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CHUONG 1. TONG QUAN VE PE TAI

Chuong 1 gi6i thiéu vin d¢ tai nan giao thong do tai xé budn ngi va sy can
thiét cua hé théng giam sat bang tri tué nhan tao. Cac kién thtrc nén tang vé phat
hién d6i tuong, nhimg phuong phap phd bién va uu — nhuge diém cua timg ki
thuat duoc trinh bay nham 1am & co sé lya chon mé hinh YOLO. Bén canh do,
chuong cling phan tich bai todn phat hién tai xé ngu gt va cac chi s6 danh gia do
tin cdy nhu Precision, Recall, AP va mAP. Muc tiéu 1 xay dung nén tang 1y thuyét

cho m6 hinh phat hién budn ngu trong thoi gian thuc.

1.1. Diit van dé

Trong nhiing ndm gan day, tai nan giao thong do ngudi l4i xe budn ngu
ngay cang gia ting va trd thanh mot trong nhitng nguyén nhan hang dau gy thiét
hai vé& nguoi va cua. Dic biét, voi cac tai xé dudng dai, tinh trang mét moi, mat

tap trung va ngu gat khi diéu khién phuong tién tiém an nguy co vo cung 16n.

Trén thé gi6i, nhiéu giai phap di duwoc nghién ciru nham hd trg giam sat
tinh trang tinh tdo cua tai x¢é, tir cam bién sinh hoc (nhip tim, song ndo) cho dén
hé thong camera giam sat hanh vi. Trong d6, viéc tng dung tri tué nhan tao [1] va
thi giac may tinh [2] dé tu dong phat hién ddu hiéu budn ngi tir hinh anh/video
khuén mat, mat va tu thé 1ai xe dang duoc danh gia 1a hudng di hiéu qua, kha thi

va it xam lan.

Xuat phat tir thyc tién nay, dé tai “Xay dung mo hinh phat hién nguoi 1ai
xe 0 t0 ngu gat khi dang l4i xe” duoc lva chon véi ky vong gop phan nang cao an
toan giao thong va hd tro nghién ciu trong linh vuc thi giac may tinh [2].Trong
dé tai nay, sé tap trung nghién ctru va ap dung YOLO [9]11 mot trong nhing phién
ban tién tién nhét ctia ho mé hinh YOLO [9] (You Only Look Once) dé phét hién
va canh bao tinh trang budn ngi, ngi gt ciia ngudi 1ai xe. YOLOI11 [9] ¢6 wu
diém vuot troi vé toe do xir 1y real-time va kha nang nhéan dién céc chi tiét nho
nhu trang thai mét nhidm, mit mo, cir dong dau , tir d6 dua ra canh bao kip thot
nhim giam thiéu rui ro tai nan giao thong.
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Hinh 1.1. hinh anh tai xé ngii gat khi dang ldi xe

1.2. Phat hién ddi twong
1.2.1. Khdi niém

Phét hién d6i twong 12 mot linh vire vo ciing quan trong trong linh vuc xtr
1y anh va thi gidc may tinh [2]. Phét hién d6i tuong lién quan dén viéc xac dinh
truong hop cu thé cia ddi twong trong hinh anh hodc video. Cac mé hinh phat
hién d6i twong thuong dugc dung dé xac dinh d6i twong trén hinh anh hoic video

camera trong thoi gian thyc.

Phét hién ddi tuong déng vai trd quan trong trong hoc sau va xir Iy anh dé
phat trién cac mo hinh tinh toan cac thong tin can thiét cho cic tng dung phan

mém sir dung thi giac may tinh [2].

Bounding Boxes in an Image

Hinh 1.2. hinh anh hdp phat hién doi twong
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Phat hién dbi tuong la qua trinh xac dinh va dinh vi cac ddi tuong co trong
hinh anh hoac video. Khac v61 phan loai anh chi tra 161 cau héi “anh thudc 16p
nao”, phat hi¢n ddi tuong vira cho biét loai ddi tuong, vira chi ra vi tri toa do cua

d6i twong do.
1.2.2. Cdch phdt hién doi twong

Pé phat hién ddi tuong ching ta co thé sir dung cach phat hién truyén thong
hoiic str dung theo hoc sau hién dai. Mdi phuong phéap déu c6 wu diém va nhuoc diém

riéng nén mdi cach phat hién s& pht hop véi timg yéu cau va diéu kién khac nhau.
Xtr Iy anh theo phwong phép truyén théng

K¥ thuat xir Iy anh truyén théng khong yéu cau vé dit lidu dé dao tao va tu

giam sat, OpenCV 1a mot vi du dién hinh cho phwong phap truyén thong

Uu diém: Khong yéu cau dit liéu dugc gan nhin thu cong, gitp chung ta
giam bat s6 lugng cong viée can phai thuc hién va chi phi lién quan dén dao tao

dir liéu
Nhuoc diém:

- Han ché trong nhiing tinh hung phirc tap nhu diéu kién anh sang, d6i
tuwong bi che mat mot nira, anh bi mo khong rd nét...v.v
- D6 chinh xé4c va do tin cay thap

- Xu 1y anh theo phuong phéap hoc sau hién dai

Céac phuong phap hoc sau hién dai da s déu phu thudc vao hoc co giam
sat, cac phuong phap hoc c6 giam sat 1a tidu chuan trong cac nhiém vu thyuc hién
thi giac may tinh [2]. Tuy nhién phuong phap nay bi han ché bai su gidi han stic

manh tinh toan cua GPU
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Uu diém:

- Phat hién d6i twong manh mé& hon so v6i phuong phép phat hién truyén
théng voi cac dbi tuong bi che khudt, thiéu 4nh sang, bi mo..v.v..

- D06 chinh x4c cao hon so véi cac phuong phap truyén théng
Nhuoc diém:

- Tén luong 1on dir liéu dung dé dao tao

- Cén nhiéu sttc manh cua GPU dé xur 1y va dao tao mo6 hinh
1.2.3 Cdc phwong phdp phdt hién phé bién hién nay.

1.2.3.1. Phuwong phap mé ta dac trung
Phuong phap mo ta dac trung (Histogram of Oriented Gradient — HOQG)

duoc xem 1a mot trong nhitng k¥ thuat phat hién dbi tuong c6 dién va duogc sir
dung tir kha sém. Y tuong ban dau dugc gidi thidu vao nim 1986, tuy nhién phai
dén nam 2005 phuong phap nay méi thuc sy phd bién va duoc tng dung rong rai
trong cac bai todn thi giac may tinh [2]. HOG dong vai tro 1a mot cong cu trich

xuat dic trung, hd trg nhan dang va xac dinh vi tri ddi tuong trong hinh anh.

Nguyén 1y chinh cia HOG dya trén viéc phan tich su phan b ciia gradient
hoac hudng bién trong anh dé mo ta cac dic trung cuc bd. Cach tiép can nay duogc
thuc hién bang cach chia anh thanh nhiéu 6 nho (cell). Vi mdi cell, hé thong s&
tinh toan histogram cua cac huéng gradient tai nhitng diém anh trong cell d6. Sau
do, cac histogram tu nhiéu cell s& duoc két hop lai dé hinh thanh mdt mo ta téng

quat cho toan b burc anh.

Pé tang d6 chinh x4c, cac histogram thudng duoc chuan hoa trong cac khoi
(block), gitip giam anh hudng cta sy thay d6i anh sang hodc do twong phan. Nho
co ché nay, HOG dat hi€u qua tbt trong cac tdc vu nhan dang ddi tuong, dac biét

1a nhitng ddi twong c6 bién va hinh dang rd rang.

15



Trude khi tim hiéu chi tiét vé cdu truc tong thé cia HOG, chung ta hdy xem
co ché hoat dong cta no. Ddi voi mot diém anh cu thé trong hinh anh, biéu dd tan
sudt cua gradient dugc xac dinh bang cach xét cac gia tri theo chidu doc va ngang
dé hinh thanh nén céac vector dic trung. Nho vao do 16n gradient va goc gradient,
ta c¢6 thé xac dinh rd gid tri tai diém anh hién tai théng qua viéc phat hién nhing

dic trung khac trong khu vuc xung quanh theo ca chiéu ngang 1an chiéu doc.

Dua trén biéu dién hinh anh nay, chang ta s& phan tich mot phan nho cua
hinh anh c6 kich thudc x4c dinh. Trudc tién, gradient dugc tinh toan bang cach
chia toan bo hinh anh thanh cac 6 nho 8x8 dé tao ra cac biéu dién gradient. V&i
64 vector gradient thu duoc, ta tiép tuc chia nhé méi 6 theo gdc va tinh toan biéu
d6 theo dién tich 6. Qu4 trinh nay gitip giam s6 luong 64 vector ban dau xudng

con 9 gia tri dai dién.

Khi d3 c¢6 duoc cac gia tri biéu d6 gdm 9 6 cho mdi phan ti, ta c6 thé két
hop chéng 14n dé hinh thanh cac khdi. Budce cudi cung la tao ra cac khdi dic trung,
chuan hoa céc vector dic trung thu duoc, va tong hop tat ca dé hinh thanh dic

trung HOG cubi cung.

1.2.3.2. Mang no-ron

Mang no-ron tich chap theo ving (R-CNN )

Trong qua trinh phat hién ddi twong, mang no-ron tich chip dwa trén ving
(R-CNN) dugc xem nhu mdt cai tién quan trong so voi cac phuong phép truyén
théng nhw HOG hay SIFT. Thay vi khai thac toan bo dic trung cua hinh anh, R-
CNN tap trung véao viéc trich xuat cc dic trung quan trong nhat (thudng khoang
2000 dac trung) thong qua vi¢c st dung cac dac trung dugc lya chon. Qua trinh
nay duoc hd tro boi cac thuat toan tim kiém chon loc, nhim dua ra nhirng vung

de xuat c6 kha nang chira doi twong cao hon.

Cu thé, thuét toan tim kiém chon loc sé tao ra nhiéu phan doan nho trong
mot hinh dnh va chon cac vung ung ctr vién tiém nang. Sau d6, mdt thuat toan
tham lam duogc sir dung dé két hop cac ving nho nay thanh cac phan doan 16n
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hon, nham giam sy tring 1dp va giit lai nhimg ving quan trong nhét phuc vu cho

budc xu 1y tiép theo.

O giai doan cudi, R-CNN tién hanh phan loai cac vung dugc dé xuét dé du
doan nhin dbi twong twong tmg va gin hop gisi han bao quanh. Mdi du doan duoc
tinh toan dya trén mot mo hinh phan loai riéng, dong thoi sir dung thém mot mo
hinh hdi quy dé tinh chinh hop giéi han, gitp ting d6 chinh xac cia viéc x4c dinh

vi tri d6i twong trong hinh anh.

INPLT LAYER
,5‘ fN  EN
F tomd tomvd o
\ el Sl L |, |, FEATURED
Al =0 B a0 AP (’ VECTOR
t 27x27x256 B
LMP QAE 55x55%96

224x224x3

Hinh 1.3. anh mo ta hoat dong cua R-CNN

a. Faster R-CNN

Faster R-CNN 1a mét budc tién vuot bac trong chudi cai tién tir R-CNN sang
Fast R-CNN sang Faster R-CNN. Muc tiéu chinh cta no6 1a tang tdc do va do chinh
x4c trong phat hién dbi tuong bang cach tich hop truc tiép qua trinh dé xuat viing vao

mang no-ron, thay vi dua vao cac thuat toan bén ngoai nhu Selective Search.
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R-CNN: Regions with CNN features

: '.\-:ar'w-;l region ' acn\gt‘lainc';' 80,
B A
m-‘- —‘-ttq;b*\¢'°{pm(r yes.
_____ i o N
tymonitar? no.
llnput 2. Extract region 3. Compute 4. Classify
image  proposals (~2k)  CNN features regions

Hinh 1.4 Anh miéu ta phwong phdp phat hién déi twong bang Faster R-CNN

b. YOLO
YOLO [9] (You Only Look Once) la mot trong nhitng phuong phap phat

hién dbi tuong dugc sir dung rong rai trong linh vuc thi gidc may tinh [2]. Thuat
toan nay dua trén mang no-ron tich chap (CNN) dé xir 1y dit liéu hinh anh ciing

nhu video.

Co ché hoat déng cua YOLO [9] 14 chia hinh 4nh dau vao thanh mot ludi
cac 6, trong d6 mdi 6 ¢ nhiém vu phat hién va nhan dién dbi tuong xuét hién bén
trong. M6 hinh dugc dénh gia cao nho téc do xtr Iy nhanh va do chinh xéc tot. Ké
tur khi Joseph Redmon va cong su gidi thiéu 1an dau vao nam 2016, YOLO [9] da
trai qua nhiéu phién ban cai tién, v6i phién ban gan day nhat 1a YOLO [9]11.

Tuy nhién, mot han ché dang chii ¥ cia YOLO [9] 1a kha ning nhan dién
cac dbi tuong co kich thudce nhéd con han ché, déng tho1 do chinh x4ac cling bi anh
huong khi dbi twong xuat hién trong bdi canh phire tap, déng dic hoic & khoang

cach xa so vdi camera.

Mot s6 md hinh YOLO [9] ndi bat:
- YOLOI [9]: Phién ban dau tién cia YOLO [9], dugc Joseph Redmon
gidi thiéu nam 2016. Pay 1a budc dot pha khi 1an dau tién dua ra y
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tudng xur 1y toan bo hinh anh chi trong mot 1an (You Only Look Once),

gitip phat hién dbi twong nhanh hon so véi cac phuong phép trude do.

YOLO 2 [9] (YOLO [9]9000): Ra mat nam 2017 boi Joseph Redmon,
duogc cai tién dé nhan dién hon 9000 16p dbi twong khac nhau. Phién
ban nay két hop gitta phat hién va phén loai d6i twong, nang cao do

chinh x4c so vo1 YOLOLI .

YOLO v3 [9]: Cong bd vao nam 2018, ciing bai Joseph Redmon, véi
kha ning phat hién ddi tuong da cip do nho mang darknet-53. YOLO

[9]3 noi bat voi hiéu qua cao trong phat hién ddi twong thoi gian thyc.

YOLO 4 [9]: Puoc phat trién bdi Alexey Bochkovskiy va phat hanh
vao nam 2020. Day 1a phién ban ké thira YOLOV3 véi nhiéu cai tién
quan trong trong huan luyén va tdi uu hoa, mang lai toc d6 xir Iy nhanh

va do chinh xac cao.

YOLO 5 [9]: Ra mét véo giita ndm 2020 bai Ultralytics. YOLO 5 khong
phai do nhém tac gia gbc phat trién nhung nhanh chong trd thanh mot
trong nhiing phién ban phd bién nhat nho tinh tién dung, téc do cao va

de trién khai trén nhi€u nén tang.

YOLO 6 [9]: Pugc Meituan phat hanh nam 2022, tap trung vao hi€u nang
trong tmg dung céng nghiép va robot giao hang tir ddng. YOLO6 cung cap

toc do suy luan nhanh va ti wu hoa tot cho cac hé théng thyc té.

YOLO 7 [9]: Ra mit vao nam 2022, YOLO7 dugc xem 1a mot trong nhimg
phién ban manh mé nhat véi kha ning can bang giita toc do va do chinh

x4c, vuot troi trong cic bai toan phét hién ddi tugng thoi gian thuc.

YOLO 8 [9]: Phat hanh dau nim 2023 boi Ultralytics, YOLOS gi6i
thiéu nhiéu cai tién vé kién tric va thuat toan huan luyén, hd tro da
nhiém (phan loai, phat hién, phan doan). Pay la phién ban rat linh hoat

trong ung dung.
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- YOLO 9 [9]: Cong bb nam 2024, YOLO 9 nang cao hiéu qua véi cac
cai tién trong thuat toan huin luyén va kién tric mang, mang lai do

chinh x4c cao hon trén dir li€u phtrc tap.

- YOLO 10 [9]: Ra do1 gifra nam 2024, YOLO 10 tap trung vao viéc phat
hién d6i twong trong moi trudong dong dic va phic tap, ddng thoi giam
chi phi tinh toan, gitip mo hinh hoat dong hiéu qua ngay ca trén thiét bi

phan cimg han ché.

- YOLOI1 [9]: Phién ban méi nhét, phat hanh nim 2025. YOLO11 tich
hop céc cai tién vuot bac ca vé toc do va do chinh xac, déng thoi mo
rong kha nang xtr 1y cho nhiéu tac vu thi giac mdy tinh [2] khac nhau,

tré thanh chuin muc méi trong linh vuce phat hién ddi tuong.

1.3. Bai toan phat hién nguwoi ngu gat

Bai todn phat hién nguoi 141 xe ngu gat tir hinh danh 1a mot hudng nghién
cliru quan trong trong linh vuc thi gidc may tinh [2], v61 muc ti€u nang cao an toan
giao thong. Viéc nhan dién trang thai budn ngu hodc ngl gt cua tai xé théng qua
hinh anh tir camera cabin cho phép hé théng dua ra canh bao sém, gitip ngin ngira
nguy co mat kiém soat phuong tién. Pay 1a yéu t6 then chét trong viéc bao vé tinh

mang cla tai xé, hanh khach va nguoi tham gia giao thong.

Giai phap nay c6 tinh ung dung cao, dic biét trong cac hé théng giam sat
thong minh trén 6 6, xe tai, taxi, xe buyt va cac phuong tién duong dai. Bang
cach két hop cac md hinh hoc sdu nhu YOLO [9] véi logic thoi gian va dic trung
hinh hoc (EAR, PERCLOS, head pose), h¢ théng 6 thé nhan dién chinh xac trang
thai hanh vi nhu mét nham, gat dau, mat tap trung. Viéc trién khai mo hinh nhe,
tbc do cao gitip dam bao kha ning hoat dong thoi gian thuc, phu hop véi moi
treong van hanh lién tuc va yéu cau phan tng nhanh. Pay 1a budc tién quan trong

hudng té1 giao thong an toan va thong minh.

Bai toan phat hién nguoi lai xe ngu gat tir hinh anh dat ra muc tiéu:
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- Phat hién s6m va canh bdo kip thoi, xac dinh trang thai budn ngu hoac

ngu gt dé canh bao, giam nguy co mat kiém soat phuong tién.

- Bado v¢ an toan con nguoi, ngan ngua tai nan, dam bao tinh mang cho

tal x€ va hanh khach.

- Ung dung thuc tién vao hé théng giam sat thong minh trén 6 to, hd tro

lai xe duong dai, 1ai xe tai, taxi, xe bus,...

1.4. Panh gia d6 tin cay caa bai toan phan loai

Do tin cdy ctia mo hinh phat hién nguoi l4i xe ngi gat 13 yéu té quan trong
nham danh gia mirc 46 chinh xac, kha nang phan tng va tinh 6n dinh cua hé thong
trong méi truong thyuc té. Viéc danh gia nay gitp xac dinh xem mo hinh c6 thé

hoat dong hiéu qua khi trién khai trén céc thiét bj giam sat trong xe hay khong.

Céac chi s6 dugc st dung pho bién trong quéa trinh danh gid bao gdom
Precision, Recall, AP (Average Precision) va mAP (mean Average Precision).

Dudi day 1a cac tiéu chi va cach tinh cu thé.
1.4.1. Precision va Recall

Precision — dai dién cho do tin cdy cua mo hinh, cho biét trong s6 cac doi
tuong dugc du doan la Positive (vi du: buon ngu), ¢6 bao nhiéu phan tram thuc

su la Positive.

Precision = (1-1)

TP + FP

Recall — dai dién cho d6 nhay cta mé hinh, cho biét trong s6 cac ddi tugng

thuc sy Positive, mo hinh phat hi¢n dung dugc bao nhiéu phﬁn tram.

TP
TP + FP

Recall =

(1-20

Trong do:
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True Positive (TP): M6 hinh dy doan dong ddi tuong.
Vi du: Co mot tai xé budn ngi trong anh va mé hinh du doan ding 1a
“budn ngi”.

False Positive (FP): M6 hinh du doan sai, tirc 1a nhan dién mot ddi tuong

khong ton tai.

Vi du: Khong co tai xé budn ngi trong anh nhung mé hinh lai du doan

1a “budn ngu”.

True Negative (TN): M6 hinh du doan dung rang khong c6 dbi tuong
nao.

Vi du: Khong c6 tai xé budén ngt va mo hinh ciing khong phat hién ra.
False Negative (FN): M6 hinh bo sot d6i tuong that su ton tai.
Vi dy: C6 tai xé budn ngu trong anh nhung mé hinh khong phat hién dugc.

Precision va Recall c6 mbi quan hé nghich déo: khi Precision cao thi Recall
c6 thé giam va nguoc lai. Vi vay, dé danh gia tong thé, ngudi ta thuong str dung
thém chi s6 F1-score — 1a trung binh diéu hoa giita Precision va Recall, gitip can

bang gitra hai yéu té nay.
1.4.2. AP (Average Precision)

Average Precision (AP) la gia tri trung binh cua Precision tai cac murc

Recall khac nhau.
AP thé hién sy can béng gitra d0 chinh xé&c va do bao phu ciia mo hinh.
Cong thirc ndi suy 11 diém duoc sir dung dé tinh AP nhu sau:
AP ==Y r€{00.1,....1} Pinterp(r) (1-3)
Trong do:  Pinterp(r)=r~>rmaxP(r~)

Véi P(r~) P(\tilde{r} P(r~) 12 d6 chinh x4c tai mirc thu hoi r~\tilde {r}r~.
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AP duogc tinh bang cach 14y trung binh d¢ chinh x4c tai 11 muc Recall khac
nhau (0, 0.1, 0.2, ..., 1), trong d6 tai mdi mirc, ta chon gié tri Precision 16n nhat

g v6i mirc Recall bang hodc 16n hon.
Vi du minh hoa:

Gia st mo hinh c6 d thi Precision—Recall nhu hinh 1.9, sau khi 4p dung

phuong phap ndi suy 11 diém, ta co:
AP=1—11 (1+0.6666 + 0.4285 + 0.4285+0.4285+0+0+0+0+0+
0) = 26.84%
1.4.3. mAP (mean Average Precision)

Mean Average Precision (mAP) 14 gié trj trung binh cua tat ca cac AP tuong
g voi timg 16p dbi tuong duoc phat hién. Pay 1a chi sb phd bién trong cac bai

toan Object Detection (phat hién ddi tuong).

Cong thtrc tinh nhu sau:

_ NAPa+APb+APc+-

mAP (1-5)
Trong do:

APa,APb,APcAP a, AP b, AP cAPa,APb,APc la cac gia tri AP cua tirng
16p (vi du: tinh tdo, bubn ngi, ngii gat).
NNN 14 tong sb 16p can danh gia.

Gi4a tri mAP cang cao thé hién m6 hinh c6 kha nang phat hién chinh xac va

6n dinh trén nhiéu loai d6i tuong khéac nhau.

Thong thuong, trong cac mo hinh phat hién nguoi 1ai xe ngu git, mAP dat

tir 0.8 — 0.95 duoc xem 1a dang tin cay dé ung dung trong thuc té.
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CHUONG 2. PHUONG PHAP PHAT HIEN NGUOI LAI XE NGU GAT

Chuong 2 trinh bay quy trinh x4y dung mo hinh phat hién tai xé ngu gat,
bao gém so dd hoat dong, chuan bj dir liéu va qué trinh huin luyén. B6 dir li¢u
duogc thu thap, gan nhan va xtr 1y dé dwa vao mo hinh YOLO11 — phién ban cai
tién manh vé tbc do va do chinh xac trong phat hién déi tuong. Chuong ciing mo
ta cac thanh phan kién trac cia YOLO11, nhitng diém manh — yéu va Iy do lua
chon mé hinh nay cho bai toan. Cudi cting, chuong 1am rd cach YOLO11 dugc ap
dung dé nhan dién hanh vi mét moi nhu mét nhim, guc dau nham canh bao nguy

hiém khi 14i xe.
2.1. So' @6 hoat dong ciia md hinh

D
/

L
I

" eem
N
.

Khi tzo nhan dang
kKhuwdn mat

l

Bioc anh tir camera

MG hinh 93 huan
O — _— uyeEn

Y

;

—
Kho d ¥ ligu
de hu3n luysn

—

Guc d3u qua 30s

Chay chwong trinh
canh bdo, phat tigng
danh thikc tsi x&

Hinh 2.1. hinh vé so do hoat dong cua moé hinh

M6 hinh ¢6 dau vao 1a cac video quan sat nguoi lai xe dugce thu thap tu
camera dat trudc vi tri nguoi lai. Viéc tinh toan va phat hién s€ dugc thyc hién
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lién tuc trong cac anh dau vao, néu tai xé nhadm mat, ngap, khong tap trung lai xe
qua mot ngudng thoi gian nhat dinh thi s& phat ra Am thanh canh bao.Thuit toan
YOLO s€ lam nhiém vu nhén dién céac trang thai khuon mat dé két luan viéc tai
xé ¢o ngu gat hay khong. Khong chi nhan dién ngu gat dua trén mat, thuat toan
YOLO ciing sé& xac dinh ngii gat théng qua guc dau trong mot khoang thoi gian

nhat dinh ciing s€ dua ra canh béo.

Céc thanh phan chinh ctia mé hinh:

- Khéi tao tham sd: 1 qua trinh gan gia tri ban ddu cho cac tham s6. Khi
tham s d3 dugc khai tao, néu nguoi dung khong truyén gia tri tuong
ung khi goi ham thi chuong trinh s€ st dung gia tr1 mac dinh nay.

- DPoc hinh anh tir camera: Thu nhan dir li€u anh truc tiép tir thiét bi
camera dé c6 thé bat duoc khudn mit nham phuc vu bai toan phat hién
tai xé 1ai xe ngt gat.

- Du doan: 1a qua trinh udc lugng trude mot két qua hodc su kién chua
xay ra, dya trén dir li¢u hién tai, kién thirc ¢ sin, hodc cac mé hinh phan

tich.

Chay chuong trinh: 1a qua trinh may tinh thyc thi cac 1€nh va cau 1€nh

2.2. Phwong phap phat hién bang YOLO11
2.2.1 YOLOII la gi

Su phat trién cua thudt toan YOLO [9] dat dén tAm cao méi véi sy ra doi
cia YOLOL11, dai dién cho mot budc tién dang ké trong cong nghé phat hién dbi
tugng theo thoi gian thyc. Phién ban mai nhat nay xay dung dya trén thé manh
ctia phién ban trudc 6 dong thoi gidi thiéu cac kha nang mai giup ma rong tién

ich ctia n6 trén nhiéu img dung CV khéc nhau.

YOLOI11 noi bat nhd kha nang thich tmg dugce cai tién, hd tro pham vi mé

rong cac tac vu CV ngoai viéc phat hién ddi tuong truyén thong.

Pang chi y trong sb nay 1a ude tinh tu thé va phan doan trudng hop, mé

rong kha nang ‘mg dung ctia md hinh trong nhiéu linh vuc khac nhau. Thiét ké
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cuaYOLOI1 tap trung vao viéc can béng stitc manh va tinh thyc tién, nhim gidi
quyét cac thach thirc cu thé trong nhiéu nganh cong nghiép khac nhau véi d6 chinh

xac va hiéu qua cao hon.

Mo hinh méi nhat nay chtrng minh sy phat trién lién tuc ctia cong nghé phat
hién ddi tuong theo thoi gian thyc, mo rong ranh gidi clia nhimg gi cothé trong
cac ung dung CV. Tinh linh hoat va cai tién hiéu suét cua né dinh vi YOLO11 1a
mot tién bo dang ké trong linh vuc ndy, c¢6 kha ning mo ra nhitng con dudng méi

cho viéc trién khai thuc t€ trén nhi€u linh vuc khac nhau

Duya trén kién tric da duoc thiét 1ap nay, YOLO11 mo rong va nang cao
nén tang dugc dit ra boi YOLOVS, gidi thiéu nhiing cai tién vé kién trac va ti uu
hoa tham sb dé dat duoc hiéu suét phat hién vuot trd1 nhu minh hoa trong hinh

dudi day.

Céc phan sau day trinh bay chi tiét cac stra doi kién truc chinh dugc trién

khai trong YOLOL11:

| — (Object Detection
[ SPPF j\ ‘ ’
| — Instance Segmentation
| —— Image Classification
C2PSA | L
| __. Pose Estimation

; —— Oriented Object Detection
( o ] ) YoLovii )

— Object Tracking

Hinh 2.2.Cdac mé-dun chinh trong YOLOI1
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2.2.2. Cau triic ciia YOLOI11

Pé minh hoa rd hon cdch md hinh YOLO11 hoat dong tir giai doan trich
xuat dic trung dén du doan dau ra, hinh dudi day trinh bay ciu trac tong thé cua
md hinh. Kién tric nay bao gém ba phﬁn chinh: Backbone, Neck va Head, duoc

t6 chuc theo dang pipeline nham t6i wu tc do va do chinh xac.

BACKBONE

(128,138, 256) (34,32, 1024)

NECK

b
(3x12) (3x72) (3x712)
i ) )
= I .3 C N
OUTPUT (N x (5+C) OUTPUT (N x (5+C) OUTPUT (N x (5+C)
Small Object Medium Object Large Object

Hinh 2.3 hinh cdu tric ciia YOLOII

2.2.2.1. Backbone — trich xudt ddic trung

Muc tiéu cia module nay 14 trich xudt biéu dién da ti 16 (multi-scale) chira
ca thong tin cdu trac (edges, corners) va ngit nghia (khuén mit, mit). YOLO11
giit cdu tric backbone truyén thong nhung thay thé/tiép thém cac khdi co
attention dé cai thién bét dic trung nho.
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Khbi SPFF va C2PSA

YOLOI1 van giir nguyén khdi Spatial Pyramid Pooling - Fast (SPPF) tir

cac phién ban truéc nhung gidi thiéu mot khdi Cross Stage Partial with

Spatial Attention (C2PSA) méi. Khdi C2PSA 14 mot bo sung dang chu y gitp
tang cuong sy chu ¥ khong gian trong cac ban d6 dic diém. Co chécha y khong gian
nay cho phép mo hinh tap trung hiéu qua hon vao cac ving quan trong trong hinh anh.
Bing cach gdp cac dic diém theo khong gian,khdi C2PSA cho phép YOLO [9]11 tép
trung vao cac khu vuc quan tim cu thé, c6 kha nang cai thién do chinh xac phat hién dbi

véi cac doi tuong co kich thude va vi tri khac nhau.

C2PSA (Cross Stage Partial with Spatial Attention) 1a thanh phan quan
trong nhat trong Backbone ctia YOLO11, dong vai tro ting cuong kha ning biéu
dién dic trung da khong gian. Khoi ndy bao gém hai nhanh xtr Iy song song theo

co ché CSP va mot nhanh chii y khong gian PSA.
Nhénh trich xuét dic trung (Feature Extraction Branch)
Nhanh nay tiép nhan mot phan ciia tensor dau vao va thuc hién chudi cac 16p tich

chap 1x1 va 3x3.

Tich chap 1x1 c6 nhiém vu diéu chinh s6 kénh dic trung.
Céc tich chap 3x3 dugc sur dung dé hoc dic trung khong gian sau hon.
Su két hop nay cho phép khdi hoc duge cac mau phire tap trong anh nhu

duong vién khudn mit, ciu trac mat va viing chuyén dong nho.
Nhanh chu y khong gian (Spatial Attention Branch — PSA)

Nhanh PSA xir 1y phan con lai ctiia dic trung ddu vao va tao ra ban db
chi ¥y nham lam no6i bat cac vung quan trong trong anh.

Qua trinh nay bao gdém cac budc:
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giam sd kénh dau vao bang tich chap 1x1 dé tbi wu chi phi tinh toan;

trich xuit ngit canh khong gian bang cac phép pooling kich thudce 5x5 cung
voi tich chép gian cach (dilated convolution);

tong hop thong tin tir nhiéu ngudn dic trung dé tao ra ban d6 chu y khong
gian;

chuan hoa ban d6 cha ¥ bang ham kich hoat sigmoid va nhan tryc tiép vao

tensor dac trung.

Nhanh PSA gitip mo6 hinh tdp trung vao cac vung dac biét quan trong nhu
mat, miéng va dau nguoi — nhitng chi tiét rat nho nhung dong vai tro then chét

trong bai toan phat hién trang thai budn ngu.

Hop nhat hai nhanh

Sau khi hai nhanh xtr 1y xong, tensor dic trung duoc ghép ndi va dua qua
mot 16p tich chap 1x1 dé két hop thong tin va 6n dinh s6 kénh. Viéc hop nhat nay
gitip md hinh vira giir duoc dic trung chi tiét cuc bo vira tap trung duoc vao cac
ving quan trong nho co ché chu ¥.

Cac 16p giam kich thudc dac trung

Giira cac tang backbone, YOLO11 str dung cac 16p tich chap 3x3 véi budc
nhay 2 dé giam kich thudc ddc trung theo timg murc. Viée giam kich thudc nay
gitip md hinh trich xuat duoc cac dic trung ngit nghia & muc cao hon, dong thoi

giam chi phi tinh todn & cac tang sau.
Khéi SPPF — Spatial Pyramid Pooling Fast

SPPF dugc dit tai cudi Backbone nhim mé rong ving cam thu (receptive
field) cia md hinh. Khdi nay sir dung k¥ thuat stacking céc 16p pooling 5x5 lién

tiép dé mo phong pooling 9x9 va 13x13 ma khong can st dung kernel 16n.
Céu triic SPPF bao gom:

mot 16p tich chap 1x1 dé nén thong tin ban dau;
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ba tang pooling ndi tiép nhau;

ghép ndi két qua ciia bon tang dic trung;

mot 16p tich chap 1x1 cudi dé hop nhét thong tin.

Khéi SPPF gitip Backbone hiéu dugc ngit canh rong ctia khuén mat va hinh

thé, dic biét hiéu qua khi d6i twong co nhiéu bién dang vé tu thé.
2.2.2.2 Céu tao ndi bo ciia Neck

Neck cua YOLO11 dam nhiém nhiém vu téng hop dac trung tu nhiéu muc
d6 khac nhau dé tang cuong kha ning phat hién vat thé nho, trung binh va 1én.
Céu tric Neck bao gom hai luong chinh: FPN (Feature Pyramid Network) va PAN
(Path Aggregation Network), ciing v&i khdi C3k2 duoc t6i wu héa.

Luong FPN (top—down)

Ludng FPN truyén thong tin tir ting dic trung sdu xudng cac ting nong

hon. Qua trinh nay bao gém:
phong to dic trung bang upsampling;
ghép nbi vai dic trung co cung kich thude tir Backbone;
tron dic trung bang khéi C3k2.

Nho co ché ndy, cac ting c6 d6 phan giai cao hon duoc bod sung thong tin

ngit nghia, gitip phat hién cac doi tuong nhé (nhu mat hodc mi mat) hiéu qua hon.
Ludng PAN (bottom—up)
Lué)ng PAN thyc hién chiéu nguoc lai:
giam kich thudc dic trung bang 16p tich chap stride 2;
ghép ndi v6i dic trung & muc sdu hon;

xtr ly bang khoi C3k2.
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PAN giup ting cudng thong tin chi tiét cho cac ting sau, cai thién kha ning

mo hinh phan biét giita cac trang thai twong tu (nhu chép mit va ngu git).
Khéi C3k2

YOLOI1 gi6i thiéu mot thay d6i dang ké bang cach thay thé khdi C2f
trong c6 bang khéi C3k2. Khdi C3k2 dugc thiét ké dé nhanh hon va hiéu

qua hon, nang cao hiéu suit tong thé ctia quy trinh tong hop tinh nang. Sau
khi 1dy mau va nbi, co trong YOLO11 két hop khéi cai tién nay, dan dén téc do

va hiéu suat dugc nang cao
Cac dac diém chinh cua khoi C3k2:

- XU« 1y nhanh hon: Viéc st dung hai phép tich chap nho hon giap gidm
chi phi tinh toan so véi mot phép tich chap 16n, gitp trich xuat tinh ning

nhanh hon.

- Hiéu qua tham sd: C3k2 13 phién ban nho gon hon cia nat that CSP,

gitip kién trac hiéu qua hon vé s luong tham sb c6 thé dao tao
2.2.2.3. Cdu tao néi bo ciia Detection Head
Detection Head 1a thanh ph?m cudi ctia mé hinh, chiu trach nhiém du doan
hop gii han va nhan 16p trén ba mirc dic trung dau ra
Kién trac anchor-free
Khac vdi cac phién ban YOLO cii st dung anchor ¢d dinh, YOLOI11 du
doan truc tiép toa d6 hop bao théng qua cac diém dic trung (feature points). Diéu
nay gitp mo hinh:
giam 156i du doan do anchor khong phu hop;
tang d6 chinh xac ddi voi cac doi tuong nho;
don gian héa qua trinh huan luyén va tinh toan.

Céac dau ra cua mot diém dic trung
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MJdi diém dic trung du dodn cac gia tri sau:
vi tri trong d6i cuia tAm hop;
chiéu rong va chiéu cao ctia hop;
do tin cay (objectness);
xéc sudt 10p;
gia tri chat luong (quality) nham cai thién qua trinh NMS.

Detection Head xtr Iy dic trung qua mot s 16p tich chap nhe, sau d6 chia

thanh cac nhanh dy doan riéng biét.
Co ché Loss va tbi wu hoa ndi bd
YOLO11 str dung t6 hop cac ham Loss ning cao:
SIoU, EloU hoac CloU cho du doan hop bao;
Varifocal Loss dé khop nhan mém va gid tri chat luong;
Distribution Focal Loss gip du doan bién hop chinh xac hon.

Nhitng ham méat mat nay giap YOLO11 dat do chinh xac cao hon, dac

biét & cac ddi tuong nho hodc bi che phii mot phan.
Tong két ciu tao ndi bd YOLOI1
Céu tric ndi bd ciia YOLO11 duge t6 chic theo hudng module hoa, trong do:
Backbone chiju trach nhiém trich xuét dic trung da cép;

C2PSA gitip m6 hinh tap trung vio cac ving quan trong nhd co ché cha y
khong gian;

SPPF mo rong ving nhan thong tin trong khi van gitr tbc do;
C3k2 trong Neck tbi uu qua trinh tong hop da dic trung;
Detection Head anchor-free don gidn hoa du doan va nang cao hi¢u qua.

Céac ham Loss hién dai giip mé hinh hoi tu nhanh va 6n dinh.
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Nho kién tric toi wu va chit ch nay, YOLO11 tré thanh mét trong nhitng mo
hinh hi¢u qua nhat trong ho YOLO, dac biét phu hop cho cac bai toan nhan dang

thoi gian thuc nhu phat hién tai xé ngu gat.
2.2.3. Nhiing tinh nang chinh cua YOLOI11
Duo¢i day l1a nhitng tinh nang cia YOLO11:

1. Bo chinh xac dugc cai thi¢n véi do phuc tap dugc giam bot: Bién thé
YOLOI1 dat dugce diém D6 chinh xéac trung binh (mAP) vuot trdi trén tap dir li¢u
COCO trong khi str dung it hon 22% tham s6 so v6i bién thé YOLOVS, ching

minh hi€uqua tinh toan duogc cai thién ma khéng anh huong dén do chinh xéc .

2. Tinh linh hoat trong cac tac vu CV: YOLO11 [3] thé hién sy thanh thao
trong nhiéu tmg dung CV khac nhau, bao gém udc tinh tu thé, nhan dang doi
tuong, phan loai hinh anh, phan doan thé hién va phat hién hdp gi61 han dinh
hudng (OBB).

3. Tdc dd va hiéu suat duoc toi vu hoa: Thong qua cac thiét ké kién trac
tinh té va quy trinh dao tao hop 1y, YOLO11 dat dugc téc d6 xur 1y nhanh hon

trong khi van duy tri su can bang gifra d§ chinh xac va hiéu qua tinh toan.

4. Sb lugng tham sé duoc sap xép hop 1y: Viéc giam cac tham s6 gop phan
lam cho hiéu suat mo hinh nhanh hon ma khong anh hudng dang ké dén do chinh

xéc tong thé cua YOLO11 [3].

5. Trich xuat tinh nang nang cao: YOLOI11 két hgp céc cai tién trong ca
kién tric xuwong song va c0, mang lai kha nang trich xuat tinh ndng nang cao va

do d6, phat hién dbi twong chinh xac hon.

6. Kha nang thich timg theo ngit canh: YOLO11 chiing minh tinh linh hoat
trong nhiéu tinh hudng trién khai khac nhau,bao gdm nén tang dam may, thiét bi

bién va hé thong duoc t6i wu hoa cho GPU NVIDIA.
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2.2.4. Diém manh va diém yéu ciia YOLO11

biém manh:
- Can bang hiu suat vuot troi: Pat duoc su can bang vuot troi gitra
toc dd va do chinh xac, vuot trd1 hon cac mo hinh khac trén nhiéu nén

tang phan cimg khac nhau.

- Tinh Linh hoat Vuot trdi: Mot ho mo hinh duy nhét xr 1y nam tac
vu Al thi giac chinh, don gian héa qua trinh phat trién cho cac ing dung

phtc tap.

- H¢ sinh thai dugc duy tri tdt: Puge hd tro boi su phat trién tich cuc,
mot cong déng 16n manh, cap nhat thuong xuyén va cac tai nguyén toan

dién, dam bao do tin cay va ho trg.

- D@ sir dung: Pugc thiét ké cho trai nghiém nguoi dung dugc t6i uu
hoa, cho phép ca ngudi maéi bat dau va chuyeén gia huan luyén va trién

khai mé hinh véi mirc do phtc tap téi thiéu.

- Hi€u qua dao tao va trién khai: Puoc toi wu hoa cho thoi gian dao
tao nhanh hon va sir dung b nhd thap hon, 1y tuéng cho nhiéu loai

phan cimg tir thiét bi dién dén may chi ddm may.
Diém Yéu:
-La mot mé hinh hién dai, cac bién thé YOLO1116n nhit doi hoi tai

nguyén tinh toan dang ké dé dat dugc do chinh xéac t6i da, mic du

ching van rat hiéu qua so voi 16p hi€u suat cia chung.
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2.3. Phat hién tai xé ngi git bing YOLOI11
Phét hién tinh trang budn nga hodc nga gt cua tai xé 13 mot trong nhiing
ung dung quan trong cua cac mo hinh hoc sau trong linh vuc thi gidc may tinh [2].
Trong d6, YOLO11 dugc dénh gia 1a mot trong nhimg kién tric mang no-ron tich

chap manh mé& va hiéu qua, c¢6 kha ning phat hién ddi twong trong thoi gian thuc.

Khac v6i cac phuong phép truyén thong tach riéng budc trich xuat dic
trung va phan loai, YOLO11 xtr 1y toan b birc anh chi qua mét lan lan truyén
mang, déng thoi du doan tryc tiép vi tri va nhin cua doi tuong. Co ché nay gitp
mé hinh dat duoc toc do xtr 1y rat cao, dap tmg yéu cau van hanh trong mdi truong

giao thong thuc t& — noi ma do tré trong canh béo ¢ thé dan dén tai nan.

Trong bai toan phat hién tai xé ngt gat, YOLO11 [9] ¢6 thé duoc huan luyén

de nhan dién cac ddc trung hanh vi lién quan dén sy mét moi nhu:

Mit nham trong thoi gian dai (PERCLOS): Dau hiéu tai xé budn ngi.

Tan suat chép mat bat thuong.

Gat dau hodc thay d6i tu thé dau (head pose).

Mat tap trung, khong quan sat phia trudec.

Dt li€u hinh dnh cabin dugc dua vao mo hinh YOLO [9] sau khi gédn nhan

(bounding box) cho cac ving quan tdim nhu mét, mii, miéng, khuon mit. Qué
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trinh huin luyén gitip mé hinh hoc dugc mdi lién hé giita cac dic trung hinh anh
nay voi trang thai tinh tdo hodc budn ngu. Khi trién khai thuc té, hé théng camera
trong xe s& truyén lién tuc hinh anh vé mé hinh YOLO [9] dé dua ra dy doan trong

tho1 gian thuc.

Uu diém noi bat cta viée sir dung YOLO11 trong phat hién tai xé nga gat

bao gom:
- Tbc d6 cao: Pam bao canh bao tirc thoi cho tai xé.
- Do chinh xac tét: Nho kha ning hoc sau tir dir liéu 16n.

- Kha ning trién khai linh hoat: C6 thé 4p dung trén céc thiét bi phan cing

gi61 han nhu camera gidm sat trong 6 0.

Tuy nhién, thach thirc dit ra 1a su thay doi diéu kién moi trudng (anh sang
yéu, ban dém, kinh mat, khau trang che mat) c6 thé lam giam hiéu qua phat hién.
Do d6, viéc cai tién mo hinh, két hop thém cac dic trung hinh hoc (EAR,
PERCLOS) hoic cac mo hinh theo ddi chudi thdi gian (LSTM) s& gitip nang cao

do tin cay.

Nhu vy, viéc ap dung YOLOI11 trong phét hién tai xé ngti gat khong chi
mang lai tinh kha thi vé mat k¥ thuat ma con mé ra tiém nang trién khai thyuc té

trong cac hé thong giam sat an toan giao thong thong minh.

36



CHUONG 3 CAI PAT, THU NGHIEM VA PANH GIA

Chuong 3 trinh bay moéi trudng cai dit va cac cong cu sir dung dé xay dung mé hinh
nhu Python, Visual Studio Code va Google Colab. B9 dit li¢u dugc chuén bi, tang cuong va
phan chia phuc vu huén luyén m6 hinh YOLO11. Qua trinh dao tao m6 hinh duoc thyc hién véi
nhiéu gia tri epoch dé tim ra cAu hinh t6i wu, dé)ng thoi cac biéu d6 hoc va ma tran nham 13n
dugc phan tich dé danh gia hiéu suat. Két qua thtr nghiém cho thdy mé hinh dat do chinh xac

cao va hoat dong tét trén anh, video, gop phan phat hién tai xé ngi gat theo thoi gian thuc

3.1 Méi trwong thir nghiém
3.1.1 Python

3.1.1.1. Khdi niém
Python [5] 1a mot ngdn ngit 14p trinh bac cao duoc thiét ké phuc vu nhiéu
muc dich khac nhau, do Guido van Rossum phat trién va ra mat 1an dau vao nam
1991. Ngon ngit ndy dugc biét dén nho ct phap 6 rang, dé doc, d& hiéu va dé ghi
nhd, gitp ngudi méi hoc lap trinh o thé tiép can nhanh chong. Python [5] sir dung
hinh thurc trinh bay mach lac, co6 céu trc hop 1y va dugc xem l1a mot trong nhitng

ngon ngit than thién nhat véi nguoi hoc.

Python [5] 14 ngén ngit 14p trinh hudng dén tinh dé hoc va hiéu qua, duoc
ung dung rong rai trong nhiéu linh vuc, dic biét 1a tri tué nhan tao [1], khoa hoc
dir liéu, phan tich dit liéu, va phat trién web. Cau tric ctia Python [5] cho phép
nguoi 1ap trinh viét ma ngin gon hon so v&i nhiéu ngodn ngit khac ma van dam

bao hi¢u suat va do chinh xac cao.

Vao thang 7 nim 2018, sau hon 30 nim déng gép, Van Rossum tuyén bd
ri vi tri 1anh dao trong cong dong Python [5], dé lai mot di san 16n cho thé gidi
lap trinh. Python [5] hién duoc quan 1y va phat trién bai Python [5] Software
Foundation mdt t6 chirc phi loi nhuan diéu phdi viéc phat trién va dinh hudng cta

ngon ngr nay.

Python [5] 1a mot ngdn ngit dong, c6 kha niang cip phat bo nhé ty dong,

tuong ty nhu cac ngon ngr hién dai khac nhu Ruby, Perl, Scheme hay Smalltalk.
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Ban dau, Python [5] duoc phat trién dé hoat dong trén h¢ diéu hanh Unix, nhung
theo thoi gian, pham vi hd tro ctia né6 di mé rong sang nhiéu nén tang khac nhu

Windows, macOS, Linux, va nhiéu hé diéu hanh twong ty Unix.

Mic du qué trinh phat trién cua Python [5] ¢ su dong gop tir cong dong
toan cau, Guido van Rossum van duogc xem la nguodi co vai tro then chdt trong
viéc dinh hinh tu tudng va triét Iy caa ngodn ngit nay. Nho tinh linh hoat, dé hoc
va manh m&, Python [5] lién tuc ndm trong nhom nhiing ngodn ngit 14p trinh phd

bién va dugc ua chudng nhat thé gigi hién nay.

3.1.1.2. Bac tinh cua Python [5]
Python [5] ngay cang duogc st dung rong rii trong cong ddng 1ap trinh nho
s& hitu nhiéu dic tinh ndi bat, hd tro toi da cho ca ngudi mdi hoc 1an 14p trinh vién
chuyén nghiép. Mot sb dic trung chinh ctia ngdn ngit Python [5] c6 thé ké dén

nhu sau:

- Ngén ngit huéng dbi tugng: Python [5] hd trg hoan chinh cac ki thuat
1ap trinh huéng dbi tuong, cho phép t6 chirc va quan Iy ma ngudn theo

mo hinh 16p va dbi tuong, gitip chuong trinh dé mé rong va bao tri hon.

- Lap trinh tuong tac: Python [5] cho phép nguoi dung lam viée tryc tiép
v6i trinh thong dich, thur nghiém va chay tung dong 1énh mdt céach linh

hoat, rat thudn tién trong qua trinh kiém thir va phat trién phan mém.

- D& hoc, d& sir dung: Cu phéap ctia Python [5] gan giii v6i ngdn ngit tu
nhién, giup ngudi hoc nhanh chéng nam bat, dac biét phi hop véi nhiing

al ma&i bat dau lam quen véi 14p trinh.

- CAu tric ¢t phap don gian: Vi¢c loai bd dau ngodc nhon va st dung thut
dau dong dé phan chia khdi 1énh khién Python [5] tré nén truc quan, dé

doc va d& hiéu, tir 46 giam dang ké 18i ¢t phap trong qua trinh viét ma.

- Ma ngudn mo: Python [5] dugc phat hanh theo gidy phép ma ngudén md,

cho phép nguoi ding tu do sir dung, chinh sira va phan phdi lai. Piéu
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nay gop phan thiic day su phat trién manh mé& cta cong dong Python [5]

toan cau.

Tinh da nén tang: Python [5] c6 thé hoat dong trén nhiéu hé diéu hanh
va kién trac phan ctimg khac nhau nhu Windows, macOS, Linux hay

Unix ma khong can thay d6i ma ngudn.

Kha ning mo rong: Python [5] hd tro thém cic mo-dun hoic thu vién
mé rong, gitip nguodi dung dé dang tich hop cac chiic ning nang cao vao

chuong trinh ma khong can viét lai tir dau.

CAu trtc linh hoat: Python [5] cung cap nhiéu co ché giup to chirc ma
nguon logic va hiéu qua, dong thoi cho phép két hop véi cic ngdn ngir

khac nhu C/C++ hodc Java dé ting hiéu suit.

Cong dong phat trién manh: Python [5] c6 mot cong dong nguoi ding
d6ng dao trén toan thé gidi, ludn tich cuc dong gop vao viée phat trién,
cai tién va mo rong h¢ sinh thai thu vién. Nho do, nguoi hoc va lap trinh
vién co thé dé dang tim thay tai liéu, hd tro k¥ thuat va 10i giai cho céc

van dé thuc té.

Nho nhimg vu diém trén, Python [5] khong chi tré thanh mot trong nhitng

ngdn nglt pho bién nhat hién nay ma con dugc xem la cong cu nén tang trong

nhiéu linh vuc nhu tri tué nhan tao [1], khoa hoc dir li¢u, va phat trién ung dung

3.1.1.3 Cac phién ban cua Python [5]

Python [5] dugc Guido van Rossum khéi tao vao cudi nhitng nim 1980 tai

Trung tAm Toan hoc — Tin hoc (CWI) ¢ Ha Lan, v6i mong mudn tao ra mot ngdn

ngit don gian, dé hiéu nhung van manh mé, ké thira nhirg wu diém tir ngdn ngit

ABC. Python [5] dugc thiét ké dé c6 kha ning xir Iy ngoai 18, twong tac véi hé

diéu hanh Amoeba, va hd trg tdt viéc 1ap trinh hudng c4u trac. Phién ban dau tién
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cua Python [5] dugc hoan thién vao thang 12 nam 1989, danh dau sy ra doi cua

mot trong nhimg ngdn ngit 1ap trinh o strc anh hudng 16n nhat hién nay.

Phién ban Python [5] 2.0, phat hanh vao ngay 16 thang 10 nam 2000, mang
lai nhiéu cai tién dang ké nhu bo thu gom rac tuy dong (garbage collection) va kha
nang xur 1y ky tu Unicode, gitp ngdn ngit ndy hd tro tét hon cho cac tng dung

toan cau hoa.

Tiép d6, Python [5] 3.0 ra mét vao ngay 3 thang 12 nim 2008, dugc xem 1a
cot mbc quan trong trong lich sir phat trién cua Python [5]. Pay 1a ban nang cap
16n va khong tuong thich ngugc véi cac phién ban 2.x, do d6 mot s6 ma nguon cil
can duoc chuyén doi lai dé st dung dugc. Tuy nhién, nhiéu tinh nang moi cua
Python [5] 3 d4 dugc chuyén mé nguoc (backport) vé cac phién ban 2.6.x va 2.7.x
dé dam bao qua trinh chuyén doi dién ra thuan loi hon. Python [5] 3 di kém cong

cu 2to3, gitp ty dong chuyén doi ma Python [5] 2 sang Python [5] 3.

Céc phién ban nang cip sau d6 nhu Python [5] 3.9.2 va 3.8.8 tiép tuc duoc
phat hanh nham v4 16i bao mat nghiém trong (bao gom ca trong Python [5] 2.7),
khic phuc cac 16 hong c6 thé dan dén nguy co thuc thi ma doc tir xa va ro i bo

nhd dém.

Trong nam 2022, Python [5] tiép tuc duoc cai tién manh mé véi cac ban
cap nhat 3.10.4, 3.9.12, va 3.8.13, dong thoi va mot s6 18i bao mat con ton tai &
phién ban 3.7.13. Pén cudi nam 2022, Python [5] 3.9.13 dugc phat hanh, danh
dau mot bude tién méi trong viée nang cao tinh an toan va 6n dinh ctia ngdn ngir.
Vao thang 9 ndm 2022, bon ban cap nhat tiép theo ciing duoc cong bd (3.10.7,
3.9.14, 3.8.14, va 3.7.14) nham khéc phuc cac 16 hong c6 thé bi khai thac trong

tan cong tir chdi dich vu (DoS).

Tinh dén thang 10 nam 2023, Python [5] 3.12 duoc cong nhén 1a phién ban
6n dinh va t6i wu nhat, mang dén hiéu ning cao hon, ¢ phap nhat quan hon, ciing

nhi€u cai tién vé thu vién ti€éu chuan. Mot so thay doi dang chl y tur phién ban
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3.11 cling dugc gitr lai, nhu nang cép trinh bién dich, cai thién téc d6 thuc thi va

quan 1y bd nhé hi¢u qua hon.
3.1.2. Visual studio code

3.1.2.1 Khai niém

- Visual Studio Code (VS Code) 1a mot mdi trudng phat trién tich hop
(IDE — Integrated Development Environment) dwgc phat trién boi
Microsoft, ra mat 1an dau vao nam 2015. Day 1a mdt trinh soan thao ma
ngudn manh mé, da nén tang, hd tro 1ap trinh trén Windows, macOS va

Linux.

VS Code dugc thiét ké hudng dén su nhe, linh hoat va m& rong cao, cho
phép 1ap trinh vién co thé cai dit thém cac tién ich mo rong (extensions) dé phuc
vu nhiéu ngdn ngit khic nhau, trong d6 c6 Python [5]. Véi giao dién truc quan,
tbc d6 xir Iy nhanh va kha ning tiy chinh manh mé&, VS Code nhanh choéng try

thanh mot trong nhiing cong cy 1ap trinh phd bién nhét trén thé gioi.

Trinh soan thao ma ngudn nay nay khong chi hd trg viét va chay ma Python
[5] ma con tich hop céc chitc ning phat hién 161, goi y ¢t phap, g& 16i (debug) va
quan 1y moi trudng o (virtual environment), gitip ngudi ding dé dang phat trién
va thir nghiém chuong trinh. Ngoai ra, VS Code con tich hop sin Git, gitp kiém

soat phién ban ma nguon thuan tién ngay trong giao di¢n lam viéc.

3.1.2.2 Cdc dac trung cua visual studio code
VS code hd trg cac tinh ning sau:
- HOb tro da ngdn ngir: Ngoai Python [5], VS Code con hd trg nhiéu ngon
ngtr 1ap trinh khac nhu C/C++, Java, JavaScript, HTML, CSS, va Go.

- Giao dién than thién: VS Code c6 thiét ké tdi gian, dé thao tac, dong thoi
cho phép ngudi dung tity chinh giao dién, mau sic, phim tit va bd cuc

theo s& thich ca nhan.
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- Hé thdng tién ich mé rong manh mé: Ngudi dung c6 thé cai dit hang
nghin tién ich mo rong tir Marketplace dé hd tro cac tinh ning nang cao

nhu linting, kiém thtr, két ndi co so dit liéu hodc phat trién web.

- Tich hop Git: VS Code cung cip sén cac cong cu quan Iy ma ngudn nhur

commit, push, pull va xem lich st thay d6i ma khéng can roi khoi IDE.

- G& 16i truc tiép: Cho phép lap trinh vién dat breakpoint, theo ddi bién,

va kiém tra ludng thuc thi ctia chuong trinh ngay trong giao dién.

- HO tro mdi trudng do: VS Code gitip ngudi dung tao va quan ly moi
truong do Python [5] dé dang, dam bao tinh doc 1ap cta cac goi thu vién

cho tung dy an.

- Hiéu nang cao, nhe va mién phi: Du c6 nhi€u tinh nang manh m¢, VS
Code van chay muot ma trén hau hét cau hinh may tinh, dac biét hoan

toan mién phi va c6 ma nguén mo.

Nho nhitng vu diém ndi bat nay, Visual Studio Code di trd thanh lua chon
hang dau cho cac 14p trinh vién Python [5], ddc biét trong cac du 4n nghién ciu,

thir nghiém mé hinh hoc may hodc phat trién ing dung nhé dén trung binh.

3.1.2.3. Cdc phién ban cua Visual Studio code

Visual Studio Code (VS Code) dugc phat trién badi Microsoft va cong bd
phién ban dau tién vao thang 4 nam 2015. Ngay tir khi ra mat, VS Code da nhanh
chong thu hit sy quan tim 16n tir cong dong lap trinh nho tinh nang gon nhe, tdc

do nhanh va kha nang mé rong cao thong qua cac tién ich (extensions).

VS Code 12 mot du 4n ma ngudn mo, duge phat hanh theo gidy phép MIT
va c6 mé ngudn cong khai trén nén tang GitHub. Microsoft phat hanh ban cap nhat
hang thang, trong do lién tuc bo sung tinh nang méi, va 18i va cai thién hiéu suat.

Sau day la cac phién ban:
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- Phién ban 1.0 (2016): Py 1a ban phat hanh 6n dinh dau tién, hd tro co
ban cac ngdn ngir 1ap trinh pho bién nhu JavaScript, TypeScript, va C#.

- Phién ban 1.20-1.30 (2018-2019): Giai doan nay tap trung nang cao
hiéu suét, cai thién kha ning g& 16i va tich hop manh mé& hon véi hé

thong Git.

- Phién ban 1.40-1.50 (2020): VS Code bd sung nhiéu tién ich hd trg
Python [5], Jupyter Notebook, va Remote Development, gitip phat trién

ung dung tir xa va xu ly dir li€u truc ti€p trén server.

- Phién ban 1.60-1.70 (2021-2022): Cac tinh ndng nhu Auto Save, Inline
Suggestion (goi ¥ ma thong minh), va Live Share (1ap trinh cOng tac

tho1 gian thuc) duoc cai thién dang Kké.

- Phién ban 1.80 tr¢ di (2023-2025): Téap trung vao viéc t6i uu hoa hiéu
nang, giao dién va tich hop Al (vi du nhu GitHub Copilot), déng thoi
cai thién hd tro ngon ngt Python [5], C/C++, va Rust.

Tinh dén thang 10 ndm 2025, phién ban méi nhét cua VS Code da tro nén
on dinh, véi hiéu suét cao hon, tdc dd khoi dong nhanh, va kha nang tuy bién sau
hon thong qua céac extension hién dai. Cac phién ban méi van giit triét Iy ban dau

ctia Microsoft: “nhe, linh hoat, mién phi va danh cho moi 18p trinh vién.”
3.1.3. Google Colab

3.1.3.1. Khai niém

Google Colab [6]oratory, thuong duoc goi tit 1a Google Colab [6], 1a mot
san pham do Google Research phat trién. Dy 1a mot nén tang cho phép nguoi
dung viét va thuc thi ma ngudn Python [5] truc tiép trén trinh duyét web ma khong
can cai dat hay ciu hinh méi truong 1ap trinh trén may tinh ca nhan. Google Colab
[6] ddc bi¢t phu hgp véi cac linh vue nhu phan tich dir li¢u (Data Analysis), hoc

may (Machine Learning) va gido duc.
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Mot trong nhitng vu diém ndi bat cua Colab 1a kha ning chay ma Python
[5] thong qua tai nguyén phan cimg manh mé trén nén tang dién toan dam may
ctia Google. Nguoi dung c6 thé dé dang lia chon gitra CPU, GPU hodc TPU dé
thue thi chwong trinh, gitip tang tdc qua trinh tinh toan, ddc biét trong cac bai toan

hoc sau (Deep Learning [12]).

Google Colab [6] cung cap nhiéu loai GPU nhu NVIDIA K80s, T4s, P4s
va P100s. Tuy nhién, do tinh cht mién phi cta dich vu, ngudi dung khong thé
chon loai GPU cu thé va tai nguyén phan cimg co6 thé thay doi theo thoi gian.
Ngoai ra, Colab ciling gi¢i han thdi gian chay cia mdi phién lam viéc (thong
thuong toi da 12 gid) dé dam bao phan phdi tai nguyén cong bang giita cac nguoi

dung.

3.1.3.2. Nhitng dac trung chinh trong Google Colab

Google Colab [6] cung cdp mdi truong 1am viée truc tuyén twong ty nhu
Jupyter Notebook, cho phép nguoi dung tao, chinh stra va thyc thi cac cell chira
ma Python [5] hodc ndi dung markdown. Uu diém 16n cua Colab 1a khong yéu
cau cai dit bat ky phan mém ndo trén may tinh, gitp tiét kiém thoi gian cau hinh
moi trudng phat trién.

Kha nang chia sé va cong tac

Colab hd tro ngudi dung chia sé notebook voi nguoi khac dé cuing 1am viée
truc tuyén trong thoi gian thuc, twong ty nhu cach chia sé tai liéu trén Google
Docs. Céc tinh nang nhu binh luan, chinh sira dong thoi va luu lich st thay doi
giip nang cao tinh tuong tac, hd trg hiéu qua cho viéc hoc nhém va phat trién du

an chung. [16]

Str dung GPU va TPU mién phi
Google Colab [6] cung cp quyén truy cip mién phi dén GPU va TPU, gitip
tang téc do xtr 1y va huan luyén cidc mo hinh hoc sau. Piéu nay dic biét hitu ich

cho cac tac vu tinh toan phire tap, nhu xt 1y dit liéu 16n, huin luyén mo hinh tri
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tu¢ nhan tao [1] hay mé phong khoa hoc. Viéc st dung GPU hodc TPU gitp cai
thién déng ké hiéu ning so voi CPU thong thudng. [16]

Luu trit dir li¢u trén Google Drive va tich hop Google Cloud

Nguoi dung c6 thé dé dang két ndi Colab voi Google Drive dé luu trit, truy
cap va quan ly dir li€u truc tiép trén ddm may, tao diéu kién thuan loi cho viéc lam
viée voi cac tap dir ligu 16n.Ngoai ra, Colab con tich hop véi cac dich vu dién toan
dam may ctia Google nhu BigQuery, Cloud Storage va cac API hd tro xir Iy dit
lidu, giup m& rong kha ning phén tich va phat trién tng dung trong méi trudng

dién toan dam may.

3.2 Tao b dit ligu hoc dé huén luyén

Roboflow [8] 13 mot framework hd tro cac nha phat trién trong linh vuc thi
giac may tinh (Computer Vision) thuc hién viéc thu thap, xtr Iy va quan 1y dir 1iéu
hinh dnh mdt cach hiéu qua. Cong cu nay gitp nguoi dung tao ra bg dir licu duoc
t6 churc khoa hoc, thuan tién cho qué trinh huan luyén mé hinh hoc may (Machine

Learning) va hoc sau (Deep Learning [12]).

Roboflow [8] cung cdp sin nhiéu tip dit liéu cong khai (public datasets) ma
nguoi ding ¢ thé sir dung tryc tiép, dong thoi cho phép tai 1én va tuy chinh dit
lidu riéng ciia minh. Nguoi ding co6 thé xtr 1y dir liéu theo nhu ciu c4 nhan nhu
diéu chinh kich thudc anh, thay d6i dinh dang, ting cuong dir liéu (data

augmentation) hodc loc bo nhiu dé ning cao chat luong tap dit liéu dau vao.

Quy trinh lam viéc trong Roboflow [8] duoc thiét ké khoa hoc va co thé
phéi hop nhom, gitip nhiéu nguoi ciing tham gia x4y dung bo dir liéu trong cung

mot du an.

Sau khi hoan thién dix liéu, Roboflow [8] hd tro xuét dir liéu ¢ nhiéu dinh
dang chuan tuong thich véi cac thu vién va framework pho bién nhu TensorFlow,

PyTorch, YOLO [9], EfficientDet, MobileNet, v.v.
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DPdi véi qua trinh huan luyén mo hinh nhan dang ddi tuong, Roboflow [8]
dong vai tro trung gian gitta khau chuan bi dit liéu va khau huan luyén, gitip ngudi
dung tiét kiém thoi gian xtr 1y thu cong va dé dang tich hop vao quy trinh phat

trién mo hinh hién dai.

Hién nay, Roboflow [8] duoc tng dung rdng rii trong nhiéu linh vuc co

lién quan dén thi giac may tinh [2], bao gom:

Nhén dang vat thé trong anh hodc video (object detection)
Phét hién chay n6, khoi hodc ngudi xam nhap bat hop phap
Theo doi phuong tién giao thong, quan 1y bai xe
Du doan thiét hai cong trinh, méai nha hoac cay tréng tr anh vé tinh
HO trg xe tu hanh va robot trong viéc nhan biét moi trudng xung quanh
Véi nhimg wu diém d6, Roboflow [8] trd thanh cong cu khong thé thiéu
trong viéc xay dung va quan 1y bd dit liéu hinh anh, gép phan nang cao d6 chinh

xac va hiéu qua cua cac mo hinh hoc sau.

3.3. Qua trinh huén luyén

3.3.1 Chudn bi dnh

Trudce khi dua dit liéu vao mo hinh YOLO11 dé huén luyén va danh gia,
cac anh dau vao can dugc xir Iy va chuan hoa theo mot quy trinh thong nhat. Viéc
chuan bi anh dang cach gitp mo hinh hoc dic trung tot hon, giam nhiu va tranh
sai 1éch trong qua trinh huan luyén. Phan dui day trinh bay cac budc tién xur 1y
dugc ap dung cho tap dir liéu cua dé tai.Chat lugng anh: anh phai c6 do phan giai
cao dé co thé dé dang phat hién ddi tuong dé co thé dé dang nhan dang déi tugng

khi ddi tuong nhé hodc & vi tri kh6 nhan dang trong anh.

- S6 luong anh: 200 tim bao gom anh tai xé ngl gat va anh tai xé lai xe

binh thudng.
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- Su da dang: dit liéu anh dung dé huén luyén mo hinh phai da dang goc

chup, anh sang dé mé hinh c6 thé d& dang nhan dién ddi tuong hon.

- Gén nhan chinh xac: cac bounding box can dugc v€ xung quanh doi
tuong, yéu cau khong dugce qua nho hodc qua to so véi kich thude ctua

d6i tuong.
- Chia tép dit li¢u thanh train va test dé danh gia mo hinh.

- -Téi vu hoéa kich c& anh: cho tit ca anh vé c¢& 640 dé giam bét ganh

nang tinh todn cho GPU.
3.3.2 Pdanh nhan cho doi tuong

Str dung cong cu c6 san trén mang la makesense d€ gan nhan cho doi tuong,

trong bai nay ddi tuong sé& 14 tai xé 1ai xe ( https://www.makesense.ai/ ).

. MAKE
SENSE @

No advanced installation We don't store your
Open source and free to

2 required, just open up your images, because we don't
use under GPLv3 license
browser send them anywhere

& 0

Support multiple label Support output file formats
types - rects, lines, points like YOLO, VOC XML, VGG
and polygons JSON, €SV

Use Al to make your work
more productive

Hinh3.1. Hinh anh vé Make sense

Téng s6 lugng hinh anh 213 anh bao gém 67 anh lay tir roboflow va 146
anh duoc tao ra nho doan code tang cuong hinh anh

O>~
(8
=)
=

Déi tuong S

Nguoi lai xe 6 t6 ngu gat 110
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Nguoi lai xe 6 t6 khong ngu 103

V6i tong s6 213 anh thi trong d6 c6 67 anh duogc thu thap tha cong trén
robofow va 146 anh con lai dugc thém vao thong qua xur Iy tdng cuong hinh anh
nhu ting d6 sang, giam d6 sang, d6i goc chup... Hinh dudi ddy 13 anh minh hoa
cho tap dir li¢u cho tap huin luyén.
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Phan chia tép dir liéu:
Train: day 1a tép dir liéu duoc dir dung dé huan luyén mo hinh. M6 hinh s&
hoc tir nhitng dir liéu nay dé diéu chinh cac tham gid dé dir doanvaf phan loai

chinh x4c nhat

Test: Sau khi mé hinh dugc huan luyén, tép dir li¢u nay s€ dugc su dung dé
kiém tra hiéu suét ciia mé hinh. N6 giup danh gid xem mo hinh c6 kha ning tong

quat hoéa voi dir liéu moéi ma chua thy trong qua trinh huan luyén hay khong

Valid: day 1a tép dir liéu duoc dung dé diéu chinh cac hyperparametest ctia
m6 hinh.Né gitp xac dinhcaasu hinh mé hinh t6t nhat khi duoc kiém tra 1an cudi

cung
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3.4. Pao tao mo hinh “Xay dung m6 hinh phat hién nguwoi 1ai xe 6 to nga gat
khi lai xe”

Pé huin luyén mo hinh “Xay dung mo hinh phat hién ngudi lai xe 6 to ngl
gat khi 1ai xe” bang phuong phap hoc siu thi em sir dung mot cong cu hd tro &
day 1a Google Colab [6]. Google Colab [6] 1a m{t dich vu may tinh ddm may cta
Google cho phép ngudi ding tao ra cc tép note book Jupyter dé thuc thi ma
Python [5]. N6 cung cap mot moi truong tinh toan ddm may mién phi, voi cac dic
trung nhu GPU mién phi, RAM mién phi dén 12GB c6 thé mé rong dén 25.5GB

néu co tra phi, luu trir ddm may va nhiéu dac trung khac.

Ngoai ta Google Colab [6] con lién két véi driver dé co thé ho tro ngudi
dung trong viée luu trit cac dir liéu quan trong. Google Colab [6] dugc thiét ké dé
hd trg viéc phat trién va huin luyén cac mo hinh hoc méy va cac tmg dung AL N6
cung cdp mot mdi truong tinh toan dam may mién phi, manh mé va linh hoat cho

cac nhu cau hoc tap va nghién ctru.

Vi Google Colab [6] ban mién phi chi cho gi6i han vé thoi gian chay nén

ta co thé lién két vi drive dé luu trit dé tranh mat dir liéu sau khi hét phién

Ta co6 thé dé dang két n61 véi drive vt 2 cach:

= Tep D X
Q C R ¥
= -
{x} _
» @ drive
€ » @@ sample_data
3

Hinh 3.3: An chon biéu tirong drive trong phan tép
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from google.colab import drive
drive.mount('/content/drive")|

Hinh 3.4: két néi qua doan ma

Sau khi cai xong mdt s6 doan ma dé€ dua dir li€u ta c6 thé bat dau train véi

doan ma sau

%cd {HOME}

yolo task=detect mode=train model=yolov8n.pt data={dataset.location}/data.yaml

epochs=100 imgsz=640

Hinh 3.5: doan md dé bat dau train

Trong do:

%cd: 1a di chuyén dén tép ta s& luu trit cac dir liéu khi dang train

- Epochs: S6 1an anh duoc train (s6 cang 16n dit liéu train s& duoc cai
thién nhung doi lai thi s& tén thoi gian hon)

- Imgsz: size anh (d6i véi YOLOVS nha phét trién c6 yéu ciu size anh la
640x640).

- Model: mé hinh duoc Ultralytics cling cap dé dao tao.

- Data: dudng dan dén tép cu hinh tap dir liéu (vi du: coco8.yaml). Tép

nay chua cac tham sb danh riéng cho tap dir liéu, bao gom duong dan

dén dit liéu dao tao va xac thuc, tén 16p va ) luong 16p.

Bén canh d6, con c6 mot s6 thong sb khac gitip mo hinh hoat dong on dinh
hon, tuy nhién khong nhat thiét phai khai bao toan bd. Cac thong tin chi tiét hon
c6 thé duoc tham khao trong tai liéu hudng dan cua Ultralytics. B cong cu ndy
da cung cap san ddy du cac tiy chon nén néu can c6 thé dé dang tim hiéu thém

khi trién khai huin luyén mé hinh.

Bdng 3-1 bang két qua hudn luyén cac epochs khic nhau
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Anh | Thoi

iém .

% gian mAP

Epochs | tha thue P R mAP 50-95
(valid) | hi¢n

80 213 8 phut 0.762 0.758 0.845 0.45

90 213 9 phut 0.704 0.822 0.785 0.451

100 213 10 phut | 0.641 0.847 0,79 0,473

Tir bang trén c6 thé nhan thy két qua huan luyén gitta cac gia tri epoch
khéng chénh 16ch qua nhiéu. Tuy nhién, & mic 90 epochs, mé hinh dat do chinh
xéac cao nhat vdi mAP = 0.785 trong thoi gian 9 phut. Khi giam xudng 80 epochs,
d6 chinh xé4c c6 tang nhe, nhung dén 100 epochs thi chi sé P lai suy giam. Vi vay,

6 thé két luan rr?lng voi tap dir ligu khoang 213 anh, viéc lua chon 90 epochs la

t61 uvu nhat cho mo hinh nay.

Sau khi train xong ta s& c6 mot mo hinh di dugc huan luyén trén may tinh

c6 tén 1a best.pt. Dé c6 thé chay mo hinh trén dién thoai ta can chuén moé hinh

best.pt sang md hinh best.tflite bang doan code sau

from ultralytics import YOLO

# Load mS& hinmh PyTorch
model = YOLO("best.pt™)

# Xuat sang dinh dang TensorFlow Lite

model .export(format="tflite™)

Hinh 3.6. Poan md dé chuyén sang file tflite

Trong do:

from ultralytics import YOLO: Lénh nay dung dé nhap 16p YOLO tir thur

vién Ultralytics gitip ta load mé hinh, train, test va chuyén doi dinh dang,
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. model = YOLO("best.pt"): Load mé hinh YOLO di dugc huan luyén &
dinh dang .pt

. model.export(format="tflite"): Xuit mo hinh sang TensorFlow Lite
(.tflite).

3.4.1 Gid tri cdc biéu do

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
—— results
2041 ) smooth 2.4 061
8 B
1.8 2.2 0.4
6 .
1.6 2.0
4 0.24
1.4 181 :
21 0.0 {ed
0 50 0 50 0 50 0 50 0 50
valfbox_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
0.25
25
61 041 0.20-
4 201
5 0.37 0.15
15
3 4
0.2 4 0.10
10 | 41
0.14 0.054
2 | 5 - o) . 3 -
0.04 0.00+
0 50 0 50 0 50 0 50 0 50

Hinh 3.7: Biéu do hudn luyén va danh gid mé hinh YOLO11 véi 90 epochs

Biéu do trén thé hién qua trinh huan luyén mé hinh YOLOI1 trong 30
epochs. Cac duong mau xanh biéu dién gia trj thuc té ctia timg chi s theo timg
epoch, trong khi duong cam nét dat biéu dién duong xu hudng (smooth) dé thé

hién rd hon sy thay d6i tong quét:

. train/box_loss, train/cls_loss, train/dfl loss: Cho thdy mirc d¢ 16i (loss) cta
mo hinh trén tap huin luyén. Gia tri gidm dan theo sd epoch, thé hién mé

hinh dang hoc va dan cai thién kha nang du doan.

. val/box_loss, val/cls loss, val/dfl loss: Biéu dién 15i trén tap kiém thu
(validation). Cac gia tri nay ciing giam dan, chimg t6 mo hinh khong bi

overfitting qua sém va dang hoc 6n dinh.
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metrics/precision(B) va metrics/recall(B): Thé hién d6 chinh x4c va kha ning
phat hién dang cac dbi tuong. Precision dao dong ¢ mirc cao & cic epoch
cudi, trong khi Recall thé hién kha ning nhan dién tong thé cac ddi tuong, c6

xu hudng cai thién ro rét ¢ giai doan sau.

metrics/mAP50(B) va metrics/mAP50-95(B): La chi sé tong hop hiéu suét
nhan dang ciia mo hinh. Ca hai chi s6 nay déu ting dan theo s6 epoch, cho
thdy mo hinh hoc dugc tét hon qua ting vong 1ap va dat hiéu qua cao hon &

giai doan cuoi huan luyén.

Nhin chung, biéu d6 cho thay mo hinh di hoi tu tot sau khoang 90 epochs,
v6i cac chi s6 mAP va Recall ting déu, dong thoi cac gi tri loss giam 6n dinh

chirng t6 mo hinh da hoc dugc dic trung cua dir li¢u va dat do chinh xac tdt.

ngu_gat -

khong_ngu -

Predicted

background

e
©
b
=]
o
c

¢ khong_ngu
background -

4

Hinh 3.8: Biéu dé ma trdn

Ma tran nham Ian (Confusion Matrix) duoc sir dung dé danh gia hiéu suat ciia mo
hinh phan loai trong bai toan phat hién trang thai budn ngu. Biéu dd thé hién sb luong

mau ma mo hinh du doan ding va sai gitra cac 16p khac nhau. Cu thé:

Céc 16p: Ma tran bao gom ba 16p 14 ngui gdt, khéng ngii va background (nén).
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Gia tri 6: Mo61 6 trong ma tran bi€u dién s6 luogng mau ma mé hinh du doan

thudc vao mot 16p cu thé so v&i nhan thue té.

- TrucXvay:

Truc X (True) biéu thi cac 16p thuc té trong tap kiém th.
Truc Y (Predicted) biéu thi cic 16p ma mé hinh da du doan.

- Mau sac:
Cac 6 c6 mau xanh dam thé hién s6 luong dy doan chinh xac cao (m6 hinh

nhan dang t6t & 16p do).

Cac 6 c6 mau xanh nhat biéu thi s6 lugng du doan it hon hoac cac truong

hop nham lan.

Nhin vao ma tran, c6 thé thdy mo hinh dat 6 chinh xac kha cao & 16p
background, trong khi van con mot s6 nham 1an nho gitta hai 16p ngui gdt va khéng
ngi. Diéu nay cho thdy mo hinh nhan dién tét cac ddi tuong chinh nhung can

duogc cai thién thém dé phan biét rd rang hon gitta hai trang thai cia nguoi 1ai xe.
3.4.2 Giao dién irng dung phdt hién tai xé ngi git

3.4.2.1. Giao dién trén may tinh
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PHAT HIEN NGU GAT (YOLO11)

Chon hinh anh
Chon video

M& camera truc tiép

X Thoat

Hinh 3.9: giao dién ung dung
Giao dién c6 chirc nang co ban gom:

Chon hinh anh: dung dé chon hinh anh dé chay model di train trén google

colab
Chon video dung dé chon video dé chay model da train trén google colab

Chay camera dung dé chay model phat hién ngu gat théng qua camera cua

may tinh trong thoi gian thuc

3.4.2.2. Giao dién trén dién thoqi

55



3 G0 B 4l

W

HPU

Ung dung phét hién ngt gat khi li xe

= Xem lai video

Phat hién ngu gét khi lai xe

i Xem dir liéu

Hinh3.10. Giao dién ung dung trén dién thoai
Xem lai video: Nut nay cho phép nguoi dung mé thu muc chura cac video

d3 duoc ghi lai trong qua trinh hé thong phat hién budn ngu.

Phét hién ngu gat khi 1ai xe: Khi nhan vao Camera s& duoc kich hoat. M6
hinh YOLO duoc chay dé phat hién mét nham, gat dau hodc dau hiéu ngu
git.
Xem dit liéu: Nat ndy mé phan luu trit dit liéu nhu thoi gian xay ra canh
béo, thong ké s 1an tai xé budn ngti nhat ky hoat dong . Phan nay giup
theo do1 hanh vi 141 xe va dung lam tai liéu phan tich
Thoat: Nt nay dung dé tit tmg dung thoat ra man hinh
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3.4.3 Két qud thir nghiém trén mé hinh da hudn luyén

Thuc hién thu cong trén 2 loai dir li¢u dau vao: anh hinh tinh nguoi lai xe

ngu gat va anh tinh nguoi 141 xe khong ngu gat.

Bdng 3-2.Bdng thir nghiém phdn loai hinh anh tai xé ldi xe ngi gdt

STT | Tén anh ?0 lwong N!lan Nhan sai D,(') chinh
anh dang ; xac

1 Ngu gat 30 28 2 93%

2 Khong ngu gat | 30 29 1 95%

Theo nhu bang trén ta c¢6 thé thay nhan sai 1a 2 anh & nga gat va 1 anh &

khong ngu gat

Hinh 3.11 Anh Ngii gdt bi nhdn sai
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Hinh 3.11 anh khong ngu gat bi nhdn sai

Tir d6 ta c6 thé thdy mo hinh nhan dang sai nhiéu ké ca nhimg anh khong c6 trong
mo hinh truong trinh cling nhan dién sai va thong bao do chic chin 1én t6i

Khi str dung video dé nhan dién chuong trinh ciing da hoan thanh tbi viéc

nhan di¢n. Video 1a nhan dién & goc do khac nhau nén su chac chan khong cao

Dbi véi md hinh chay trén dién thoai thi do chinh xac thap hon nhiéu so voéi
mo hinh chay bang may tinh do d6i sang file tflite phtt hop hon cho dién thoai nén
mo hinh s& nhiéu thiéu sét.

Badng 3-3 bang thir nghiém phan loai hinh danh trén dién thoai

S6 lugng | Do chinh
STT Tén anh i Nhéan dung Nhan sai )
anh xac
1 Ngu gat 30 24 6 88%
2 Khong ngu gat 30 22 8 82%

Theo nhu bang trén ta c6 thé thdy nhan sai 13 6 anh & phan phat hién ngu

gat va 8 anh ¢ phan anh khong ngu gat
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Hinh 3.12. anh phat hién ngu gdt bi nhdn sai trén dién thogi

3.4 Danh gia m6 hinh thi nghiém

Mo hinh YOLO11 da dugc sir dung dé phan loai nguoi l4i xe ngu gét khi
dang 1ai oto trén Google Colab, véi bd dit liéu gom 402 hinh anh ciia nguoi lai xe
ngd gat véi nhiéu goc do khac nhau. M6 hinh di duwoc huin luyén trong
100epochs. Bai bao cdo nay s& danh gia cac két qua dat dugc, cling nhu néu rd

cac uu nhuoc diém ctia mo hinh
3.4.1 Két qua hudn luyén
Do chinh xéac:

- O epoch thir 90 d6 chinh xac cao nhit 13 82% cua R

- Khi huén luyén 1én 100 epoch, do chinh xac gidm nhe so vai 90 epoch
Kiém tra thu cong:

- Khi kiém tra tha cong trén bang 3.2, do chinh x4c trung binh dat 94%
- B0 anh kiém tra thu cong ldy tir mang nén c¢6 chat luong cao va rd nét, gitp

mo hinh dat dugc do chinh xac cao hon so vdi b anh 1éy tr web cam
3.4.2 Thoi gian hudn luyén:

Cir vdi mdi 20 epochs trén 100 epochs tiéu tén khoang 2phut
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Vé6i bo dir liéu 214 va 100 epochs, thoi gian hun luyén kéu dai 10 phat
Uu diém ctia m6 hinh:

_ Hiéu suét va d6 chinh xac: YOLO11 da cho thay hiéu suat kha tt voi

d6 chinh x4c cao dbi v6i cac hinh anh tinh chira tai xé ngu gat

_ Kha ning xur Iy: hé théng xir Iy nhanh va chinh xac dbi véi cac hinh
anh tinh va video tai xé 1ai xe ngu gat

Nhuoc diém ctia mé hinh:

- Do chinh xac v6i hinh anh qua tbi hodc qua sang chi dat mic trung binh

- Sai sot trong nhan dién: M6 hinh con gap kho khan khi nhén dién cac

hinh 4nh c6 do sang cao hodc bi che mat mdt nira
3.4.5 Dé xuat cdi tién:

Sau qué trinh huan luyén va thir nghi€ém mo hinh, nhoém nhén thay rang mac
du hé thong da dat dugc két qua nhat dinh, van con ton tai mot s6 han ché can
dugc khac phuc dé nang cao hiéu qua nhan dién. Do d6, nhém dé xuat mdt so

huéng cai tién trong tuong lai nhu sau:

- Thém dir liéu dao tao: bd sung thém dit liéu da dang dé cai thién kha

nang nhan dién

- To1 wu hoa tai nguyén: st dung cac dich vu ddm may hodc phién ban

tra phi ctia Google Colab dé c6 tai nguyén manh m& hon

Mo hinh YOLO11 da phan nao dap tmg duogc cac yéu cau cua dé tai,
dic biét 1a d6i v6i cac hinh anh tinh. Tuy nhién van cin cai thién thém
dé ting do chinh xac va giam sai sot trong qua trinh nhan nhién nguoi
lai xe ngl gat. Viéc nang cdp md hinh va bo sung dit liéu 1a cac bude

quan trong dé dai duoc két qua t6t hon.
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KET LUAN
Trong thoi dai cong ngh¢ 4.0, vi¢e tng dung tri tu€ nhan tao (Al) vao céc
linh vuc doi séng, dac biét 1a giao thong, da va dang mang lai nhiéu loi ich thiét
thuc. Dé tai “Xay dung mo hinh phét hién ngudi 14i xe 6 t6 ngu gat khi dang 1ai
xe” 1a mot hudng tiép can quan trong nham nang cao an toan giao thong, giam

thi€u céac vu tai nan do tai xé buén ngi hodc mat tap trung.

Thong qua viéc nghién ciru, tim hiéu va ap dung mé hinh YOLO11 — mot
trong nhirng thuat toan phat hién d6i twong tién tién nhat hién nay, dé tai da xay

dung duoc hé thong co kha nang:

Phat hién va phan loai trang thai ctia nguoi li xe (tinh tdo, budn ngt, ngl

gat) theo thot gian thyec.

Dua ra canh bao khi tai xé c6 bi€u hién ngu gat, gop phan dam bao an toan

trong qua trinh diéu khién phuong tién.

Huén luyén va kiém thir thinh cong mé hinh trén tap dit liéu 402 anh véi do

chinh x4c dat trén 90% d6i v6i hinh anh tinh.

Bén canh nhiing két qua dat duoc, mé hinh van con mot s6 han ché nhu: do
chinh xac giam khi gdp diéu kién anh sang yéu hoac khi khuén mat tai xé bi che

khuat. Trong tuong lai, d€ nang cao hi¢u suat, can:

Mé rong va da dang hoa tap dir liéu huén luyén (nhiéu gbc chup, diéu kién

moi truong khac nhau).

Két hop thém cac md hinh hoc sau khac nhu LSTM hoac cac chi s6 hinh hoc
(EAR, PERCLOS) d¢é ting do tin cay.

To61 vu hdéa mo hinh nham trién khai hiéu qua trén cac thié€t bi c¢6 tai nguyén
han ché nhu camera gidm sat trong 0 to.

Téng thé, dé tai da hoan thanh tdt cac muc tiéu dit ra, khéng dinh tinh kha

thi ctiia viéc &p dung cong nghé thi gidc mdy tinh va hoc sau vao linh vuc an toan
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giao thong. Két qua nghién ctru khong chi mang gia tri hoc thuit ma con c6 thé
dugc tng dung thuc té trong cac hé théng giam sat thong minh trén phuong tién

giao thong hién dai.
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