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CHUONG 1. GIOI THIEU TONG QUAN

Chuong 1 trinh bay nhimg thong tin mé du cta dé tai, bao gdbm bdi canh
hinh thanh van dé, 1y do lua chon dé tai va muc tiéu nghién ctru. Chuong nay ciing
néu rd pham vi, d6i twong nghién ctru va phuong phap tiép can duge st dung.
Cubi cung, chuong giéi thiéu bd cuc toan bd bao céo, gitip nguoi doc ¢o cai nhin

tong quan trude khi di vao cac ndi dung chi tiét ctia cac chuong tiép theo.
1.1. Dit van dé

Trong nhitng nam gan day, tai nan giao thong dang trod thanh mot van nan
nghi€ém trong tai nhiéu quéc gia, dac biét 1a & cac do thi 1é6n. Mot trong nhitng
nguyén nhan phd bién va nguy hiém dan dén tai nan 1a hanh vi str dung dién thoai
khi dang l4i xe. Theo nhiéu nghién ctru, viéc str dung dién thoai — du dé nghe, goi,
nhan tin hay luét mang xa hoi — déu lam giam kha ning phan xa va muc do tap
trung cta ngudi diéu khién phuong tién. Pidu nay dan dén nguy co mat kiém soat

va gay tai nan cao gap nhiéu lan so vaéi lai xe binh thuong.

Trén thé gidi, nhiéu giai phap di dugc nghién ctru nham hd trg giam sat
tinh trang tinh tao cua tai xé, tir cam bién sinh hoc (nhip tim, soéng ndo) cho dén
hé thong camera giam sat hanh vi. Trong d6, viéc tng dyung tri tué nhan tao [1] va
thi gidc may tinh [2] dé tu dong phat hién diu hiéu st dung dién thoai khi 141 xe
tir hinh anh/video khu6n mit, mat va tu thé 14i xe dang dugc danh gia 1a hudng di

hiéu qua, kha thi.

Do 4n ndy tap trung vao viéc ap dung mot trong nhitng cong nghé tién tién
nhat trong linh vuc nhan dién ddi tuong, 46 14 YOLO11 [8] (You Only Look Once
version 11), dé phat hién va canh bao vé nguy hiém khi sir dung dién thoai khi
dang lai xe tir hinh 4nh. YOLO11 1a mt m6 hinh nhan dién vat thé manh me¢, co
kha nang phat hién vat thé nhanh chéng va chinh x4c trén ca anh va video.

Trong dd an ndy, em d tién hanh thu thap di liéu, hudn luyén mé hinh va
phat trién mot hé thong phat hién nguoi 1ai xe 6 t6 sir dung dién thoai khi dang

l4i xe tir hinh anh sir dung YOLO11. Em hy vong rang cong viéc ctia em sé dong



gop vao viéc tang cuong kha nang phat hi¢n va phan img sém trudc nguy co gy

tai nan, tir d6 giam thiéu thiét hai va nguy co cho cong dong.

Hinh 1.1. Hinh anh nguoi ldi xe sw dung dién thogi di dong khi ldi xe
1.2. Khai niém trong anh
Péi twong trong hinh anh 14 cac yéu tb, vat thé, hodc phan tir cy thé ma may
anh hodc ngudi xem hinh anh c6 thé nhan dién dugc. Khai niém nay khong chi ap
dung cho nhiép anh ma con cho cac linh vuc khac nhu xtr 1y anh, tri tu¢ nhan tao,
va thi gidc may tinh. Mot dbi twong trong hinh anh c6 thé 1 bat ky ai, dan ong,
dan ba, v.v. Trong phan tich hinh anh, viéc nhan di¢én va phan loai ddi tuong 1a

mot trong nhitng thach thirc quan trong.

Hinh 1.2. Hinh anh nguoi dan ong dang sw dung dién thoa dang ldi xe



1.3. Phat hién ddi twong

Phat hién d6i tuong 1a mdi linh vuc vo cung quan trong trong linh vuc xtr
Iy anh va thi gidc may tinh [2].Phat hién d6i tuong lién quan dén viéc xac dinh
truong hop cu thé cia ddi tugng trong hinh anh hodc video. Cac mé hinh phat
hién d6i twong thuong dugce ding dé xac dinh dbi twong trén hinh anh hodc video

camera trong thoi gian thyc.

Pay 1a mot hudng xur 1y rat manh mé néu mudn hé thong c6 kha ning xac
dinh r5 vi tri cac dbi tuong nhu dién thoai, tay, khuén mat trong anh hoac video,

tir d6 suy luan hanh vi st dung dién thoai khi 141 xe.

Cac phuong phap pho bién cho viéc phat hién dbi tugng bao gém sir dung
cac mo hinh hoc sau nhu cac mang no-ron convolutional (CNN) va cac ky thuat
nhu R-CNN, Fast R CNN, Faster R-CNN, YOLO (You Only Look Once), SSD
(Single Shot MultiBox Detector), va RetinaNet.

1.4. Nhin dang d6i twong

Sau khi ddi tuong dugc phat hién, budc tiép theo 1a nhan dang doi tuong,
tie 14 xac dinh chinh xac loai d6i tuong d6 1a gi. Piéu nay thuong lién quan dén
viéc so sanh cac dac trung cia doi tuong da duogc rat trich tir hinh dnh vo1 cac dac
trung cua cac dbi tugng da biét trudce trong co s dir liéu. Cac phuwong phap cho
vi¢c nhan dang ddi tuong co thé dua trén hoc may, hoc sau, hodc cac k¥ thuat xi
Iy anh truyén thong. Ca phat hién va nhan dang ddi tugng déu 1a nhitng thach thirc
quan trong trong linh vuyc tri tué nhan tao va c6 tng dung rong rai trong nhiéu linh
vuc nhu nhan dang khuon mat, gidm sat an ninh, tuy dong hoa cong nghiép, xe tu

141, va nhi€u ung dung khéc



Hinh 1.3. Phdt hién doi twong

1.5 . Cac phuong phap phat hién phé bién hién nay

1.5.1. Phwong phap mo ta dac trung (HOG)

Phuong phap moé ta dac trung (Histogram of Oriented Gradient — HOG)
duoc xem 1a mdt trong nhitng k¥ thuat phat hién ddi tuong cb dién va duoc st
dung tir kha sém. Y tudng ban dau duoc gidi thiéu vao nim 1986, tuy nhién phai
dén nam 2005 phuong phap nay méi thue su phd bién va duge tng dung rong rii
trong cac bai toan thi gidc may tinh [2]. HOG déng vai tro 1a mdt cong cu trich

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

Phuong phap md ta dic trung (HOG) 1a mot cach tiép can trong céac linh
vuc nhu hoc may (machine learning), thi gidc may tinh (computer vision), va xur
1y dit liéu, nham trich xuét va mé ta cac dic trung (features) quan trong tir dit liéu
(vi du: hinh anh, van ban, 4m thanh...) dé phuc vu cho viéc phan tich, phan loai

hoac nhan dang.



Input Normalize Compute Weighted vote Contrast normalize | | Collect HOG's Li Person /
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Hinh 1.4. So do hé thong HOG dé phat hién doi twong

Piém chinh trong nguyén 1y hoat dong cia HOG 1a mo ta hinh dang cta
mot vat thé cuc bo thong qua hai ma tran: magnitude gradient va *orientation
gradient. Dé tao ra hai ma tran nay, anh dugc chia thanh moét ludi 6 vudng, trén
mbi 6 vudng, ta tinh toan biéu do histogram théng ké d6 16n gradient. Mdi 6 vudng
thuong c6 kich thudc 8x8 pixels va bao gdm nhiéu 6 cuc bo. HOG descriptor dugc
tao thanh bang cach nbi lién 4 vector histogram tir mdi 6 cuc bo. HOG descriptor
duoc tao thanh béng cach ndi lién 4 vector histogram tur mdi 6 cuc b thanh mét
vector téng hop. Dé cai thién d6 chinh xac, mdi gia tri cua vector histogram trén
mdi ving cuc bo duoc chuan hoa theo Norm 2 hodc Norm 1. Uu diém cia HOG
1a n6 bao gom tinh bat bién dbi v4i bién d6i hinh hoc va thay doi do sang, ciing
nhu kha ning loai bé chuyén dong co thé trong phat hién con ngudi néu ho duy

tri tu thé dtng thang.
Ung dung ciia HOG:

Nhan dién ngudi (human detection): Lan dau tién tng dung nay duoc gidi
thiéu trong bai bdo Histograms of Oriented Gradients for Human Detection cua
Dalal va Trigg. HOG c6 thé phat hién dugc mot hodc nhiéu nguoi di bo trén cling

mot hinh anh



Hinh 1.5.8itr dung HOG dé phat hién mét hodc nhiéu nguoi di bé
Nhéan dién khuon mat (face detection) [4]: Thuong chiing ta s€ nghi ngay
dén thuat toan Haar Cascde Classifier. Tuy nhién HOG ciing 1a mot thuat toan rat
hiéu qua duoc ap dung trong bai toan nay. Béi nd c6 kha ning biéu dién cac dudng
nét chinh cua khudén mat dua trén phuong va do 16n gradient thong qua céac véc to

trén moi cell nhu hinh mo ta bén dudi:
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%
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Hinh 1.6. NHdn dién khuén mdt bang phwong phdp mé ta dic trung



Nhan dién cac vat thé khac: Ngoai ra con rat nhiéu céac truong hop nhan
dién vat thé trén anh tinh nhu phuong tién, tin hi€u giao thong, dong vat hoac

tham chi l1a anh dong tr video.
1.5.2. Phwong phap hoc sau Mang no-ron
Mang no-ron tich chép theo ving (R-CNN):

Céac mang no-ron tich chap dua trén khu vuc 1a mot cai tién trong quy trinh
phat hién ddi twong tir cac phuong phap HOG va SIFT (bién ddi dic trung khong
d6i theo ti 18) trude day. Trong cac md hinh R-CNN, chung ta ¢6 gang trich xuat
cac dic trung thiét yéu nhét (thuong 1a khoang 2000 dic trung) bang cach sir dung
cac dac trung chon loc. Quaé trinh lya chon cac trich xuat quan trong nhét c6 thé
dugc thyc hién véi sy tro gitip cua thudt toan tim kiém chon loc, nham dat duoc

cac dé xuat khu vuc quan trong hon.

R-CNN: Regions with CNN features

warped region ﬂl acroplanc" no. |
-~ : '
:'1'»:, \\ ->|pcrson’yes |
el CNNN
r Y ) ] LSS 4[ tvmomtor’ no. I
1. Input 2. Extract region 3. Compute 4. Classify
image proposals (~2k) CNN features regions

Hinh 1.7: M6 hinh R-CNN

Quy trinh Iam viéc cua thuat toan tim kiém chon loc dé chon cac dé xuat
khu vuc quan trong nhét bao gém viéc tao nhiéu phan doan phu trén mot hinh anh
cu thé va chon cic muc ung cu vién cho nhiém vy cua ban. Thuat toan tham lam
sau d6 c6 thé duge sir dung dé két hop cac muc hiéu qua phu hop cho mot quy
trinh dinh ky, nham két hop cac phan doan nho hon thanh cac phan doan 16n hon
phu hop.

Khi thuat toan tim kiém chon loc hoan thanh thanh cong, nhiém vy tiép
theo ctia ching ta 13 trich xuét cac dic trung va dua ra du doan thich hop. Sau do,

chung ta c6 thé dua ra cac dé xuat ting ctr vién cudi cung va cac mang no-ron tich
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chap co thé duoc s dung dé tao vecto dic trung n chiéu (2048 hodc 4096) lam
dau ra. V6i su tro gilp ciia mang no-ron tich chap dugc dao tao trudc, ching ta

c6 thé dat dugce nhiém vu trich xuét dic trung mot cach dé dang.

Budc cudi cing cia R-CNN 1a dwa ra cac dy doan thich hop cho hinh anh
va gan nhan hop gidi han twong tng cho phu hop. Pé co duoc két qua tot nhat
cho mdi nhiém vu, cac du doan duge thuc hién bﬁng cach tinh toan mo hinh phan
loai cho tirng nhi¢m vy, trong khi m6 hinh hoi quy duoc st dung dé stra phan loai
hop gidi han cho cac vung duogc dé xuét toan tuong ty nhu cach hoat dong cua

Fast R-CNN.

Mang no-ron tich chap theo vung, hay cac vung véi dac trung CNN (R-
CNN) 1a mot hudng tiép can tién phong tng dung mé hinh sau cho bai toan phat
hién vat thé. Trong phan nay, chiing ta s& thao luan vé R-CNN va mot loat cac cai

tién sau do: Fast R-CNN, Faster R-CNN, va Mask R-CNN.,

PAu tién, cac mo6 hinh R-CNN s& chon mét sd vung dé xudt tir anh (vi du,
cac khung neo cling 1a mdt phuong phap lua chon) va sau d6 gdn nhan hang muc
va khung chtra (vi dy, céc gia tri 6 doi) cho cac ving nay. Tiép dén, cac mo hinh
nay st dung CNN dé thuc hién luot truyén xudi nham trich xuat dic trung tu tung
ving dé xudt. Sau do, ta sir dung cac dic trung cta timg ving dugc dé xuat dé du

doan hang muc va khung chira.

| Tim kiém chon loc I

Duv doan ;/ \
hang muc e | F & -
Dw doan ] S ‘ b 5 h[:! d(:‘:‘c
khung chira T M »] CNN [ oMy
Aegly 2 "c == Dw doan
!E“ N khung chira

Hinh 1.8.M6 hinh R_CNN
Cu thé, R-CNN c¢6 bon phan chinh sau:
1. Tim kiém chon loc trén anh dau vao dé lya chon céc vung dé xuat tiém

nang. Cac ving dé xuit thong thuong s& c6 nhiéu ty 1& véi hinh dang va



kich thudc khac nhau. Hang muc va khung chira nhan gbc s& dugc gan cho

ting ving dé xudt.

2. St dung mot mang CNN da qua tién huan luyén, & dang rat gon, dat trudc
tang dau ra. Mang nay bién ddi timg ving dé xuit thanh cic dau vao co
chiéu phu hop véi mang va thuc hién cac lugt truyén xudi dé trich xuét dic

trung tir cac ving dé xuét tuong tng.

3. Céc dic trung va nhin hang muc cua timg ving dé xuat dugc két hop thanh
mot mau dé huan luyén cic méy vector hd trg cho phép phan loai vt thé.
O day, mdi may vector hd tro duoc st dung dé xac dinh mot méiu cé thudc

vé mot hang muc nao d6 hay khong.

4. Cac dac trung va khung chira dugc gan nhin cua mdi ving dé xuat duoc
két hop thanh mot mau dé huan luyén mé hinh héi quy tuyén tinh, dé phuc

vu dy doan khung chira nhan goc.

Mac du cac m6 hinh R-CNN st dung cac mang CNN da duogc tién huin
luyén dé trich xuat cac dic trung anh mot cach hiéu qua, diém han ché chinh yéu
d6 13 téc @6 cham. C6 thé hinh dung, v61 hang ngan vung dé xudt tir mot anh, ta
can toi hang ngan phép tinh truyén xudi tir mang CNN dé phat hién vat thé. Khoi
luong tinh toan ning né khién cac mé hinh R-CNN khéng duoc sir dung rong rii
trong cac tng dung thyc té.

Faster R-CNN:

R-CNN, mgt mo hinh phat hién ddi tuong, da dat duoc két qua dang chu y
nhung lai gip phai van dé vé toc do. Bé khic phuc diéu nay, Fast R-CNN di duoc
gidi1 thiéu. Trong Fast R-CNN, toan bd hinh anh dugc truyén qua mot mang no-
ron

tich chap da dugc huan luyén trudc, thay vi chi xem xét cac phan doan con cua

hinh anh.
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Hinh 1.9. Faster R-CNN — Object Detection Algorithm
Tiép theo, Faster R-CNN, mot phién ban nang cap ciia Fast R-CNN, da

duoc ra mat. Faster R-CNN da thay thé thuat toan tim kiém chon loc, dugc sir
dung trong R-CNN va Fast R-CNN d¢ tinh toan cac dé xuat ving, bang mot mang
dé xuat ving vuot troi hon. Mang dé xuat ving (RPN) tinh toan hinh anh tir mot

pham vi rdng va céc ty 1¢ khac nhau dé tao ra cac dau ra hi€u qua.

[ 2k scores ] [ 4k coordinates J I — k anchor boxes
cls layer \ f reg layer
( 256-d ]

intermediate

¢ layer T ‘_,,.—-"'")_

sliding window

(111]

- ~
\ conv feature map

Hinh 1.10. Mang dé xudt ving (RPN)

RPN gidm thoi gian tinh toan bién xuéng con khoang 10 ms cho mdi hinh
anh. Mang nay bao gém mot 16p tich chap tir do ching ta c6 thé léy duoc cac ban
d6 dic trung can thiét cia mdi pixel. Pbi v6i mdi ban d6 dic trung, ching ta co
nhiéu hdp neo ¢o cac ty 1€, kich thudce va ty 1€ khia canh khéac nhau. DPéi véi mdi
hop neo, chiing ta du doan mot 16p nhi phan cu thé va tao ra mot hop gi61 han cho

J4

no.
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Thong tin sau d6 dugc truyén qua giam thiéu tdi da dé loai bo bat ky di
li¢u khong can thiét nao vi nhiéu chéng chéo duoc tao ra khi tao ban d6 dic trung.
Pau ra tir giam thiéu t6i da duoc truyén qua ving quan tdm, va phan con lai cia

qua trinh va tinh
1.5.3. YOLO (You Only Look Once)

YOLO [8] 1a phuong phép phat hién ddi twong nhanh chong va chinh xac
bang cach sir dung mot mang no-ron duy nhét dé dy doan cac hop gidi han va xac
sudt ctia cac 16p d6i tuong trong mot 1an chay. YOLO [8] duogc biét dén voi kha
nang thoi gian thuc va hiéu suét cao. That vay, vé do chinh xac thi YOLO [8] ¢6
thé khong phai 1 thuat toan tot nhat nhung né 1a thuét toan nhanh nhat trong cac
16p mé hinh phat hién ddi tuong (object detection). N6 ¢ thé dat duogc tée do gan
nhu thoi gian thue ma do chinh xéc khong qua giam so vai cai mo hinh thudc top
dau. Kién tric mang YOLO [8] bao gdbm mang co s& 1a cac mang phép tich chap
(convolution) 1am nhiém vu trich xuat dic trung. Phan phia sau 1a nhitng 16p bd
sung(Extra Layes) dugc ap dung dé phét hién vat thé trén ban do dic trung (feature

map) cua mang co so (base network).

So d6 kién triic mang ciia YOLO

fully :
fully x B times x C times
\ EREEEEPP PP PP PP PP necte 4  connected x o
| d Al s

Input T ( o ;\ | i N
3 . X, Y, W, n, OD) score Class probability
Image . DarkNet >< ><
.. ¢ Architecture length: 5B+C
L 7x7x1024 4096 7x7x30
448x448x3

Hinh 1.11.Cdu triic mang YOLO
Thanh phan kién trac darknet (Darknet Architechture) duoc goi 1a mang co

s& ¢0 tac dung trich suat dac trung. Pau ra cia mang co s¢ la mot feature map co

kich thudc 7x7x1024 s& duoc sir dung 1am dau vao cho cac cac 16p bd sung (Extra
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layers) c¢6 tac dung du doan nhan va toa do hdp gidi han (bounding box) cua vat

thé.

YOLOLI1 [8] 1a phién ban mdi nhét trong chudi cac mé hinh YOLO (You
Only Look Once), dugc phat hanh vao cudi nim 2024 bsi nhom phat trién
Ultralytics. P4y 1a mo hinh phat hién d6i tugng hoc sau tién tién, dugc thiét ké
nham cai thién ca toc do xtr 1y, dd chinh xé4c, va kha ning tong quat hoa trén nhiéu
tac vu thi gidc mdy tinh nhu: phat hién ddi twong, phan doan anh, nhan dang tu

thé va phan loai anh.

YOLOI11 [8] tich hop nhiéu cai tién méi vé kién trac, giup ting hiéu suat

ma khong lam ting dang ké s6 luong tham s

B 1 L ==

person O.9person 0.92
i1 3

Hinh 1.12.Anh dwuoc sit Iy béi YOLOI1
Mot s6 Iuu ¥ khi huan luyén YOLO:
Khi huin luyén YOLO [8] s& can phai c6 RAM dung luong 16n hon dé luu
dugc 10647 hop gidi han nhu trong kién trac nay.

Khong thé thiét 1ap cac batch_size qué 16n nhu trong cac mé hinh phan loai
vi rat d& hét bo nhé. Goi darknet cua YOLO [8]d4 chia nhé mét batch thanh cac
phan nhom cho vira véi RAM. Thoi gian xur Iy ctia mot budce trén YOLO [8] 1au
hon rét rat nhiéu 1an so v&i cac mo hinh phén loai. Do d6 nén thiét 1ap budc gidi
han huan luyén cho YOLO nhé. Déi véi cac tac vu nhan dién dudi 5 16p, dudi
5000 budc 1a co thé thu duoc nghiém tam chap nhan duge. Cac mo hinh ¢ nhiéu

16p hon c6 thé ting s luong budc theo cip sd nhan tiy ban.
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1.5.4.Cac phién bdn cia YOLO

Céc phién ban cia YOLO [8]:

YOLOVI [8] (2016): Ngudi phat trién: Joseph Redmon.Y tudng chinh

Chia anh thanh luéi (grid) va dg dodn bounding boxes class cho tung 6.
Uu diém: Nhanh (real-time).

Han ché: Khong chinh xac véi vat thé nho. Kho phat hién cac vat thé

gan nhau

YOLOV2 [8] (YOLO9000 — 2017) :Cai tién Dung Anchor boxes.Két
hop phan loai va phat hi¢n (9000 16p). St dung m6 hinh Darknet-19.

« Uu diém: Tang d6 chinh xac. Phat hién nhiéu dbi tuong hon.
YOLOv3 [8] (2018) :Cai tién 16n: M6 hinh Darknet-53 sau hon. Du

doan ¢ nhiéu ti 1¢ (multi-scale). Sir dung ResNet-like skip connections.

Uu diém: Céan bang tét gitra tc d6 va do chinh xac. Phat hién t6t vat thé

nho.

YOLOV4 [8] (2020): Phat trién boi: Alexey Bochkovskiy (tiép nbi tir
Redmon). Cai tién: Tich hop nhiéu k¥ thuat nhu: CSPDarknet53, Mish,
Mosaic data augmentation, CloU loss.

Uu diém: Rat ot cho ca GPU manh va yéu. Cuc ky hiéu qua trong thuc

14
A

te.

YOLOVS [8] (2020, Ultralytics): Luu y: Khong do nhom téc gid YOLO
géc phat trién. Viét b?mg: PyTorch. Pac diém: D& sir dung, cai dat nhanh.
HS tro xuat sang ONNX, CoreML, TensorRT,... Nhiéu kich thudc
model: YOLOvVSs, m, 1, x.

Uu diém: Rét pho bién trong cong dong. D& tiy chinh va trién khai thuc

7
A

te
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YOLOV6 [8] (2022): Phat trién boi: Meituan Tdi wu cho: Industrial
applications. Cai tién: Tang toc inference. Sir dung mé hinh Anchor-
free. Chua pho bién rong rai nhu YOLOVS/vS.

YOLOV7 [8] (2022) Phat trién boi: Wong Kin-Yiu. Cai tién: Tdi wu
manh mé vé tobc d6 & d6 chinh xac. HO tro detection, instance

segmentation,...

Uu diém: Hiéu nang vuot trdi, g?m nhu t8t nhat nam 2022. C6 cac md
hinh nhe¢ nhu YOLOvV7-tiny.

YOLOVS [8] (2023) Phat trién bai: Ultralytics (tac gia YOLOVS).

Tinh niang ndi bat: HJ trg ca: object detection, segmentation, pose
estimation, tracking Tich hop huén luyén, kiém thur, trién khai trong mot
API. M6 hinh nhe hon, d& dung hon. La phién ban YOLO chinh théng
nhat hién nay.

YOLOI11 [8] (2024) :Tinh ning ndi bat: Phat hién chinh xac cac d6i
tuong trong anh véi tbc do cao. Toi vu hiéu qua trén ca thiét bi manh
(GPU) va thiét bi nhung (Edge AI). Ho tro nhiéu tac vu: nhan dién,
phan doan, phan loai, udc luong tu thé, dinh huodng dbi tuong.

Uu diém: Téc d6 suy luan nhanh hon so véi YOLOvS, YOLOv10. Do
chinh x4ac cao hon véi it tham sé hon.Kién trac mé&i nhu C3k2, SPPF,
C2PSA giup t6i wu hoa viée trich xuat dic trung. Ho trg da nhiém:

Detection, Segmentation, Pose Estimation, OBB, Classification

1.5.4. SSD (Single Shot MultiBox Detector)

SSD (Single Shot MultiBox Detector) 1a mot kién trac mang hoc sau dung

dé phat hién dbi tuong (object detection) trong anh hoic video, dugc gi6i thiéu

lan dau tién bo1 nhém nghién ctru cua Google vao nam 2016.

SSD (Single Shot MultiBox Detector) 1a mgt mé hinh object detection mot

budc (single-shot), nghia 1a n6 phat hién va phan loai cac vat thé trong anh chi
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trong mot 1an duyét qua mang (forward pass), trai ngugc véi cac phuong phép hai
budc nhu R-CNN hay Faster R-CNN.
SSD ¢6 thé dat duge hiéu suét cao va lam viée truc tiép trén toan birc anh

mot cac hiéu qua.

:------l
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(a) Image with GT boxes (b) 8 x 8 feature map (c) 4 x 4 feature map

Hinh 1.13. Cdch thirc phdn chia feature map dé nhan dién cdc anh

voi kich thuoc khac nhau

Trong qué trinh training SSD chi can anh dau vao va cac hop dir lidu thuc
té cho mdi su vat.

Sau khi di qua mét sé 16p Convolution dé trich xuét dic trung, ching ta
nhan dugc duge mot sb ban d6 dic trung. Vi du 6 trén chung ta nhan dugc ban dd
dac trung voi kich thudc hodc (chua tinh channels). Convolutional layer 3x3 duoc
ap dung 1én cac ban dd dic trung nay dé dua ra du doan.8x84x4.

Ung voi mdi vi tri trén ban dd dic trung chung ta c6 hdp mac dinh. Hop
mac dinh nay co kich thudc va ti 1€ khac nhau. Viéc chon ) lugong hop mac dinh
nay dua trén cac su vat trong b tap dit li¢u, co thé dung K-Means dé phan cum

cac hop sir liéu thuc té dé c6 lua chon phu hop.
Kién trac cia SSD m6 hinh bao gdm 3 thanh phan chinh:

Mang co s& dé trich xuét ban d6 dic trung. SSD dugc xay dung dua trén
mo hinh co s VVG-16 ¢6 loai bo cac 1p cac 16p duge két ndi day du. Cac md

hinh co s¢ khac duoc sir dung nhu ResNet... c6 thé cho két qua tot hon.
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Céc 16p tinh nang da ty 1¢: b loc tich chap chudi dugc thém vao sau mang
co s0, bt dau tir CONV6 nhu hinh bén dudi. Nhimg 16p ndy s& giam kich thudc
dé cho phép du doan sy vat v6i nhiéu quy mo khac nhau va giam kich thuéc dau
vao & cac 16p chuyén dbi tiép theo.

Non-maximum suppression - NMS dugc dung dé loai b cac hinh chong

1én nhau.

Detections Non-maximum

Extra 8732 per class  suppression
feature layers \
VGG-16 through [ |x—
Image CONV5_3 layer CONVE  CONV7Y
o ———— (FCB) (FCT7) Classifier: CONV:3 x 3 x(4x(Classes + 4))
; .'\ 1\\ Y — Classifier: CONV:3 x 3 x(6x(Classes + 4))
CONVE 2
i CONV9_2
300 ||: : i = e
; 1| 38 1|19
: H H 10 GCONV:3 % 3 x(4x
: : : CONV10_2 (Classes + 4))
CONV11_2
300 N {19 10 5
5 512 ; 1024 1024 512 256| 3%|256 1
3 Femennee - T

CONV:3x 3x 1024 CONV:1 x 1 x 1024 CONV:1 x 1 x 256 CONV:1 x1x 128 CONV:1 x1x128
CONV:3 x 3 x 512-s2 CONV:3 x 3 x 256-s1 CONWV:3 x 3 x 256-s1

Hinh 1.14 .So d6 kién triic ciia mang SSD
1.6. Bai toan “Xay dung mo hinh phat hién nguwai 1ai xe 6 t6 ¢6 hanh vi sir
dung dién thoai di dong khi lai xe”
Bai toan : Xay dung mo hinh phat hién nguoi 1ai xe 6 t6 c¢6 hanh vi su
dung dién thoai khi 141 xe:
- Phat hién sém va phan tng nhanh chong: Bang cach sir dung YOLO11
[8] dé nhan dién ngudi 14i xe 6 t6 st dung dién thoai tir hinh anh, hé
théng co6 thé phat hién va canh bao vé su nguy hiém mot cach nhanh
chong, gitp giam thiéu thoi gian phan Gng va giam thiét hai.
- Bao vé an toan con ngudi: Hé théng canh bao nguoi 14i xe 6 to sir dung
dién thoai tir hinh anh c6 thé gitp bao vé tinh mang va an toan ciia con
nguoi bang cach cung cp canh bao kip thoi dé nguoi 1ai xe kip xir Iy

cac tinh hudng c6 thé say ra.
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Bdao v¢ tai sdn va moi truong: Phat hién ngudi 1ai1 xe st dung dién thoai
s6m ciing giup giam thiéu thiét hai vé tai san va méi trudng, tir viéc ngin
chin tai nan giao théng dén viéc trién khai cac bién phap khac phuc sém.
Giam thiéu rui ro va nang cao chét luong séng: Su hién dién cua hé
théng canh bao nguoi 1ai xe 6 t0 st dung dién thoai tir hinh anh gitp
giam thiéu rui ro va tao ra mot moi truong sdng va lam viéc an toan hon

cho cong ddng.
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CHUONG 2. MO HINH PHAT HIEN NGUOI LAI XE OTO CO HANH
VI SU DUNG PIEN THOAI DI PONG KHI LAI XE

Chuong 2 trinh bay co so 1y thuyét va mé hinh dugc sir dung dé phat hién
hanh vi str dung di¢n thoai khi l1ai xe. N1 dung bao gém gi61 thi€u cac thuat toan
thi gidc may tinh, dac biét 1a cac mé hinh YOLO trong nhan dang doi tuong.
Chuong nay mod ta quy trinh xay dung mé hinh, tir thu thap di liéu, gan nhin, tién
xt 1y, dén hudn luyén va danh gia hiéu suit. Dong thoi, chuong ciing phan tich
cac tiéu chi nhan dién hanh vi vi pham va cach mo hinh x4c dinh nguoi 14i xe co

st dung dién thoai trong hinh dnh hodc video.

2.1. So dd hoat dong ciia md hinh phat hién nguoi lai xe 6 t6 sir dung dién

thoai di dong khi lai xe

So dd hoat dong ctia mo hinh:

Khéitac cac tham sé
nhan dang

h 4

Boc anh tr Camera

l Huén luyén mé hinh
phat hién s dung dién
thoai

Y

Dw doan

Taylréfikhéi
4 lang cam dién thoai

Di¥ liéu hudn
luyén

Chay chwong trinh
canh bao d& nhic
nhé tai xé

Tiép fuc

Hinh 2.1.50 do hoat dong cuia mé hinh phat hién nguwoi ldi xe 6 to sw dung dién thoai di dong
khi lai xe
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Mo hinh cho phép thuc hién nhan dang voi tuy chon dit ligu dau vao bao

gom file anh, file video hoac hinh anh truc tiép tir camera. Va1 dir li¢u dau vao 1a

hinh anh can cung cap dudng dan tuyét d6i cua file anh, két qua nhan dang 13 hinh

anh duoc Iuu lai trén do6 chi ra vi tri ngon Itra va do tin cdy cua du doan.

Céc thanh phan chinh cta mé hinh:

Khéi tao tham sd: 13 qua trinh gan gia tri ban dau (gia trji mic dinh) cho
cac tham s6. Khi tham sé da dugc khéi tao, néu nguoi dung khong
truyén gia tri twong tmg khi goi ham thi chuong trinh s& str dung gia tri
mac dinh nay.
Poc hinh anh tr camera: Thu nhan dir 1liéu anh truc tiép tr thiét bi
camera (webcam hoac camera ro1). Phuc vu céc bai toan nhu: nhan dién
khudén mat, quét ma QR, theo do1 chuyén dong, v.v.
Du doan: 1a qué trinh uéc lugng trudc mot két qua hodc su ki¢n chua
xay ra, dua trén dir licu hién tai, kién thirc ¢ sin, hodc cac mé hinh phan
tich.
Luu va hién thi két qua: Luu va hién thi két qua 13 hai budc quan trong
trong qua trinh xu ly dir li¢u hodc thyuc hién thuat toan:
+ Luu két qua: Ghi lai két qua xur 1y (dit liéu, hinh anh, vin ban, mo
hinh,...) vao by nhé tam hodc Iuu trir 1au dai nhu tép, co s¢ dir ligu,
V.V.
+ Hién thi két qua: Trinh bay két qua cho nguoi dung thdy qua man

hinh, bang biéu, hinh anh hoic giao dién ngudi dung.

- Chay chuong trinh: 1a qua trinh may tinh thuc thi cac Iénh va cau I¢nh

2.2. Phwong phap phat hién déi twong bang YOLO11

Phat hién d6i twong 12 mot bai toan thi giac may tinh lién quan dén viéc xac

dinh va dinh vi cac d6i tuong trong hinh anh hodc video. N6 1a mdt phr:fm quan

trong ctia nhiéu tng dung, chang han nhu camera giam sat thong minh, 6 t6 tu lai

hodc ngudi may
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2.2.1 M6 hinh YOLO (You Only Look Once)
YOLO [8] 1a mdt mé hinh hoc sau nhan dién d6i twong trong hinh anh mot
cach nhanh chong va hiéu qua . M6 hinh nay duoc thiét ké dé xur 1y hinh anh trong

thoi gian thuc, déy 12 diém manh dic biét hiru ich cho céc bai toan giao thong.

Phién ban YOLO11 [3], duwoc diéu chinh va nang cap tir cac phién ban trudc
do, dam bao tinh chinh x4c cao hon trong nhiing trudng hop hinh anphtc tap nhu

cac vét nirt nho trén bé mat duong.
2.2.2. YOLOI1 la gi?

Su phat trién cua thuét toan YOLO [8] dat dén tAm cao méi véi su ra doi
ctia YOLOL11 [8] [3], dai dién cho mét budc tién dang ké trong cong nghé phat
hién d6i tuong theo thoi gian thuc. Phién ban maéi nhat nay xay dung dua trén thé
manh ciia phién ban trudc d6 dong thoi gidi thiéu cac kha nang méi gitip mé rong
tién ich cta nd trén nhiéu tmg dung CV khac nhau.

YOLO11 [8] [3] ndi bat nho kha ning thich tng duogc cai tién, hd trg pham

vi mo rong cac tac vu CV ngoai viéc phat hién dbi tuong truyén thong.

Pangchu ¥ trong s6 ndy 1a ude tinh tu thé va phan doan truong hop, mé
rong kha nang tmg dung ctia mo hinh trong nhiéu linh vyc khac nhau. Thiét ké
cuaYOLOI1 [8][3] tap trung vao viéc can béng stc manh va tinh thuc tién, nhim
giai quyét cac thach thirc cy thé trong nhiéu nganh cong nghiép khac nhau véi do

chinh xac va hi¢u qua cao hon.

Mo hinh méi nhat nay chirng minh su phat trién lién tuc ctia cong nghé phat
hién ddi twong theo thoi gian thuc, mod rong ranh gidi ctia nhitng gi c6 thé trong
cac ung dung CV. Tinh linh hoat va cai tién hiéu suit ctia né dinh vi YOLO11 [8]
[3] 1a mot tién bd dang ké trong linh vuc nay, c6 kha niang mé ranhiing con dudng

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

Dua trén kién tric da duoc thiét 1ap nay, YOLO11 [8] [3] md rong va nang

cao nén tang dugc dat ra bd1 YOLOVS, gio1 thi€u nhitng cai tién ve kién trac va
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t6i wu hoa tham sb dé dat duge hiéu suét phat hién vuot trd1 nhu minh hoa trong
hinh dudi day.
Céc phan sau day trinh bay chi tiét cac stra d6i kién trtic chinh duoc trién

khai trong YOLO11 [8]:

YOLOv11 Architecture Diagram

(3] | Inputimage (640x660x3)

{C ¢ov + C3K2 Blocks

Conv + C3K2 Blocks Uk + c3x2Blocks
Backbone

(Feature Extractor)

Instance
Conv + C3K2 Blocks Feature lon Estation

C3K2 Blocks

} C2K2 Blocks
i:

Conv + C3K2 @
C2PSA Blocks C2PS,
Neck (Feature s Bhoict o
Aggagrator)
SPFF |
AN Spatial Pyramid \
2 (p‘;:.::,;?'p::“, C2PSA Blocks Keypoint
(Spatial Attetion) | (Pas)
Head
(Prediction & Task-Specific)
b
Object Detection {7 Segrieticd Instance Q Keypoint | “>\ Oriented
(Bounding Boxes) {—) (Masks) Segmeration Segmetation (OBB) ) Bounding Box

Hinh 2.2.Cdc mo-dun chinh trong YOLOI11

2.2.2.1. Backbone — trich xudt dic trung

Muc tiéu ctia module ndy 1a trich xuat biéu dién da ti 1¢ (multi-scale) chira
ca thong tin cdu trac (edges, corners) va ngit nghia (khuén mit, mat). YOLO11
giit cdu tric backbone truyén thdng nhung thay thé/tiép thém cac khdi co

attention dé cai thién bat dic trung nho.
Khéi SPEF va C2PSA:

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

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

Spatial Attention (C2PSA) méi. Khdi C2PSA 1a mot bo sung dang chu y gitp

tang cuong sy chu ¥ khong gian trong cac ban d6 dic diém. Co chécha y khong gian
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nay cho phép mo hinh tap trung hi€u qua hon vao cac vuing quan trong trong hinh anh.
Béng cach gdp cac dic diém theo khong gian,khdi C2PSA cho phép YOLO [9]11 tap
trung vao cac khu vuc quan tam cu thé, c6 kha nang cai thi¢n 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 trd ting cuong kha ning biéu
dién dic trung da khong gian. Khéi ndy bao gdm hai nhanh xir 1y song song theo

co ché CSP va mot nhanh chii y khong gian PSA.

Nhaénh trich xuat dic trung (Feature Extraction Branch):
Nhénh nay tiép nhan mot phan cia tensor dau vao va thuc hién chudi cac

16p tich chap 1x1 va 3x3.

Tich chap 1x1 ¢6 nhiém vu diéu chinh s6 kénh dic trung.
Cac tich chap 3x3 dugc st dung dé hoc dic trung khong gian siu hon.
Su két hop nay cho phép khéi hoc duge cac miu phic tap trong anh nhu

duong vién khuén mat, cau truc mat va vung chuyén dong nho.

Nhanh cht y khong gian (Spatial Attention Branch — PSA):

Nhanh PSA xu 1y phan con lai ctia dic trung dau vao va tao ra ban do chi y

nham lam ndi bt cac ving quan trong trong anh. Qua trinh ndy bao gdm cac budc:

~ Giam sb kénh dau vao bang tich chap 1x1 dé tbi wu chi phi tinh toan;

~ Trich xuét ngit canh khong gian bang cac phép pooling kich thudc
5x5 cung véi tich chap gian cach (dilated convolution).

~ Tong hop thong tin tir nhiéu ngudn dic trung dé tao ra ban do chu y
khong gian.

— Chuén hoa ban db cha y bang ham kich hoat sigmoid va nhan truc

ti€p vao tensor dac trung.
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Nhéanh PSA gitip m6 hinh tap trung vao cac vung dac bi¢t quan trong nhu
mit, miéng va dau ngudi — nhing chi tiét rit nhé nhung déng vai tro then chét

trong bai toan phat hién trang thai budn ngi.

Hop nhat hai nhanh:

Sau khi hai nhanh xt 1y xong, tensor dic trung duoc ghép ndi va dua qua
mot 16p tich chap 1x1 dé két hop thong tin va on dinh sd kénh. Viéc hop nhét nay
gitip mo hinh vira gitr dugc dic trung chi tiét cuc bd vira tip trung duge 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 chip 3x3 véi budce
nhay 2 dé giam kich thuéc ddc trung theo ting mirc. Viéc giam kich thudc nay
gitip mo hinh trich xuat duoc cac dic trung ngit nghia & mirc cao hon, dong thoi

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

SPPF duoc dat tai cudi Backbone nham mé rong ving cam thy (receptive
field) ctia mo hinh. Khéi nay str dung k¥ thuét stacking cac 16p pooling 5%5 lién

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

e M6t 16p tich chap 1x1 dé nén thong tin ban dau. ba tang pooling néi tiép nhau.
e Ghép ndi két qua ciia bén tang dic trung;

e Mot 16p tich chap 1x1 cudi dé hop nhat thong tin.

Khdi SPPF giup Backbone hiéu dugc ngit canh rong cia khuén mat va hinh

thé, dic biét hiéu qua khi dbi tuong c6 nhiéu bién dang vé tu thé.

23



2.2.2.2 Cau tao ngi b ciia Neck

Neck cia YOLO11 dam nhiém nhiém vu téng hop dac trung tu nhiéu muc
d6 khac nhau dé ting cuong kha ning phat hién vat thé nho, trung binh va 16n.
Céu tric Neck bao gdm hai ludng chinh: FPN (Feature Pyramid Network) va PAN
(Path Aggregation Network), ciing v&i khdi C3k2 duoc t6i uu hoa.

Ludng FPN (top—down):

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

hon. Qua trinh nay bao gém:

e Phong to dic trung bang upsampling;
e Ghép nbi véi dic trung co cung kich thude tir Backbone;

e Tron dic trung bﬁng khoi C3k2.

Nho co ché ndy, cac tang c¢6 dd phan giai cao hon duogc bod sung thong tin
ngi nghia, gitip phat hién cac déi tugng nho (nhu mat hodc mi mét) hiéu qua hon.
Ludng PAN (bottom—up) :
Luéng PAN thyc hién chiéu nguoc lai:
e Giam kich thudc dic trung bang 16p tich chap stride 2;
e Ghép ndi vai dac trung & muc sau hon;
e Xu ly bang khoi C3k2.
PAN giup ting cudng thong tin chi tiét cho cac ting sau, cai thién kha nang
mo hinh phan biét giita cc trang thai tuong tu (nhu chép mat va nga gat).

Khébi C3k2 :

YOLOI1 giéi thiéu mot thay doi dang ké bang cach thay thé khéi C2f
trong cb bang khéi C3k2. Khdi C3k2 dugc thiét ké dé nhanh hon va hiéu
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qua hon, nang cao hiéu suit tong thé cta quy trinh tong hop tinh ning. Sau
khi 14y mau va nbi, c6 trong YOLO11 két hop khéi cai tién nay, dan dén toc do
va hiéu suét duoc nang cao

Céac dic diém chinh cua khdi C3k2:

- Xu ly nhanh hon: Viéc st dung hai phép tich chap nhé hon gitip gidm
chi phi tinh toan so véi mot phép tich chap 16n, gitip trich xuét tinh nang
nhanh hon.

- Hiéu qua tham sd: C3k2 13 phién ban nho gon hon cta nat thit CSP,
gitip kién tric hiéu qua hon vé sb lugng tham sd ¢ thé dao tao

2.2.2.3. Céu tao néi bo ciia Detection Head
Detection Head 1a thanh phﬁn cudi ctia mé hinh, chiu trach nhiém du doan
hop giéi han va nhan 16p trén ba mirc dic trung dau ra

Kién truc anchor-free :

Khac voi cac phién ban YOLO cii st dung anchor ¢6 dinh, YOLOI11 du
doan truc tiép toa dd hop bao thong qua cac diém dic trung (feature points). Diéu

nay giip mo hinh:

e Giam 16i du doan do anchor khong phu hop;
e Ting do chinh xac ddi véi cac dbi tuong nho;

e Don gian hda qua trinh huan luyén va tinh toan.
Céc dau ra cua mdt diém dac trung:

Moi diém dac trung du doan céc gia tri sau:

Vi tri tuong d6i caa tam hop;

Chiéu rong va chiéu cao cua hdp;

Do tin cdy (objectness);

Xéc sut 10p;
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— Gia tri chat lugng (quality) nhdm cai thién qua trinh NMS.

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

thanh cac nhanh du doan riéng biét.
Co ché Loss va tdi wu hoa ndi bo :
YOLOI1 sir dung t6 hop cac ham Loss nang cao:

- SloU, EloU hoac CloU cho dy doan hdp bao;
— Varifocal Loss dé khép nhan mém va gia tri chét luong;

— Distribution Focal Loss gitip du doan bién hop chinh xac hon.

Nhitng ham mat mat nay gitp YOLO11 dat d6 chinh xac cao hon, dic

biét & cac ddi tuong nhé hodc bi che phu mot phﬁn.
Téng két cau tao ndi bd YOLO11:
CAu tric ndi bd cia YOLO11 duogc t6 chirc theo hudng module hoa, trong do:

— Backbone chiu trach nhiém trich xuét dic trung da cép;

~ C2PSA gitip md hinh tép trung vao cac viing quan trong nho co ché
cht y khong gian;

~ SPPF md rong ving nhan thong tin trong khi van giir tbc do;

~ (C3k2 trong Neck tbi uvu qué trinh tong hop da dic trung;

— Detection Head anchor-free don gian hoa du doan va nang cao hiéu qua.

— Céc ham Loss hi¢n dai giup mo hinh hoi tu nhanh va 6n dinh.

Nho kién trac t6i wu va chat ché nay, YOLO11 tro thanh mot trong nhiing
mo hinh hi€u qua nhat trong ho YOLO, déc biét phu hop cho cac bai toan nhan

dang thoi gian thuc nhu phat hién tai xé ngi gat.
2.2.3.Nhirng tinh nang chinh ciia YOLO11

Du61 day 1a nhitng chirc nang chinh cua YOLOI11 [8]:
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1. Do chinh x4c dugc cai thién voi d§ phire tap duge giam bot: Bién thé
YOLOI11 [8] [3] dat duoc diém D9 chinh xéac trungbinh (mAP) vuot troi
trén tap dir liéu COCO trong khi sir dung it hon 22% tham sé so véi bién
thé YOLOvS8m, chirng minh hi¢uqua tinh todn duogc cai thién ma khong

anh huong dén do chinh xac .

2. Tinh linh hoat trong cac tic vu CV: YOLO11 [8] [3] thé hién sy thanh
thao trong nhiéu ung dung CV khac nhau, bao gémuc’rc tinh tu thé, nhan
dang d6i tugng, phan loai hinh anh, phan doan thé hién va phat hién hop
€161 han dinh huéng (OBB).

3. Tbc dd va hiéu sut duoc toi wu hoa: Thong qua cac thiét ké kién trtc
tinh t& va quy trinh dao tao hop 1y, YOLOI11 [8] [3] datduoc toc do xu
Iy nhanh hon trong khi van duy tri sy cin bang giita d6 chinh xac va
hi¢u qua tinh toan.

4. S6 luong tham s6 dugc sap xép hop ly: Viée giam cac tham sé gop phan
1am cho hiéu suat mo hinh nhanh hon ma khong anh huéng dang ké dén
d6 chinh xac tong thé ctia YOLO11 [8] [3].

5. Trich xuét tinh ning nang cao: YOLO11 [8] [3] két hop cac cai tién trong
ca kién triic xuong song va cd, mang lai kha nangtrich xuat tinh ning
nang cao va do d6, phat hién ddi twong chinh xac hon.

6. Kha nang thich tmg theo ngir cdnh: YOLO11 [8] 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 héa cho GPU NVIDIA.

2.3. Piém manh va diém yéu ciia YOLO11

Piém manh ciia YOLO11

- Can bang hi¢u suat vuot troi: Pat dugc sy can bang vuot trdi gitra toc
do va do chinh xac, vuot trdi hon cac moé hinh khéc trén nhi€u nén tang

phan cimg khac nhau.
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COCO mAP32~95

Tinh Linh hoat Vuot troi: Mgt ho mo hinh duy nhat xu 1y nam tac vu Al
thi giac chinh, don gian hoa qua trinh phat trién cho cac tmg dung phirc
tap.

H¢ sinh thai dugc duy tri tdt: Puge ho tro boi su phat trién tich cuc, mot
cong dong 16n manh, cap nhat thudng xuyén va cac tai nguyén toan dién,
dam bao do tin cay va hd tro.

Dé str dung: Pugc thiét ké cho trai nghiém nguo1 dung duoc t8i wu hoa,
cho phép ca ngudi méi bat dau va chuyén gia huin luyén va trién khai
mé hinh véi mie do phirc tap t6i thiéu.

Hiéu qua dao tao va trién khai: Puoc toi vu héa cho thoi gian dao tao
nhanh hon va str dung bo nhé thap hon, 1y tuéng cho nhiéu loai phan

ctng tir thiét bi bién dén may chu dam may.

501 @ . it
% ultralytics

52.5 YOLO

50.0 - —— YOLO11
YOLOv10

47.5 1 YOLOv9
YOLOv8

45.0 1 YOLOv7
YOLOv6-3.0

42.5 1 YOLOvVS
PP-YOLOE+

40.0 4 1 DAMO-YOLO
YOLOX

37.5 1 EfficientDet

0 2 4 6 8 10 12 14 16

Latency T4 TensorRT10 FP16 (msfimg)

Hinh 2.3. YOLOII so vdi cdc phién ban truoc

DPiém Yéu ciia YOLOI1

La mot mo hinh hién dai, cac bién thé YOLO11 [8] 16n nhat doi hoi tai
nguyén tinh toan dang ké dé dat duoc do chinh xac t6i da, mic du chung
van rat hiéu qua so v6i 16p hiéu suit cta ching.

Kho khin véi vat thé cuc nho hodc canh dong dic

Yéu cau phan cimg van tuong d6i cao véi bién thé 16n
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- Trién khai cy thé méi trudmg/edge c6 thé gip truc tric
- Yéu cau dit liéu tot va hudn luyén k¥ ludng

- Khong phai lic ndo phién ban nho nhét 14 nhanh nhat

2.4. Ung dung ciia YOLO11 vao giai quyét bai toan phat hién nguwoi i xe 6
to sir dung dién thoai di dong khi lai xe

Mo hinh phat hién nguoi 1ai xe 6 t6 sir dung dién thoai di dong khi lai xe
bang YOLO11 [8] 1a mdt tng dung tién tién trong linh vuc nhan dang hanh vi 1ai
xe nguy hiém. Pugc xay dung dya trén YOLO11 [8], phién ban mdi nhat trong
dong mo6 hinh You Only Look Once, m6 hinh nay c6 khad ndng phat hién chinh

xac va nhanh chong hanh vi stir dung dién thoai cua tai xé trong thoi gian thuc.

YOLOI11 1a mot mo6 hinh phat hién doi tuong manh mé, ndi bat véi cac dic

diém sau:

1. Hiéu suat cao: Xt Iy 1én dén 60 khung hinh mdi gidy (FPS), véi d6 chinh
xac mAP dat 61,5% va s6 luong tham sb chi khoang 40 triéu, gitip giam

d6 tré va tang toc d6 xtr Iy so v4i cac phién ban truée nhu YOLOv10

2. Kién trac cai tién: Sir dung Transformer Backbone, Dynamic Head
Design, va cac md-dun nhu PSA va Dual Label Assignment dé nang cao
kha ning phat hién ddi tugng nho, bi che khuat hoic trong méi trudng
phtrc tap

3. Tbi uu héa cho thiét bi di dong va nhiing: Kich thudc mé hinh nhé gon
(khoang 2,83 MB sau khi lugng tir hoa), phu hop cho cac ing dung trén
thiét bi di dong va cac hé théng nhiing nhu dién thoai thong minh va
may tinh bang

Mo hinh YOLO11 c¢6 thé dugc huin luyén dé nhan dién hanh vi st dung

dién thoai cua tai xé thong qua cac budc sau:

1. Thu thap va gan nhan dir li¢u: St dung cac bd dir li¢u nhu Roboflow
hoac tao bd dir li€u riéng vai cac hinh anh ¢6 nhan "mobile use" dé huan

luyén mo hinh.
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2. Huén luyén mo hinh: Str dung céac coéng cu nhu Ultralytics YOLO dé
huin luyén mo hinh véi div li¢u da chuén bi, diéu chinh s epoch va kich

thudc anh phu hop.

3. Tich hop va trién khai: Trién khai mé hinh di huén luyén 1én cac hé
thong giam sat giao thong hoic thiét bi di dong dé phat hién hanh vi st

dung dién thoai trong thoi gian thuc.
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CHUONG 3: CAI PAT, THU NGHIEM VA PANH GIA

Chuong nay trinh bay qua trinh trién khai mo6 hinh phat hién hanh vi s
dung di¢n thoai khi 141 xe, bao gém moi truong cai dat, cAu hinh mé hinh, két qua
thir nghiém va danh gia hiéu ning. Trudc hét, chuong mé ta cac cong cu va thu
vién dugc sir dung nhu Python va YOLO. Tiép theo, quy trinh huén luyén, kiém
thir va tham s6 mo hinh dugc trinh bay rd rang. Cudi cing, chuong dua ra két qua
thuc nghiém thong qua cac chi sé nhu d6 chinh xac (Accuracy), d6 nhay (Recall),
d6 chinh xac dy doan (Precision), mAP va thdi gian xt 1y, ddng thdi phan tich

nhing diém manh, han ché va kha nang ung dung thuc té ctia mo hinh.
3.1.M6i trwong thir nghiém
3.1.1. Python

3.1.1.1. Khdi niém

Python [5] 1a m{t ngbn ngit 1ap trinh bac cao cho cac muc dich lap trinh
daning, do Guido van Rossum tao ra va 1an dau ra mat vao nam 1991. Python
duoc thiét ké véi wu diém manh 1a d& doc, d& hoc va dé nhé. Python [5] 1a ngon
ngit ¢6 hinh thiec rat sang sua, ciu trac rd rang, thuan tién cho nguoi méi hoc 1ap
trinh va 1a ngdn ngit 1ap trinh d& hoc, duoc dung rong rai trong phat trién tri tué
nhan tao. Ciu trac ctia Python con cho phép nguoi sir dung viét ma 1énh véi sb
lan g& phim tdi thiéu. Vao thang 7 nim 2018, Van Rossum da tir chtc 1anh dao

trong cong dong ngdn ngir Python sau 30 nim lam viéc.

Python [5] hoan toan tao kiéu dong va dung co ché cap phat bd nhd tu
dong; do vay no tuong tu nhu Perl, Ruby, Scheme, Smalltalk, va Tcl. Python duoc
phat trién trong mdt dy an ma ma, do td chuc phi lo1 nhuan Python Software

Foundation quan 1y.

Ban dau, Python [5] duogc phat trién dé chay trén nén Unix. Nhung roi
theo thoi gian, Python din mé rong sang moi hé diéu hanh tir MS-DOS dén Mac
0S, 0S/2, Windows, Linux va cac hé diéu hanh khac thudc ho Unix. Mic du su

phat trién ctia Python c6 su dong gép cua rat nhidu ca nhan, nhung Guido van
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Rossum hién nay van 1a tic gia chu yéu ctia Python. Ong giit vai trd chii chdt trong

viéc quyét dinh hudng phat trién cua Python.

Python [5] ludn duge xép hang vao nhiing ngén ngit 1ap trinh phd bién
nhit.

3.1.1.2. Pac tinh

Python [5] dang tré nén phd bién trong cong dong 1ap trinh nho cac dic

tinh sau:

Ngon ngir thong dich: Python [5] dugc xur 1y trong thot gian chay boi
trinh thong dich Python.

- Ngbn ngit huéng d6i twong: Python [5] hd trg cac ddc trung va k thuat

1ap trinh hudng ddi tuong.

- Ngbn ngit 1ap trinh tuong tac: Ngudi ding c6 thé twong tac truc tiép voi

trinh thong dich python dé viét chuong trinh.

- Ngon nglr dé hoc: Python [5] rat dé hoc, dic biét 1a cho nguoi maoi bat

dau.

- Cu phap don gian: Viéc hinh thanh ct phap Python [5] rat don gian va

dé hiéu, diéu nay ciing 1am cho nd trd nén pho bién.

- M3 ngudn mé: Python [5] cho phép ngudi dung co thé sir dung, chinh

stra va phan phéi ma ngudn mot cach tu do.

- Di déng: M3 Python [5] ¢6 thé chay trén nhiéu nén tang phan ctng cé

cung giao di¢n.

- C6 thé mé rong: Ngudi dung ¢ thé thém cac mo-dun cap thap vao trinh

thong dich Python [5].

- €6 thé cai tién: Python [5] cung cap mdt ciu trac cai tién dé hd trg cac

chuong trinh 16m sau d6 1a shell-script.

HJ trg cong dong: Python [5] c6 mot cong dong 16n véi nhicu ngudi ding
va nha phat trién trén khap thé gigi dong gbp vao viéc phat trién ca cai tién
Python. Cong dong ndy ciing cung cip hd tro va tai lidu dé giup ngudi dung
python giai quyét ca van dé mot cach nhanh chong va hiéu qua
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3.1.1.3. Cac phién ban cua Python

Python [5] da dugc Guido van Rossum tao ra vao nhitng nam 1980 tai
Trung tdm Todn hoc — Tin hoc (Centrum Wiskunde & Informatica, CWI) ¢ Ha
Lan nhu 13 mot ngdén ngir ké tuc ngdn ngit ABC — mot ngodn ngir duge 1dy cam
htng tir SETL (ngdn ngit dugce phat trién boi Jacob T. Schwartz va cac dong
nghiép), c6 kha ning xur 1y ngoai 1é va giao tiép voi hé diéu hanh Amoeba. N6 bit

dau duoc trién khai vao thang 12 nam 1989.

Python [5] 2.0 dugc ra mat vao ngay 16 thang 10 nam 2000, v6i nhiéu dic
trung mGi mé, bao gom mot bo don rac phat hién theo chu ky va kha nang hd trg

Unicode.

Python [5] 3.0 duoc ra mét vao ngdy mung 3 thang 12 nim 2008. Day 1a
mot phién ban 16n ciia Python khong twong thich ngugc hoan toan. Nhiéu dic
trung 16n cta nd da duoc chuyén ma nguoc (backport) vé loat phién ban Python
2.6.x va 2.7.x. Cac ban phat hanh cua Python 3 c6 di kem v61 cong cu 2to3, co tac

dung tu dong hod viéc dich ma Python 2 sang Python 3.

Python [5] 3.9.2 va 3.8.8 duoc xtc tién vi tat ca cac phién ban trudc cia
Python (bao gom ca 2.7) gdp mdt sd van dé bao mat, c¢6 thé dan dén thuc thi ma

tu xa va "dau doc" bo nhé dém.

Trong nam 2022, Python [5] 3.10.4 va 3.9.12 duoc xtc tién cung véi 3.8.13
va 3.7.13, nguyén nhan 1a do mot vai van dé vé bao mat. Khi Python 3.9.13 duoc
phat hanh vao thang Nam nam 2022, loat phién ban 3.9 (cung voi loat 3.8 va 3.7)
dugc thong bao rang s& chi nhan dugc cac ban va biao mat trong tuong lai. Vao
ngay 7 thang Chin nam 2022, bon ban cap nhat méi dugc phat hanh do c6 kha
nang xay ra mot cudc tin cong tir chéi dich vu: 3.10.7, 3.9.14, 3.8.14 va 3.7.14.

Tinh dén thang 10 nam 2023, Python 3.12 1a ban phat hanh 6n dinh mai
nhat. Mot s6 thay d6i dang cha ¥ tir ban 3.11 bao gdm cac thay doi vé ngén ngir

va thu vién chuan.
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3.1.2. Visual Studio Code
3.1.2.1. Khai niém

Visual Studio Code [7] (VS Code) 12 mot trinh soan thao ma ngudn mién
phi, nhe va manh m¢, phat trién béi Microsoft, hoat dong trén da nén tang
(Windows, macOS, Linux). N6 hd trg nhiéu ngén ngit 14p trinh va cung cép cac
tinh ning hiru ich nhu g& 16i (debug), to sang cu phap (syntax highlighting), tu
dong hoan thanh ma, va tich hop Git. VS Code duogc uva chudng vi kha nang tuy
bién cao va kho tién ich mé rong phong phi, phu hop cho ca ngudi méi bat dau
va lap trinh vién chuyén nghiép. N6 1a da nén tang, hoat dong trén Microsoft

Windows, macOS va Linux.
3.1.2.2. Cac dac trung

Visual Studio Code [7] 1a gi duoc rat nhiéu ngudi tim hiéu. Pay ciing 1a
mot trong cac tmg dung duoc dan IT “san don” va tai vé va sir dung rat nhiéu.
Visual Studio Code ciing ludn c6 nhitng cai tién va tao ra da dang céc tién ich di
kém tir 6 gitip cho cac 1ap trinh vién sir dung dé& dang hon. Trong d6 c6 thé ké
dén nhitng vu diém sau:

Da dang ng6n ngtr 1ap trinh gitip nguot dung thoa stc sdng tao va st dung
nhu HTML, CSS, JavaScript, C++,...

- Ngbn ngi, giao dién toi gian, than thién, gitp cac 1ap trinh vién dé dang

dinh hinh nd1 dung.

- Céc tién ich mé rong rat da dang va phong phu.

Khong phai ngiu nhién ma Visual Studio Code dwgc cac 14p trinh vién wa
chudng str dung. Visual Studio Code mang rat nhiéu vu diém vuot trdi so v4i bat
ky IDE nao khéc:

- HOb tro da nén tang: Linux, Mac, Windows,..

- HOb trg da ngén ngli: C/C++, C#, F#, JavaScript, JSON, Visual

Basic, HTML,CSS,...

- It dung luong.
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- Tinh nang manh m¢.

- Intellisense chuyén nghiép.

- Giao dién than thién

- Kién triic manh mé va ngudi dung c6 thé khai thic mé rong

- S6 luong ngudi sir dung 10n tao nén dng dong hd tro rong rai
3.1.3. Google Collab

3.1.3.1. Khai niém

Colaboratory hay con goi 1a Google Colab [6], 1a mot san pham tir Google
Re search, né cho phép chay cac dong code python thong qua trinh duyét, dac biét
phu hop véi Data analysis, machine learning va giao duc. Google Colab [6] khong
can yéu cau cai dat hay ciu hinh may tinh, moi thir c¢6 thé chay théng qua trinh
duyét, ban c6 thé st dung tai nguyén may tinh tir CPU tdc d6 cao va ca GPUs va

ca TPUs déu duoc cung cip cho ban.

Google Colab [6] cung cap nhiéu loai GPU, thudng 13 Nvidia K80s, T4s,
P4s and P100s, tuy nhién ngudi dung khong thé chon loai GPU trong Colab, GPU
trong Colab thay d6i theo thoi gian. Vi 13 dich vu mién phi, nén Colab s& c6 nhiing
thir tu vu tién trong viéc st dung tai nguyén hé thong, cling nhu gidi han thoi gian

str dung, thoi gian sir dung tdi da 18n téi 12 gio.
3.1.3.2. Nhitng dac trung cua Google Colab
- St dung Jupyter Notebooks truc tuyén.

Google Colab [6] Google Colab [6] cho phép tao va chay cac Jupyter
Notebooks truc tuyén ma khong can cai dat moi truong phat trién phirc tap trén

may tinh ca nhan.

Giao dién st dung tuong tu nhu Jupyter Notebook truyén thong véi cac cell

cho phép thuc thi ma Python hodc viét markdown dé tao noi dung huéng dén.

- Kha nang chia sé va cOng tac.
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Nguoi dung cé thé chia sé notebook vé1 nhitng nguo1 khac dé cung lam
vige trén cung mot notebook, tao di€u kién thuan lgi cho viéc hoc tap va lam viéc

nhom.

Céc dic trung nhu binh luan va ché do chinh stra dong thoi gitip ting tinh

tuong tac va hi€u qua cua qué trinh cong tac.
- Dung GPU va TPU mién phi.

Google Colab [6] cung cap truy cap mién phi dén GPU va TPU, dic biét
hitru ich cho céc tac vu tinh toan ndng vé mit sb hoc, dic biét 1a trong linh vuc hoc

may va deep learning.

Viée st dung céac card GPU hodc TPU c6 sin gitp ting toc do xir Iy va huan

luyén mo hinh so véi viée st dung CPU thong thuong.
- Luu trir dir 1i€u trén Google Drive va tich hop Google Cloud.

Nguoi dung c6 thé truy cap va luu trit dit liéu truc tiép tir Google

Drive, tao di€u ki¢n thuan loi cho viéc lam viéc vai tap tin dir ligu 1om.

Tich hop véi dién toan dam may ctia Google cling cho phép sir dung cac
dich vu nhu BigQuery, Cloud Storage, va cac API khac tur dich vu dién toan dam

may trong qua trinh lam viéc.

3.2. Tao bd dir liéu hoc dé huén luyén

Roboflow [9] 1a mot framework hd trg cac nha phat trién trong linh vuc thi
gidc may tinh [2] (Computer Vision) thuc hién viéc thu thap, xur Iy va quan ly dit
li¢u hinh anh mdt cach hi¢u qua. Cong cu nay giap nguoi dung tao ra bg dir licu
duogc to chirc khoa hoc, thun tién cho qua trinh huan luyén mé hinh hoc may

(Machine Learning) va hoc sau (Deep Learning [10]).

Roboflow [9] cung cap sin nhiéu tap dit liéu cong khai (public datasets) ma
ngudi dung c6 thé sir dung truc tiép, dong thoi cho phép tai 1én va tuy chinh dir

liéu riéng ctia minh. Nguo1 dung c6 thé xur 1y dir liéu theo nhu ciu c4 nhan nhu
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diéu chinh kich thudc anh, thay d6i dinh dang, ting cuong dir liéu (data

augmentation) hodc loc bé nhidu dé nang cao chét luong tap dit liéu dau vao.

Pé xay dung mot mo hinh phat hién hanh vi sir dung dién thoai khi lai xe,
trude tién can tao ra mot bo dit liéu huin luyén du 16n va da dang. Quy trinh tao
b6 dit liéu dugc thuc hién qua nhiéu budc nham dam bao chat luong va tinh chinh
xac cua dir liéu.

Dit liéu duoc thu thap tir nhiéu ngudn khac nhau. Mot phan hinh anh dugc
tu chup trong méi trudng xe 6 to that voi nhiu goc d6 va didu kién anh sang khac
nhau nham ting tinh da dang. Mot phan khac dugc thu thap tir internet vdi cac tir

khoa lién quan dén hanh vi sir dung di¢n thoai khi 1ai xe.

Sau khi hoan thién dit liéu, Roboflow [8] hd trg xuat dir liéu & nhiéu dinh
dang chuan twong thich véi cac thu vién va framework pho bién nhu TensorFlow,

PyTorch, YOLO [9], EfficientDet, MobileNet, v.v.

Hién nay, Roboflow [8] duoc tng dung rong rii trong nhiéu linh vuc c6

lién quan dén thi giac may tinh [2], bao gdm:
Nhan dang vt thé trong anh hodc video (object detection)
Phat hién chay n6, khoi hodc ngudi xam nhap bat hop phap
Theo do1 phuong tién giao thong, quan 1y bai xe
Dy doan thiét hai cong trinh, mai nha hodc cay tréng tir anh v¢€ tinh
HO trg xe tu hanh va robot trong viéc nhan biét moi trudng xung quanh

Vé6i nhimg wu diém d6, Roboflow [8] tré thanh cong cu khong thé thiéu
trong viéc xay dung va quan 1y bo dit liéu hinh anh, gbp phan nang cao d chinh

xac va hiéu qua cia cac mo hinh hoc sau.

3.3. Qua trinh Huin Luyén
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3.3.1 Chudn bi dnh

Chat lwong Anh: Anh can c6 do phan giai da cao dé cac ddi twong co
thé duoc nhan dién 6 rang, ngay ca khi chung nhé hoic & xa.

Pa dang: Bo dir li¢u nén bao gém anh véi cac diéu kién anh sang khac
nhau, goc chup, va canh quan dé mé hinh c6 thé hoc cach phat hién dbi
tuong trong nhiéu hoan canh.

Gan nhan chinh xac: Cac bounding box can duoc vé& chinh xac xung
quanh dbi tuong, khong qué rong hodc qua hep so véi kich thude thuc
té cua ddi tuong.

Can bang dit liéu: Tranh tinh trang mat can bang, noi mot s6 16p c6 nhiéu
mau hon dang ké so véi cac 16p khac, diéu nay c6 thé din dén d6 chéch
trong qua trinh huan luyén.

Chia tép dir li¢u: Chia bo dit liéu thanh céc tap train, validation, va test
dé danh gia mo hinh mot cach khach quan.

Tbi uu héa kich thudc anh: Doi khi can phai diéu chinh kich thudc anh
dé phu hop véi yéu cau dau vao ctia mo hinh, déng thoi giam b6t ganh
nang tinh toan.

Augmentation: Str dung k¥ thuat tang cuong dit licu (data augmentation)
nhu xoay, 1at, thay doi mau sic, dé ting cuong kha ning tong quat hoa
ctia mo hinh

Tong sd luong anh: 216 anh

Bdng 3-1: S6 Lwong Anh ciia tirng doi twong

Péi tuong S6 lugng anh
Nguoi lai xe 6 t0 s dung di¢n thoai khi lai xe 166
Nguoi lai xe 6 t6 khong st dung dién thoai khi lai xe 50

Téng s6 luong hinh anh 216 anh bao gdm 46 anh 1y tir roboflow va

170 anh dugc tao ra nhd doan code tang cuong hinh anh va mdt s6 anh
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dugc thu thap tur viéc chup truc tiép nguoi lai xe 6 t6 sir dung di¢n thoai

bén ngoai. Dudi day 1a &nh minh hoa dia dién cho bo dir li€u:

o,

o o) e ) e D Y

1.2497pn  a(Djpg  a@jpg  a@Blpg  ajpg 5)jpg a(10jpg  a(11jpg

EEakuEZ9rnE dEa@

a(hjpg  a(1d)jpg a(l6)jpg a(17jpg a(18)jpg  a(19jpg  a(20)jpg ajpg  2(3)jpg  a(4)jpg  a(25)jpg

a(@1)jpg

4 G 20 o)y o8 e =
a(35)jpg
u.

1=

o
S"‘
3 =

®
™~

D
5
e

@
~
&
=
a
@
~

9)jpg  a(30)jpg aBljpg a(3jpg  a(33)jpg ] a(36)jpg aB7Mjpg a(38)jpg  a(39)jpg
e B B G )3
jpg  a(4)jpg a@S)jpg a(M6)jpg ald7jpg  a(@8)jpg  a(49)jpg
N - d = <]
i m B e
a(%6)jpg  a(Njpg  a(sB)jpg a(%Yjpg a(60)jpg al6jpg a(62jpg a(@)jpg a

ol s

download  download download download download  download download ~ download  download  download
(1)jpg )jpg (3)jpg @)jpg ()jpg (6)jpg (Mg (8)jpg ©)jpg (10)jpg (1)jrg

Ea b ﬁﬁﬂ

download  download download download download download download download download download download download download  download
(13)jpg (14)jpg (15)jpg (16)jpg (17)jpg (18)jpg (19)jpg (20)jpg 21)Jpg (22)jpg (23)jpg (24)jpg (25)jpg (26)jpg

¥ & & 22 b 22 G IR

download  download  download  download d: download  download download  download  download
@7)jpg (8)jpg (29)jpg (30)jpg (31)jrg (32)jpg (33)jpg (34)jpg (35)jpg (36)jpg (37)jpg (38)jpg (39)jog (40)jpg

EREEGLaEMRreErn k&

Hinh 3.1: Anh minh hoa dai dién cho bé hudn luyén

»
=
e

5

a

\"J", ~
.
="
1
¥,

®
G
=1
=1
a
o
=l
=
a

a(djpg  a(33)jpg  a(54)jpg

TH'L
R
E, S
E
18

z
g

a(66)jpg  a(67)j

@
=
e
5
a
@
=l
a

%
?&

>

>

a
S
=
S
S
51
a

)

3.3.2. Pdnh nhin cho déi twong

Str dung cong cu c6 san trén mang la makesense dé gan nhan cho doi tugng,

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

Q)

Open source and free to
use under GPLv3 license

No advanced installation We don't store your
required, just open up your images, because we don't
browser send them anywhere

& I

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

Use Al fo make your work
more productive

Hinh2.2. Hinh dnh vé Make sense
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3.4. Dao tao mo hinh “Xay dung mo hinh phat hién ngudi lai xe 0 to co

hanh vi str dung dién thoai khi lai xe”

Pé huan luyén mé hinh “Xay dung mé hinh phat hién nguoi lai xe 6 t6 ¢6
hanh vi str dung dién thoai khi 14i xe” bang phwong phap hoc sau thi em st dung
mot cong cu hd trg & day 1a Google Colab. Google Colab 1a mot dich vy may tinh
dam may ctia Google cho phép nguoi ding tao ra cic tép note book Jupyter dé
thuc thi md Python. N6 cung cAp mot moi truong tinh toan dam may mién phi,
v6i cac dic trung nhu GPU mién phi, RAM mién phi dén 12GB c6 thé mé rong

dén 25.5GB néu c6 tra phi, luu trir ddm may va nhiéu dic trung khac.

Ngoai ta Google Colab con lién két v6i driver dé c6 thé ho trg nguoi dung
trong viéc luu trir cac dit li¢u quan trong. Google Colab dugc thiét ké dé hd tro
viéc phat trién va huén luyén cac md hinh hoc may va cac tng dung AL N6 cung
cdp mot méi truong tinh toan ddm may mién phi, manh mé va linh hoat cho céac

nhu cau hoc tap va nghién cuu.

%pip install ultralytics
import ultralytics
ultralytics.checks()

Ultralytics YOLOV8.2.2 g? Python-3.10.12 torch-2.2.1+cul2l CUDA:@ (Tesla T4, 15102MiB)
Setup complete (2 CPUs, 12.7 GB RAM, 28.8/78.2 GB disk)

Ipip install Pillow

Requirement already satisfied: Pillow in /fusr/local/lib/python3.10/dist-packages (9.4.8)

from PIL import Image

from IPython.display import Image

lapt install unzip

Hinh 3.2: Cai cdc thw vién ho trg
Vi Google Colab ban mién phi chi cho gii han vé thoi gian chay nén ta

c6 thé lién két voi drive dé luu trir dé tranh mat dir liéu sau khi hét phién.
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Ta co6 thé dé dang két n61 vdi drive voi 2 cach:

= Tép 0O X
o B C R W

- -
» [ drive
©ZF ) @ sample_data

Hinh 3.3: An chon biéu tiwong drive trong phan tép

from google.colab import drive
drive.mount('/content/drive")|

Hinh 3.4: Két noi qua doan ma

Sau khi cai xong mot vai doan ma 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 ma dé bdt dau train

Trong do:
- %ed: 13 di chuyén dén tép ta s& luu trit cac dit liéu khi dang train
- Epochs: S 1an anh dugc train (s6 cang 16n dir liéu train s& duoc cai

thién nhung d6i lai thi s& ton thoi gian hon)
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- Imgsz: size anh (d6i voi YOLOVS nha phat trién c6 yéu ciu size anh 1a
640x640).

- Model: mé hinh dugc Ultralytics cting cip dé dao tao.

- Data: duong dan dén tép cau hinh tap dit lidu (vi du: coco8.yaml). Tép

nay chia cac tham so danh riéng cho tap dit liéu, bao gom dudng dan

dén dit liéu dao tao va xéac thuc, tén 16p va sb lugng 16p.

Ta cling c6 mot s6 mot sO thong s6 khac nhung ta ta cling khong can

phai ghi hét tit ca dé co thé chay duoc moi thong tin ta co thé tim trén trang

train cta ultralytics. Ultralytics c6 day du cac thong s6 néu ai c6 yéu cau chi

tiét trong qua trinh dao tao.

Vi tung epochs ta co6 bang sau:

Bdng 3-2: Bdng thir nghiém voi cac epochs khac nhau

anh kiém thir | Thoi gian mAP 50-
Epochs P R | mAP
(valid) thue hién 95
80 216 7 phut 0.976 | 0.987 1 0.992 | 0.775
90 216 8 phut 0.983 10.983 1 0.991 | 0.805
100 216 9 phut 0.97710.98510.993 | 0.808

Quan sat (bang 3-2) trén ta c6 thé nhan thay két qua thir nghiém mo hinh

véi cac gia tri cta epochs khac nhau nhung khong c6 nhiéu su chénh l1éch. Tuy

nhién véi 90 epochs ta dugc dd chinh xac 1a 0.991 trong thoi gian 8 phit khi chay

20/100 epochs. Khi thay ddi cac sd epochs ta co thé thay tir 80 c6 sy ting nhe

trong khi d6 1én 100 mdt vai chi sé da bi giam di. Tir d6 ta c6 thé két luan véi dix

liéu tAm 216 anh d6i v&i md hinh nay thi 90 epochs la sy lya chon tot nhat.
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3.4.1. Gid tri cdc biéu dé

train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
| 1.0 ]
35 —— results 10 1
201 3041 smooth | 2.2 0.8
1.8 081,
2.0 1
0.6
161 0.61
141 181 0.4 1 :
0.41 I
121 167 021
101 ] | 021
14 0.0
0 25 50 75 0 25 50 75 0 25 50 75 0 25 50 75 0 25 50 75
val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
351 4.5 1.0 0.81
8 E
3.01 4,01
08 1 06 j
251 : 3'5
' 0.6 1
‘ 3.0 0.4
2.0 1 4 N
251 0.4
151 1 021
21 201 0.21
1.01 151
T T T T T T T T T T T T 0'0 A T T T T 0.0 1 T T T T
0 25 5 75 0 25 5 75 0 25 5 75 0 25 5 75 0 25 5 75
Hinh 3.6: Biéu do thong ké sau khi dao tao
Theo nhu hinh ta c6 thé thay:
Céc biéu d6 mat mat dang giam dan cho biét dugc moé hinh dang dugc hoc
tot hon.

Biéu d6 d6 chinh xac: thi lai tang dan 1én, va nhin tir hinh anh ta théy duoc

mo hinh ¢6 su ting trudng nhanh ¢ 50 epochs dau tién va chim lai.
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Confusion Matrix

su_dung

khang_su_dung-

el
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background -

background -

§ khong_su_dung -

Hinh 3.7: Ma trgn nham lan (hiéu suat dw doan ciia mé hinh véi epochs=100
Confusion duoc str dung dé danh gia hiéu suat ciia mot mo hinh phan loai
trong linh vuc hoc may. N6 thé hién s6 lugng cac dy doan chinh xac va khong

chinh xac gitra cac 16p khac nhau. Cuy thé:

- Cac Lop: Bang nay bao gdm cac 16p nhu anh sir dung dién thoai khi lai
xe 0 t0 va anh khong st dung di¢n thoai khi lai xe 6 t6

- Gia Tri O: Cac gia tri s6 trong mdi 6 cia ma trin thé hién sb luong
truong hop cho mdi su két hop cua 16p thuce té va 16p dy doan.

- Truc X va Y: Truc x v6i nhin “True” biéu thi cac 16p thuc té, trong khi
truc y voi nhin “Predicted” biéu thi cac 16p duoc mé hinh dy doan.

Confusion gitp nhan dién dugce nhitng 16p ma mo hinh phan loai hoat dong

t6t va nhimg 16p ma mo hinh c6 thé cai thién.

Duéi day 1a doan ma xuét file sang tflite dé chay trén di dong
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from ultralytics import YOLO

# Load mo hinh PyTorch
model = YOLO("best.pt")

# Xuat sang dinh dang TensorFlow Lite
model.export(format="tflite")

Hinh 3.8: Poan ma xudt sang file tflite dé chay trén di déng
3.4.2. Giao dién wng dung phat hién nguwoi lai xe co hanh vi sir dung dién thoai
khi lai xe

Su Dung Dien Thoai Khi Lai Xe (YOLO11)

Su Dung Dien Thoai Khi Lai Xe (YOLO11)

£ Chion &nh (nhigu) 1z Chon video & Mdcamera @ Xemkétqud

Trang tha

(Kt qua s€ hién thi & day)

« Anh inféc [*] Play/Pause

Hinh 3.9: Giao dién chuwong trinh

Giao dién c6 céac chlic ndng co ban gom:

- Chon anh: Ding model d3 train trén Google Colab dé xur Iy nhan dién

anh va luu anh vé dinh dang .JPG va luu vao 1 tép chi dinh.
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- Chon Video: Dung model di train trén Google Colab dé xtr Iy nhan dién
vat tri ciy trong video va xuét ra dinh dang .mp4 va luu vao 1 tép chi
dinh.

- M6 camera: dung webcam ctia may dé nhan dién ddi twong (stt dung

dién thoai)
3.4.3. Cai diat mé hinh trén thiét bi Android (Android Studio)
3.4.3.1.Giao dién chuong trinh khi da dwoc cai trén Android Studio

Giao dién trén Android Studio:

!J)u

Ung dung phét hign si dung dign thapl

Hinh 3.10: Giao dién mo hinh trén Android Studio

Trong do

- Xem lai video: Dung model di train trén Google Colab dé xtr Iy nhan
dién nguoi lai xe c6 hanh vi str dung dién thoai khi lai xe trong video
va xuét ra dinh dang .mp4 va luu vao 1 tép chi dinh.

- Phat hién st dung dién thoai khi lai xe: dung webcam cua may dé nhan
dién d6i twong (ngudi lai xe c6 hanh vi stru dung dién thoai)

- Xem dir li¢u : dung dé chon anh, video dé nhan dién va xem két qua

- Thoét : thoat chuong trinh
3.4.3.2.Giao dién trén dién thoai di dong Android

Duéi déy 1a giao dién trén thiét bi Android
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& Phat hién st dung dién thoai khi lai xe

Xem dir liéu

Hinh 3.11:Giao dién trén thiét bi di dong
Trong do:
Xem lai video: Dung model d train trén Google Colab dé xir Iy nhan
dién nguoi l1ai xe ¢6 hanh vi str dung dién thoai khi lai xe trong video
va xuét ra dinh dang .mp4 va luu vao 1 tép chi dinh.
Phat hién st dung di¢n thoai khi 14i xe: dung webcam ctia may dé nhéan
dién dbi tuong (ngudi 1ai xe ¢6 hanh vi stru dung dién thoai)
Xem dir li¢u : dung dé chon anh, video dé nhan dién va xem két qua

Thoat : thoat chuong trinh
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3.4.3. Két qua thir nghiém trén mé hinh di huén luyén

Thuc hién thu cong trén 3 loai dit licu dau vao: anh st dung di¢n thoai, anh

khong str dung dién thoai va anh str dung dié€n thoai khi chay trén di dong

DPdi voi anh st dung dién thoai chuong trinh dem lai d6 chinh xac trong

khoang 95%.

Bang 3-3: Bang thur nghiém phdn loai hinh anh sw dung dién thogi

S6 lwong Nhan Nhan | Do chinh
STT Tén anh
anh dung sai xac
1 | Anh st dung dién 50 48 2 95%
thoai

Theo nhu bang trén ra c6 thé thay nhan sai 12 & cac anh:

Su Dung Dien Thoai Khi Lai Xe (YOLO11)

Su Dung Dien Thoai Khi Lai Xe (YOLO11)

= Chon snh (nhiu) = Chon video @ Macamen
£ Chan dnh (i) = Chon video - Mo camera @  Xemkitquh

Hinh 3.12: Anh sir dung dién thoai bi nhan sai
Pdi voi anh sir dung di¢n thoai chuong trinh dem lai d chinh x4c trong

khoang 85%.

Bang 3-4: Bang thir nghiém phdn loai hinh anh khong sw dung dién thoai

S6lwong | Nhan | Nhin | Do chinh
STT Tén anh
anh diang sai xac
1 Anh khong sir dung 50 44 6 85%
dién thoai
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Hinh 3.13: Anh khong swr dung dién thoai bi nhdn sai

Tur két qua trén ta co thé théy dugc chuong trinh nhan dién sai nhiéu ké ca
d6i voi cac loai anh khong c6 trong mé hinh chuong trinh ciing nhan dién sai va
thong bao do chac chan 1én ti ~85%.

Pdi vé6i anh phat hién st dung dién thoai khi chay trén di dong dem lai do
chinh xéc trong khoang 50%.

Béang 3-5: Bang thur nghiém phan loai hinh anh khong str dung dién thoai

STT Tén anh S6 lwong | Nhin | Nhén PH
anh ding sai chinh
xac
1 | Anh st dung dién thoai chay 20 10 10 50%
trén di dong (Android)

Du¢i day la cac anh minh hoa khi chay m6 hinh phat hi¢n st dung dién
thoai khi dang 141 xe 6 t6 trén di dong ( Android)
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Hinh 3.15: Mét s6 anh minh hoa khi chay mé hinh trén thiét bi di dong
Khi st dung video dé nhan dién chuong trinh ciing da thyc hoan thanh tét
viéc nhan dién nhirng 1a video co nhiéu gboc do khac nhau nén do chic chin cua

mo hinh s€ c¢6 Iuc khong dugc qua cao.

3
su_dgng 0.26
”~

=

Hinh 3.15: Nhdn dién bﬁng video

3.5. Panh gia mo hinh sau khi thir nghiém

Mo hinh YOLO11 di duoc sir dung dé phan loai ngudi 1ai xe 6 to ¢ hanh
vi st dung dién thoai khi 141 xe trén Google Colab, vdi bg dir liéu gém khoang

216 hinh anh khac nhau. M6 hinh da duoc huan luyén trong 100 epochs. Bai bao
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cao nay s€ danh gia cac két qua dat dugc, cling nhu néu 16 cac uu diém va nhuoc

diém cua mo hinh.

3.5.1. Két qua hudn luyén

3.5.2.

3.5.3.

Do chinh xac:

e epoch thtr 90, mo6 hinh dat do chinh xac cao nhat 1a 75%.

Khi hun luyén 1€n 100 epochs, d0 chinh xac gidm nhe so vdi tai epoch

90.

Kiém tra thu cong:

Khi kiém tra thil cong trén bang 3-3, d6 chinh x4c trung binh dat 95%.
Khi kiém tra thii cong trén bang 3-4, d6 chinh x4c trung binh dat 85%.
Khi kiém tra tha cong trén bang 3-5, do chinh x4c trung binh dat 50%.
Bo anh kiém tra thil cong ldy tir mang c6 chat lugng cao va rd nét, gitp

mo hinh dat do chinh x4c cao hon so v&i bg anh lay tir webcam.

Thoi gian huén luyén

Thoi gian huan luyén mé hinh:

MB®i 100 epochs tiéu tén khoang 9 phut
Véi bg dir licu 216 anh va 100 epochs, thoi gian huin luyén kéo dai
khoang 10 ngay do gi¢i han thoi gian sir dung phién ban mién phi cla

Google Colab (9 phat mdi phién, phai chd 1-2 ngay dé c6 phién méi).

Uu diém ciia moé hinh
Uu diém ctia md hinh:

- Hiéu suat va do chinh xac: YOLO11 da cho thay hiéu suat kha tot voi

d6 chinh xac cao dbi véi cac hinh anh tinh sir dung dién thoai va khong
st dung di¢n thoai.
Kha nang xur 1y: Hé théng xtr Iy nhanh va chinh xac dbi voi cac hinh anh

tinh va nhiing video c6 ngudi st dung dién thoai.

3.5.4. Nhwoc diém ciia mé hinh
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Nhitng nhuogc diém ctia mo hinh:

- Do chinh x4c v6i1 hinh anh phuce tap: Véi cac hinh anh chira nhiéu loai
nguoi khac nhau, d chinh xéac chi dat mirc trung binh.

- Sai s6t trong nhan dién: M6 hinh con gdp kho khan khi nhén dién ddi
tuong c6 mau sic va hinh dang tuong tu nhau, hoac bi che khuit mot
phan.

3.5.5. Dé xudt cdi tién

Duéi day 14 nhitng dé xuat xai tién:

- Thém dir lidu dao tao: BS sung thém dir liéu da dang dé cai thién kha
nang nhan dién.

- Nang cap mé hinh: Sir dung cac phién ban cao cip hon ciia YOLO nhur
YOLO12 méi ra mat vao ngay 16/2/2025 dé tang d6 chinh xAc.

- T6i uu hoa tai nguyén: St dung cac dich vu ddm may khéac hoidc phién
ban tra phi ctia Google Colab dé c6 tai nguyén huan luyén manh mé hon.

- Mo hinh YOLO11 d4 phan nao dap Gmg duoc cac yéu cau cua dé tai, dic
biét 1a d6i véi cac hinh anh tinh. Tuy nhién, van can cai thién thém dé
tang do chinh xac va giam sai sot trong qué trinh nhan nguoi st dung
dién thoai di dong va ngudi khong stir dung dién thoai di dong. Viéc nang
cdp mo hinh va bd sung dit liéu s& 1a cac budc quan trong dé dat duoc

két qua tot hon trong twong lai.
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KET LUAN
Sau thoi gian gan 3 thang nghién ctru va thue hién d6 an tot nghiép véi su
hudng din ciia ¢6 TS. HO Thi Huong Thom — Khoa Cong Nghé Thong Tin truong
Pai Hoc Hang Hai Viét Nam dé hoan thién dugc d6 an véi dé tai: Xay dung mé

hinh phat hién nguoi 1ai xe 6 t6 6c hanh vi str dung dién thoai khi dang 1ai xe
Mot s& muc tiéu ma d6 an da dat duoc:
Hoan thanh dé tai: “Xay dung mé hinh phat hién nguoi 1ai xe 6 t6 c6 hanh
vi st dung di¢n thoai di dong khi 1ai xe”

Dao tao thanh cong mo6 hinh nhan dién vd1 216 anh khac nhau béng mo

hinh YOLOI1.

M6 hinh phan loai dugc céac loai anh vo1 d0 chinh xéac trung binh 75% voi
100 epochs nhung lai chinh xac kha cao véi anh tinh vé1 mot loai anh 1a 95% va
van con nhiéu sai sot voi mot sb anh la. Tuy nhién khi dua vao thuc tién c6 thé
dap tng dugc phan nao yéu cau dit ra nhung c6 thé s& khong dugc chinh xac.
Mudn cai thién d6 chinh xac thi anh trude khi dua vao phan loai can phai dugc
xtr Iy nang cao chat lugng anh, hodc anh duoc chup quay tir cac thiét bi chuyén

dung c6 chét luong cao.

Chung ta c6 thé phét trién chuong trinh nay thanh mot mo-dun tién xir ly
hinh anh phét hién d6i twong st dung dién thoai khi 1ai xe, dé tich hop vao hé
théng robot phan loai tu dong. Vi¢c tu dong hda nay s€ gop phén hién dai hoa va

giam thiéu nguy co nguy hiém khi tham gia giao thong

Trong qué trinh hoc tap va nghién ciru, im hiéu mot linh vyc rit méi va
nhiéu thir thach ddi véi ban than sinh vién cho nén d6 4n cua sinh vién sé& con c6
nhimg thiéu so6t va han ché. Sinh vién rat cau thi quy thy co trong khoa Cong
ngh¢ thong tin va Vién dao tao sau dai hoc c6 céai nhin cam thong va chia sé dong
g6p nhimng 15i nhan xét dé sinh vién nang cao sy hiéu biét vé linh vuc Al vén 1a

linh vuc mé1 va hoan thién hon dé an cua minh.

Em xin tran thanh cam on!
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