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KEYWORDS been applied to large image processing systems as Facebook, Google
or Amazon... In this paper, we focus on studying some advanced

Self-driving car CNN network models (VGG-16), based on VGG-16 architecture, we
CNN build new model, by increasing network depth, interleaved kernel

3x3, 1x1 increasing number of convolutional blocks, using
. Exponential Linear Unit (ELU) activation function after each
Steering Angles convolution layer. Apply a new model to predict steering angles in
VGG16 autonomous driving based on image data obtained from Udacity self-
driving car simulation software. Evaluation, experimentation, and
research results show that the steering angle prediction in new model
is really effective.
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Ngay hoan thign: 12/5/2022 (CNN) 12 mot trong nhitng mé hinh mang Hoc sau phé bién nhat hién

Ngay ding: 16/5/2022 nay, c6 kha nang nhan dang va phan loai hinh anh véi d6 chinh xac
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TU KHOA dang dugc ng dung vao cac hé thdng xir Iy anh Ién cua Facebook,
Google hay Amazon... Muc tiéu cua bai béo, nghién cuu ly thuyét vé

Self driving car m6 hinh mang noron tich chap tién tién (VGG-16), dua trén kién triic
CNN VGG-16, ching t6i xay dung md hinh méi, bang cach ting cudong do

sau mang, xen k& kich thuéc bo loc 3x3, 1x1, ting sé lugng khéi tich
. chap, str dung ham kich hoat ELU sau mai 16p tich chap, tinh chinh céac
Steering Angles siéu tham sb. Sau d6, thuc nghiém &p dung md hinh mai vao du doan
VGG16 goc lai xe ty hanh dya trén dit liéu hinh anh thu dwoc tir phan mém md
phong xe tu lai Udacity. Thuc hién danh gia, so sanh, két qua nghién
ctu cho thay mé hinh méi du doan goc 1ai thuc su hiéu qua.
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1. Giéi thiéu

Cung véi sy phat trién cta cdng nghé tri tug nhan tao (AI), cac phuong tién xe ty hanh (tw 1ai)
tang lén dang ké trong nhitng nam gan day. Mot trong cac bd phan quan trong tich hop trong xe
tu l4i 1a phan mém Al, chic ning quan trong cua Al dung dé du doan goc lai ciia xe ¢ doan
duong phia trude [1]. Dé du doan goc 1ai xe tu hanh, sir dung dit liéu huan luyén hoc giam sat,
g6c lai s& duoc du doan bai mot md hinh mang noron nhan tao st dung dau vao 1a cac pixel anh
[2], [3]. Khi ¢6 md hinh hoc ty dong du doan goc 1ai khong can su can thigp cia con nguoi. Voi
su gia ting ctia kha ning tinh toan cho phép huan luyén cac mang noron tich chap (CNN) dat két
qua tot trong phan 16p hinh anh [4]. Céc thuat toan hoc sdu CNN ban dau duoc sir dung cho cac
tac vu nhan dién véi kién triic don gian nhu LeNet, Alexnet [5], hiéu ning cta cac thuat toan hoc
sau dua vao kién tric thiét ké va cac tham s huan luyén [6]. Trong bai béo nay, ching tdi nghién
cttu md hinh mang CNN tién tién VGG-16 [7], sau d6 duya trén nguyén ly xay dung VGG-16, xay
dung md hinh ¢6 kién tric twong tu VGG-16, thuc hién thay doi do xen k& bo loc 3x3, 1x1, ting
cudng sb 16p tich chap, sir dung ham kich hoat Exponential Linear Units (ELU) thay Rectified
Linear Activation (ReLu), str dung thuat toan tbi wu nadam, thuc hién bién ddi mot sé siéu tham
s6 tai cac 16p phu hop véi dy doan goc 1ai cua xe ty hanh. Thuc nghiém danh gia mé hinh méi
trén bo dir liéu thu duoc tir Udacity [8], két qua cho thay méd hinh méi thuc su hiéu qua. Viéc
nghién ctiru dem lai két qua nhu sau: khai thac hiéu ning mang CNN, chi s dung tin hiéu huin
luyén l1a géc lai, mang hoc sau c6 thé ty dong trich xuét diac diém tir cac anh dé hoc duoc vi tri
cua 0 t6 trén duong va dua ra gbc lai tuong ung.

2. Céac nghién ciu lién quan

Piu ra: Goc lai xe 66
Ldp két ndi diy da
Ldp két ndi diy da

Ldp két ndi diy di
Anh dic trung sau ap dung tich chip

1x18x64

Anh dic tneng sau dp dung tich
chap 3x20x064

Anh d3c trneng sau ap dung
tich chip 5x22x48

Anh dic tneng sau dp dung
tich chap 14x47x36
= 2 : ) _ _ )
l- Anh dac tneng sau ap dung tich chip
 —— 3150824
5x5 kemel

i Ve Anh sau khi chuin hoa
66x200x3
— Biu vao:Anh kich thudc

/ 66x200x3

Hinh 1. Kién tric NVIDIA
_ Thiét ké kién tric mang va tinh chinh siéu tham s6 trong mang CNN dé dat két qua téi uu 1a
van de dang dugc nhicu nha nghién ctu khoa hoc quan tam [9]. Nam 2016, nhém NVIDIA da
nghién ctu thiet ke mo hinh xe tu 1ai, nhém huan luyén st dung kien tric mang LeNet, bo sung
ham kich hoat, chira 9 16p bao gom 1 I6p chuan hoa, 5 I6p tich chap va 3 16p két noi day du [10].
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M6 hinh cua NVIDIA minh hoa trong hinh 1, sir dung 252.219 tham sb, ham kich hoat RelLu,
nhan tich chap kich thugc 5x5, anh xa cac pixel anh thu dwoc tir camera giira cua 6 t6 dé du doan
goc lai. Két qua ap dung mé hinh dy doan goc 1ai dua ra két qua chinh xac ngac nhién. Trong
nhitng ndm gan day, nhiéu kién trac CNN duoc sir dung boi cac nha nghién ciru dé dy doan goc
l4i xe tu hanh [11].

3. M6 hinh mang VGG-16

VGG-16 dugc phét trién nam 2014, quan diém xay dung VGG-16 1a mot mang noron sau hon
s& gilp cai thién do chinh xac cua mé hinh tét hon, cu thé VGG-16 ¢6 d6 sau va sé luong tham
s6 Ién t6i 138 triéu, day 1a mot trong nhitng mang c6 s6 lugng tham sb 1on nhat. Hinh mau chung
cho cac mang CNN trong cac tac vu hoc c6 giam sat trong xtr Iy anh sir dung céc khéi VGG
dang [Conv2D * n + Max pooling]. Mot khi VGG gém mét chudi cac 16p CNN, sau mdi 16p
CNN Ia mot 16p kich hoat ReLU, tiép néi boi mot tang max pooling, dé giam chiéu khéng gian.
Céu tric VGG-16 gom 5 khdi VGG, 13 I16p tich chap véi kich thudc 3x3, dau vao la anh kich
thudc 224x224x3, vai 3 1a kénh mau R, G, B. Anh duoc truyén qua khéi dau tién véi 2 16p tich
chap, mdi 16p tich chap chira 64 bo loc kich thudc 3x3, theo sau 16p tich chap 1a ham kich hoat
ReLU. Sau khi duoc kich hoat, du ra s& duoc truyén qua I6p max pooling véi kich thudc cira s6
2x2. Thong tin dugc lan truyén tiép tuc qua khdi tich chap thir 2, str dung 128 bo loc, két qua cho
ra anh kich thuéc 56x56x128, qué trinh duoc thuc hién twong tu qua cac khéi tich chap tiép theo.
Sau cac khdi tich chap 1a ba fully connected layer, trong d6 hai 16p dau tién c6 4096 noron, va
fully connected layer cudi cting c6 1000 noron. Kién tric VGG-16 dugc minh hoa trong hinh 2.

224 x 224 x 64
- 112 x 112 x 128

224 x 224 x 2

Tx7T=x512

1x1x4096 1 x1x 1000

=7 Tich chap + RelLU
&P Lay mau cwe dai
7 K&t n8i d5y di + RelU
7 softmax

Hinh 2. M6 hinh mang VGG-16

3.1. Lap tich chd@p

Day 1a thanh phan quan trong nhét, nhiém vu cta I6p tich chap la phat hién lién két cuc bo cua
céc ddc diem trong I6p trudc va anh xa sang ban do déc trung. Gid tri di€ém anh méi dugc tinh toan
bang phép tich chap gitra cac gia tri diém anh trong mot ving anh cuc bg véi cac bo loc o kich
thudc nho. Vé mat todn hoc, phép tich chap roi rac gitra hai ham 1 va g dugc dinh nghia nhu sau:

(F ) =) fO gt +0 1)
t
Véi dit liéu anh hai chiéu, st dung phép tich chap hai chiéu:
(K*I)(i,j)=ZK(m,n)I(i+n,j+m) )
mmn

véi K 13 nhan tich chap 4p dung 1én anh hai chidu 1.
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Hinh 3. B4 loc tich chdp sir dung trén ma trdn diém anh
Trong hinh 3, s dung b6 loc [a ma trén kich thuéc 2x2, nguyén ly cua phép tich chap 2 chiéu
nhu sau: dich chuyén nhan tich chap trén toan bo anh, tai moi vi tri tinh tich chap gitra nhan va
phan hinh anh dang quét, sau d6 nhan (kernel) sé dich chuyén s pixel, s goi la budc nhay (strike).

3.2. Ldp kich hogt phi tuyén

L6p nay dugc xay dung voi ¥ nghia dam bao tinh phi tuyén caa mé hinh huan luyén, cho phép
md hinh ¢6 thé hoc céc td hop phi tuyén cua cac tin hiéu dau vao. Lép kich hoat phi tuyén sir
dung cac ham kich hoat nhu ReLU, ELU, sigmoid, hodc tanh... dé kich hoat céc trong sb trong
cac node. O mdi 16p CNN, sau khi dwgc cac ham kich hoat tac dong sé tao ra cac thong tin triru
tugng hon cho céac 16p tiép theo. Lép ké tiép 1a két qua tich chap tir 16p trude do, tir d6 thu duoc
cac két ndi cuc bo. Str dung ReLLU trong CNN c6 loi thé khdng xay ra 16i lan truyén nguoc, thoi
gian huan luyén nhanh hon nhiéu lan so véi sir dung sigmoid, hoc tanh.

Bién dau
Vao )
X4 Céc trong so
Wiy
X2 Neuron j

Ham kich 2
A Paura
o | hoat Ty,
i
. ReLU, sigmoid, ELU
m
Xa

Hinh 4. Ap dung ham kich hogt Ién noron j
Hinh 4, m6 ta luge d6 ap dung ham kich hoat tac dong 1én mét noron ¥ = (wj, x) + b;
Cong thirc tinh toan cua ham ReLU chuyén tat ca cac gia tri &m thanh gia tri O:
f(x) = max (0,x) @)
Khi str dung Rel.U, dau ra 12 mot anh méi c6 kich thude giéng v6i anh dau vao, cac gia tri
diém anh hoan toan tuwong tu trir cac gia tri am da bi loai bo. Str dung ReLU mac du dugc loi thé
tinh toan, nhung c6 thiéu sét, d6 1a hién tugng Dying ReLU (cac noron ReLU khong hoat dong
cho du cung cép bat ctr ddu vao nao).
Ham kich hoat ELU: Puoc sir dung ting tbc d6 hoc, ham ELU cho d6 chinh xé4c tét hon
ReLU va hoi tu nhanh hon. Cong thirc tong quat:
X, x>0
F@={yer — 1 xoo @
Tham s6 thuorng chon 1a 1. Ham ELU lién tuc tai moi diém, dao ham cua ham f(x) bang 1
V6i x > 0va a * e* vdi x < 0. Sir dung ELU khdng gap phai van dé triét tiéu va bung nd dao
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ham va ciing khong xay ra hién tugng noron bat hoat, ham hoi tu nhanh dan dén thoi gian huan
luyén thap, dong thoi dem lai d6 chinh xac cao hon so véi ReLU.

3.3. Ldp ldy mdu

Lép ldy mau (Pooling), dugc dat sau I6p tich chap va 16p kich hoat dé giam kich thugc anh
dau ra trong khi van giit duoc thong tin quan trong cua anh dau vao. Viéc giam kich thudc dit
liéu c6 tac dung lam giam dugc sé luong tham sb ciing nhu ting hiéu qua tinh toan. Lép pooling
sir dung mét cira so truot dé quét toan bo cac ving trong anh tuong tu 16p tich chap va thuc hién
phép ldy mau bang cach luu lai mot gia tri duy nhat dai dién cho toan bo thong tin cua ving anh
d6. Nhu vay, v6i mdi anh dau vao, qua qua trinh ldy mau, thu dwoc anh dau ra trong ng, c6 kich
thudc giam xudng dang ké nhung van gitr duge cac dic trung can thiét cho qué trinh tinh toan
sau nay.

3.4. Lop két néi day du (fully connected layer)

Sau mat vai l6p tich chap va ldy mau, CNN thuong két thac boi 16p két ndi day du duoc thiét
ké twong ty nhu {trong mang noron truyen thng, thuc chat 1a mot perceptron nhiéu 16p. So véi
mang noron truyén thong, cac anh dau vao cua lop nay da co kich thudc giam rat nhiéu, tuy nhién
van dam bao giir duoc cac thong tin quan trong cho viéc nhan dang.

4. Chuén bj dir liéu
4.1. Phan mém mo phéng xe tu 14i

Dir lidu thu dugc tir phan mém ma nguon mé duoc phét trién bai Udacity, day 1a phan mém
md phong xe tu l4i thoi gian thyuc trong cac diéu kién giao théng khac nhau, sir dung cho céc cudc
thi “thir thach diéu khién xe tu 14i”. Thur thach yéu cau bat chudc hanh vi lai xe cia con nguoi
trén trinh md phong vaéi su tro gidp cua mot md hinh mang noron hoc sau. Trinh mé phong chaa
hai lan duong, mét lan duong don gian (it cung duong cong va dé diéu khién) sir dung cho ché do
huan luyén va mot lan dudng phuc tap (c6 d6 déc, goc cua, goc nhin bi che khuat) sir dung cho
ché do tu lai (Hinh 5). Dit liéu duoc tao ra tir trinh mé phong boi ngudi dung thuc hién diéu
khién xe trén lan dudng don gian, hinh anh thu duoc lién tuc tir 3 camera ¢ giita, bén phai, bén
trai [12].

(b)

Hinh 5. Lan dwong huan luyén (a), lan dwong tie 14i (b)

Thuyc hién diéu khién xe khoang 20 phut, thu duoc 30.000 anh. Ludng hinh anh nay duoc luu trit
trén 6 dia véi dinh dang file driving_log.csv (Hinh 6), cot 1,2,3 chira dwong dan dén anh thu dugc tir
camera giira, tréi, phai, cot 4 chira goc 1ai twong tng: 0 - di thang, &m - r& trai, duong - r& phai. Dit
ligu ndy sau do duoc thuc nghiém trong ché do tu Iai (xe tu di chuyén trén dia hinh phuc tap ma
khong can sy can thlep cua lai xe) dé thay duoc sy hoat dong hiéu qua ciia mo hinh hoc sau.

iLisaraihudiy Tierskere i ProectbiGeanter_ 2017 09 14 10 54 33 FSgeg o \Ligary Al Deskerag® O Ll i Desderap, 0 DEN0RAE o i3eh
& '5.. Wsergid i Desktop' Profecty MG yoentar_2017_09_14_10 %4_32 MS%jpg  CUsardiadiDesktop CALsery\adi Desktap’, 0 D3A135] 0 13
IO UsershadiyDeshop\Promct MG ycenter_2017_09 14 10 54 32 430jpg  ChlUserdAdilDeskiop’ OhUsershadil Desiophy 0 02761324 0 403

Hinh 6. File driving_log.csv
4.2. Mt sé ky thudt ting cwong danh
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M6t mang CNN c¢6 thé xtr Iy 1én téi hang triéu tham sé, viéc didu chinh cac tham sé can hang
triéu cac truong hop dit liéu huan luyén. Trong trudng hop dit liéu huan luyén qué it c6 thé dan
dén hién twong qua khép, dé tranh hién twong nay ching toi st dung ky thuat tang cuong anh. Dé
dir liéu tong quat hon, can c6 hinh anh 6 t6 di chuyén trong cac diéu kién thoi tiét, anh sang,
duong xa giao thong khac nhau, do d6 chung t6i da tao ra hang nghin phién ban méi ctaa anh
trong thoi gian thuc bang cach st dung mét sb ki thuat ting cuong nhu sau:

4.2.1. Dich chuyén ngang va doc anh

D¢ md phong 6td khi di chuyén trong cac vi tri khc nhau trén duong, ching toi da dich
chuyen hinh anh camera theo chiéu ngang va thém do Iéch twong tng véi su dich chuyen vao géc
14i. B€ md phong qua trinh 1én va xuong doc, thuc hién dich chuyén anh theo chiéu doc.

4.2.2. Lt anh theo chiéu ngang

Hinh anh duoc lat nguoc theo chiéu ngang bang cach dao nguoc goc 1ai dé mo phong 6td khi
ré trai, ré phai (Hinh 7,8).

(a) (b)
Hinh 7. 4nh géc: Goc lai = -0,75 (a) 4nh dich Hinh 8. Lgt anh
chuyén ngang: Goc lai = -0,946 (b)

4.2.3. Chinh d¢ sang

Viéc tdng cuong do sang cua anh gilip m6 phong anh hudéng cua cac diéur kién anh sang khac
nhau nhu 6 t6 di chuyén ban ngay hay ban dém. Ngoai ra con ap dung mot so ky thuét khac nhu:
thém nhiéu vao anh, lam mo anh... ‘

Sau toan bo cac budc ting cuong, anh dau vao cé kich thudc 160x230x3, s dung lop lambda

trong keras dé cat anh theo chiéu doc thanh 88x230x3. Sau d6 cudng do anh dwoc chuan hda nim
gitta (-5) va 5 va duoc tiép tuc thu nho thanh 66x200x3.

5. Xay dung mé hinh mang noron dua trén kién tric VGG-16
5.1. Xay dung md hinh

Dua trén nghién cau vé kién tric xay dung mang VGG-16, ching toi xay dung md hinh
VGG1x3. Kién trac mo hinh dugc minh hoa trong hinh 9.

Conv2D 3(1,1)
CI(:n\lZI’.:Dl 32(3,3)
Conv2|£)132(1 1)

M.xpaon{.gzn(z 2)

‘ Drapoﬁt(l:l 25) ‘
Canvzl:l:sdﬂ Ay
Ct:n\lZI’.:Dl 64(3,3)
Convii&dﬁ 1)

Maxpamigzn(z 2)

‘ Dropoit(o 25) ‘
ConVZDL128(1,1)
Conszl‘I 28(3,3)
c:.nvznlunm,n

MaxF’ooli{\g2D(Z.2)

Dropoit(o 25)

Conv20l256(1,1)
Cnnvznl255(3,3)
CnnvZDl256(1,1)

MaxPoollllv'ngD(z 2)

‘ Dropoit(o.zs: ‘

I
Flatten
Dropout(0.25)

Hinh 9. M& hinh VGG1x3

M® hinh nay véi sb lwong tham sb 6.151.405, kién tric mang c6 4 khéi VGG, tong 12 16p tich
chap. Anh dau vao dugc truyén qua mang, céc l6p tich chap duoc thiét ké dé thuc hién trich xuat
dic trung anh, ching t6i da thuc hién nhiéu thuc nghiém trén cac bo loc kich thudc khéc nhau
nhu 1x1, 3x3 va 5x5, va cudi cling lya chon két hop xen k& tich chap 1x1 va 3x3, sau céc I6p tich
chap 1a mot 16p Max pooling 1am giam s chiu cua anh nhung van gitt duoc dic trung ctia anh
giam bat s lugng noron va theo sau 1a 16p Dropout giam bét s6 lwong tham sé tring nhau, cudi
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cung Cﬁn‘thém mét 16p fully connected layer dii dé chuyén dau ra tir I6p phia trude thanh ma tran
€0 so chiéu bang 1, day chinh 1a dy doan gia tri goc lai.

5.2. Tinh chinh siéu tham sé

Sau khi xay dung xong mé hinh, tiép theo ching t6i tinh chinh cac siéu tham sé. Tinh chinh
tham s6 1a k¥ thuat can thiét dé tim tap tham sé phi hop nhét dé xay dung md hinh tir tap dit liéu
sao cho két qua du doan chinh x4c. Cac tham sé can tinh chinh 1a: ham kich hoat, ham tbi wu, téc
dd hoc, batch size, epoch. Trong mé hinh méi stir dung ham kich hoat ELU gilp giam thoi gian
huan luyén, dong thoi dem lai do chinh xéc cao hon so véi ReLu. Bé danh gia mirc do hiéu qua
ctia 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 s sai khéc giira két qua du doan va gia tri thuc té. RMSE
cang nho tac 1a sai sé (loss) cang bé thi mirc d¢ wde lugng cho thay do tin cay cua md hinh c6 thé
dat cao nhat, khi do6 gia tri dy doan gan sat véi gia tri thyc.

1 A
RMSE = J;Z(yi —y})? (5)

D¢ huén luyén mo hinh can sir dung thuat toan tdi uu, qué trinh t6i wu héa c6 nhi¢m vy thay
ddi téc do hoc (learning rate) va trong s6 cua cac noron trong mang dé dat dugc loss tdi thiéu.
Trinh tdi uu héa s& gilp téi wu cac tham sd ¢6 trong md hinh dong thoi tu diéu chinh learning
rate phu hop gitp md hinh hoi tu dugc, learning rate cao [am cho mé hinh hoc nhanh hon, tuy
nhién dan dén tinh trang c6 thé bo 15 trueang hop loss téi thiéu, learning rate thip mang lai co hoi
tim kiém loss téi thiéu, tuy nhién can nhiéu tai nguyén bo nhé va tén thoi gian. Véi md hinh xay
dyng, nhom da thyc hién nhiéu thi nghiém véi nhiéu thuat toan téi wu khac nhau nhu adam,
nadam. Két qua cho thiy st dung nadam cho téc do hoi tu nhanh nhit. Chung t6i dé str dung
keras d¢é trién khai nadam véi learning rate = 1e — 6,4, = 0,9, = 0,999,¢ = 1le — 10.

S6 epoch: Néu 30 epoch qua nho dan dén hién tuong underfitting, do mang khong du dir liéu
dé hoc, nguoc lai néu sé epoch qua I6n dan dén hién tugng overfitting, tac 14 md hinh co the du
doan tét dit lidu trén tap train nhung lai khong doan dung dit liéu trén tap validation nén can tinh
chinh sb epoch mang lai két qua tdi wu. Trong thyc nghiém véi bo dit lidu 30.000 anh tir xe tu l4i
ching tdi chon thuc nghiém véi 40 epoch. Bé gitip md hinh hoc nhanh hon, chon batch size (s6
lwong mau huan luyén cho mdi lan input) 1a 2000 anh.

5.3. Thuc nghiém va két qua
Sau khi xay dung hoan chinh model, ching tdi xu ly tép .csv chira tén tép 30.000 anh va géc
lai twong ng, dit liéu dugc chia ngau nhién 80% anh sir dung dé train, 20% su dung dé
validation, thic nghiém va danh gia mé hinh, sir dung server c6 card GPU 64GB. Thong s trong
3 mé hinh minh hoa qua bang 1.
Bang 1. Thong so cia ba md hinh &p dung trén xe ti 1i

M0 hinh NIVIDA M6 hinh VGG-16 M6 hinh VGG1x3
e 516p tich chap e 7 16p tich chap (3 khéi VGG) e 12 16p tich chap (4 khéi VGG)
o Kernel 5x5 o Kernek 3x3 o Kernel 1x1 xen k& 3x3
e Thuat toan téi vu: Adam e Thuat toan tdi vu: Adam o Thuét toan ti uvu: Nadam
e Ham kich hoat ReLu e Ham kich hoat ReLu e Ham kich hoat ELU
e Str dung sub sample e Str dung max pooling e Str dung drop out,max pooling
e S tham s: 252.219 e S6 tham s6: 5.826.445 e S6 tham s6: 6.151.405

Tir biéu dd hinh 10 cho thay, mé hinh VGG1x3 mang két qua du doan vuot trdi so véi mo
hinh NIVIDA va mé hinh VGG-16 ban dau. Gié trj sai s6 (loss) RMSE danh gia trén tap train cua
mod hinh VGG1x3 déu thap hon VGG-16 ban dau va thap hon rat nhiéu so véi NIVIDA. Trong
truong hop tét nhat: Loss cia NIVIDA 14 0,0593, cua VGG-16 ban dau : 0,0097, cia VGG1x3:
0,0083.

http://jst.tnu.edu.vn 224 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 218 - 226

LOSS

0,18 NIVIDA VGG-16 —a—VGG 1x3
0,16 0,631
0,14
0,12
0,1 0964
0,08 o
0,06 U,06+7 6-0693
0,04 0,0214
0,02 0,0115 0,0104 0,01 0,0097

EPOCH 1 EPOCH 10 EPOCH 20 EPOCH 30 EPOCH 40

) Hinh 10. So sanh loss giira 3 model ap dung trén xe tu lai
6. Ket luan

Dy doan goc lai cia xe ty hanh ludn 12 van d& thd vi va thu hat nhiéu nghién ctu, mét trong
nhitng thach thic gap phai d6 1a huan luyén model hoc sau dé thuc hién dy doan goc 14i, diéu
khién 6 t6 di chuyén trong tinh trang giao thong khac nhau. Ngoai viéc thiét ké mot model hiéu
qua, can cd thém dir liéu va thoi gian training. Dua trén cac nghién ctu vé VGG-16, chung t6i di
thiét ké model VGG1x3, &p dung vao du doan goc lai xe tyr hanh. M6 hinh méi str dung xen k&
cac 16p tich chap 3x3, 1x1, sir dung cac 16p max pooling dé giam chiéu dir liéu, gitp téi wu hoa
cac tham s6, s dung thuat toan t6i wu nadam dé diéu chinh learning rate, sir dung cac ham
dropout dé giam bét s6 lwong cac tham sé tring lap tranh overfiting. Két hop véi cac ky thuat
tang cudng anh, tao thém hinh anh khi dang di chuyén gitp model tong quat hon va cho két
qua du doan kha tot khi so sanh véi mé hinh trude d6. Trong thoi gian toi, chiing téi nghién
ciru mot s& md hinh hoc sau nhu ResNet, RNN, GAN dé diéu khién xe phu hop véi cac didu
kién trong thé gisi thuc vai sai s6 thip nhat.
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