Sinh vién 1 Sinh vién 2

Nguyén Tién Trong Nguyén Kiéu Quéc
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DANH SACH CAC KY HIEU, CHU VIET TAT

Tir viét tit Tur dién giai

YOLOV9 You Only Look Once version 9

PGI Programmable Gradient Information

GELAN Generalized Efficient Layer Aggregation Network
SSD Single Shot MultiBox Detector

TP True Positives

FP False Positives

CNN Convolutional Neural Network

FN False Negative

GT Ground Truth




Hé théng nhén dang mdt do giao thong tir nguén camera céng cong

MO DAU

1. Muc dich thwe hién dé tai

Dé tai "Hé théng nhan dang mat d6 giao thong tir ngué)n camera cong cong" duoc thuc
hién nham phat trién mot hé théng giam sat giao thong thong minh, sir dung cong nghé
nhan dién hinh anh va hoc sau (deep learning) dé phan tich va danh gid mat d6 giao
thong tir dit liéu thu thip qua cac camera coéng cong. Muc dich chinh cua dé tai 1a hd
trg cac co quan chirc ning trong viéc quan 1y giao thong hiéu qua, giam thiéu un tic va

tai nan giao thong, va nang cao chat lugng cudc séng do thi.
2. Muc tiéu dé tai
a. Xdy dung mét hé thong nhian dang mat do giao thong:

- Phén tich va xu 1y dir li¢u hinh anh tir cdc camera giao thong cong cong ¢ ba
Nang.

- Ap dung cac thuat toan hoc sau dé nhan dién va danh gia mat do giao thong.

b. Phat trién co sé dir liéu giao thong:

Tao lap va quan 1y mot co so dit liu da dang va phong phu, chia thong tin vé cac
tinh hudng giao thong thuc té.

(]

. Kiém tra va danh gia hiéu qua hé thong:

Thir nghiém hé théng trong cac diéu kién giao thong khac nhau dé danh gia do

chinh xac va hi¢u qua cua h¢ thong.

3. Pham vi va doi twong nghién ctru

QD

. Pham vi nghién ciru:

- Nghién ctru cac thuat todn nhan dién hinh dnh va hoc sau (deep learning) trng dung
trong linh vyc giao thong.

- Thu thap va xtr Iy dit liéu tir cic camera giao théng cong cong tai mot sé khu vuc &
Pa Nang.

- Phat trién va thir nghiém hé thdng trong méi truong gia 1ap va thuc té.

b. Pdi twong nghién ciru:

- Céc camera cong cong ¢ DPa Nang va dit liéu hinh anh thu thap tir cAc camera nay.

- Céc thuat toan va moé hinh hoc sau dung dé phan tich va nhan dang mat d giao

thong.

SVTH: Nguyén Tién Trong, Nguyén Kiéu Qudc Hudng dan: PGS.TS Nguyén Tén Khoi



Hé théng nhén dang mdt do giao thong tir nguén camera céng cong

4. Phwong phap nghién ctru
a. Nghién ciru Iy thuyét:

- Tim hiéu cac khai niém co ban v€ nhan dién hinh anh, xtr ly anh s6 va hoc sau.
- Tham khao cac tai li€u, cong trinh nghién ctru lién quan dén giam sat va quan ly

giao thong.
b. Phén tich va thiét ké hé théng:

Phén tich yéu cau, thiét ké kién trac hé thdng va cac thanh phan chinh.

Xay dung mo6 hinh va lya chon cac thuat toan phu hop.

o

. Thue nghiém va danh gia:

- Thu thap dir li¢u tir cdc camera giao thong.

- Trién khai cac thuét toan hoc sau dé phan tich dir li¢u.

- Thir nghiém hé thdng trong cac tinh hudng giao thong khac nhau va danh gia hiéu
qua.

5. Bo cuc

Mo dau

Chuong 1: Co s 1y thuyét

Chuong 2: Phan tich thiét ké hé théng

Chuong 3: Két luan va hudng phat trién

SVTH: Nguyén Tién Trong, Nguyén Kiéu Qudc Hudng dan: PGS.TS Nguyén Tén Khoi



Hé théng nhén dang mdt do giao thong tir nguén camera céng cong

Chuong 1: CO SO LY THUYET

Trong chuwong nay, trinh by tong quan vé thie trang san pham, cdc van dé can gidi
quyét va gidi phdp dé nhdn dang mdt dp giao théng. Bén canh do, trinh bay vé kién
thire Iy thuyét va kién triic vé mang YOLOVY va hwéng tiép cdn bai todn.

1.1. Thuc trang san pham

Hién nay, cac san phim vé nhan dang mat do giao thong tir ngudn camera cong cong
d3 dat duoc nhitng bude tién dang ké va dugc 4p dung trong nhiéu tmg dung thuc té.
Nhiéu hé théng da dat dugc do chinh xac cao trong viéc phan tich va nhan dang mat
d6 giao thong thong qua su két hop giita cic cong nghé hoc may va hoc sau, dong thoi
cai thién dang ké vé toc do xir Iy trong thoi gian thuc. Nhitng hé thong nay dap ung
yéu ciu cta cac tmg dung thuc té nhu quan Iy va diéu hanh giao thong, hd tro 14i xe

thong minh, va gidm sat an ninh giao thong.

Tuy nhién, médc du da c6 su phat trién tich cuc, san phém nhan dang méat d§ giao thong

tor ngudn camera cong cong van doi1 mat vdi mot s6 thach thirc nhu:

- Piéu kién anh sang yéu va thoi tiét khic nghiét: Hé thong co thé gip khé khin
trong viéc nhan dién chinh xdc mat d6 giao théng vao ban dém hoic trong diéu
kién thoi tiét xdu nhu mua, swong mu.

- Goc quay va vi tri camera: Viéc ddt camera & cac vi tri khong toi wu hodc goc quay
khong pht hop 6 thé 1am giam hiéu qua cta viéc nhan dién va phan tich giao
thong.

- Pa dang tinh hudng giao théng: Giao théng phirc tap voi nhiéu tinh hudng khac
nhau, chiang han nhu cac su kién giao thong bat ngd, cong trudng xay dung hoic
cac khu vuc c6 mat do giao thong cao dot ngot, cling 1a nhitng thach thuc 16n.

- Chét lugng va do phan giai hinh anh: Nhiéu camera cong cong hi¢n tai st dung
cong nghé cil, 4o phan giai thap, anh huong dén kha nang phan tich va nhan dién
mat dj giao thong.

- Kha ning md rong va tinh tuong thich: Hé thong can kha nang mé rong dé tich hop
v6i cac hé thong hién cé va tuong thich v6i nhiéu loai camera khac nhau dé dam
bao tinh linh hoat va hiéu qua.

Nhirng thach thirc ndy can duoc giai quyét dé cai thién higu suat va do tin ciy cia hé

thong nhan dang mat do giao thong tir nguén camera cong cong. Viéc ap dung cac

cong nghé méi, toi ru hoda thuat toan va cai thién co s ha ting 1a nhiing huéng di can

thiét dé phat trién cac san pham nay trong twong lai.

SVTH: Nguyén Tién Trong, Nguyén Kiéu Qudc Hudng dan: PGS.TS Nguyén Tén Khoi



Hé théng nhén dang mdt do giao thong tir nguén camera céng cong

1.2. Mat d¢ giao thong

1.2.1. Dinh nghia va do lwong

Mat d6 giao théng thudng duge do bing sd lwong phuong tién (xe hoi, xe may, xe
dap, v.v.) trén mot km hodc mot dam duong. Pon vi phé bién 1a xe/km hodc
xe/mile.

Mat d6 giao thong ciing c6 thé duoc do bing sé lwong phuong tién trén mot don vi
dién tich nhét dinh, chéng han nhu sb luong xe trong mot khu vuc trung tam thanh

phé.

1.2.2. Yéu t6 anh hwéng

Gio cao diém: Thoi gian trong ngay khi mat d6 giao thong ting cao, thudng 13 budi
sang khi moi nguoi di 1am va budi chiéu khi tan tam.

Sy cb giao thong: Tai nan, cong trinh xay dung hoic su cd bat ngd khac c6 thé 1am
tdng mat do giao thong cuc bg.

Co s ha tang: D6 rong va chét luong ciia dudng, sb lugng lan duong, hé thong dén

tin hi¢u va céc bién phép quan ly giao thong khéc.

1.3. Giéi thiéu vé YOLOV9
YOLOV9 (You Only Look Once version 9) 1a mot mé hinh hoc sau tién tién duoc thiét

ké cho viéc nhan dang dbi twong thoi gian thyc. N6 nham cai thién cic phién ban trudce

vé d6 chinh xéc, hiéu qua tinh toan va d phic tap ctia mé hinh. [1]

1.3.1. Kién triic mang YOLOV9
Kién trac mang yolov9 gém 3 phan 1a Backbone, Neck, va Head. [2]

a. Backbone

Backbone trong YOLOV9 chiu trach nhiém trich xuat cac dac trung (features) tir anh

dau vao. N6 thuc hién cac tac vu sau:

Trich xuat dic trung cdt 16i: Backbone st dung cac 16p convolutional dé trich
Xuit cac dic trung quan trong tir anh dau vao. Cac 16p nay dan dan giam kich
thudc khong gian cua anh, trong khi ting chiéu siu cia cic dic trung (feature
maps).

Giam kich thuéc: St dung cac 16p convolutional va pooling (ADown) dé giam
kich thudc khong gian clia cac feature maps, gitp giam s6 luong tinh toan va ting
cuong kha nang triru tugng hoa.

Két hop cac dic trung: Cac 16p nhu RepNCSPelan4 gitip két hop va triru tuong
héa cac dic trung tir cc ting khac nhau.

b. Neck
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Neck trong YOLOV9 chiu trach nhiém xir 1y va két hop cac dic trung tir Backbone dé

chuén bj cho qua trinh phat hién dbi tuong. No thyc hién cac tac vu sau:

Ting kich thwée (Upsampling): St dung céc 16p upsampling dé ting kich thudc
khong gian cua cac feature maps, giup giit lai cac dic trung quan trong tir cac tang
sau hon.

Két hop diic trung (Concat): Két hop cic feature maps tir cac ting khac nhau
ctia Backbone, giup tong hop thong tin tir cic mirc do triru twong khac nhau.

Tao ra cac feature maps da quy mé: St dung céc l6p nhu SPP va cac 16p
convolutional khac dé tao ra cac feature maps c6 kich thude khac nhau, giup phat

hién ddi tuong & cac kich thude khac nhau.

c. Head

Head trong YOLOV9 chiu trach nhiém du doan cac bounding boxes va céac 16p (class)

cua cac doi tugng trong anh. N6 thyc hién cac tac vu sau:

Phat hién d6i twong (Detection): Str dung cac 16p convolutional cudi ciing dé du
doan cic bounding boxes va xac suat 16p cho mdi dbi tuong trong cac feature
maps.

Phat hién da quy mo: St dung cic feature maps tur cac kich thudc khic nhau
(80x80, 40x40, 20x20) dé phat hién cac dbi tuong & cac kich thudc khac nhau,
gitip cai thién kha ning phat hién cac dbi twong nho va 1on.

Dy doan toa dd va 16p ciia bounding boxes: Str dung cac 16p cudi cing dé du

doén toa dg va 16p cua cac bounding boxes cho mdi ddi tuong dugc phat hién.
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Hinh 1: Kién triic mang yolov9

Mo ta chi tiét cac module trong YOLOVY:

- Silence: Khéi khoi dau, khong thuc hién phép toan nao ma chi chuyén tiép dit licu.

- Conv (Convolution): Cac 16p tich chap, co thé c6 kernel size va stride khac nhau,

thuc hién phép tich chap dé trich xut dic trung tir hinh anh.
- RepNCSP (ELAN4): Khdi tap hop céc 16p tich chiap va ReLU (Rectified Linear

Unit) dé tao ra cac dic trung phirc tap hon.
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- ADown (Average Downsample): Khdi giam kich thudc bing phép toan trung binh
dé giam s luong théng tin nhung giit nguyén théng tin quan trong.

- Concat (Concatenate): Ghép ndi cac dic trung tir nhiéu mirc do khac nhau dé tao ra
thong tin phong pha hon.

- Upsample: Phép toan ting kich thudc cua dic trung dé phu hop véi cac dic trung
khac trong qua trinh ghép ndi.

- RepNCSP(ELAN4): Tiép tuc st dung cac khdi tich chap dé 1am giau thém thong
tin dac trung.

- ADown: Giam kich thudc dé pht hop véi cac phép toan tiép theo.

- Detect: Cac khdi thuc hién phép toan dy doan, bao gém viéc xac dinh vi tri, kich

thudc va loai cua cac doi tuwong trong hinh anh.

1.3.2. Nhirng cai tién cét 16i trong YOLOV9
Nhitng tién bo cia YOLOV9 bat ngudn sdu sic trong viéc giai quyét nhitng thach thirc
do mat thong tin trong cdc mang no-ron sau. Nguyén tic tic nghén thong tin va viéc sir
dung sang tao cac Chirc ning déo nguoc 1a trong tim trong thiét ké ctia nd, dam bao
YOLOV9 duy tri hiéu qua va d¢ chinh xac cao [3].
a. Information Bottleneck Principle
- Nguyén tic tic nghén thong tin (Information Bottleneck Principle) cho thdy mot
thach thirc co ban trong hoc sau: khi dir liéu di qua cac 16p lién tiép cua mang, kha
ning mat thong tin ting 1én. YOLOV9 chdng lai thach thirc nay bang cach trién
khai thong tin chuyén mau c6 thé 1ap trinh (PGI), hd tro bao quan dit liéu thiét yéu
trén d0 sau cua mang, ddm bao tao gradient dang tin cdy hon va do do, hoi tu mo
hinh va hiéu suét tot hon.
b. Reversible Functions
- Khai niém vé chuc niang dao nguoc (Reversible Functions) 1a mot nén tang khac
trong thiét ké cuia YOLOV9. Mot ham duoc coi 1a ¢6 thé dao nguoc néu no cé thé
dugc dao nguoc ma khong bi mat théng tin YOLOV9 két hop cac chirc ning dao
nguoc trong kién triic ciia né dé giam thiéu nguy co suy thoai thong tin, dic biét 1a
O cac 16p sau hon, dam bao bao toan dir liéu quan trong cho cac nhi¢m vu phat hién
d6i tuong.
c. Impact on Lightweight Models
- Giai quyét mat thong tin ddc biét quan trong ddi v6i cac mo hinh nhe, thuong
khong duoc tham sé hoa va dé bi mat thong tin quan trong trong qua trinh chuyén

tiép. Kién triic cia YOLOVY, thong qua viéc sir dung PGI va cac chic ning dao
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nguoc, dam bao rang ngay ca voi mot mo hinh duoc sap xép hop 1y, thong tin can
thiét dé phat hién dbi twong chinh x4c van duoc gitr lai va sir dung hiéu qua.
d. Programmable Gradient Information (PGI):

- PGI duoc gidi thiéu dé giai quyét cac thach thirc v& mat thong tin trong qua trinh
trich xuét dic trung va chuyén d6i khong gian trong mang siu.

- N6 dam bao thong tin dau vao hoan chinh c6 sén cho nhiém vu muc tiéu, tao diéu
kién thuén lgi cho thong tin gradient dang tin cay dé cap nhat trong sb cua mang.

- PGI ¢6 thé thich nghi cho cdc m6 hinh khac nhau, tir mo6 hinh nhe dén mé hinh 16n,
va giup dat duoc két qua tot hon ngay ca khi dugc hudn luyén tir dau so voi cac mo

hinh duoc tién huin luyén trén céac tap dir liéu 16n.
e. Generalized Efficient Layer Aggregation Network (GELAN):

- GELAN la mdt kién tric mang nhe dugc thiét ké dya trén 1ap ké hoach duong dan
gradient.

- N6 tdi wu hoéa viéc st dung cac toan tir tich chép thong thuong dé dat duoc hiéu
qua str dung tham s tot hon so véi cac phuong phap hién dai sir dung tich chap

theo chiéu sau.

(a) Input Image (b) PlainNet (c) ResNet (d) CSPNet (¢) GELAN

Hinh 2: Két quda truec quan héa ciia ban d6 tinh ndng dau ra trong sé ban dau ngau
nhién cho cdc kién triic mang khdc nhau: (a) Input image, (b) PlainNet, (c) ResNet, (d)
CSPNet va (¢) GELAN

Ttr hinh, chung ta c6 thé thiy ring trong cac kién truc khac nhau, thong tin dugc
cung ca”ip cho ham muc tiéu dé tinh toan ton that bi mat & cac mic d6 khac nhau va
kién trac GELAN c6 thé giir lai thong tin ddy du nhat va cung cap thong tin do doc

dang tin ciy nhat dé tinh toan ham muyc tiéu.

1.4. Nhan dang dbi twgng
Nhan dang doi tugng (Object Detection) 14 qué trinh nhan di¢n va xéac dinh vi tri cta

cac dbi tugng trong mot hinh anh hoic khung hinh video. Nhiém vy niy bao gdom hai
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phan: phan loai cac doi tuong va xac dinh chinh xac vi tri cua ching, thuong bang cac

hop bao quanh (bounding boxes). [4]
Cac phuong phap:

a. Phuong phép truyén théng: Cac phuong phap nay dua vao viée trich xut dic
trung va cac b phan loai hoc may. Cac ky thuat nhu Biéu dd Gradient (Histogram
of Oriented Gradients - HOG), Truong quan tdm (Regions of Interest - ROI), va bo
phan loai SVM d3 ting rat phd bién.
b. Phuong phap hién dai: Vi su phat trién ctia hoc sau (deep learning), cac phuong
phap dya trén mang no-ron tich chap (CNN) tré nén phd bién. Mot s6 mé hinh ndi
tiéng bao gom:
+ R-CNN (Regions with CNN features): Str dung cac ving quan tim dé phat
hién d6i tuong.
Fast R-CNN va Faster R-CNN: Cai tién téc do va hi¢u suét ctia R-CNN,
YOLO (You Only Look Once): Phat hién dbi twong trong mét lan duy
nhat, rit nhanh chong.
+ SSD (Single Shot MultiBox Detector): Két hop tinh chinh xac va tc do.
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Hinh 3: Vi du vé Object Detection
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1.5. Theo déi ddi twong
Theo di dbi trong (Object Tracking) 1a qua trinh theo dai vi tri cia mot ddi tuong cu
thé trong sudt cac khung hinh lién tiép cua video. Muc tiéu 1a duy tri dinh danh cua ddi
tugng va theo dbi chuyén dong cua né. [5]
1.5.1. Giéi thiéu
a. Khai niém
Object Tracking 14 bai toan theo ddi mot hodc nhiéu ddi twong chuyén dong theo thoi
gian trong mot video. Hiéu mot cach don gian nhat, nd 1a bai toan & mic d6 cao hon
so v&i object detection, khi doi tuong duoc xur 1i khong don gian la mot hinh &nh ma la
mdt chudi céc hinh énh.
Néu don gian nhu vdy, ching phai ctr tich video ra thanh cac frame rdi ap dung object
detection véi timg frame 1a dii 10i sao? Ciing khong co gi khé 1am! Puong nhién
khong chi don gian nhu vay, viéc tracking bén canh vi¢c xac dinh cac bounding box,
con quan tAm dén kha nhiéu yéu t6 hodc nhiéu khac nhau:
- ID cta mdi ddi tugng cAn dam bao luén khong ddi qua cac frame
- Khi dbi tuong bi che khuét hodc bién mat sau 1 vai frame, hé théng van can dam
bao nhan dién lai dugc ding ID khi dbi twong xuat hién
- Céc van dé lién quan dén toc d6 xur 1i dé dam bao realtime va tinh ing dung cao
b. Phan loai
Object Tracking c6 thé chia thanh 2 cach tiép cén chinh:
- Single Object Tracking (SOT): Cai tén noi én tit ca, Single Object Tracking tip
trung vao viéc theo ddi mot dbi tuong duy nhit trong toan bd video. Va tit nhién,
dé biét duoc can theo doi dbi tuong nao, viéc cung cép mot bounding box tir ban

dau 1a viéc bat budc phai co.
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Hinh 4: Single Object Tracking

- Mutiple Object Tracking (MOT): Mutliple Object Tracking hudng tdi cac tng
dung c6 tinh mé rong cao hon. Bai toan c¢b gang phat hién dong thoi theo ddi tat
ca cac d6i twong trong tAm nhin, ké ca cac d6i tuong méi xuat hién trong video. Vi
diéu nay, MOT thudng 13 nhirng bai toan khé hon SOT va nhan dugc rat nhiéu sy

quan tam cua gioi nghién ctru.

Brinq - The World’s Best
Multiple Object Tracking

Hinh 5: Mutiple Object Tracking
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Bén canh viéc tiép cn, cac phuong phap giai 1p bai toan nay ciing dugc phan chia rat

da dang, pho bién nhat 1a:

Online Tracking : Khi xtr li video, Online Tracking chi stt dung frame hién tai va
frame ngay trudc dé dé tracking. Cach xir li ndy co thé s& lam giam d6 chinh xéc
ctia thuat toan, tuy nhién no lai phan anh dung cach van dé& duoc xir li trong thuc
té€, khi ma tinh "online" 14 can thiét

Offline Tracking : Cac phuong phap Offline thuong st dung toan bd frame cua
video, do d6 thuong dat dugc dg chinh xac cao hon nhiéu so v&i Online Tracking

Ngoai ra con phan chia theo:

Detection based Tracking : Téap trung vao mdi lién két chit ché giita object
detection va object tracking, tir d6 diwra vao cac két qua cua detection dé theo doi
d6i twong qua cac frame.

Detection Free Tracking : Coi video nhu 1 dang dir li¢u dang chudi, tir do, ap

dung nhitng phuong phap danh riéng cho "chudi" nhu RNN, LSTM, ...

c. Metric danh gia

FP (False Positive) : téng s6 1an xuét hién mot dbi tuong dugc phat hién mac du
khong co d6i twong nao ton tai

FN (False Negative) : tong s6 1an ma d6i twong hién c6 khong dugc phat hién.

ID Switches : téng s6 1an 1 dbi twong bi gan cho 1 ID mdi trong subt quéa trinh
tracking video

MOTA: Mutiple Object Tracking Accuracy

MOTA =1-

+ dt: Khoang céch giira viéc dinh vi cac ddi tugng trong thyc té va dau ra phat
hién
+ ct: téng s6 két qua khép duogce thuc hién gitra nhan dién thuc té va dau ra phat

hién duoc
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- MT (Most Tracked Target) : tinh trong it nhit 80% video
- ML (Most Lost Target) : tinh trong 20% video
- Hz (FPS): Téc d6 tracking

1.5.2. Cac vén dé trong Object Tracking
a. Multiple Object Tracking

Mot phuong phap Mutiple Object Tracking c6 ging huéng dén viée theo ddi tat ca cac
d6i tuong xuét hién trong khung hinh bang viéc phat hién va gin dinh danh cho timg
ddi tuong. Bén canh do, cac ID da dugc gan cho 1 doi tuong can dam bao nhét quan

qua ting frame. Vay, c¢6 nhimg van dé gi dang quan tam ¢ day ?

- Phét hién "tt ca" cac ddi twong: Pay van ludn 1a van dé duoc quan tim nhét trong
object detection va van khong ngiing c6 nhitng phuong phap, nhitng thuat ton cai
thién vain dé nay. Trong object tracking, dac biét 1a detection based tracking, viéc

dam bdo tinh chinh x4c cua qua trinh detect cling vo cung quan trong

- Péi tuong bi che khuét 1 phén hodc toan bo: Khi 1 ID dugc gan cho 1 déi tuong,
ID can dam béao nhét quén trong subt video, tuy nhién, khi mot doi tuong bi che

khuat, néu chi dua riéng vao object detection 1a khong du dé giai quyét van dé nay

- Péi tuong ra khoi pham vi cia khung hinh va sau do xuét hién lai : Tuong ty nhu
van dé trudc d6, ching ta van dang ndi vé chi s6 ID switches. Can giai quyét tot
van dé nhan dang lai doi tuong ké ca viée che khuit hay bién mat dé giam $6 luong

ID switches xuéng muc thip nhét co thé

- Céc ddi trong c6 quy dao chuyén dong giao nhau hodc chong chéo 1én nhau. : Viéc
cac d6i twong co quy dao chdng chéo 1én nhau ciing c6 thé dan dén hau qua gan
nham ID cho cac ddi tuong, ddy ciing 14 vin dé ching ta can chd ¥ xur 1 khi 1am
viéc vo1 Multiple Object Tracking

b. Realtime Object Tracking

Realtime Object Tracking lai quan tim nhiéu hon vé toc do xir 1i ciia phuong phap.

Van chua c6 dinh nghia, tbc d6 nhu thé nao mai duoc goi la realtime (30 FPS, 40 FPS

hay phai nhanh hon thé nita). Thay vi xét vé toc do, chiing ta hiy dinh nghia realtime

mot cach dé hinh dung hon. Phuong phép duoc goi 1a realtime can dam bao toc do dua
ra output 12 nhanh hon hodc it nhat 1a nhanh bang tdc d6 dua vao input.

Trong thuc té, néu viéc xur li tung frame chi khién video c6 d6 tré 1s so véi toc do binh

thuong cua nd, viéc xu i nay cling c6 thé chap nhan rang do 1a realtime. Tuy nhién,
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ngay ca khi chép nhén c6 do tré, viéc dam bao tinh realtime van ludn 1a mot van dé
nan giai. Thong thudng, chung ta co thé bo qua 1 vai frame khong xir 1i cho dén khi
frame hién tai xtr i xong, sau d6 tiép tuc cac frame sau - pha xur li ndy van s& dem lai
cam giac 1a viéc xir li dang 14 realtime, tuy nhién, bu lai, viéc tracking mdi x frame lai
lam giam dang ké tinh chinh x4c mong mudn.

Hién nay, cac nghién cru méi nhat van luén tim kiém nhitng phuong phap du nhanh
dé hudng t6i tinh realtime trong xr li.

1.5.3. Simple Online Realtime Object Tracking
Phan nay minh s& trinh bay vé Simple Online Realtime Object Tracking (SORT), mdt
thuat toan thudc dang Tracking-by-detection (hay Detection based Tracking).

Accuracy vs. Speed

® Proposed
L
100 | @
é | T Realtime ¢
3
S 10! a
A
1 i
- A
15 20 25 30 35
Accuracy (MOTA)
B TDAM@LP2D A TBD & JPDA

B NOMT @ DP.NMS A SMOT # SORT
MDP TC_ODAL ~ MHT_DAM

Hinh 6: Accuracy va Speed ciia SORT

Mot dic diém cua 16p cac thuat toan Tracking-by-detection 1a tach object detection ra

nhu mot bai toan riéng biét va cd gang to1 uu két qua trong bai todn nay. Cong viéc sau
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d6 1a tim cach lién két cac bounding box thu dugc & mdi frame va gan ID cho tirng dbi

twong. Do d6, chung ta c6 mot khung qué trinh xtr 1i véi moi frame méi nhu sau:

- Detect: phat hién vi tri cac d6i twong trong frame

- Predict: Du doan vi tri méi cua cac ddi tuong dua vao cac frame trudc do

- Associate: Lién két cac vi tri detected véi cac vi tri du doan duoc dé gan ID tuong
ung

Vay SORT xt li cac phan Detect, Predict va Associate nhu thé nao ?

a. Giai thuat Hungary trong Object Tracking

- Giai thuat Hungary [6] dugc phat trién va cong bd vao nam 1955, dé xuat dé giai
bai toan phan cong cong vi¢c (assignment problem).

- Thuat toan Hungary trong Object Tracking: C6 n detection (i=1,2, ...,n) van
track predicted (j = 1, 2, ... n). Dé lién két mot detection i véi mot track j gia st
dua vao 1 d¢ do D - D la khoang cach giira 1 va j trong khong gian vector . Bai toan
dit ra 13 can lién két mdi detection v6i mdi track twong tmg sao cho sai s6 cta viéc
lién két 1a nho nht.

- Duavao 2 dinh 1y :

o [BPinh ly]. Gia sir ma trdn chi phi cua bai toan giao viéc la khong dm va co it
nhdt n phan tir bang 0. Hon nita néu n phan tr 0 nay nam ¢ n hang khdc nhau
va n cot khac nhau thi phuwong an giao cho nguoi i thuc hién cong viéc tuong
itng véi s6 0 ndy ¢ hang i sé la phwong én t6i wu (161 gidi) ciia bai todn.

o [Pinh ly]. Cho (=[cy] la ma trdn chi phi cua bai toan giao viéc
(72 ngueoi, nviée) va X *=[xz7]la mot 1o gidi (phwong an t6i wu) ciia bai todn
nay. Gid sir 'C" la ma tran nhdn dwoc tir C bang cdch thém sé a# 0(dwong hodc
dm) vao méi phan tir & hang r cia C. Khi d6 X * ciing 1a 1oi gidi ciia bai todn
giao viéc voi ma tran chi phi 'C".

- Thuat toan Hungary dua vao 2 dinh 1i nay, tir d6 hinh thanh dugc hudng x1r 1i bai
toan: Bién d6i ma tran (cOng trir vao cac hang hodc cot) dé dwa vé ma tran co n
phan tir bang 0 nim & cac hang va cot khac nhau, sau dé, 1iy ra phuong an téi vu 1a
cac vi tri chira cac phan tir 0 nay.

- Cu thé hon, c6 thé chia thuat toan thanh cac buée sau:

« Budc 1 (Budc chuin bi). Trir cac phan tir trén mdi hang cta C cho phan tir nhd
nhat trén hang do, tiép theo trir cac phan tir trén mdi cot cho phén tir nhd nhat
trén cot do. Két qua ta nhan dugc ma tran C' ¢ tinh cht: trén mdi hang, cot c6
it nhat mot phém tir 0 va bai toan giao vi¢c voi ma tran C' co cung 101 gidi nhu

bai toan vo1 ma tran C.
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« Budc 2: V& mot s6 tdi thiéu cac dudng thing trén dong va cot dé dam bao moi
phan tir 0 déu duoc di qua.

« Budc 3: Néu c6 n duong thang duoc v&, két thic thuit toan va tién hanh phan
cong cong viée. Néu sb duong thang duoc v& nhé hon n, van chua tim duogc
phuong 4n phéan cong tdi wu, tién hanh budc tiép theo.

« Budc 4: Mbi hang (hodc cot) co dudng thing v& qua, ta goi cac hang (cot) d6 1a
cac hang (cot) thiét yéu. Cac hang (cot) con lai 1a cac hang (cot) khong thiét
yéu. Tim phan tir nho nhat khong nim trong cac hang (cot) thiét yéu, tién hanh
trir moi hang khong thiét yéu cho phan tir nho nhat dy va cong gia tri nho nhét
ay cho cot thiét yéu. Ta dugc ma tran C*’ ¢6 cung 10i giai v6i ma tran C’. Sau
dé quay lai Budce 2

b. By loc Kalman trong Object Tracking
- Trong object tracking, Kalman Filter [7] dugc biét dén nhiéu nhat v6i vai tro du
doan cac trang thai cua doi tuong hién tai dya vao cac track trong qua khir va
update lai cac detection sau khi da dugc lién két véi céc track trude do.
- Linear Kalman Filter gia dinh cac mé hinh ctia qué trinh (8, Hx) déu 1a cac md
hinh tuyén tinh. Khi d6:
Xg = Fr1Xp—1 + U1
Z = Hi_1x, + wy,
Voi:
o xx ~ N(X,2):

(x,) = ox [_(xk - fk)TZEl(xk — X)
N A 2

o Fi, Hy 1a cac ma trdn n * n (State transistion matrix) va m*n (measurement
function)
o Up ~ N(O,Q) y Wi ~ N(O,R)
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predict

correct

r'ﬂ‘ J
A

Hinh 7: So do cdc budc xit Iy ciia Kalman Filter

Giai doan Du doan (Prediction)

X = Fr1Xp—1 + U1

Dé dy doan cac gia tri trang thai cia qua trinh ngau nhién, ta du doan cac gia tri
mean X va covariance X. Theo tinh chat ky vong va ma tran hi€p phuong sai véi vector
ngau nhién, ta c6 :

Xk= E[x] = E[Fy_1xk—1 + Ug—1] = Fi—1E[xg_1] + E[ug_1] = Fio1 X1

Giai doan hi¢u chinh (Update)
Trong giai doan cap nhat, trang thai du doan va ma tran hiép phuong sai dugc cap nhat
dua trén phép do méi:

o Tinh toan d¢ doan Kalman (Kalman Gain):

Ky = ZxHi o (R + H Z Hg ) ™1

- K;: Do doan Kalman tai thoi diém k.

- J,: Ma tran hiép phuong sai ciia 18i du doan tai thoi diém k.

- Hp: Ma tran do luong, hay con goi la ma tran quan sat, tai thoi diém k.
- HT:Ma tran chuyén vi cua H;"

- R,: Ma trin hiép phuong sai cta 16i do luong tai thoi diém k

o Cap nhat trang thai:
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- xF: Trang thai uéc luong sau khi cip nhat (filtered state estimate) tai thoi
diém k.

- Xy Trang thai udc lugng trude khi cap nhat (predicted state estimate) tai
thoi diém k.

o Cap nhit ma tran hi€p phuong sai:
« Z{ =2y (- KeHo)
- I: Ma tran don vi.

1.5.4. Bytetrack

ByteTrack 1a mot phuong phap theo doi da d6i twong (MOT) duogc thiét ké dé giai
quyét nhitng han ché cua cac hé thong theo ddi hién tai [8]. Cac phuong phap MOT
truyén théng thudng loai bo cac hop phat hién ¢ do tin cdy thap, dan dén viéc bo sot
cac phat hién va cac duong di bi phan doan. Tuy nhién, ByteTrack lién két moi hop
phat hién, bao gém ca nhiing hop c6 do tin cay thép, dé cai thién d6 chinh xac va do
bén cua viée theo ddi, dic biét 1a trong cac tinh huéng khé khan nhu bi che khuét.

Pau tién, qué trinh matching s€ dugc thyc hién gitra boxes cua cac dbi tuong da duoc
track tai frame tl va cac boxes dugc detect tai frame t2, nhitng boxes nay co
Confidence score cao (I6n hon threshold: 0.5) va cac budc ciing giéng nhu SORT

duoc gidi thi€u & trén.

SVTH: Nguyén Tién Trong, Nguyén Kiéu Qudc Hudng dan: PGS.TS Nguyén Tén Khoi

23



Hé théng nhdn dang mdt d giao thong tir nguén camera cong cong

Frame t,

Hinh 8: Budc 1 cua ByteTrack

Sau khi match xong nhiing bboxes ma c6 Confidence score cao, trong frame thur 2 ta
o thé théy con 2 bboxes nita voi Confidence score 1an luogt 13: 0.4 va 0.1 chua duoc
match (nhiing bboxes c6 hinh tam gidc mau cam bén trong). Véi 2 bboxes con lai nay,
céc tac gia lai cho né di qua qua trinh matching mot 1an nita dé tinh IoU giita n va cac

doi tugng duogc track ¢ cac frame trudc.
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Frame t,

X - T - 3
TEE S - e

Hinh 9: Buoc 2 ciia ByteTrack

Tir d6 6 thé thdy box ctia ngudi thir 2 tir bén trai qua khi bi che khuét bay gio di duoc
match. Con box dugc detect vai Confidence score 0.1 thi dugce loai bo vi loU gitra nod
va box dugc track tur cac frame phia trude 1a 0.

Khi ap dung k¥ thuat nay vao cac phuong phap theo ddi hién ¢, né cho thay rang hiéu
suét duoc cai thién mot cach nhat quan. Dac biét co thé théy réng, $6 luong IDs giam
di rat nhiéu (IDs cang it cang tét). O day, s6 luong chuyén doi ID c6 nghia 14 s6 1an ID
duoc thay doi trong qua trinh theo ddi d6i véi ting dbi twong.

1.6. Pém ddi twong

DPém dbi tuong (Object Counting) 1a qua trinh dém sd luong cac ddi tuong cy thé trong
mot hinh anh hodc video . Pay c6 thé 1a viéc dém cac ddi twong trong mot khung hinh

don hoic theo doi va dém chiing trong mdt chudi video. [9]
Céc phuong phap:

a. Phuong phap truyén théng: St dung cac ky thudt xor 1y anh nhu ngudng
(thresholding), phan doan (segmentation), va phan cum (clustering) dé dém doi
tuong.
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b. Phuong phéap dua trén hoc may:
+ Sir dung phat hién ddi twong: Pém s luong cac hop bao quanh dbi tugng
duoc phat hién.
+ Phuong phap dua trén mat do (Density-based methods): St dung cac mang
no-ron tich chéap dé uéc lugng ban dd mat do, tir d6 tinh toan sb luong doi

tuong.

7 WA j X’
SRR AN

Counting number: 292 cars
Ground Truth: 299 cars

Hinh 10: Vi du vé Object Counting
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Chuwong 2: PHAN TiCH THIET KE HE THONG

Trong chwong ndy trinh bay vé t6 chirc hé thong nhdn dién phwong tién

2.1 T6 chitc chwong trinh

L.-l 11 f.J Website
.; AI g; Intergrate w AP " Request O

JHL Streamlit

DL Model
Server l
(=]
a

User

miif

Display Result

Hinh 11: So d6 téng quan hé thong

Do 4n d3 phat trién va trién khai mot ing dung web sir dung Streamlit Framework, tin

dung kha nang tuong tac va hién thi di¥ liéu manh mé& cta né dé hd tro mo hinh

YOLOVY trong viéc nhan dang va phan tich mat do giao thong. Hé théng bao gém cac

chuc nang chinh sau:

- Pa ngudn dit liéu: C6 kha niang xtr 1y va phan tich dit liéu tir nhiéu ngudn dau vao
khac nhau bao gém anh, video, URL YouTube, livestream YouTube, RTSP va
webcam.

- Nhaén dién va theo ddi thoi gian thyc: Nhan dién, theo ddi va dém dbi tuong trong
thoi gian thuc, cung cap thong tin tic thi vé mat do giao thong.

- Vung quan tam dinh hinh: Cho phép nguoi dung v€ vung Region of Interest (ROI)
duéi dang hinh polygon dé chi dém nhiing d6i twong xuét hién trong ving do, tap
trung vao cac khu vuc can quan sat dac biét.

- Biéu dd phan tich dit liéu: Hién thi chart line chira s6 lwong phuong tién di phat
hién dugc theo thodi gian va pie chart dé cho thiy phan bd cua loai phuong tién

trong khu vuc da phat hién, cung cap céi nhin tryc quan vé tinh hinh giao thong.
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Upload Multimedia

Real-time Traffic Monitoring

Actor

h
<<extend>>
\

View Traffic Density
Chart

Hinh 12: So d6 usecase ciia hé thong

2.2 Lwu trir va quan ly dir li¢u véi PostgreSQL

Hé théng da tich hop tinh nang luu trit két qua s6 luong xe da dugc nhan dién
va dém tir mé hinh YOLOV9 viao mét co s& dit liéu PostgreSQL. Piéu nay gitp duy tri
va quan 1y cac dir liéu thong ké giao théng mot cach hidu qua va co thé truy xuat lai
duoc sau nay.

PostgreSQL dugc chon lya nhu mdt gidi phap co sé dir liéu phu hop nho vao
tinh bao mat, kha ning mo rong va kha niang xir 1y dit liéu phirc tap. Mdi l1an phét hién
va dém sd luong xe, h¢ théng tw dong ghi nhan thoi gian, sb lugng xe va vi tri camera
tuong tng vao co sé dir liéu. Diéu nay cho phép hé thdng phén tich va xay dung cac
biéu dd théng ké dua trén dir li€u lich su, tir do cung cép thong tin hitu ich cho quan ly

giao thong va diéu hanh.
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vehicles cameras traffic_density

id & A Wle id 2

camera_id name camera_id
vehicle type latitude timestamp
count longitude density_level
timestamp area vehide_count

stream_url

Hinh 13: So' dé ERD (Entity — Relationship Diagram)

1. Vehicles:

o Vehicle_type: Loai xe dugc phat hién (vi du: 6 t0, xe may, xe buyt).

« Count: S6 luong xe duoc dém trong mot khoang thoi gian nhat dinh.

« Timestamp: Thoi diém ghi nhan sb lugng xe.

« Camera_id: Khoa ngoai lién két dén Camera tuong (mg.
M&i khi mot xe duwoc nhan dién va dém, dir liéu vé loai xe, s6 luong va thoi diém sé&
dugc ghi vao bang Vehicles cta co s¢ dir liéu PostgreSQL. Piéu nay gitip cung cip
thong tin chi tiét vé& luu luong giao thong va phan bd cac loai xe qua cac thoi diém
khac nhau.
2. Camera:

o Name: Tén cua camera.

o Latitude: Vi dod cua camera.

« Longitude: Kinh d¢ cua camera.

o Area: Vung quan sat cuia camera, dugc luu dudi dang dir liéu JSON dé dinh

hinh cac khu vuc quan tam.

o Stream_url: Dia chi URL stream ctia camera.
Thong tin vé cac camera dugc st dung dé ghi nhan dit lidu giao thong va vi tri cua
chiung. Céc thong tin nay cung cép su lién két gitta dit li€u nhan di¢n va vi tri vat ly
clia cac thiét bi quan sat.
3. TrafficDensity:

« timestamp: Thoi diém ghi nhan mat d6 giao thong.

o density_level: Mtrc d6 mat do giao thong (vi du: thap, trung binh, cao).

« vehicle_count: Tong s6 luong phuong tién dugce nhan dién trong ving quan sat.

. camera_id: Khoa ngoai lién két dén Camera turong tng.
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Dit liéu vé mat do giao thong duoc ghi lai trong bang TrafficDensity, kém theo thong
tin chi tiét vé sb luong phuong tién va thoi gian ghi nhan. Diéu nay gitp theo ddi va

phan tich xu huéng va bién dong cua luu luong giao thong theo thoi gian.
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Chuwong 3: TRIEN KHAI VA PANH GIA KET QUA

Trong chwong ndy trinh bay cdc néi dung bao gom: cdc vin dé can gidi quyét ciia bai
toan nhdn dién phwong tién, gidi gidp, cdch trién khai va danh gia két qua sau khi
hudn luyén.

3.1. Céc vén dé can giai quyét

3.1.1. Phan tich bai toan

Mot hé théng nhan dang d6i twong thong thudng gém cac budce sau day:

Hudn luyén Di¥ liéu (Training) ———>  Tidnxily »{ Trich xudt dac trung
(training)
Y
. P Phat hién déi trong
Phan loai {bounding box)
Hinh 14: So do hudn luyén

MNhan dién Di¥ liéu kiém tra o . P )
(detection) (Camera) —» Tién xr Iy —» Trich xudt dac treeng

Y

Phat hién déi twong
(bounding box)

Két qua « Phan loai <

Hinh 15: So d6 nhan dién

- Tién xu ly: Budc nay nham muc dich lgoc nhi€u, nang cao chat lugng anh, trong

budc nay bao gom cac budc: can chinh anh, chuan héa anh sang
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- Trich rat dic trung: Anh s& duoc dua qua 1 mang neural network (thuong 1a 1
mang CNN) dé trich rut dic trung

- Phat hién dbi twong va phan loai: O budc nay 1 phuong phap phat hién va phan
loai vat thé nhu SSD, YOLO, Faster R-CNN, ... dugc st dung. Két qua la mot
danh sach céc bounding box chira ddi tuong dugc xac dinh va dinh vi trong anh,

cung vdi class predictions va confidence scores tuong ing.

3.1.2. Céc véan dé can giai quyét

Cén thu thap va gan nhén dit lidu

- Phat hién va nhan dién céc loai phuong tién

- Can ung dung dé kiém soat va kiém tra két qua
- Hé thdng chay theo thoi gian thuc

3.2. DPé xuit giai phap tong quan

Bang 1: Gidi phdp tong quan

Dir liéu Thu thap tir cac ngudn dir li¢u c6 san cong khai

Tu thu thap va gén nhan

Nhan dién phuong tién | Xay dung va huan luyén model nhan di¢n bién béo
Thr nghiém véi cac model: YOLO, Faster R-CNN, ...

Huén luyén trén Kaggle

Ung dung Xay dung web

Co6 chuc nang nhan dién va dém phuong tién trén anh

hoac video

Hién thi két qua 1én man hinh
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3.3. Giai phap
3.3.1. So @6 tong quan hé théng

Hé lhﬁng
Uiy video i Phat hién va nhén
Kngi dong aéavr'n;‘; i N Nhén video »{dién céc losi phuong hén dién thanh cing
tién

Hién thi két qua

Hinh 16: So do tong quan hé thong
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3.3.2. Giai phap nhan dién phwong tién

Chudn bi dir lidu

A J

model

Chudn bi pre-train

4

Huan luyén

h A

Hinh &nh M& hinh

h 4

MNhén dién phuong

tien

Hinh 17: Giai phap nhdn dién phuong tién giao thong

3.4. Nhan dién phwong tién
3.4.1. Tap dir ligu
a. Ngudn goc va cach thirc thu thap

4

Tinh chinh két qua

Trong phan huin luyén md hinh nhan dién bién bao giao théng, tap dit lidu la cac bién

bao giao thong ctia hé théng giao thong dudng bo Viét Nam. Tap dir liéu duge thu

thap tr 2 ngudn:

- Ngudn 1: Bo dit liéu c6 san cong khai tir nhiéu khu vuc khac nhau (998 anh).

- Ngudn 2: Dit liéu ty thu thap bang cach 1dy tir cic camera cong cong trong khu vuc

thanh phé Pa Néng (3478 anh).

Dit liéu sau d6 duoc tong hop 1én Roboflow va thuc hién gan nhén.
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"~ camera cdng Sau bénh vién C Da Ning trua 12_@4 2021 16h38-1_

[c) Annotations
Labels
Group: truck-car-motorcycle-ped...

Attributes
® car

s

UNUSED CLASSES

No Tags Applied

Hinh 18: Gdn nhan trén Roboflow

b. Thong tin tap dir li€u
- Tap dit diéu gém c6 4476 hinh anh phuong tién va nguoi ¢ Pa Néng.
- Sau khi gan nhin, bao gdm 62856 nhan tuong tng v4i 5 class (4 phuong tién va
nguoi).
Bang 2: Théng tin tap dit liéu

Class Y nghia S6 nhan
Motorcycle Xe may 37403
Car Xe 6 t0 19018
Pedestrian Nguoi di bo 3730
Truck Xe tai 1581
Bus Xe buyt 1124
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Histogram of Object Count by Image

car | motorcycle | bus @ pedestrian | truck

1667 imgs

833.5 cumm—

14-19  20-25 26-31 32-37 38-43 44-49 50-55 56-61

Count of all objects

Hinh 19: Biéu do vé sé liwong nhén c6 trong danh

c. Tién xtr ly

Pau tién dir lidu s& dugc chuin hoa vé cing mét kich thude 640x640. Sau do, dit licu

s€ dugc chia thanh 3 tap huin luyén: 89%, danh gia: 7%, kiém thir: 4%.

Dé tang tinh da dang va kha ning tong quat hod ctia mo hinh, nhom di 4p dung cac ki

thuat ting cudng dit liéu trén tap huan luyén:

+ Hue: diéu chinh mau sic cta hinh anh. Gia tri duoc chi dinh Ia tir -20° dén +20°.
Thay d6i mau sic gitp ting tinh da dang cta dit liéu huan luyén.

+ Saturation: diéu chinh d6 bdo hoa cta hinh anh. Gia tri dugc chi dinh 1a tir - 20%
dén +20%

+ Exposure: diéu chinh do phoi bay cua hinh anh. Gia tri dugc chi dinh 1a tr -15%
dén 15%

+ Blur: &p dung hi¢u img mo 1én hinh anh, 1én té1 1.2px.

+ Noise: 4p dung hiéu ing nhiéu 1én hinh anh, 1én téi 1.25% mdi pixels

Két qua 1a tap huin luyén da ting tir 4476 hinh anh 1én 11012 hinh anh, ti 1é sau cing

cta tap dir liéu 1a huin luyén: 89 (%), danh gia: 7 (%), kiém thu: 4 (%).
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Sau khi ting cuong va phan chia tap dit liéu, dit liéu s& duoc chuyén dbi vé dinh dang
dir li¢u cua YOLOVO:

~ [ traffic-flow-counting-21
v B test
» [l images
» B labels
~ B train
» [l images
» [ labels
~ B valid
» [ images
» [ labels
. README.roboflow.txt

. data.yaml

Hinh 20: Cdu tric thu muc dataset

3.4.2. Huan luyén

Trong qua trinh huén luyén mo hinh yolo, viéc st dung GPU la can thiét dé cai thién
tdc d6 xtr Iy va hiéu sudt cia mo hinh. Vi thé nhém sir dung tai nguyén GPU tir Kaggle
nham tiét kiém chi phi va ting toc d6 huin luyén mé hinh.

Cau hinh huan luyén:

Dich vu stir dung : Kaggle

GPU : GPU T4*2

Epochs: 50

Batch size: 16

Pre-train model : YOLOvVS8, YOLOV9

+ o+ + 4+ o+

3.4.3. Céc cong thirc danh gia két qua

Dé tién hanh dénh gia hiéu suat mo hinh, nhém sir dung mAP (mean Average
Precision). mAP 1a d6 do duogc sir dung rat pho bién cho céc bai todn Object Detection.
Cong thirc mAP dya trén céac chi s6 phu sau day

- Intersection Over Union (loU)

- Confusion Matrix
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Precision

Recall

- F1 Score

- mMAP

a. Intersection Over Union (loU)

IOU 1a chi s6 danh gia duoc sir dung dé danh gia do chinh xac cia phat hién ddi

tuong dua trén tap dir liéu cu thé. IOU dugc tinh bﬁng:

Area of Overlap
loU =

Area of Union

Hinh 21: Intersection Over Union (loU)

Trong d6 Area of Overlap 13 dién tich phan giao nhau giita predicted bounding box véi

grouth-truth bouding box, con Area of Union 13 dién tich phan hop giita predicted

bounding box véi grouth-truth bounding box. Néu IOU 16n hon 1 ngudng (thudng

bang 0.5) thi prediction duoc danh gia 1a tbt.

b. Confusion Matrix

Pé tao mdt confusion matrix, ta can 4 thudc tinh :

- True Positive (TP) : Mot két qua phat hién dung (IOU >= ngudng).

- False Positive (FP) : Mot két qua phat hién sai (IOU < ngudng).

- True Negative (TN) : Khong c6 phuong ti¢n hodc nguoi dan va khong phat hién ra
phuong tién hoac nguoi dan

- False Negative (FN) : C6 phuong tién hoac nguoi dan nhung khong phat hién ra
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Confusion Matrix

Actual
Positive Negative
s True False
Positive - i
B Positive Positive
o
o
o
& ) False True
Negative . ;
Negative Negative
Hinh 22: Confusion Matrix
c. Precision

Do chinh xac (Precision) 1a ty 18 giita s6 lugng phat hién dung (True Positives - TP) va
tong sO phat hién (bao gdm ca ding va sai).
TP

p . . -
recision TP + FP

d. Recall

Do nhay (Recall) 1a ty 1¢ giira s6 lugng phat hién dung (TP) va tong sé ddi tuong thuc
té (bao gom ca dung va bo sot).

TP

Recall = TP+—FN

e. F1 Score

F1 Score 1a trung binh diéu hoa cta d6 chinh xac va do nhay, cung cép mot thudc do

can bang gitra hai chi s6 nay.

Precision * Recall

F1S =2
core * Precision + Recall

f. Mean Average Precision (mAP)

Mean Average Precision 1a mot trong nhiing chi s6 quan trong nhat trong dénh gia mo
hinh phat hién ddi twong. mAP 1a trung binh cua chi sé Average Precision (AP) tinh
cho tirng 16p d6i tuong.
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- Average Precision (AP):

AP 13 dién tich dudi dudng cong Precision-Recall. Dé tinh AP, ta can:

Tinh Precision va Recall tai méi ngudng.

+ o+ o+

V& d thi Precision-Recall va tinh dién tich dudi duong cong.
- Mean Average Precision (mAP):

mAP 1 trung binh ctia AP trén tit ca cac 16p d6i tuong.

n
AP = . ( N )AP'
TN i=1)""
k=0
Trong d6 N 1a s6 16p d6i twong va AP; 1a Average Precision ctia 16p thi i.

g. Cac chi s6 khac

- FPS (Frames Per Second): Téc d6 xir Iy ciia mo hinh, quan trong d6i vdi cac Gng

dung thoi gian thuc.
- Latency (D0 tré): Thoi gian xir Iy mdt khung hinh.
3.5. Két qua mé hinh
3.5.1. Két qua dinh tinh

Két qua mé hinh nhan dién c6 d6 chinh xac kha tét. Tuy nhién, van con 1 sb trudong
hop phuong tién khong nhan dién duoc do khoang cach xa va mot sd truong hop
phuong tién nhan dién chua chinh xac (nhdm 14n v6i phuong tién khac hodc nham 1an

v&1 moi trudng)
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Totorey '&é’,z.% 0.

cIeO

www.0511.vn

Hinh 23: Két qua nhdn dién trén danh

3.5.2. Két qua dinh hrong

Bang 3: Két qud mé hinh nhédn dién phuong tién

Model | Image Size | Precision Recall MAP@.5 | mMAP@.5:.95 | Pre-train
Yolov8 640 0.839 0.789 0.849 0.606

Yolov8 640 0.89 0.833 0.901 0.671 X
Yolov9 640 0.852 0.838 0.887 0.651

Yolov9 640 0.871 0.87 0.909 0.684 X
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Hinh 24: Két qua train mé hinh voi yolov9
~ r .
Nhan xét:

- Hiéu suAt méd hinh: M6 hinh YOLO nay dang hoc rat tot va dat hiéu suét cao, vai
céc chi sé chinh xac (precision), thu hoi (recall), va mAP déu tang dan va 6n dinh
sau khoang 20 epoch.

- MAt mat giam dan: Cac gia tri mat mat (loss) giam déu trong ca qua trinh huin
luyén va kiém tra, cho thiy mo hinh dang dan dan tdi uwu hoa va hoc tot cac dic
trung cua dir licu.

- Sw 6n dinh: Cac gia tri cia metrics (precision, recall, mAP) déu 6n dinh sau mot

sb epoch nhét dinh, chirng t6 mod hinh da hdi tu va c6 kha ndng dy doan chinh xéc.
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Confusion Matrix Normalized

car bus

Predicted
motorcycle

pedestrian

truck

background

' ' ' i ' ' -0.0
bus car motorcycle pedestrian truck background
True

Hinh 25: Ma trdn nham lan ciia yolov9

Nhan xét:

Do chinh xac cao cho cac loai bus, car, va truck:

M hinh ¢ d6 chinh xé4c cao d6i véi céc loai bus, car, va truck, vdi cac gia tri
tuong tng 13 93%, 97%, va 86%. Piéu nay cho thiy mé hinh c6 kha ning phén loai
chinh xac cao cho cac dbi tuong nay.

Nham l4n chii yéu & motorcycle va pedestrian:

C6 mét ty 16 nham 14n dang ké giita motorcycle va pedestrian. Cu thé, 29% cta
pedestrian bi nhdm 14n 14 motorcycle va 66% cua motorcycle bi nham 1an 1a
background. Diéu nay cho thdy mé hinh c6 thé gip khé khan trong viéc phan biét
hai dbi twong nay, hoic c6 thé do dataset khong du phan biét rd rang.
Background nhim I4n véi nhiéu ddi twong khac:

Background c6 ty 18 nham 13n vé6i nhiéu loai ddi trong khac, dic biét 13 véi
pedestrian (29%) va motorcycle (66%). Diéu ndy c6 thé chi ra ring mé hinh can

duogc cai thién trong vi¢c xac dinh ranh gioi gitra cac doi tuwong va background.

3.6. Két qua phan mém
GOm 3 trang Dashboad, Multimedia Detection, Multi Camera Monitor

a. Giao di¢n trang Dashboard
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Trang s€

hién thi biéu do chart véi s6 luong ddi twong da dém duogc va pie chart

cho thdy ti 1& phan trim cua cac loai dbi twong khac nhau phat hién trong khu vyc nhu

xe may, 0 to, bus, ...

@ TDRS

82 Dashboard

B Multimedia Detection

O3 Multi Camera Monitor

b3 Deploy

Dashboard

Select Region

Cong Truong Nguyen Hue 134 Quang Trung

Vehicle Density Analysis

Vehicle Count vs Time Vehicle Type Distribution

W cor
—ar motorcycle

motorcyde

]

Jun 18,2024

Hinh 26: Giao dién Dashboard

b. Giao dién trang Multimedia Detection
Trang co6 kha nang xur ly va phan tich dir liéu tir nhiéu nguén dau vao khéac nhau

bao gém anh, video, URL YouTube, livestream YouTube, RTSP va webcam. Ngoai

ra, trang con cho phép nguoi dung vé vung Region of Interest (ROI) dudi dang hinh

polygon dé chi

vuc can quan sat dac biét.

dém nhitng dbi twong xuit hién trong ving do, tip trung vao cac khu

B3 Traffic Density Recognition for Multimedia Data

Select Source Type

Image

Parameters

Results

Hinh 27: Giao dién Multimedia Detection: Detect Image
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B Traffic Density Recognition for Multimedia Data

Video.

Parameters Results

Hinh 28: Giao dién Multimedia Detection: Detect Video

—

Counting Regions

Draw Area

Tracker Options

botsort

Hinh 29: Giao dién Multimedia Detection: vé ROI

- Hinh 12 va hinh 13 cho thay giao dién cia trang Multimedia Detection véi chirc

nang lan lugt 1a xur Iy ngudn dau vao véi anh va video

- Hinh 14 cho thay chirc ning v& ROI dudi dang polygon 1én anh dugc lay tir dau

vao (anh, video, ...) dé chi dém nhiing d6i twong xuat hién trong viing do, tap trung

vao cac khu vuc can quan sat dac biét.

c. Giao dién trang Multi Camera Monitor

Trang ding dé xt 1y ludng livestream camera cong cong dén tir kénh youtube

camera giam sat Da Nang. Trang c6 kha ning phat hién, theo vét va dém d6i tuong

theo thoi gian thuce voi nhiéu ludng livestream chay dong thoi cung lic.
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x
Real-Time Traffic Route Monitor -
a TDRS Manitor Configuration
EE Dashboard SL::;:;M
.

- Confidence Threshold
® Multimedia Detection '

0.00
00 Multi Camera Monitor
lou Threshold

0.00

Tracker

O bytetrack
botsort

Number of Routes to Monitor

1
Chon mét dia diém:

Cong-Truong-Nguyen-Hue-134-QuangTrung

& Stop  Deploy

1.00

Hinh 30: Cdu hinh tham sé dau vao trang Multi Camera Monitor

Route 1: Cong-Truong-Nguyen-Hue-134-QuangTrung

Detection Chart

www.0511.vn

Ll

Hinh 31: camera gidm sdt sé 1
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Route 2: Cong-Sau-Benh-Vien-C-Da-Nang-130-QuangTrung A

Detection Chart

>

18-06-2024 12:25:22

MWW.0511.vh

Detected Video

Hinh 32: camera gidm sdt s6 2
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Hinh 33: Bdn do hién thi 2 camera giam sat va mdt do luu thong tai duwong Nguyé~n

== Leaflet | © OpenStreetMap contributors
Hue

Hinh 15 C4u hinh tham sd dau vao nhu lya chon mo hinh yolov9 hodc yolov8
céc chi s6 confidence, iou va lya chon sd lugng camera dé giam sat déng thoi.
Hinh 16 va Hinh 17 cho thay két qua sau thuc hién giam sat déng thoi
Nguyén Hué

Hinh 18: Ban d6 hién thi 2 camera giam sat va mat do luu thong tai duong
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KET LUAN VA HUONG PHAT TRIEN

1. Panh gia
1.1. Két qua dat dwoc

Tap dir ligu: Thu thap dugc 5 class véi dir liéu da dang (vi tri, kich thudc, sang tbi,
don 1&, hdn hop,...)

Mo hinh: Ap dung dugc mo6 hinh YOLO vao bai toan thuc hién nhan dién phuong
tién giao thong.

Phan mém: Pu céc chiic ning co ban dé nguoi dung cé thé thao tac st dung dé
nhan dién phuong ti€n va quan sat sy nhan dién do.

Thong qua viée ap dung cac thuat toan hoc may tién tién, hé thong cia chung toi da
c6 thé nhan dién chinh xac va nhanh chéng mat do giao thong trén cic tuyén
duong. Pac biét, nhitng thuat toan nhu phan loai doi tuong va phan tich hinh anh
da chirng minh dugc tinh hi€u qua cao trong vi¢c phan bi¢t gilra cac loai phuong
tién khac nhau va dém sé luong phuong tién di chuyén qua ting diém quan sat. Hé
thong nay khong chi gitp cung cap thong tin tirc thoi vé tinh trang giao thong ma

con hd tro trong viée du bao va phan tich xu huéng giao thong trong twong lai.

1.2. Han ché

[\°]

M5 hinh nhan dién hién tai chua hoan thién. Téc d6 thuc nghiém chua duoc tot
(fps kha thap), do chinh xac trong cac diéu kién phirc tap nhu anh sang kém, thoi
tiét xau, hodc phuong tién bi che khuét mot phﬁn chua cao.

Phan mém: chi dung & murc co ban, du dung; chua cé nhi€u chirc nang mo rong

. Hwéng phat trién

Tap dit liéu: Thu thap nhiéu phuong tién (class) hon v6i nhiéu kiéu dit lidu da
dang.

M06 hinh: Tiép tuc hudn luyén mo hinh dé nang cao dd chinh x4c nhan di¢n. Ngoai
ra, tim hiéu va xdy dung nhiéu mé hinh khac dé tim ra mé hinh thich hop véi bai
toan.

App: Xay dung app c6 giao dién dep hon. Pong thoi, mo rong ra nhiéu chirc ning

phu (danh gia, hoc vé cac loai phuong tién,..) va tich hop trén nhiéu nén tang.
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