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Abstract. The application of Artificial Intelligence (Al) in the development of autonomous
vehicles is a highly promising research direction that has garnered widespread attention from
the scientific community. In this study, a Convolutional Neural Network (CNN) was
employed to address the road detection task for a three-wheeled electric vehicle model,
utilizing image data collected from a camera for training. The steering angle determined by
the neural network is executed through the control of a stepper motor. Consequently, the
trained CNN achieved a high accuracy of up to 94%. Experimental validation demonstrated
that the system operated effectively in controlling the self-driving vehicle on the designed
test road. However, the research team also recognizes that the system still has limitations and
requires further improvements to enhance stability and precision under various operating
conditions. In conclusion, the successful integration of the Convolutional Neural Network
and the electronic steering control circuit has laid a crucial foundation for subsequent research
and development in the field of autonomous vehicles, particularly at Nha Trang University
and in Vietnam as a whole.
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Tom tat. Viéc tng dung tri tué nhan tao dé phét trién xe ty hanh 1a mot huéng nghién cau
day tiém nang va dang thu hat sy quan tam rong réi cia cong dong khoa hoc. Trong nghién
clru ndy, mang no-ron tich chap dugc wng dung dé giai quyét bai toan nhan dang duong cho
md hinh xe dién ba béanh, st dung dit liéu anh dau vao duoc thu thap tir camera dé huan luyén.
Gia tri goc 1ai ma mang no-ron quyét dinh s& dugc thyc thi thdng qua su diéu khién cia mot
dong co budc. Két qua la mang no-ron tich chap sau qua trinh huan luyén da dat dwoc do
chinh xéc cao, 1&n toi 94%. Qué trinh thuc nghiém di ching minh hé théng hoat dong tot
trong viéc diéu khién xe tu 1ai trén duong thir nghiém dugc thiét ké. Tuy nhién, nhém nghién
ctru ciing nhan ra rang hé théng con nhiéu han ché, can dugc cai tién dé ting cuong tinh 6n
dinh va d6 chinh xéc trong cac diéu kién van hanh khac nhau. Tom lai, viéc két hop mang
no-ron tich chap va mach dién diéu khién goc lai da dat nén tang quan trong cho nhiing nghién
ctru va phat trién tiép theo trong linh vuc xe tu hanh tai Dai hoc Nha Trang noi riéng va Viét
Nam noi chung.

Tir khéa: mang no-ron tich chap, CNN, xe ty hanh, nhan dang dudng, mach diéu khién.
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1. PAT VAN PE

Lich sir phat trién nganh 6 to da ching kién nhiéu sy thay doi dang ké dé dinh hinh nén
mét chiéc & t hién dai. Ngay nay 6 t6 phat trién theo huéng ngay cang thong minh, dic biét 1a
kha nang tu hanh ma khéng c6 su can thiép ctua con nguoi. Cac cdng nghé nhu radar, laser, cam
bién LIDAR hoic siéu am da duoc nghién ctiu va tng dung trén 6 to tir sém. Tuy nhién, nhiing
cdng nghé nay chi hd trg ngudi lai chir khdng thé thay thé hoan toan con ngudi. Tri tué nhan
tao d3 tao ra mot cudc cach mang trong nghién ciru vé xe tu hanh, dwa trén nén tang tri tué nhan
tao cac cong nghé nhu xu ly anh, thi giac may tinh, thi giac nhan tao ngay cang phat trién. Cong
nghé nay giai quyét bai toan khé ma cac cong nghé trude chua xt Iy duoc nhu nhan dién bién
bao, tin hiéu dén giao thong, nhan dién lan dudng, ngudi di bo... Mic di ¢d nhiéu loi thé nhu
vay nhung phuong phéap dua trén thi giac thiéu tinh 6n dinh khi diéu kién anh sang thay doi [1].

Mang no-ron tich chap (Convolutional Neural Network), dugc gigi thiéu vao nhitng nam
1990 da tr thanh kién trdc hoc sau phd bién nho hiéu qua vuot troi voi cac bai toan lién quan
dén hinh anh. CNN ciing di duoc ap dung thanh cong trong cac h¢ théng nhan dang vach ké
dudng, xtr Iy ngon ngit tw nhién va nhleu linh vuc khac. Trude khi CNN dugc ap dung rong rai,
hau hét cac nhiém vy nhan dang mau déu duoc thyc hién théng qua mot giai doan dau gom
trich xuat dac trung thi cong va sau d6 1a phén loai. Dot pha caa CNN nam & chd cac dic trung
dugc hoc tu dong tir cac vi du huan luyén. CNN dic biét hiéu qua trong cac nhiém vu nhan
dang hinh anh vi phép tich chap cé thé khai thac ban chat hai chiéu caa hinh anh. Ngoai ra,
bang cach sir dung céac b loc tich chap dé quét toan bo hinh anh, sé lwong tham sb can hoc
tuong ddi it so véi tong sé phép toan [2].

Tai Viét Nam, viéc nghién ctiu ché tao xe tu hanh sir dung mé hinh CNN ciing dang duoc
quan tim. Nguyén Viét Bach va Pham Xuan Tung di thuc hién nghién ciru so sanh cac phuong
phép phat hién lan duong, tap trung cu thé vao ky thuat xir Iy anh truyén théng va mang no-ron
tich chap. Két qua cho thiy mang no-ron tich chap da thé hién hiéu suat vuot troi so véi cac ky
thuat xir Iy anh truyén théng vé do chinh xac trong phat hién lan duong. Cac mé hinh hoc sau
thuong cho thdy do chinh xac va toc do xir Iy tét hon ma khong can dén cac budc tién xu ly
phtec tap ¢6 thé 1am mét nhiéu théng tin quan trong tir hinh anh [3]. Ha Thi Kim Duyén va cac
cong su da nghién ctru va phat trién hé thong xe ty hanh ung dung tri tu¢ nhan tao [4]. Trong
nghién ctru ndy, tac gia da giai quyét hai nhiém vu quan trong caa xe ty hanh 1a nhan dang vach
ké duong va doc bién bao giao théng. M6 hinh CNN duoc st dung cho nhiém vu nhan dang
vach ké duong, trong khi thuét toan Adaboost Cascaded cho nhiém vu nhan dang bién bao, hé
thdng dugc lap trinh nhang trén nén tang phan cang xu ly hiéu nang cao chuyén dung cho tri
tué nhan tao 12 TX2 Jetson va hé diéu hanh lap trinh cho robot ROS. Bén canh viéc tng dung
hoc sau dé xt Iy anh giup xac dinh lan dudng. Viéc tich hop camera va LiDAR trong hé thong
xe tu hanh c6 y nghia khoa hoc quan trong vi gilp cai thién d6 chinh xac trong viéc nhan dién
céc ddi tuong trong diéu kién méi truong phirc tap [5].

Bai viét nay trinh bay két qua nghién ctu vé hé thdng nhan dang duong va diéu khién goc
lai trén m6 hinh 6 t6 ba banh tai Bo mon Ky thuat 6 to, trudng Pai hoc Nha Trang. Hé thdng
phan ciing bao gom may tinh nhiing NVIDIA Jetson Nano Developer Kit, camera Depth Intel
Realsense D435i, vi diéu khién Arduino Uno R3. Ngoai ra con st dung dong co budc Nema 86
dé diéu khién co cau lai. Dit liéu huan luyén duogc thu thap bang cach ai xe thi cong, dong thoi
ghi lai cac hinh anh cling véi goc 1ai duge dong bo hoa theo thoi gian thé hién ¢ Hinh 1. Sau dé
mang no-ron dugc huin luyén ngoai tuyén trén may tinh xach tay trang bi Core-i5, RAM 8GB,
ROM 256GB. Cuébi cling, mang no-ron di duoc huan luyén s& dugc sao chép tro lai vao may

702



Tap chi Khoa hoc Giao thdng van tai, Tap 77, S6 05 (6/2026), 700-714

tinh nhang. Két qua la may tinh nhing s€ nhan mét khung hinh anh tir camera va dua ra gia tri
goc 14i dé diéu khién dong co budc.

Maéy tinh | Arduino Driver Dong co budc
¢ ~ ‘ DMAS60H ] '[ Nema 86

Hinh 1. So d6 khéi hé théng diéu khién co cau lai sir dung xir Iy anh va Arduino.

2. CAC THIET BI PHAN CUNG

2.1. May tinh nhang NVIDIA Jetson Nano Developer Kit

NVIDIA Jetson Nano 1a mot may tinh bang don hiéu suat cao, chi phi thap duoc thiét ké
cho céc ting dung AT va ngudi may. Pugc xay dung dua trén hé théng trén chip (SoC) NVIDIA
Jetson Nano, tich hgp GPU va CPU manh mé trong mot hé s6 dang nhé gon. Diéu nay 1am cho
né tro thanh mot nén tang 1y tuong dé phat trién va trién khai cac tng dung Al, nhu thi giac
may tinh, xt ly ngdn nglr ty nhién va nguoi may. Jetson Nano Developer Kit dugc trang bi bo
nhé LPDDR4 4 GB va hd tro nhiéu loai giao dién, bao gdm cong Gigabit Ethernet, USB 3.0 va
cong camera MIPI-CSI. N¢ ciing ¢6 tiéu dé GPIO 40 chan, cung cap quyén truy cap vao mot
loat thiét bi ngoai vi, chang han nhu cam bién va bo truyén dong.

2.2. Camera Depth Intel Realsense D435i

Intel RealSense D435i 1a camera d6 sau dugc thiét ké dé sir dung trong cac hé thong tu tri,
chang han nhu r6-bdt va xe tu hanh, cling nhu trong cac tng dung nhu thuc té ting cuong va
quét 3D. May anh nay duoc trang bi hai cam bién hinh anh, cam bién do sau Stereo va don vi
do luong quén tinh (IMU), cung cap kha niang theo ddi chuyén dong 6 bac ty do (6DoF). Mot
trong nhiing tinh nang chinh ctia RealSense D435i 1a kha nang cung cap thong tin d sau chinh
xéac va dang tin cdy, ngay ca trong nhimg moi truong day thach thirc, nhu diéu kién anh séng
yeu hoic c6 bé mit phan chiéu. Biéu nay lam cho may anh rat phu hop dé sir dung trong cac hé
thng tu hanh, noi can c¢6 théng tin 46 sau dé diéu huéng va tranh chudng ngai vat.

2.3. Arduino UNO R3

Arduino Uno 1a mét vi diéu khién don bo mach duya trén chip ATmega328. N6 c¢6 14 chan
dau vao/dau ra ky thuat s (trong d6 6 chan c6 thé sir dung lam dau ra PWM), 6 dau vao analog
va mot bo dao dong tinh thé 16 MHz. Bo mach nay tich hop day du cac thanh phan can thiét dé
hd tro vi didu khién, cho phép két ndi véi nhidu bo mach mé rong khac nhau.

3. NGHIEN CU'U THIET KE, CHE TAO MACH PIEU KHIEN PONG CO BUGC

3.1. Thiét ké, ché tao phan ga dong co

Thiét ké bo truyén banh rang c6 ti s6 truyen 1:4, v6i banh rang nho la 15 rang va banh ring
|6m 1a 60 rdng, budce rang 2mm, dugc thiét ké va in 3D tir nhya PLA. Sau khi nghién ctiu nhiéu
loai dong co, nhom quyét dinh chon dong co budc Nema 86 véi kha ning quay goc chinh xéac
dya vao xung dugc cap. Hé théng diéu khién co cAu lai thé hién ¢ Hinh 2.
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Hinh 2. Co cau lai str dung dong co budc Nema 86.
3.2. Thiét ké, ché tao mach diéu khién dong co DC

Dong co DC duoc diéu khién bang mot mach cong suat hoat dong dwa vao nguyén ly cua
mach cau H dé diéu khién chi¢u quay va toc do. Hinh 3 so d6 mach dién diéu khién dong co

nce Journal, Vol 77, Issue 05 (6/2026), 700-714

DC.
+12 b5 e
I D1
L L) U1 DC_AY>—1
2c1 glfvee 2 Ho—g“u“"m Lc2 DC_B »>——2
16V 2HN © off ) TATWF g3 ol a1 Fp, =5
L1r%|LIN 2 COM ai < #1RF840
6| 1k s DC_A
! Rd | lg D02 L
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! RG G 2304 x
~—CJ—{= %IRF840| D7
l Q4% s
GD o

Hinh 3. So dd mach diéu khién dong co dung 2 cau H.

Dya vao IC IR2101 chuyén ding dé diéu khién va kich MOSFET mot cach doc lap, dé
dang diéu khién dong ngat va dao chiéu dong co. Thong tin cac chan két noi gitra Arduino va
IC IR2101 dugc trinh bay tai Bang 1.

Bang 1. Chan két ndi gira Arduino va IC IR2101.

Arduino IR2101 MOSFET Luuy
7 H1 Q1 Chi duogc diéu khién kich theo
6 L1 Q2 cap H1(PWM) va L2(Digital)
5 H2 Q3 hoac H2(PWM) va L1
4 L2 Q4 (Digital)

Trong nghién ciru nay nhom sir dung bo chuyén ddi dién ap tir 12V DC xubng 5V dé cap
ngudn va dam bao an toan cho Arduino ciing nhu cdp ngudn cho cac thiét bi. Mach tong thé
diéu khién hé thdng duoc thiét ké trén phan mém trudc khi ché tao thuc té. Hinh 4 trinh bay
mach diéu khién hé théng dan huong.
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Hinh 4. Mach thiét ké trén phian mém Altlum Designer (a) va mach diéu khién thuc té (b).
4. NGHIEN CUU XAY DUNG PHAN MEM NHAN DANG PUONG

4.1. Kién triic mang no-ron tich chap (Convolution Neural Network (CNN))

Nhom st dung md hinh mang no-ron tich chap (CNN) [6] vi day la mot mo hinh hoc sau
rat phd bién dé sir dung cho cac bai toan can phan loai voi d¢ chinh xac cao. Kién trac co ban
ctia mang no-ron tich chap duoc minh hoa tai Hinh 5, bao gdm cac 16p tich chap (Convolution
layer), 16p loc (Pooling layer) va cudi cting 1a 16p két néi day da (Fully connected layer).

Lop diuvao  Lép tich chap  Lop gop Lép két ndi ddy du Lép dau ra
| | L
—

Hinh 5. Kién triic co ban ctia mang no-ron tich chap [7].

Lép tich chap (CNN) sé thyc hién phép tinh tich chap bang cach nhan giatri diém anh cua
anh dau vao véi gia tri twong ung cua bg loc (kernel), roi cong ching lai va lay gia tri tuyét doi
ctia cac diém anh dé cho tao thanh anh dau ra (output). Qua trinh nay s& Iap lai khi b¢ loc dich
chuyén trinh ty tir trai sang phai va tir trén xubng dudi trén anh dau vao (input). Kich thudc
cuia anh dau ra (output size) s& phu thude va kich thudce cua bg loc (kernel) va budc nhay (stride)
trong qua trinh bo loc dich chuyén trén anh dau vao. Viéc tinh toan ap dung cho mdi chiéu caa
anh (chiéu cao va chiéu rong).

Xac dinh kich thudc anh dau ra (output size) theo cong thirc (1):

Output size = (Input size —kernel j+1 1)

Stride

Lép loc Pooling layer nam gitra cac 16p tich chap, sau khi 16p tich chap da trich xuat cac
dic trung thi pooling layer s& lam giam kich thudc anh dé giam sé lugng tham s tinh toan
nhung van giir cac dic trung quan trong [9]. C6 hai loai pooling la tinh gia tri trung binh
(Average pooling) va lay gia tri cuc dai (Max pooling) nhu dugc minh hoa tai Hinh 6. Phép két
hop cuc dai thudng duoc sir dung dé tdi wu hoa cac dic trung cia anh, trong nghién ctu nay
nhom stir dung Max pooling layer. Ngoai ra, pooling layer con gilup giam hién tugng quéa khép

[8].
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10 (20 |25 | 70 20 ﬂ
8 |11 [ 80 | 40 | Phép gop cuc dai vdi bo loc 2x2

il va bude trugt bing 2 7
6 |7

’ Gid tri 16n nhét(4, 5, 6,7) =7

Hinh 6. Hinh minh hoa qué trinh Max pooling [10].

L6p két ndi day du (fully connected layer) 13 16p cudi ciing cia mot mang no-ron tich chap.
Trudc khi vao 16p két ndi day dii, mang no-ron tich chap s& phai c6 mot 16p 1am phang (flatten
layer). Ma tran tir 16p pooling layer thuong la ma tran 2D hozc 3D, 16p 1am phang s& chuyén
d6i ma tran nay thanh mot vector 1D. Vector nay s& duoc sir dung 1am dau vao cho 16p két ndi
day du dé thuc hién phan loai hoic du doan. Pac diém cua I6p nay 1a mdi ndt trong 16p dugc
két ndi tryc tiép véi moi nlt ¢ ca lép trudc va 16p sau. Do do, day 1a 16p c6 sé lwong tham sé
nhiéu nhat trong mang no-ron tich chap va thuong mat nhiéu thoi gian dé huan luyén. Nhugc
diém chinh cua 16p két ndi day xuat phat tir s6 lwong tham sé qua 16n, doi hoi tinh toan phuc
tap trong qua trinh huan luyén. Vi vay, can phai cé giang giam sb luong nat va két nbi. Mot giai
phap duoc sir dung 1a ky thuat dropout. Pay la ki thuat loai bé ngau nhién mot sé ndt trong qua
trinh huan luyén dé giam qua khop va ting kha ning tong quat hoa.

Ham kich hoat (Activation function) déng vai trd thiét yéu trong céc 16p caa mot mang no-
ron tich chap. Trong d6, ham rectified linear unit (ReLU) dugc danh gia 1a ham kich hoat pho
bién nhat trong qua trinh trich xuat dic trung bang mang no-ron tich chap. Ham ReLU mic du
don gian nhung hiéu qua, loai bo cac gia tri am va giit nguyén céc gia tri duong, giup ting toc
d6 huan luyén. Vé mat toan hoc, biéu dién ciia ham ReLU duoc trinh bay nhu sau:

f (x) ReLu=max(0,x) (2)

Kién triic mang no-ron tich chap dé xuat duoc sir dung trong nghién cau minh hoa ¢ Hinh
7 bao gom 12 16p, trong d6 co 4 16p convolutional layer, 4 16p pooling layer, 2 16p full
connected layer va flatten layer dé chuyén tensor 3D thanh vector 1D. Ngoai ra, dé ting d6 6n
dinh cua kién trdc va tranh hién tuong quéa khap (overfitting), mot 16p dropout duoc sir dung
V6i ty 18 0,5. Anh dau vao c6 kich thudc 116x200x3 (cao x rong X sé kénh). Céc 16p tich
chap dugc thiét ké dé thuc hién viéc trich xuit cac dic trung va duoc lya chon mot cach thuc
nghiém thdng qua nhiéu thi nghiém véi cac cau hinh khéc nhau. Céc Iop tich chap st dung bo
loc 3x3 va budc nhay (stride) 12 1x1. Sb luong b loc twong ¢ng cua ting 16p 1a 64, 64, 128,
128, nham nang cao kha ning hoc sau ciia mang no-ron.

Anh ddu vao  Bandd dic trung  Ban db dic trung Ban do dic trung Ban db dic trung  Lép 4n Lap két ndi Lop déu ra
3@166x200  64@]114x189 64@55x97 128@25x46 128@10x21 6400 nit diy du 512 nat 6 nat

Lép gop “m Ky thuit loai
op £0P "I:__b;:gau nhién q-c\._
-
D'-D__
D-
’ z A m-D
Lfrp th}l chap Lap tich chap Lép tich chap Lép tich chép =
dung bf loc 3x3 dimg b loc 3x3 dung bd loc 3x3 diing b loc 3x3 Lép lam phang

Hinh 7. Kién trc mang no-ron sir dung trong nghién ciu.
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Sau céc 16p tich chap, dau ra dugc lam phang (flatten) va sau d6 di qua mét hai 16p két ndi
day du co kich thudc 1an luot 12 512 va 3. Tat ca cac 16p tich chap va 16p dense déu dugc trang
bi ham kich hoat ReLu nham cai thién kha nang hoi tu. Tir cac vector dac trung, ap dung softmax
dé tinh toan xac suit goc xoay vo ling. Toan bd mang cd khoang 3.538.011 tham sb.

S6 luwong tham sé duoc xac dinh sau mdi convolutional layers dwoc xac dinh nhu sau:
Parameters=( f, x f, xC, +1)xC_, (3)

Trong cong thic (3), f, va f, lakich thudc kernel (3x3), s6 1 1a bias cho mai filter, C,
la s6 kénh input va C_, sb bd loc.

out

S6 luong tham s6 sau 16p dense duoc xac dinh nhu sau:

Parameters=(N,, +1)x N, 4)
Trong cong thic (4), N, va N, 12 s6 node du vao va dau ra, sb 1 la bias cho ting node.

Cac lop Maxpooling, Flatten va Dropout khong c6 tham sb hoc duoc. Két qua tinh toan
cac tham so6 ¢ tung l6p duogc trinh bay trong Bang 2.
Bang 2. Bang tham s cua mang no-ron.

Cé4c lop Kich thwéc dau ra S6 lwong tham so
Input (116, 200, 3) 0
Convl (3x3, 64) (114, 198, 64) 1.792
MaxPooll (2x2) (57, 99, 64) 0
Conv2 (3%3, 64) (55, 97, 64) 36.928
MaxPool2 (2x2) (27, 48, 64) 0
Conv3 (3x3, 128) (25, 46, 128) 73.856
MaxPool3 (2x2) (12, 23, 128) 0
Conv4 (3x3, 128) (10, 21, 128) 147.584
MaxPool4 (2x2) (5, 10, 128) 0
Flatten 6.400 0
Dropout (0.5) 6.400 0
FC1 (Dense 512) 512 3.277.312
FC2 (Dense 6, softmax) 6 3.78.000
Tong 3.539.550

Trong Bang 2, s6 lugng tham sé hoc duoc tai céc 16p MaxPool, Flatten va Dropout dé bang
0 do ban chat hoat dong cua ching khéng sir dung céc trong s hay do léch can téi uvu héa. Cu
thé, 16p MaxPool hoat dong dua trén phép toan cb dinh Ia trich xuat gié tri 16n nhat nham giam
kich thuac khdng gian dir liéu va gnh nang tinh toan; I6p Flatten chi dong vai tro tai dinh dang
ma tran dic trung da chidu thanh vector mot chiéu dé co thé truyén vao mang no-ron két néi
day du; con 16p Dropout 1a mot ki thuat diéu chuan hoa (regularization) thuc hién vo hiéu hoa
ngau nhién mot ty 1é no-ron (dya trén siéu tham sé thiét 1ap sin) dé ngin chan hién tuong qua
khép (overfitting). Mac di khong chira tham sb hoc duoc, cac 16p nay van dong vai tro thiét
yéu gilp hé thdng giam tai tinh toan, gitr lai cac dic trung anh quan trong va ting do 6n dinh,
gilp xe tu hanh nhan dang lan dudng tét hon trong cac diéu kién thyc té.

707



Transport and Communications Science Journal, Vol 77, Issue 05 (6/2026), 700-714
4.2. Thu thap dix li¢u hinh anh dwong thir nghiém va tién xir Iy anh diu vao

Nhém s& thu hinh anh dudng dé st dung lam dit liéu huan luyén va kiém tra mé hinh nhan
dang. Puong thir nghiém c6 nén den va dudng bao mau tring véi lan duong rong 2,4 m va
duong vién rong 5 cm. Poan dudng thir nghiém duoc thé hién ¢ Hinh 8. Dit liéu duogc thu thap
thong qua viéc lai mo hinh xe dién ba banh tha c¢ng va sir dung camera, thé hién ¢ Hinh 8.
May tinh s& ghi lai hinh anh va thong tin l4i xe quanh lan duong véi téc do 5-6 km/h.

Dit liéu thu thap chtra hon 9.000 hinh anh. Bd phan giai gc ctua hinh anh 12 480x640. May
anh duoc ciu hinh dé chup véi tée do 10 khung hinh/gidy véi thoi gian phoi sang 5000us dé
ngin mo do rung dong dan hoi khi xe chay trén duong. Tap dir liéu s& duoc chia thanh 3 thu
muc chira hinh anh bao gém: Training, Validation va Testing. Mdi thu muyc s& chira 6 thu muc
con phén loai hinh anh chtra goc danh 1ai: 0, 30, 90, -30, -90, Stop. Ti 1 chira hinh anh s¢ la
80% Train va 20% Validation. Hinh 9 thé hién hinh anh dir liéu mau goc 30°.

Hinh 8. Poan duong thir nghiém (a) va lai xe thu cong dé thu thap dir liéu huan luyén (b).

Goce30_1,jpg Goc30_2.jpg Goc30_3.jpg Goc30_4.pg
Goc30_17,)pg Goc30_18,)pg Goc30_19.jpg Goc30_20.)pg

Hinh 9. Tap dir liéu mau tai g6c danh 1ai 30°.

Nhém nghién ctu sir dung mot dbi twgng ImageDataGenerator thé hién & Hinh 10 trong
quéa trinh huan luyén mang no-ron tich chap (CNN) trén tap dix liéu anh. ImageDataGenerator
la mot cong cu gitp tang cuong dit licu bang cach tao ra nhitng phién ban mai ciia cac anh trong
quéa trinh huan luyén. Dleu ndy gilp tang do chinh xac cua md hinh va giam tinh trang
overfitting. Cac tham sé duoc ciu hinh cho ImageDataGenerator bao goém, rescale = 1./255
giup dua gia tri cua pixel anh tur [0, 255] vé khoang [0, 1] dé t6i wu hoa qua trinh huén luyén,
giup md hinh hoc nhanh va hdi tu t6t hon. Tham sé rotation_range = 20 thyc hién xoay anh mét
g6c ngau nhién trong khoang tir -20° dén +20° do, giip mé hinh nhan dién tét hon khi déi twong
bi xoay. Tham sb width_shift_range = 0,1 va height_shift_range= 0,1 la dich chuyén anh theo
chiéu ngang va chiéu doc mot khoang t6i da 10% kich thuéc anh. Tham sé shear_range = 0,2
lam cong anh mét géc ngau nhién trong khoang tir -0,2 dén 0,2. Tham s zoom_range = 0,2,
anh s& dugc phéng to hogc thu nho anh t6i da 20% so véi anh géc. Tham s fill_mode="nearest’
gitp dién gia tri cua pixel bi thiéu bang gié tri gan nhit khi xoay, dich chuyen hay zoom lam
mét mot phan anh.
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TRAINING_DIR = "Datasetl/Training/"
training_datagen = ImageDataGenerator(
rescale=1./255,
rotation_range=20,
width_shift_range=0.1,
height_shift_range=0.1,
shear_range=0.2,

zoom_range=68.2,
fill mode = '"nearest’

)

Hinh 10. Poan ma lam giau di liéu hinh anh.
4.3. Huén luyén mé hinh

Huan luyén mé hinh theo kién tric mang da dé xuat trong Hinh 10. Qua trinh huan luyén
sir dung thu vién Keras, day 12 mot thu vién hoc sau phd bién cé thé duoc sir dung dé xay dung
cac md hinh du doan gbc lai trong xe tu hanh. Keras gilp viéc xac dinh va dao tao cac mo hinh
mang no-ron phuc tap cho cac tac vu khac nhau trd nén don gian, bao gom céc van dé hoi quy
nhu du doan géc lai. Hinh 11 biéu dién kién tric mang no-ron ding Keras/TensorFlow.

model = tf.keras.models.Sequential(
# luw ¥ hinh dang dau vao 13 kich thudc mong mudn cia hinh anh 116, 288 vdi 2 byte mau
# pay la tich chdp dau tién
tf.keras.layers.Conv2D{&4, (3, 2), activation="relu', imput_shape=(11s, 2e@, 2)),
tf.keras.layers.MaxPooling2D(2, 2},
# conv2d 2
tf.keras.layers.Conv2D{e4, (3, 2), activation="relu'},
tf.keras.layers.MaxPoocling2D(2, 2},
# convid 3
tf.keras.layers.Conv2D{12&, (2, 3}, activation='relu’),
tf.keras.layers.MaxPooling2D(2, 2},
# Tconvad 4
tf.keras.layers.Conv2D(128, (3, 3), activation='relu’),
tf.keras.layers.MaxPocling2D(2,
# Flatten két qua
tf.keras.layers.Flatten(),
tf.keras.layers.Dropout(@.5),

ra
-

# 512 neurcon hidden layter

tf.keras.layers.Dense(512, activation="relu'),

tf.keras.layers.Dense(&, activation='softmax') # & gia tri dr doan
i

# tinh todn vi b3t d3u hudn luyén
model. summary ()

Hinh 11. Kién tric md hinh mang No-ron tich chap ding Keras/TensorFlow.

M6 hinh dwgc bién dich véi ham mat mat categorical crossentropy, b téi uu hoa
(optimizer) RMSprop va chi sé danh gi4 accuracy. Qué trinh huan luyén duoc thuc hién trén
tap di liéu huan luyén véi 25 epoch, mdi epoch gom 20 budc lip, dong thoi danh gia hiéu suat
trén tap kiém dinh véi 3 budc xac thuc. Két qua huan luyén (bao gdbm gié tri ham mat mat va
d6 chinh xac theo timg epoch) dwoc luu trir bang thu vién pickle dusi dang tép
history_model_9.pkl. Sau khi huin luyén hoan tat, toan b md hinh, bao gom kién triic va trong
s6, duoc luu dudi dinh dang HDF5 véi tén model9.h5, cho phép sir dung lai trong cac budc dy
doan hodc huan luyén bo sung. Hinh 12 thé hién qua trinh huan luyén mé hinh.
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import pickle

model.compile(loss="categorical_crossentropy’, optimizer="rmsprop', metrics=['accuracy'])} #optimizer = 'adam

history = model.fit({train_generator, epochs=25, steps_per_epoch=28, wvalidation_data = validation_generator, verbose = 1, validation_steps=3)
# save the history object to a file

with open(‘'history_model_9.pkl', 'wb'} as f:
pickle.dump({history.history, f)

model.save(|"model3.hs"))

Hinh 12. M4 ngudn bién dich va huin luyén mé hinh manh no-ron.

Két qua tir Epoch 1 dén Epoch 25, phan anh hai xu huéng tich cuc. Gia tri loss va val_loss
¢6 xu hudng giam véi gia tri ham mat mat (loss function) trén tap dir liéu huan luyén giam tir
1,5002 xubng 0,3531, khi loss cang thap, mé hinh cang hoc tét va du doan chinh x4c hon [11].
Tuong tu, gia tri ham mat mat trén tap di lidu thuc (validation data) ciing giam dan tir 1,4627
xuéng 0,1623, tap dir liéu nay duoc sir dung dé danh gia hiéu suat cia mé hinh trén dit liéu ma
n6 chua ting thay trong qué trinh huan luyén. Vi gia tri val_loss thap gidp md hinh giam hién
tuong qué khép. Trong khi d6, gié tri accuracy va val_accuracy c¢6 xu hudng tang. Gia tri
accuracy danh gia d6 chinh xé4c caa md hinh trén tap dit liéu huan luyén, tac la cho biét ti 1¢ du
doan ding cia md hinh. Trong qué trinh huan luyén gié trj accuracy tang tir 0,3115 I&n 0,8766.
Cubi cuing 1a gia tri danh gia do chinh xac caa md hinh trén tap dit liéu xac thuc val_accuracy,
day 1a chi s6 quan trong dé danh gia kha nang tong quét hda caa mo hinh. Gia tri nay ting tir
0,5106 1&n 0,9339. Qua su thay doi c4c gia tri ké trén cho thdy mo hinh dang hoc rat hiéu qua.
Ca hai chi s6 trén tap huan luyén va tap xac thuc déu cai thién lién tuc, chitng té md hinh khéng
chi hoc thudc 1ong dir liéu huan luyén ma con cé kha nang du doan tot trén dit liéu mai. Hinh
13 thé hién két qua qua trinh huan luyén.

Epoch 9/25

28/28 [ 1 - 97s Ss/step - loss: B.6883 - accuracy: 2.7877 - wal_loss: @.3273% - val_accuracy: 8.3877
Epoch 18/25

28722 [ 1 - 97s Ss/step - loss: B.5797 - accuracy: 2.8822 - wal_loss: 2.4436 - val_accuracy: 8.3268
Epoch 11/25

2828 [ 1 - 24s 5s/step - loss: 8.5625 - accuracy: 2.8128 - wval_loss: @.3613 - val_accuracy: 2.3651
Epoch 12/25

28/28 [ 1 - 28s Ss/step - loss: B.5116 - accuracy: 2.8234 - wal_loss: 2.2928 - val_accuracy: 8.9843

Epoch 13/25

Epoch 24/25

2828 [ 1 - 955 5s/step - loss: 8.3542 - accuracy: 2.877@ - val_loss: @.1888 - val_accuracy: ©.3233
Epoch 25/25
2e/22 [ 1 - 955 Ssfstep - loss: @.3531 - accuracy: 2.87e66 - wval_loss: @.1623 - val_accuracy: 8.9339

Hinh 13. Két qua qua trinh huin luyén sau 25 epoch.

Két qua qua trinh huan luyén c6 thé duoc quan sét truc quan dudi dang do thi. Sau khi mé
hinh CNN duoc huan luyén, toan bo lich st cac chi sb nhu accuracy va loss qua ting epoch s&
duoc luu lai. Dya vao dir liéu d6 dé vé biéu dd so sanh training va validation. Nho d6 c6 thé
truc quan hoa qué trinh hoc ciia mé hinh va danh gia xem mé hinh c6 hoc tét khdng hay bi qua
khép. Hinh 14 thé hién két qua raining lan dau va lan hai véi phan tram sai s6 16n giia dit ligu
huan luyén va kiém tra.

Trong két qua training lan dau gia tri training accuracy ting dan va kha on dinh trong khi
validation accuracy dao dong manh, nhung tong thé van c6 xu hudng ting. M6 hinh ¢ hoc
duoc, tuy nhién, validation accuracy chua 6n dinh. O lan training thir hai validation accuracy
ban dau c6 dao dong nhung dan 6n dinh quanh 0,9, hai dudng gan nhau, dé chinh xac trén tap
Xé&c thuc cao hon tap huan luyén. Pay 1a dau hiéu mé hinh dang hoc tt va khong bi overfitting
nghiém trong, c6 cai thién so vai lan dau training.
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Do chinh xac trén tap huin luyén va tap xac thuc Do chinh xac trén tap huén luyén va tap xac thuc

e Dp chinh xdc hudn luyén

e D9 chinh xac huén luyén

94 — A ohi A YA~ ~
0, = D§ chinh xdc xéac thyc 0.9- D6 chinh xéde xdc thue

0,84
0,84
0,74
0,74
0,64

0,64
0,54 ’

0.41 0.51

0,34 0,41
0 5 10 15 20 25 0 5 10 15 20 25

Hinh 14. Két qua qua trinh huan luyén lan dau (a) va két qua qua trinh huan luyén lan hai (b).

Sau hai 1an huan luyén va cac lan sau d6, mé hinh huan luyén co ti I¢ chinh xac con thap,
nhom quyét dinh ting thém dir liéu hinh dnh dau vao véi cac diéu Kién sang va do choi khac
nhau. Sau khi ting dir liéu va chinh sira mét s6 thong s6 mé hinh ciing nhu 16p tich chap thi cho
dén két qua chinh xac nhat. Két qua qua trinh huan luyén trinh bay tai Hinh 15.

Do chinh xac trén tap huén luyén va tap xac thuc

0.9 4

0,84

0,74

0,64

0,54

0,41
e D6 chinh xdc huin luyén
0,31 = D@ chinh xac xéc thue

0 5 10 15 20 25
Hinh 15. B4 thi két qua qué trinh huan luyén véi d6 chinh xac 1én dén 94%.

Pay la két qua 1y twong, md hinh hoc nhanh, dat d chinh xac cao va khdng bi overfitting
hodc underfitting. Training va validation accuracy déu tang va som dat trén 0,9. Hai duong d¢
chinh xac huan luyén va kiém tra cho thay su twong dong ve xu huéng tong the, dao dong nho,
mo hinh 6n dinh. M6 hinh sau khi huan luyén c6 thé trien khai thuec té.

4.4. Két qua va thao luin

MBoi truong thir nghiém duoc thiét 1ap truc tiép tai tuyén duong noi bo trong khudn vién
Pai hoc Nha Trang. Puong thir nghiém I1a mat duong nhua thuc té, c6 cac vach ké gisi han lan
duong. Pé danh gia toan dién kha ning tong quat hda caa mé hinh hoc sau dé xuat, cac thir
nghiém duoc tién hanh dudi diéu kién anh sang tu nhién, bao gdm ca nhimg doan duong co
bong ram cua cay céi che khuat bé mat. Khong gian hanh dong cua hé théng duoc thiét ké dua
trén 5 kich ban géc lai cbt 151, trong (ng véi 5 nhén dir liéu: di thang (0°), r& trai nhe (-30°), r&
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phai nhe (30°), r& trai gat (-90°) va r& phai gat (90°) va dung lai. Céc kich ban nay bao quat toan
bo céc tinh hudng chuyén huéng co ban cia xe dién 3 banh trén sa hinh thuc té. Két qua qua
trinh thir nghiém thé hién tai Bang 3.

Bang 3. Panh gia kha nang diéu khién cua xe trong cac kich ban thir nghiém.

Nhan Tinh hudng trén . . (oo
aée I4i dwong thir nghiém Danh gia trang thai dap ung
0° Xe di chuyén trén doan | Xe gilr v lang 6n dinh, it x4y ra hién tuong rung lac
duong thang. (overshoot), bam tot tdm lan dudng.
o o Xe tl?n vao cdc doan Hé théng nhan dién kip thoi do cong cta vach ké
-30°/30 duong cong nhe . N TR . 1%
> S duong, dong co budce bé 141, khong bi 1an vach.
(trai/phai).
Xe oip che nod & vusne | MO hinh phat hién goc 1€, he thong danh hét 1ai dé
-90°/90° &ap 5 f & chuyén hudng an toan va sau do tu dong tra lai khi
£0¢- hét cua.
Sto Xe két thuc vong 1ap sa | HE thong ngung cap xung cho dong co di chuyén, xe
p hinh ding han va duy tri trang thai an toan.

Qua quan sat thuc té o ca 6 kich ban, hé théng diéu khién hoat dong tron tru va dap Gng tét
Vé6i cac thay d6i cia sa hinh. Hiéu ning nay hoan toan dong nhat véi két qua huan luyén da
phan tich & Muc 4.3, khi mé hinh dat ty I¢ du doan chinh xac tong thé (overall accuracy) 1én téi
93,39% trén tap dir liéu thyuc té. Moi truong trién khai va tinh 6n dinh cua phan cing hé thong

thé hién o Bang 4.

Bang 4. Panh gia moi truong trién khai va tinh on dinh phan ciing cua hé théng.

Théng s6 danh gia

Két qua thue nghiém /
Moi trudng trien khai

Y nghia d6i véi tinh 6n dinh cia xe

Nén tang phan cung

Core-15, RAM 8GB,

Pam bao nang luc tinh todn dé mé hinh

Phan ctrng suy luan
trén xe

huan luyén ROM 256GB hoi tu.
Thql gian huan 40 phit M0 hinh tinh gon, thoi gian hoi tu
luyén nhanh.

May tinh nhung NVIDIA

Jetson Nano Developer
Kit

Nén tang nhiing thuc thi truc tiép diéu
khién.

Tai nguyén phan HO? ! d(_)r}g on dmAh o DPam bao hé thong khong bi treo hodc
cung (CPU/RAM) khong gdy tran bg nhé sut ngudn dot ngodt
(Out of Memory). i i i
Bang 5. So sanh Kién triic, méi trudng thir nghiém va hiéu nang ciia mé hinh dé xuat voi cac nghién
cau lién quan.

R R Moi treong thi e K iAo
Con_g t”r,]h nghiém / Dir Kién trac sir dung Chi 56 hi¢u niing
nghién ciu liew (Loss / Accuracy)

Hoang T. N. va M6 phong 3D C\;S%algiég?%s;u Do chinh xac (MPP) =
cong su. [12] Gazebo-ROS2 yen g eep 90,1%
Transfer Learning)
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Mang CNN hang nhe
ket hop Hoc lién ket Loss (MSE) = 0,0274
(Federated Learning)

Mang NVIDIA CNN Loss (MSE) =0,0118

Khan, M. S. va Dt liéu tinh ¢co
cong su. [13] san (Sully Chen)

Karemore, Y.va | Moi truong mo

cong su. [14] phong lai xe
L Thuc té (Puong B
Nghién ciu cia | o ¥ t2i DH Nha | Mang CNN dé xujt | D058 (val_loss) =0,1623
ching toi Trang) Accuracy = 93,39%

So sanh véi cac nghién ciu gan day, mé hinh CNN dé xuét thé hién su hiéu qua vé tinh
g dung thuec tién. Cac nghién ctru khac dat sai s6 rat thap (0,0118 - 0,0274) nhd sir dung mang
no-ron d6 s6 (VGG-19, NVIDIA CNN), nhung két qua chi dirng & méi trudng gia 1ap hoac di
liéu tinh 1y twong. Mang CNN caa nghién ciru nay duoc thiét ké tinh gon, c6 chii dich nham
giam do tré, dam bao kha niang xtr Iy muot ma trén phan cing nhing thuc té caa xe dién. Kién
trdc mang CNN dé xuat dugc chu dich thiét ké tinh gon nham giam thiéu do tré tinh toan, dam
bao kha ning suy luan (inference) mugt ma trén vi diéu khién nhing cia xe dién 3 banh. Qué
trinh Iy dit liéu va thr nghiém duoc tién hanh tryc tiép trén duong chay thuc té tai khudn vién
Pai hoc Nha Trang, noi c6 sy bién dong phic tap vé 16a sang, bong ram va do rung lac caa
camera. Trong diéu kign khac nghiét do, mirc sai s6 kiém chung (val_loss) 0,1623 la mot ket
qua hoan toan hop 1y va dang tin cdy. Bac bit, hé thdng van duy tri ty 1& nhan dang bam lan
duong thanh cong (Accuracy) a an tuong dat muc 93,39%. Két qua nay minh ching rang sy toi
vu hoa tinh gon vé mat kién trdc khdng lam suy giam d6 chinh xac, ma nguoc lai, dap tng xuat
sac yéu cau diéu khién co khi thoi gian thuc trén mot hé thong xe tu 1ai thyc té .

5. KET LUAN

Trong bai b4o nay, nhém nghién ciru da ung dung tri tué nhan tao vao viéc nhan dang lan
duong va xt ly tin hiéu dé diéu khién cho xe hoat ddng mot cach tu dong va 6n dinh véi do
chinh xac cua quéa trinh huan luyén 18n t&i 94%. Viéc Iy di liéu hinh anh duong thyc té dé 1am
dix liéu huan luyén 1a rat quan trong, ta can nhiéu dit liéu hinh anh véi cac diéu kién anh sang
khac nhau va nhiéu goc 1ai twong tng véi hinh anh khac nhau. Cudi ciing, nhém di hoan thanh
cong trinh nghién ciru v4i mo hinh xe dién ba banh ty hanh cé kha nang gitr lan duong va ty
danh lai. Hé thong da hoat dong kha tot, nhung bén canh d6 van can thu thap thém nhiéu di
lieu hinh anh. Néu khong c6 tat ca nhitng hinh anh va goc lai, cing véi su lam giau dir liéu, s&
khong thé xay dung mot mé hinh manh mé. Vi vy, can ting thém di liéu hinh anh dé mé hinh
c6 thé ting d6 chinh xac hon nira. Bén canh d6, mot van dé& duoc phat hién trong dao tao va
kiém tra mang no-ron 1a d6 tré camera, do do, bén canh viéc cai tién va cap nhat phan mém thi
phan cimg ciing can phai duoc cai thién dé dap Gng yéu cau vé do chinh xéac va 6n dinh.
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