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Mang noron tich chap (CNN) la mét trong nhirng md hinh mang hoc sau (Deep Learning)
phé bién nhat hién nay, c6 kha nang nhan dang va phan loai hinh anh vé&i d6 chinh xac cao,
tham chi t6t hon con ngwdi trong nhiéu trwdng hop. M6 hinh nay da va dang duwoc (ng
dung vao cac hé théng x ly anh I&n clia Facebook, Google hay Amazon... Bai bao nghién
ctru ly thuyét vé mé hinh mang CNN tién tién (VGG-16), dwa trén kién tric VGG-16. Tac gia
xay dwng mé hinh méi, bang cach xen ké kich thwéc bo loc 3x3, 1x1, tang sb lwong khéi
tich chap, st dung ham kich hoat ELU sau méi I&'p tich chap, tinh chinh cac siéu tham sé;
sau do thye nghiém ap dung mé hinh méi vao dy doan goc lai xe tw hanh dwa trén hinh anh
thu dwoc tr phdn mém mo phdng xe tw lai Udacity. Thuc hién danh gia, so sanh, két qua
nghién ctru cho thAy mé hinh méi dw doan goc lai thwe sw hiéu qua.

Xe tw lai, CNN, hoc sau, hocgiam sat, VGG-16.

Convolutional Neural Network (CNN) is one of the most popular Deep Learning network
models, capable of recognizing and classifying images with high accuracy, even better than
humans. This model has been applied to large image processing systems as Facebook,
Google or Amazon... In this paper, we focus on studying some advanced CNN network
models (VGG-16), based on VGG-16 architecture, we build new model, by interleaved
kernel 3x3, 1x1, increasing number of convolutional blocks, using Exponential Linear Unit
(ELU) activation function after each convolution layer, hyperparameter tuning. Apply a new
model to predict steering angles in autonomous driving based on image data obtained from
Udacity self-driving car simulation. Evaluation, experimentation, and research results show
that the steering angle prediction in new model is really effective.

Self-driving car, CNN, Deep learning, supervised learning, VGG-16.

1. GIOI THIEU

Cung Vvéi su phat trién caa cdng nghé tri tué
nhan tao (AI), cac phuong tién xe tu hanh (tu
l4i) ting 1én dang ké trong nhitng nim gan day.
Mot trong cac bo phan quan trong tich hop
trong xe tu lai 1a phan mém Al, chic ning
quan trong caa Al dung dé du doan goc 1ai
ciia xe ¢ doan dudng phia trude [1]. Pé du

doan goc 1ai xe tu hanh, sir dung di liéu huan
luyén hoc giam sat, goc lai s¢ dugc dy doan
bdi mot mé hinh mang noron nhan tao su
dung dau vao la céc pixel anh [2], khi d6 mo
hinh hoc tu dong du doan goc 1ai khdng can
Su can thi¢p cua con nguoi. V&i Sy gia tang
cua kha nang tinh toan cho phép huan luyén
cac mang noron tich chap dat két qua tét trong
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phan 16p hinh anh [3]. Céac thuat toan hoc séu
CNN ban dau duoc sir dung cho céc tac vu
nhan dién voi kién trac don gian nhu LeNet,
Alexnet, hi¢u nang cua céac thuat todn hoc sau
dua vao kién tric thiét ké va cac tham sb huan
luyén [4]. Udacity [5] d3 tao ra phan mém ma
nguén m& didu khién xe tu lai, ho da phat
hanh tap dir liéu vé& hinh anh 6td di chuyén
diéu khién bang tay, mdi hinh anh duoc gan
mot nhin goc 14i twong wng. Muc tiéu can tim
mot mo hinh ma tir hinh anh thu duwoc khi 6 t6
di chuyén, sir dung mé hinh d6 du doan goc
lai sao cho sai sé giita goc 1ai du doan boi md
hinh va géc lai thuc té tao boi lai xe 1a nho
nhét. Trong bai béo nay, ching toi nghién cau
md hinh mang CNN tién tién VGG-16 [6], sau
d6 dua trén nguyén ly xay dung VGG-16, xay
dyng md hinh c6 kién trac tuong tu VGG-16,
thuc hién thay doi xen k& bo loc 3x3, 1x1,
tang cuong s6 16p tich chap, sa dung ham
kich hoat Exponential Linear Units (ELU)
thay cho Rectified Linear Activation (RelLu), st
dung thuat toan téi uvu nadam thay cho adam,
thuc hién bién d6i mot sb siéu tham sé tai cac
I6p phu hgp véi dy doan goc lai cua xe tu
hanh. Thyc nghiém danh gia mé hinh mai trén
bo dir liéu thu duoc tir Udacity, két qua cho
thdy md hinh méi thuc sy hiéu qua. Viéc
nghién ctu nay khai thac hiéu nang mang
CNN, chi str dung tin hiéu huan luyén la goc
lai, mang hoc sau c6 thé tu dong trich xuat
dic diém tir cac anh dé hoc dugc vi tri cua 6
to trén duong va dua ra goéc lai twong ung. St
dung md hinh mai &p dung trén xe ty lai, gidp
xe ty di chuyén trén dia hinh mé phong cho
két qua sai s6 giira goc lai dy doan boi md
hinh va g6c l&i thuc té 1a thap nhat.

2. CAC NGHIEN CUU LIEN QUAN

Xe ty hanh lan dau tién duoc nghién ctu bai
Pomerleau (1989), 6ng xay dung mo hinh xe
tu 1ai sir dung md hinh huan luyén don gian,

chi & dung mét vai kich ban véi mot vai
chuéng ngai vat. Sy phét trién nhanh chong
cua Al da tao ra cach mang trong linh vyc xe
tu hanh bing cach két hop cac md hinh va
thuat toan phuc tap. Ky thuat hoc sau cung
Voi sy gia tang kha nang tinh toan cua cac
may tinh sir dung GPU c4u hinh cao, cho phép
huan luyén cac mang noron tich chap (CNN)
dat két qua tot trong phan Iép hinh anh.
Nghién cau thiét ké kién tric mang va tinh
chinh siéu tham sé trong mang CNN dé dat
két qua téi wu 1a van d& dang duoc nhiéu nha
nghién cttu khoa hoc quan tadm [7]. Nam 2016,
nhom NVIDIA di nghién cau thiét ké md
hinh xe ty 14i, nhém huan luyén st dung kién
tric mang LeNet, bo sung ham kich hoat,
chaa 9 16p bao gdm 1 I6p chuan héa, 5 16p
tich chap va 3 16p két néi day du [8].

M hinh cua NVIDA sir dung 252.219 tham
sb, ham kich hoat ReLu, nhan tich chap kich
thugc 5x5, anh xa cac pixel anh thu dwoc tu
camera gitra cia 6 to dé du doan goc lai. Két
qua &p dung mo hinh dy doan goc lai dua ra
két qua chinh xac ngac nhién. Trong nhiing
nim gan day linh vuc nghién ciu diéu khién
xe tu hanh sir dung cac mé hinh hoc sau dé
thuc hién du doan goc 1ai, diéu khién 6 to di
chuyén trong tinh trang giao théng khac nhau
thu hat nhiéu nha nghién ciu [9].

3. MO HINH MANG VGG-16 [6]

VGG-16 duoc phét trién nam 2014, quan
diém xay dung VGG-16 1a mot mang noron
sdu hon sé giup cai thién do chinh xac caia mo
hinh tét hon, cu thé VGG-16 c6 do sau va sd
luong tham s6 Ién tgi 138 triéu, day la mot
trong nhitng mang c6 sé lwong tham sé 16n
nhat. Hinh mau chung cho cac mang CNN
trong cac tac vu hoc cd giam sat trong xu ly
anh sir dung céc khdi VGG dang:

[Conw2D *n + Maxpooling]
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Mot khdi VGG gom mot chudi cac 16p CNN,
sau moi 16p CNN la mot 16p kich hoat ReLU,
tiép ndi boi Mot ting max pooling, dé giam
chiéu khong gian. Cau tric VGG-16 géom 5
khdi VGG, 13 Iop tich chap véi kich thudc

334 %224 % 2 224 x 224 % 64
112 x 112 %128

3x3, dau vao la anh kich thudc 224x224x3,
v6i 3 1a kénh mau R, G, B. Anh duoc truyén
qua khdi dau tién véi 2 16p tich chap, mdi 16p
tich chap chira 64 bo loc kich thudc 3x3, theo
sau lop tich chap la ham kich hoat ReLU.

Fx7x512

1x1x4096 1x1x1000

g Tich chdp + RelU
g L&y miu cyc dai
f A K&t ndi daydd + RelU

—

softmax

Hinh 1. M6 hinh mang VGG-16 [6

3.1. Lép tich chap

Pay 1a thanh phan quan trong nhat, nhiém vu
cua 16p tich chap la phét hién lién két cuc bo
clia cac diac diém trong Iop truéc va anh xa
sang ban do dic trung. Gia tri diém anh moi
duoc tinh toan bang phép tich chap giira cac
gia tri diém anh trong mot ving anh cuc b
véi cac bo loc ¢6 kich thudc nho. Vé mat toan
hoc phép tich chap roi rac gitra hai ham f va
g duoc dinh nghia nhu sau:

(f=g)(x) =2 . f(t) = g(x+ 1) (1)
Véi dir liéu anh hai chiéu, st dung phép tich
chap hai chiéu:

(K« 1)(i ) = Z K(m,n) * I(i+n,j+m)

* @

véi K la nhén tich chap ap dung Ién anh hai
chiéu 1.

Trong hinh 2, sir dung bd loc 1a ma tran kich
thudc 2x2, nguyén ly cua phép tich chap 2
chiéu nhu sau: dich chuyén nhan tich chap
trén toan bd anh, tai moi vi tri tinh tich chap

gitra nhan va phan hinh anh dang quét, sau d6
nhan (kernel) s& dich chuyén s pixel, s goi la
budc nhay (strike).

Bau vao

Kermnel
a b c d
w X
e f z h
y z
il x H 1 ‘
l Péura
aw + bx + bw + cx + cw + dx +
ey +fz fy +gz gy + hz
ew +Ix +iy || fw + gx +jy gw + hx +
+jz +kz ky+1z

Hinh 2. B0 loc tich chap s dung trén ma tran
diém anh

3.2. Lép kich hoat phi tuyén

Lép nay dugc xay dung voi y nghia dam bao
tinh phi tuyén cia md hinh huan luyén, cho
phép md hinh c6 thé hoc cac to hop phi tuyén
cua céc tin hiéu dau vao. Lop kich hoat phi
tuyén sir dung céc ham kich hoat nhu ReLU,
ELU, sigmoid, hoic tanh... dé kich hoat cac
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trong s trong cac node. G mdi Iép CNN, sau
khi duogc cac ham kich hoat tac dong s¢€ tao ra
céc thdng tin triru trong hon cho cac 16p tiép
theo. L6p ké tiép 1a két qua tich chap tir 16p
truge do, tir d6 thu duoc cac két ndi cuc bo.
Str dung ReLU trong CNN ¢6 lgi thé khong
xay ra Ii lan truyén nguoc, thoi gian huin
luyén nhanh hon nhiéu lan so véi sir dung
sigmoid, hoac tanh.

Bién dan
vao )
X Cac trong so
Wi
X Neuron j
Ham kich A
A Paura
X Wi hoat )
¥
. ReLU, sigmoid, ELU
Xa

Hinh 3. Ap dung ham kich hoat Ién noron j

Hinh 3, mé ta lugc d6 ap dung ham kich hoat
tic dong 1én mot noron ¥ = (w; ,x ) + b;

Cong thuc tinh toan cua ham ReLU chuyén tat
ca Cac gia tri &m thanh gia tri 0:

f(x) = max(0,x) (©)
Khi sir dung ReLU, dau ra 1a mot anh méi co
kich thudc gidng véi anh dau vao, cac gia tri
diém anh hoan toan tuwong tu trir cAC gia tri &m
da bi loai bo. Sur dung ReLU mac du dugc loi
thé tinh toan, nhung c6 thiéu sét, d6 1a hién
tuong Dying ReLU (c&c noron ReLU khdng
hoat dong cho di cung cap bat ct dau vao
nao).

Ham kich hoat ELU: Pugc sir dung ting toc
d6 hoc, ham ELU cho dd chinh xac tét hon
ReLU va hoi tu nhanh hon. Cong thirc tong
quat:

x vl x>0

f(x:]:{cx*[ex—l:] véi x= 0 (4)

Tham sé a thuong chon 1a 1, ham ELU lién

tuc tai moi diém, dao ham cua ham
f(x)bang 1 véi x > 0va a *e* wéix < 0.

Str dung ELU khong gap phai van dé triét tiéu
va bing ndé dao ham, va ciing khong xay ra
hién twong noron bat hoat, ham hoi tu nhanh
dan dén thoi gian huan luyén thip dong thoi
dem lai @0 chinh xac cao hon so véi ReLU.

3.3. Lép ldy mau

Lép ldy mau (Pooling), dwoc dat sau 16p tich
chap va 16p kich hoat dé giam kich thuéc anh
dau ra trong khi van giir duoc thong tin quan
trong cua anh dau vao, viéc giam kich thudc
dir liéu c6 tac dung lam giam duoc sb lugng
tham sb cling nhu ting hiéu qua tinh toan.
Lép pooling str dung mat cira so trugt dé quét
toan bo cac vung trong anh tuong tu lop tich
chap, va thuc hién phép lay mau bang cach
luu lai mot gié tri duy nhat dai dién cho toan
b6 théng tin cia vung anh d6. Nhu vay, voi
mdi anh dau vao, qua qué trinh ldy mau, thu
dugc anh dau ra twong ung, co kich thudc
giam xudng dang ké nhung van giir dugc cac
dic trung can thiét cho qua trinh tinh toén sau
nay.

21| 8 8 |12

12 (19 | 9| 7

8 |10 | 4 3
18 112 | 9 | 10
21 | 12

Liy mAu theo gia

tri 16n nhét

15| 9

Liy miu theo gia
tri trung binh

Hinh 4. Phwong thirc average va max pooling

3.4. L&p két néi day dua (fully connected
layer)

Sau mét vai lop tich chap va ldy miu, CNN
thuong két thic boi 16p két ndi day du dugc
thiét ké twong ty nhu trong mang noron truyén
thdng, thuc chat 1a mot perceptron nhiéu 16p.
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So véi mang noron truyén thong, cac anh dau
vao cua 16p nay di c6 kich thugc giam rat
nhiéu, tuy nhién van dam bao giit dugc cac
thong tin quan trong cho viéc nhan dang.

4. CHUAN B] DU LIEU
4.1. Phan mém mo phéng xe tw lai

Dit liéu thu duoc tir phan mém ma ngudn mo
duoc phat trién bai Udacity [5], day 1a phan
mém md phong xe tu i thoi gian thuc trong
cac didu kién giao thong khac nhau, sir dung
cho céc cudc thi “thir thach diéu khién xe tu
14i”. Thir thach yéu cau bat chude hanh vi lai
Xe cta con nguoi trén trinh moé phong véi su

tro gitp caa mot mo hinh mang noron hoc sau.

Trinh mé phong chira hai lan duong, mét lan
duong don gian (it cung duong cong va dé
diéu khién) st dung cho ché d6 huan luyén va
mot lan dudng phuc tap (co do ddc, goc cua,
g6c nhin bi che khuat) sir dung cho ché do tu
lai (hinh 5). O td c6 gan 3 camera (tréi giira,
phai). Dit liéu duoc tao ra tur trinh mdé phong
boi ngudi ding thuc hién diéu khién xe trén
lan duong don gian, hinh anh thu duoc lién
tuc tir 3 camera ¢ gitra, bén phai, bén trai [10].

(b)

Hinh 5. Lan dwéng huén luyén (a),
lan dwéng tw 14i (b)
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Thyc hién diéu khién xe trong ché do huan
luyén, & mdi vi tri 6 t6 di chuyén cho dit liéu:
anh cua 3 camera, goc lai bo lang, tde do xe,
d6 giam téc, sau khoang 20 phut thu dugc
30.000 anh. Ludng hinh anh nay dugc luu trit
trén 6 dia véi dinh dang file driving_log.csv
(hinh 6), cot 1,2,3 chira duong dan dén anh
thu duogc tir camera gitra, trai, phai, cot 4 chia
goc 1ai twong Gng: O - di thang, &m - r& trai,
duong - ré phai. Hinh anh thu duoc sé duogc
chia thanh hai phan: mét phan dé training
model, mot phan dé kiém tra hiéu qua cua
model. DS v6i bai toan xe ty lai, ching ta
kiém tha hiéu qua caa md hinh bang céach cho
xe ty di chuyén trén phan mém Udacity.

4.2. Mot sé ky thuat tang cwong anh

Mbt mang CNN c6 thé xt Iy Ién toi hang triéu
tham sé, viéc diéu chinh cac tham sé can hang
tricu cac truong hop dir liéu huin luyén.
Trong trudng hop dit liéu huan luyén qué it co
thé dan dén hién twong qua khop, dé tranh
hién twong nay chung téi su dung ky thuat
tang cuong anh. Dé dir lidu tong quat hon, can
¢6 hinh anh 6 t6 di chuyén trong cac diéu kién
thoi tiét, anh sang, duong s& giao thdng khac
nhau, do d6 chung t6i da tao ra hang nghin
phién ban mai caa anh trong thoi gian thuc
bang cach sir dung mot s6 ki thuat ting cudng

nhu sau:
CUsersiadiDesktop' ChUsershAdiDesktop, o 1 0 1046204
ChUsersiadh Deskiop' CAUsers\adi\Deskiop’, o 1 0  11.3093
CUsershadhDesktop' ChUsershAadiDesktop, o 1 0 11.93104
ChUsers\AdiDesktop' ChiUsers\AdihDesktop, 0 0.BD0E43 0 1297615
ChUsersyadh Deskiop' CA\UsershadiyDeskiop’, 0 0541351 0 13.75561

Hinh 6. File driving.log

DPé mo phong 6td khi di chuyén trong cac vi
tri khac nhau trén duong, chung t6i da dich
chuyén hinh anh camera theo chiéu ngang va
thém d6 léch twong ung vao goc 1ai. Dé mo
phong qué trinh 1&n va xubng déc, thuc hién

dich chuyén anh theo chiéu doc.
4.2.1. Dich chuyén ngang va doc anh

Ngoai ra con ap dung mét sé ky thuat khac
nhu: thém nhiéu vao anh, lam me anh (hinh 9).
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Sau toan bo cac bude ting cudng, anh dau vao
c6 kich thudc 160x230x3, su dung lop
lambda trong keras dé cit anh theo chiéu doc
thanh 88x230x3. Sau d6 cuong d6 anh duoc
chuan hda nam giira (-5) va 5 va duoc tiép tuc
thu nho thanh 66x200x3.

4.2.2. L4t énh theo chiéu ngang

Hinh anh duoc lat nguoc theo chiéu ngang
bang cach dao nguoc goc 1ai, d& mé phong
0to6 khi ré tréi, r& phai (hinh 7, 8).

0 [

Hinh 7. Anh géc: Géc lai =-0.75

(@)Anh dich chuyén ngang: Géc lai = —0.946 (b)
def f£lip in (self,x,steering):

steer = =-steer

% = np.array(x)

return cv2.flip(x,1l), steering

3TN

STRIR T

Hinh 8. Lat anh

“4ﬁ IIKRJLm "fJ'-’

def random_blur(self,x):
size = l+int(random()*7)
if(size%2 == 0):
size = size + 1
¥ = cv2.GaussianBlur(x, (size,size),0)
return x

Hinh 9. M& anh

4.2.3. Chinh dé sang

Viéc tang cuong do sang cua anh gidp mod
phong anh huong caa cac diéu kién anh sang.
Viéc tang cuong d6 sang cua anh gidp mo
phong anh hudng cua cac didu kién anh sang
khac nhau nhu 6 t6 di chuyén ban ngay hay
ban dém.

5. XAY DUNG MO HINH HQOC SAU DUA
TREN KIEN TRUC VGG-16

5.1. Xay dwng mé hinh

Duya trén nghién cau vé kién tric xay dung
mang VGG-16, ching tdi xdy dung md hinh
VGG1x3. Kién tric md hinh duoc minh hoa
trong hinh 10. M6 hinh nay véi s6 lwong tham
s6 6.151.405, Kién tric mang c6 4 khéi VGG,
tong 12 16p tich chap. Anh dau vao duogc
truyén qua mang, céc lop tich chap dugc duogc
thiét ké dé thyc hién trich xuét dic trung anh,
chung toi da thuc hién nhiéu thuc nghiém trén
cac bo loc kich thude khac nhau nhu 1x1, 3x3
va 5x5, va cubi cung lua chon két hop xen ké
tich chap 1x1 va 3x3, sau céc 16p tich chap la
mot 16p Max pooling lam giam sé chiéu caa
anh nhung van gitt duoc dic trung ctia anh
giam bét sb luong noron va theo sau 1a 16p
Dropout giam bét sé lugng tham sé triing
nhau, cudi cung can thém mot lép fully
connected layer dit dé chuyén dau ra tir 1op
phia truc thanh ma tran c6 s chiéu bang 1,
day chinh la du doan gia tri goc lai.

M6 hinh nay vai sé tham sb 6.151.405, Kién
trdc mang c6 4 khdi VGG, téng 12 16p tich
chap. Anh dau vao duoc truyén qua mang, cac
I6p tich chap dugc duoc thiét ké dé thuc hién
trich xuat dic trung anh, chung t6i da thuc
hién nhiéu thuc nghiém trén cac bo loc kich
thudc khac nhau nhu 1x1, 3x3 va 5x5, va
cudi ciing lya chon két hop xen k& tich chap
1x1 va 3x3, sau cac lop tich chap la mét 16p
Max pooling lam giam sé chiéu cua anh
nhung van giit duoc dic trung cta anh giam
bot s6 lwong noron va theo sau 1a I6p Dropout
giam bot s6 lugng tham sb tring nhau, cudi
cuing can thém mat 16p fully connected layer
du dé chuyén dau ra tir 16p phia trudc thanh
ma tran c6 sé chiéu bang 1, day chinh 1a du
doan gia tri goc lai (hinh 11).
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ComzD3(t)
_ dér{vznlszia;s)
ConvzD 32(1,1)
MaxPooling2D(2,2)
Dropout(0.25)
(::t%riv2D64(:1:,‘.l) )
_ (::o:r;vZDlsaiS;J)
ConvaD 64(1,1)
MaxPooling2D(2,2)
Dropout(0.25)
C%;:nirZD 125:(1: o
cé;ﬁanIus‘(é,s)_ )
C%):n;IZD 128(1,1)

=

MaxPooling2D(2,2)

Dropout(0.25)
Conv2D 256(1,1)
MaxPooling2D(2,2)
Flatten

Conv2D 256(3,3)

o
b
c
=
5
o
o
o
a

Dropout(0.25)

Conv2D 256(1,1)

Hinh 10. M6 hinh VGG1x3

(None, 4, 2,

V2D (None, 4,

ling2d 3 (MaxPooling (Mone, 2,

flatten (Flatten) (Wone, 5128)

dense (Dense) (None, 1824)

elu (ELW)

(None, 1624)

dropout 2 (Dropout) (None, 1824)

dense_1 {Dense) (None, 1)

elu 1 (ELU) (None, 1)

Hinh 11. Fully connected layer cudi cung
cua VGG 1x3

5.2. Tinh chinh siéu tham sé

Sau khi xay dung xong md hinh, tiép theo
chdng t6i tinh chinh céc siéu tham sé. Tinh
chinh tham sb 1a k¥ thuat can thiét dé tim tap
tham s6 pht hop nhat dé xay dung mé hinh tir
tap di liéu sao cho két qua dy doan chinh xéc.
Céac tham sd can tinh chinh I1a; ham kich hoat,
ham téi wu, téc do hoc, batch size, epoch.
Trong md hinh méi st dung ham kich hoat
ELU giGp giam thoi gian huan luyén dong
thoi dem lai d6 chinh xac cao hon so vdi Relu.
Pé danh gia muc do hiéu qua cua mo hinh,
ching tdi lya chon ham sai s6: root mean
squared error (RMSE). RMSE duoc tinh bang
can bac hai cua trung binh cua su sai khac
gitta két qua du doan va gia tri thuc té. RMSE
cang nho tuc 1a sai s6 (loss) cang nho thi muc
d6 wdc lugng cho thay do tin cay caa md hinh

c6 thé dat cao nhat, khi d6 gia tri du doan gan
sat véi gia tri thuc, tac 1a do chinh xac cang
cao.

RMSE = /%Z(yi -9,) (5)

Pé huan luyén md hinh can st dung thuat
toan téi wu, qua trinh t6i wu hoa co6 nhiém vu
thay d6i toc d6 hoc (learning rate) va trong sé
ctia CAc noron trong mang dé dat dugc loss toi
thiéu. Trinh téi uu hoa sé& gilp toi wu cac tham
s6 ¢6 trong mo hinh ddng thoi ty diéu chinh
learning rate phu hop gitp mé hinh hdi tu
duoc, learning rate cao lam cho mé hinh hoc
nhanh hon, tuy nhién dan dén tinh trang c6 thé
bo 15 trudong hop loss tdi thiéu, learning rate
thap mang lai co hoi tim kiém loss ti thiéu,
tuy nhién can nhiéu tai nguyén bo nhd va tén
thoi gian. V6i md hinh xay dung, nhom da
thuc hién nhiéu thi nghiém véi nhiéu thuat
toan t6i wu khac nhau nhu Adam, Nadam. Két
qua cho thiy sir dung Nadam cho téc do hoi tu
nhanh nhat. Ching t6i da sir dung keras dé
trién khai Nadam voi cac tham sb:

learning rate = 1e — 6,5, = 0.9,3, =

0999, =1e — 10

S6 epoch: Néu sé epoch quéa nho dan dén hién
tuong underfitting, do mang khong du dir liéu
dé hoc, nguoc lai néu sé epoch qua Ién dan
dén hién twong overfitting, tic 13 md hinh ¢6
thé du doan t6t dit liéu trén tap train nhung lai
khong doan dang dwr liéu trén tap validation
nén can tinh chinh sé epoch mang lai két qua
t6i wu. Trong thyc nghiém voi bo dir lieu
30.000 anh tir xe tu lai chdng téi chon thuc
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nghiém vai 40 epoch. Bé giup md hinh hoc
nhanh hon, chon batch size (s6 lwong mau
huan luyén cho mdi 1an input) 1a 2000 anh.

5.3. Thwe nghiém va két qua

Chung toi xu ly tép .csv chia tén tép 30.000
anh va goc lai twong ung, dir liéu duoc chia
ngau nhién 80% anh str dung dé train, 20% sir

dung dé validation. Sau khi xay dung hoan
chinh mo hinh, lvu m6 hinh duéi dinh dang
(.h5), md hinh nay chua cac két qua dyu doan
goc lai dya trén anh dau vao thu duoc tir 3
camera. Thuc nghiém va danh gia mo hinh, st
dung server c6 card GPU 64GB. Thong sé sir
dung trainning trong 3 mé hinh minh hoa qua
bang 1.

Bang 1. Théng sé ctia ba m6 hinh 4p dung trén xe tw lai

Thuét toan tdi uvu: Adam
Ham kich hoat RelLu
Str dung sub sample
S6 tham s6: 252.219

M6 hinh NIVIDA M6 hinh VGG-16 M6 hinh VGG1x3
5 16p tich chap 7 16p tich chap (3 khéi VGG) 12 16p tich chap (4 khdi VGG)
Kernel 5x5 Kernek 3x3 Kernel 1x1 xen k& 3x3

Thuét toan tdi vu: Adam
Ham kich hoat ReLu

Str dung max pooling
S6 tham sb: 5.826.445

Thuét toan ti wu: Nadam
Ham kich hoat ELU

Str dung dropout,max pooling
S6 tham s6: 6.151.405

LOSS

=¢=N|VIDA =@=\/GG-16 =—dr=\/GG 1x3

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04

0.0214
0.02

EPOCH 1 EPOCH 10

EPOCH 20

0.U677 o0%93

0.0115 0.0104 0.01 0.0097
m 0.0083

EPOCH 30 EPOCH 40

Hinh 12. So sanh loss gitba 3 model ap dung trén xe tw lai

Tir biéu d6 hinh 12 cho thay sy cai tién cua
model qua ting epoch véi sy giam dan cua
loss trén tung epoch, mé hinh VGG1x3 mang
két qua du doan vuot troi so véi md hinh
NIVIDA, va md hinh VGG-16 ban dau. Gia
tri sai s6 (loss) RMSE déanh gi4 trén tap train
ciia mo hinh VGG1x3 déu thap hon VGG-16

ban dau, va thip hon rat nhiéu so véi NIVIDA.

Trong truong hop tét nhat: Loss caa NIVIDA
la 0.0593, cua VGG-16: 0097, VGG 1x3:
0.008. Piéu nay c6 y nghia nhu sau: Sau khi
xay dung va diéu chinh cac tham s6 thu dugc
md hinh VGG1x3 c6 thé hiéu cac dic diém
cua lan duong, du doan goc lai cua xe 0 to.
Khéng can gan nhén cac doan dudng, md hinh
c6 thé hoc tur dir lieu mau dé do tim duong.
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Két qua ap dung mé hinh gidp xe ty nhan dién
duong va di chuyén, khdng can su diéu khién
cua con nguoi.

6. KET LUAN

Dy doan goc lai cua xe ty hanh ludn 12 van dé
tha vi va thu hat nhiéu nghién cau, mét trong
nhitng thach thuc gap phai la huan luyén
model hoc sau dé thuc hién du doan goc lai,
diéu khién 6 t6 di chuyén trong tinh trang
giao théng khéc nhau. Ngoai viéc thiét ké
mot model hiéu qua, can c6 thém dir liéu va
thoi gian training. Dua trén cac nghién cuu
vé VGG-16, ching t6i da thiét ké model
VGG1x3, 4p dung vao du doan goc lai xe tu

hanh. Md hinh mdéi s dung xen k& cac 16p
tich chap 3x3, 1x1, sir dung cac I6p max
pooling dé giam chiéu dit liéu, gidp t6i vu hoa
céc tham sd, str dung thuat toan tdi wu nadam
dé diéu chinh learning rate, sir dung cac ham
dropout dé giam bét s6 lwong cac tham sb
trng lap tranh overfiting. Két hop vai cac ky
thuat tang cuong anh, tao thém hinh anh khi
dang di chuyén gilp model tong quat hon va
cho két qua du doan kha tét khi so sanh vai
mo hinh trudce do. Trong thoi gian téi chung
t6i nghién ctu mot s6 md hinh hoc sau da
nhanh nhu ResNet, md hinh tich chap d6 thi
GNN dé diéu khién xe phu hop véi cac diéu
kién trong thé gidi thuc véi sai s6 thap nhit.
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