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Toém tat

Bai bao 4p dung thuat todn Q-Learning vao huén luyén xe ty hanh va tranh va cham véi chudng ngai vat. Hién nay xe
tu hanh 12 loai xe dang duoc rat nhidu cong ty tham gia nghién ciru va mong mudn san xuit dua vao thyc tién sir dung.
Q-Learning (Watkins, 1989) 1a mét hinh thitrc Hoc ting cudong khong cAn mé hinh va c6 thé duogc xem nhu 1a mot
phuong phép 1ap trinh dong khong ddng bo (DP). N6 cho phép Tac tir kha ning hoc tap de hanh dong téi wu trong moi
truong c6 thude tinh Markov bang cach trai nghiém két qua ciia hanh dong, ma khong can phai xay dung mo hinh xac
sudt. Bai bao nay trinh bay qua trinh xdy dung chuong trinh md phong hé théng xe ty hanh dwa vao thudt toan Q-
Learning. Két qua cho thiy thuat toan Q-Learning thanh cong trong viéc xdy dung mot ki thuat tu huin luyén dé thich
nghi véi yéu cau nao do.
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Abstract

This paper applies Q-Learning algorithm to training a self-driving cars (SDC) model to avoid moving obstacles.
Currently, SDC is one of the trendy fields that many companies do research to produce and put into practice. Q-
Learning (Watkins, 1989) is a form of model-free reinforcement learning (RL). It can also be viewed as an
asynchronous dynamic programming (DP) method. It gives agents an ability to learn how to act optimally in Markov
environment by experiencing the results of the action, without building problem model maps. In this work, we build a
self-driving car simulation program based on the Q-Learning algorithm. The results show that Q-learning can
successfully equipt an agent to self-train for achieving some target.
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1. Gigi thi¢u

Hoc may nghién ctru cach thirc dé mo hinh
hoa bai toan cho phép may tinh ty dong hiéu,
xtr 1y va hoc tir dir liéu dé thyc thi nhiém vu
dugc giao ciing nhu cach danh giad gitp ting
tinh hi¢u qua. Dudi goc nhin cuia tri tué nhan
tao, dong luc chinh cua hoc may la nhu cau thu
nhén tri thirc. That vay, trong nhiéu truong hop,
kién thirc chuyén gia khan hiém hodc tién do
thuc hién cham vi mot sé nhiém vu can dua ra
quyét dinh nhanh chéng duya trén xtr ly dir lidu
khéng 16 va thiéu 6n dinh din dén viéc budc
phai dung dén may tinh. Tom Mitchell, gido su
noi tiéng ctia Pai hoc Carnegiec Mellon
University - CMU dinh nghia cu thé va chuén
muc hon vé hoc may nhu sau: "MOt chuong
trinh may tinh dugc xem 1a hoc céch thyc thi
mot 16p nhiém vu thong qua trai nghiém, ddi
v6i thang do niang luc néu nhu dung ning luc ta
do thdy niang luc thuc thi ctia chuong trinh ¢6
tién bo sau khi trai qua trai nghiém (mdy da
hoc)” [1]

Reinforcement Learning (RL) 1la mot 16p
phuong phap thudc hoc may, mot linh vuc cta
tri tué nhan tao, c6 thé trang bi cho mot Tac tir
(c6 ning lyc tinh toan va ra quyét dinh hanh
dong dé thay doi trang thai hién c6) mot kha
ning tu thu nhan thong tin, ty huan luyén dé két
hop céc hanh dong thanh mot chudi nham dat
duoc muc dich nao do6. Trong cac ki thuat RL,
Q-learning 1a mot giai phap dugc wa chudng
d6i v6i nhing bai toan c6 mién trang thai roi
rac, khong can xdy dyng mo hinh xic suét
chuyén doi giira cc trang thai. Bai bao nay s&
trién khai Q-learning cho mé hinh xe ty hanh
trong nd luc di chuyén khong va cham véi cac
chudng ngai vat chuyén dong[1].

Céc bai toan lién quan dén xe tu hanh duoc
quan tim kha nhiéu trong thoi gian gan day du
lan dau duoc dé xuit giai quyét rat 1au trude do,
vao nam 1925, bdi Francis Houdina [3]. Ong da
st dung khai niém thuat ngtr “a radio-

controlled car” (mot chiéc xe didu khién bang
song radio). Tuy nhién né da khong dugc thanh
cong nhu mong doi. Sau d6 dén nam 1969 John
McCarthy da dua ra khai niém ty tri va dat tén
& ROBO-CHAUFFevo [4]. Ong 13 mot trong
nhiing nguoi sang lap tri tu¢ nhan tao, 6ng da
dua ra thuat ngit ‘O to didu khién bang may
tinh’. Y tudng cta ong nhic dén mot chiée xe
c6 kha ning ty dong diéu hudng qua cac con
duong bang cach sir dung cing mot goc nhin
nhu con nguoi c6 dugce khi lai xe.

Céc nha khoa hoc va cac nha san xuét xe 6
t6 bit dau tiép can bai toan, vao nim 2003
Toyota di ra mét Prius hybrid [5]. Chiéc xe sir
dung cac cam bién (sensor) va camera hoat
dong tdt dé hoat dong trong cac bai dd xe tu
dong didu nay mang lai niém phan khich 16n.
Xu hudng sau d6 duge tiép ndi boi BMW ciing
nhu cach nay hé thong d6 xe ty dong. Tiép do
la sy ra doi cia Tesla Autopilot vao nam 2015
va Gm Super Cruise — 2017 duogc hd tro tu
dong voi hé thong phanh, kiém soét toc do va
thay doi lan duong 1am gia ting su thoai mai
cia nguoi lai va hanh khach [6]. Va héang
Google mong muén s& ra mat mot chiéc xe tu
hanh thuc sy vao 2021, hoan toan khong can sy
tuong tac cia con ngudi [5], hra hen mang lai
su tha vi va thoa man cho viéc trai nghiém sau
rat nhiéu nim nghién ctru.

Trong bai b4o nay, ching t6i quan tim dén
van dé van hanh chuyén dong cta xe. Bai toan
cu thé dwoc md phong gidng nhu xe dugc
ngudi diéu khién, khong gian quan sat duoc 1a
ving han ché trudc miii xe. Trong qua trinh di
chuyén néu nguoi 1ai xe phat hién chudng ngai
vat thi diéu khién xe sang trai hodc sang phai dé
tranh chudng ngai vat. Trong truong hop xe di
qua doan dudong cong thi ngudi lai xe diéu
khién xe di theo chiéu cong ctia duong dé tranh
va vao lé.

Pé mo phong y tudong trén ching toi xay
dung hé thdng gdm xe, bdn chudng ngai vat va
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duong bién gidi han. Bén chudng ngai vat
chuyén dong theo mot duong tron véi ban kinh
dinh trude. Puong bién 1a duong gidi han pham
vi chuyén dong cua xe. Xe dugc phép lua chon
mot trong ba hanh dong doé la: di théng, ré trai
va r& phai. Xe s& ty hudn luyén chuyén dong
sao cho khong va cham vao chudng ngai vat va
duong bién.

2. Co so Iy thuyét

2.1. Thugc tinh Markov [2]

Trong bai toan quyét dinh Markov, Téc tir ra
quyét dinh do mdt tin hiéu tir méi truong goi 1a
trang thai ciia moi trudong. Ta dinh nghia thudc
tinh moi1 truong va cac tin hi¢u trang thai cua
chung 1a thudc tinh Markov.

Trang thai duoc hiéu 1 bat ctr thong tin gi
c6 ich voi Tac tir, gia thiét trang thai duoc dua
ra boi mot s6 hé théng tién xur Iy coa moi
truong. Dé don gian biéu thirc toan hoc, ching
ta gia su tdp céc trang thai va cac muc ti€u la
httu han. Quan sat cich thuc mot mdi truong
tong quat co thé dép ung tai thoi diém t+1 d6i
v6i hanh dong duogc thuc hién tai thoi diém t.
Trong hau hét cac trudng hop, nguyén nhén cia
sy dap ng ndy c6 thé phu thudc vao moi thir
da xay ra trudc d6. Khi d6 bién dong cia moi
truong c6 thé duogc dinh nghia bang cach dic ta
xac suit phan bd kha nang nhu sau:

Pr{st+1 =S, 1, =TS, a,0,S 1,8 .05 ao} (1)

voi moi s’, ¥ va moi gia tri co thé cua cac su
kién trudc St’ a[,rt,st _1,8.[ g ’rl’SO’ aU

Néu tin hiéu trang thai c6 thudc tinh Markov
thi dap ung ctia moi trudng tai thoi diém t+1
chi phu thudc vao trang thai va hanh dong tai
thoi diém t, trong trudng hop nay, bién dong
ctia mdi trudng duge thé hién qua ham:

Pr{st+1:s,|rt+1:r|s,a[} ()

No6i cach khac, mot trang thai c6 thudc tinh
Markov (Ia mot trang thai Markov) khi
va chi khi gia tri ¢ hai biéu thic (1) va
(2) bang nhau véi moi s, r VA

Sir QS 0B gy ,rl,so,an. Trong

truong hop nay moi truong cling dugce goi 1a co
thudc tinh Markov.

Néu mot méi truong ¢ thude tinh Markov
thi bién dong tai mdi budc cia né s& cho phép
dy doan trang thai va muc tiéu ky vong tiép
theo dugc dua ra tu trang thai va hanh dong
hién tai. Bing cach lip phuong trinh (2) nay,
ching ta c6 thé du doan tat ca cac trang thai va
muc tiéu ky vong trong tuong lai ma chi voi

kién thire tur trang thai hién tai trong thoi diém
hién tai. Cac trang thai Markov cung cép kha
ning t6t nhat cho viéc lya chon hanh dong, khi
d6 chinh sach tét nhat cho viéc lwa chon hanh
dong s€ 1a ham ctia mdt trang thai Markov.

Nhiéu truong hop trong RL khi tin hiéu
trang thai khong c6 thude tinh Markov, chung
ta ciing s& x4p xi trang thai nay thanh trang thai
Markov vi chiing ta luén mong mudn trang thai
1a tot dé du doan ham muc tiéu cling nhu viéc
Ira chon hanh dong trong twong lai. Véi tt ca
nhitng 1y do d6, cach t6t nhét 1a xem trang thai
tai mdi budc thoi gian nhu 1a mot xap xi cua
trang thai Markov.

Thudc tinh Markov 1a rat quan trong trong
cac bai toan quyét dinh Markov vi cac quyét
dinh va céc gia tri dugc gia thiét chi 12 ham phu
thugc vao trang thai hién tai. Gia thiét nay
khong c6 nghia 1a 4p dung hoan toan cho moi
tinh huéng RL ké c4 nhitng tinh hudng khong
thoa mian Markov. Tuy nhién ly thuyét phét
trién cho cac thudc tinh Markov van giup chiing
ta c6 thé hiéu duoc hanh vi cua céac giai thuat
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RL va cac giai thuat thi vin c6 thé ap dung
thanh cong cho moi nhi€ém vu véi cac trang thai
khong théa man Markov.

Vi gia thiét nhu vay, twong tac gitta Tac tir
va méi trudng c6 thé duoc md hinh dudi dang
bai toan quyét dinh Markov. Viéc tim kiém
sach Iuge diéu khién téi wu trong cc bai toan
quyét dinh Markov twong ng voi nhimg tiéu
chi t6i wu khac nhau dan téi viée xay dung céac
phuong trinh t6i wu Bellman va cac thuat toan
quy hoach dong. Thong thuong, phuong phap
quy hoach dong dung dé giai cac phuong trinh
t6i wu Bellman khi biét cac thudc tinh thong ké
cua moéi truong. Khac véi quy hoach dong,
phuong phap RL tim kiém truc tiép cac chinh
sach quyét dinh t6i wu tir cac gia tri phan hoi
thu nhan dugc trong cac qua trinh twong tac voi
moi truong va trang thai cua moi truong.

2.2. Quy trinh quyét dinh Markov

Mot quy trinh quyét dinh Markov [2] 1a mot
tap gobm 5 thanh phan dir
(S,AP(,),R(,),7) . Trong do,

-S 1a mot tap hitu han céc trang thai;

ligu:

- A la mét tdp hiru han cic hanh dong
(ngoai ra, A(s) la tap hitu han cac hanh dong
o san tir trang thai S);

p(s’|s, a)="Pr(s,, =
la xac suat thuyc hién hanh dong a trong trang
thai s tai thoi gian t s€ dan dén trang S' tai thoi
gian t+1;

s',s, =s,a =a)

- 1(s,a,S") 1a phan thuéng tryc tiép (hodc
phan thudng truc tiép mong doi) nhan dugc sau
khi chuyén tiép sang trang théi s' tir trang thai s
néu thuc hién hanh dong a;

- 7€[0,1) 1a hé sb chiét khau, s& dai dién
cho su khac biét quan trong giita cac phan
thuong tuong lai va cac phan thuong hién tai.

Bai toan c6t 161 cia quy trinh quyét dinh
Markov @6 1a tim mot “chinh sdch” 7 ma xac
dinh phuong thtrc lga chon hanh dong khi ¢
trong trang thai s goi 1a 7(S) sao cho tbi da
hoa ham tich lity cac phan thuéng ngiu nhién:

t .
Z]/ rat (S;1S;,1) (trong do ta
t=0

chona, = 7(s,)) (3)
2.3. Phwong phdp Hoc ting cuong

Phuong phap Hoc ting cuong [2] (RL) la
mot linh vyc con ctia hoc may, nghién ctru cach
thirc mot tdac tw trong mot moi trueong nén chon
thuc hién cac hanh dong nao dé cuc dai hoa
mot khoan thwdng nao d6 vé 1au dai. Cac thuat
toan RL c¢d ging tim mét chinh sdch anh xa
CAC trang thdi cua thé gidi t6i cac hanh dong
ma Tdc tr nén chon trong cac trang thai do.
Mbi truong thuong duoc biéu dién dudi dang
mot tdp cac trang thai hiru han, va cac thuat
toan RL cho ngit canh nay c6 lién quan nhiéu
dén cac k¥ thuat quy hoach dong. Khac vai hoc
c6 giam sat, trong RL khong c6 cac cap dur ligu
vao/két qua dung, cac hanh dong gan ti uu
cling khong dugc danh gid ding sai mot cach
tuong minh. Hon nira, & day hoat dong duoc
quan tim, trong d6 viéc tim kiém su can bang
gitta kham pha (trang thai chua trai nghiém) va
khai thac (trang thai da biét).

MGt cach hinh thirc, m6 hinh RL bao gém:
Tap cac trang thai ciia moi truong S, tdp cac
hanh dong A, tap cac khoan "thuong" R véi gid
tri vo hudng va Téac tir (agent), mdt chuong
trinh may tinh hoat dong nhu mot ddi tuong
trong thé giéi thuc.
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Hinh 1. M6 hinh RL [2]

Cu thé, Tac tir trong tac v6i moi trudng &
mot chudi cac budc thoi gian  roi
rac, 1=0,1,2,3,... O mdi bude thoi gian t, Tac tu
nhan dugc trang thai ciand 13 S, €S va tap céc
hanh dong co thé A(st). N6 chon thyc hién mot
hanh dong & € A(S,) va nhan dugc tir moi
truong trang thai
thuong ri+1.

moi Se+1va mot khoan

O mbi budc thoi gian, Téac tir thuc hién mdt
anh xa tur trang thai dén x4c suét lya chon mot
hanh dong san co. Viéc lua chon nay dugc goi
la chinh sach cua Tac tor va duoc ky hi¢u 7,
hay 7,(a|s) 1a x4c suat ma a: = a néu St=s.
Phuong phap RL chi ra cach Tac tir thay dbi
chinh sach cua né nhu 1a két qua tir kinh
nghi¢m cua ndé hoc dugc. Muc ti€u cua Tac tu
1a toi da tong khoan thudng tich lity nhan duoc
trong thoi gian dai.

Do d6, RL dac biét thich hgp cho cac bai
toan c6 su dugc mat giita cac khoan thudng
ngan han va dai han. RL di dugc ap dung thanh
cong cho nhiéu bai toan, trong d6 c¢6 diéu khién
robot, diéu van thang mdy, vién thong, cac tro
choi backgammon va co vua.

2.4. Cdc thanh phan trong hoc ting cuwong

Ngoai tdc nhan va moi truong, phuong phap
RL con c¢6 cac thanh phan chinh gdom: Chinh
sach, tin hi¢u thuong, ham gia tri va tuy chon
mot mo hinh moi truong [2].

2.4.1. Chinh sach

Chinh sach 1a phuong thirc xac dinh hanh vi
ciia Tac tor & mot thoi diém nhat dinh. Noi
chung, chinh sach 1a mgt anh xa tur cac trang

thai ctia moi truong ddi véi nhitng hanh dong
duogc thuc hi¢n khi ¢ nhitng trang thai do.

O mdi budc thoi gian, Tac tir thuc hién mot
anh xa tur trang thai dén xac suit lya chon mot
hanh dong san c6. Viée lua chon nay dugc goi
la chinh sach cua Téac tir va dugc ky hi¢u 7, hay
z(als) 1a xac sudt ma Ai = a néu Si=s.
Phuong phap RL chi ra cach Téc tir thay ddi
chinh sach ctoa no nhu la két qua tir kinh
nghiém cua no6 hoc duogc.

2.4.2. Ham phan hoi

Trong RL, muc dich hodc muc ti€u cua Tac
tor chinh 14 tin hi€u thudong dic biét tor moi
truong dén Tac tir. O mdi budc thoi gian, gia tri
thuong, hay con goi 1a gia tri phan hoi, 1a mot
s0 thyc I eR. Mot cich khong chinh thic,
muc tiéu cia Téc tir 1a toi da hoa tong gia tri
thuong nhan dugc. Diéu nay c6 nghia l1a viéc
t6i da hoa khong chi dbi véi gia tri thuong tic
thoi ma 1a phan thudng tich liy trong mot thoi
gian dai.

Mugc dich cua Tac tir 1a cuc dai hda cac muc
tiéu dugc tich luy trong tuong lai. Gia tri phan
héi I, dugc biéu dién dudi dang ham sb dbi voi
cac muc tiéu. Trong cac bai toan quyét dinh
Markov, ham phan hi str dung biéu thirc dang
tong. Cac nha nghién ctru da tim ra ba biéu dién
thuong duoc st dung ctia ham phan hoi:

Véi nhiing bai toan nay ta c6 chudi cac hanh
dong 1a vo han. Mot hé sb suy giam v (hé sb
chiét khdu), 0 <y < 1 dugc dua ra va ham phan
héi duoc biéu dién dudi dang tong cua cac gia
tri myc tiéu giam dan:
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1 2
+7/rt+2+7rt+3

G =r

t t+1

Hé sb y cho phép xac dinh mic do anh
huéng cia nhitng budc chuyén trang thai tiép
theo dén gia tri phan hoi tai thoi diém dang xét.
Gia tri cta y cho phép diéu chinh giai doan Tac
tir 1y cac ham ting cuong. Néu y gan 0, thi Tac
tir chi xem xét muyc tiéu gan nhét, gi tri y cang
gan v6i 1 thi Tac tir s& quan tdm dén cac muc
tiéu xa hon trong tuong lai.

Nhu vay, thuc chat bai toan quyét dinh
Markov trong truong hop nay chinh 13 viéc lua
chon cac hanh dong dé 1am cyc dai biéu thic (4).

+...

<k
= 27/ rt+k+l (4)

2.4.3. Ham gia tri

Trong moi trang thai S,, mot Téc tir lva chon
mot hanh dong dya theo mot chinh sach diéu
khién, 7:a = 7(s,). Ham gi4 trj tai mot trang
thai cua hé thong duoc tinh bang ky vong toan
hoc ctia ham phan hoi theo thoi gian. Ham gia
tr1 1a ham cua trang thai va xac dinh muc do
thich hop cua chinh sach diéu khién 7 déi véi
Tac tr khi hé thong dang & trang thai s. Ham
gia tri cua trang thai S trong chinh sach 7 dugc
tinh nhu sau:

v, (s) = E, {Gt |5 = S} =E, Z7krt+k+1‘st =S ()
k=0

Trong d6, E_[.] biéu thi gi4 tri ky vong ctia
mot bién ngiu nhién ma Téc tir theo chinh sach
7 va t 1a budc thoi gian bat ky.

7= {”o (So ) T (Sl ) N1 (SN_l )}

St dung cac phép bién doi:
v, (s) = E.{Gs = s]

[0.0)
k
= Ezr 27 rt+k+l| St: S
k=0

Mot chinh sach tdi wu, ki hiéu 7+, s& 1a cho
gia trj thuong 16n nhat, hay:

Vo (S)2V, () -

e =argmax _ {Vﬁ (S)} (8)

Q,(s.a) = E_{G| s =s3=a}=

Bai toan ti vu bao gdm viéc xac dinh chinh
sach didu khién 7~ sao cho ham gia tri cua
trang thai hé¢ théng dat cuc dai sau mot sb vo
han hoac hiru han cac budc.

, (6)

Pé don gian chung ta viét Vv, =V, .. Ham
gia tri tdi wu ciia mot trang thai twong ng véi
chinh sach t6i wu la:

V.(s)=max_ {v” (s)} -

Pay la phuong trinh tdi wu Bellman (hoic
phuong trinh cua quy hoach dong). Tom lai v _
la ham gia tri trang thai cho chinh sach z. Gia
trj ctia trang thai két thiic thuong bang 0. Tuong
tu, dinh nghia Q_ (s,a) la gia tri cua viéc thuc
hién hanh dong a trong trang thai s dudi chinh
sach diéu khién 7z, duoc tinh bang ky vong toan
hoc cta ham phan hdi bat dau tir trang thai s,
thuc hién hanh dong a trong chinh sach z:

K
E, 27 rt+k+1‘st =Sa=a (10)
k=0
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Q, dugc goi 1a ham gia tri hanh dong cho chinh sach 7. Va cac ham gia tri v_, Q

co thé duoc

a

wdc luong tir kinh nghiém. Déi voi phuong phap Q-learning, cong thire cap nhat duoc trién khai cu

thé nhu sau:

Q(s..a,)« Q(s,a)+a| R, +7maxQ(s,ya.,)-Q(s.a,)| (11)

Vé6i y 13 hé s6 chiét khiu cho gia tri Q cua
budce trude va a 1 hé s6 hoc dé diéu chinh muc
dd t6i wu cua qué trinh hoc. Trong do, ti I¢ hoc
tap a €[0,1] xac dinh cac thong tin méi thu
dugc sé ghi de 1én cac thong tin cii, khi o =1 s&
lam cho Téac tir chi xem xét cac thong tin gan
nhit. Hé sé chiét khiu y €[0,1] x4c dinh tim
quan trong clia cac phan thudng trong twong
lai. Khi y =0, s& 1am cho Tac tir tham lam bang
cach chi xem xét phan thuéng hién tai, trong
khi y gan 1 s& lam cho Tac tir phdn du cho
mot phan thudng cao dai han.

3. Thuc nghiém va két qua

Nhom chiing t6i da trién khai bai toan bang
phuong phap Q-learning theo cac budc nhu
sau: Xay dung bd trang thai, xac dinh tap hanh
dong, khoi tao bang Q.

3.1. Xay dung chwong trinh thuc nghiém.

Trong hé théng nay chung t6i xdy dung
chuéng ngai dong va chudng ngai vat tinh.
Chuong ngai vat dong la bon vat thé chuyén
dong quanh duong tron ¢ ban kinh cho trudc.
Chuyén dong ctia chudng ngai vat c6 thé tiy v,
viéc chon Chuyén dong tron chi nham tranh tinh
hubng cac chudng ngai vat nay va cham véi
nhau. Chudng ngai vat tinh la cac duong bién
gidi han, ngoai ra, dé xac dinh trang thai xe co
va cham vao chudng ngai vat hay khong. Khi
xe di chuyén néu dau xe cham vao mot trong
cac chudng ngai vat dugc xem la va cham.

3.1.1. Xay ding bé trang thai va ham phan héi
tuwong ung

Viéc danh gia va t6 chirc dang bo trang thai
cho hé théng 1a viéc lam rit quan trong, né
quyét dinh dén viéc thanh cong va thét bai khi
trién khai hé théng va nd giam sy phu thudc

ctia hé thong vao mdi truong. Trong bai toan
nay néu chung toi chon bg trang thai 13 toa do
cua xe va toa do cua chudng ngai vat thi viéc
thay khong gian hodc bd sung chudng ngai vt
s& anh huong dén két qua huin luyén. Do do,
chiing tdi xac dinh bo trang thai cta hé thong 1a
bd trang thai ctia cac sensor. CAc sensor nay
nhan gia tri 1 va 0 tng véi trudong hop do duoce
tin hiéu chudng ngai vat ¢ gan va khong co tin
hiéu. Hinh 3 m6 t4 mé hinh vat ly cua viéc
huén luyén xe ty hanh, bao gém nam sensor
trang bi trudc miii xe. Néu mot phan nao d6 cua
mot chudng ngai vat nam trong tam phat hién
cta sensor (doan ndi cac diém tron voi xe) thi
gia tri tra vé ctia sensor 1a 1, nguoc lai 1a 0.

Hinh 3. M6 hinh vat Iy hé thong xe tu hanh

Dé xay dung bo trang thai trén khong gian
nhiéu chiéu chung t6i xay dung bo trang thai
trén cac tap khac nhau. Trang thai s dugc xéc
dinh: s(u, v, X, y, z) trong d6 u, v, x, y, z €{0,
1}, tmg vadi 5 sensor chudng ngai trén xe, voi
hai trang thai 1a c6 phat hién chuéng ngai (gia
tr1 1) va khong phat hién chudng ngai (gia tri
0). Trang thai s va s’ trong cong thie (11) s€ 1a
s(ttd(1), (ttd(2), ttd (3), ttd(4), ttd(5)) (trang thai
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cua hé théng trugc khi thyc hién hanh dong va
s(tts(1), tts(2), tts(3), tts(4), tts(5)) (trang thai
cua hé théng sau khi thyc hién hanh dong) mdt
cach tuong ung.

Trong tap trang thai, Tac tr can biét phan
thuong cho mdi trang thai. D6i voi bai toan
nay, ching toi xay dung hé phan thuéng R am
(phat) néu xe xay ra trang thai va cham voi
chuéng ngai vat. Him phan hoi tra vé gia tri 0
néu sau khi thuc hién hanh dong, dau xe hudng
dén mot ving khong gian khéng co chudng
ngai vat, nghia 1a khong sensor nao phat hién
chudng ngai vat, hay s(u, v, X,y,z)=0=[000
0 0]". Nguoc lai ham phan hoéi nhan gia tri -1
(gia tri phat) néu nhu sau khi thuc hién hanh
dong dau xe khong thoat khoi viung chua
chudng ngai vat, hay s(u, v, X, y, z) #0. Khi c6
va cham, chuong trinh s& dung episode do lai
va bat ddu mot episode méi.

3.1.3. Xay dung hé vdt ly cho bai toan

+ Ham mo ta hoat dong cua xe.

23

3.1.2. Xay dung tdp hanh dong va bang Q

bdi voi hé théng xe tu hanh, dé chuyén
dong, xe thyc hi€én mdt trong ba hanh dong do
la: i thang, ré trai, r& phai. B6 hanh dong duoc
ma hoa thanh ba giad tri twong ung: Gia tri 1
tuong ung cho hanh dong ré€ tréi, gia tri 2 cho
hanh dong di thang va gia tri 3 cho hanh dong
r¢ phai.

Véi 3 hanh dong dugc lua chon trong mdi
trang thai, bang Q s& c6 chiéu twong tng la
(s_num) x (a_num) = 2° x 3. Bang Q thuc chit
12 noi chaa kién thire cia Tac tir sau khi hoc.
Hé thong dya vao két qua luu trong bang Q dé
dua ra quyét dinh thuc hién hanh dong trong
tap hanh dong nham dat duoc muc thudng tbi
da trong dai han. Do 16n ctia bang Q dugc xac
dinh dya vao tich s6 cta sé lugng hanh dong
v6i s6 luong trang thai.

function
if action ==1
GocquayXe=-GocquayXe;
elseif action ==2;
GocquayXe=0;
end
xp (4) =x (4) +GocquayXe*3.14159/180;

xp (2) X (2) + V*cos(xp(4))*dt;
xp(3) = x(3) + V*sin(xp(4))*dt;
xp(l)=x(1)+1;
R = [cos(xp(4)) -sin(xp(4))
sin(xp(4)) cos(xp(4))];
Xe new = R*xe;
xe new(l,:)=xe new(l,:)+xp(2);
xe new(2,:)=xe new(2,:)+xp(3);
end

[xp]=DoAction (action, x,V,dt,GocquayXe, tts)

+ Ham mo ta hoat dong cua cac chudng ngai vat dong

Function Action barr (phi)

end

0] '"*ones (1,5));

0] '"*ones (1,5));

0] '*ones (1,5));

phi=phi/50;

RR = [cos(phi) -sin(phi); sin(phi)
Barrnewl = (barr + RR*[ra

phi = phi+pi/2;

RR = [cos(phi) -sin(phi); sin(phi)
Barrnew?2 = (barr + RR*[ra

phi = phi+pi/2;

RR = [cos(phi) -sin(phi); sin(phi)
Barrnew3 = (barr + RR*[ra

phi = phi+pi/2;

RR = [cos(phi) -sin(phi); sin(phi)
Barrnew4 = (barr + RR*[ra

0] "*ones (1,5));

cos (phi) 17

cos (phi)];

cos (phi)];

cos (phi)1;
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Trong d6: Mang x chura vi tri cua xe trudc
khi thyc hién hanh dong, mang xp chira vi tri
cua xe sau khi thyc hién hanh dong, ra la ban
kinh duong tron ma cac chudng ngai vat quay
quanh, V la van tde xe, va dt 1a bude thoi gian
xe thyc hién hanh dong va nhan phan hoi tir
phan thudng cling nhu su thay doi méi truong.
Chuong trinh tao ra 4 chudng ngai vat hinh chir
nhat Barrnewi, dugc sinh ra tir 4 phép quay hon
kém nhau /2. Cht ¥ rang 4 chudng ngai vat
nay con bi tdic dong boi mot phép quay khac
theo thoi gian dé khong bi dung yén.

3.1.4. Chuong trinh chinh sw dung phuwong
phap Q_Leaning

Céac bude cua thuat toan co thé duoc tom tat
nhu sau:

1. Khoi tao bang gia tri Q, Q(s,a).

2. Quan sat trang thai hién tai s.

3. Lua chon hanh dong a cho trang thai dua
vao mot trong cac chién luge lya chon hanh
dong (e-greedy).

4. Thuc hién hanh dong va quan sat gia tri r
cling nhu trang thai mai s’.

5. Cap nhat gia tri Q cho trang thai st dung
gia tri tdng cuong dugc quan sat va gia tri tang
cudng 16n nhét c6 thé cho trang thai tiép theo
v6i cong thac (11).

6. Thiét 1ap trang thai dén trang thai moi.
Quay lai budc 2 néu sd lan lap t6i da chua dat
dén.

Trong qué trinh huan luyén, khi Tac tir roi
vao trang thai nao thi nhan dugc gia tri phan
hoi cua trang thai d6. Sau d6 chwong trinh thuc
hién ldp lai qua trinh thyc hién hanh dong va ctr
sau mdi budc thuc hién hanh dong thi lai diéu
chinh lai gi4 tri trong bang Q tng véi trang thai
cli va hanh dong vira dugc thuc hién. Xe s€
duoc huin luyén trong nhiéu 1an hoc goi la )
episode. Trong mdi episode, xe dugc phép ra
quyét dinh va nhan phan hoi thay d6i trang thai
nhiéu 1an dé ty thu nhan thong tin va hoc cach
ra quyét dinh dung. S6 lan ra quyét dinh va
nhan phan hoi nay duoc goi la ) step, duogc
xac dinh gia tri trdn boi ngudi 1ap trinh. Tuy
nhién, sb step trong mdi episode co thé it hon
néu qua trinh hudn luyén episode d6 co va
cham xay ra.

3.2. Két qud chay chwong trinh véi Q-learning

Dbi voi moi trudng vat Iy mo phong trén, Tac
tir 1a xe ty hanh s& ty huin luyén ki ning tranh
vat thé bang phuong phap Q-learning mo ta
trong phan 2.3 va 3.1. Céc thong s6 ti 1& hoc va
hé sb chiéc khau duoc chon 1a a = 0.8 va
Y = 0.9. Ngoai ra, ludt lya chon hanh dong
dugc st dung 1a €£-greedy. S6 budc lip steps
dugc thiét 1ap 1a 200 va so lan huan luyén
episode 1a 150. Chuong trinh duoc chay 20 lan,
liy két qua trung binh va biéu dién trong Hinh 3.
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Hinh 3. Két qua huan luyén xe ty hanh

Hinh 3 mo ta két qua huén luyén xe ty hanh,
cu thé 1a s6 step trung binh dat duoc qua timg
episode cua 20 1an thuc hién ngiu nhién. Quan
sat Hinh 3 cho thiy trong 2 episode dau tién, xe
chi di dugc dudi 45 step. Tur episode thir 3 dén
episode thtr 21, kha ning tranh vat thé cua xe
lién tuc duoc cai thién va dat duge sb step cao
dan. Tuy dat duoc mirc step toi da bat dau tur
episode thir 21, mirc toi da nay khong phai luc
nao ciing dat & cac episode tiép theo. Mirc nay
cang lic cang co xac sudt dat cao hon khi
episode tang.

Nguyén nhan dan dén cac két qua trén la: O
nhiing episode dau tién, xe chua c6 kién thic
tranh chudng ngai vat tinh va dong, nén gay ra
va cham rit sém. Luu ¥ rang chuong trinh s&
dimg episode néu xdy ra va cham va van toc xe
1a khong ddi 1a 50m/s. Do d6 sd step thap tng
v6i Hinh 3 cho thay xe khong dap ung tot voi
viéc tranh chudng ngai. Cang huan luyén, nghia
1a g véi cac episode 16n hon, sd step ting cao
dan theo thoi gian. Piéu nay c6 nghia ring mic
du xe di chuyén lién tuc trong méi truong co
cac hudng ngai vat tinh va dong, xe da tu biét
diéu chinh kién thiac hoc hoi duge va ra céc
quyét dinh cang luc cang chinh xac, tranh duoc

cac vat thé. Gia tri step dat bao hoa ¢ mirc 200
v6i xac sudt cao dan cho thiy xe c6 thé van
hanh t6t trong mdi truong phic hop va dat
dugce sd step toi da trong cac 1an huén luyén vé
sau. Két qua nay chimg to rang giai thuat da
dugc cai dat thanh cong. Vi su trang bi giai
thuat Hoc tang cuong Q-learning, xe tu hanh da
6 thé ty huin luyén dé dat duoc ki nang tranh
vat thé tinh va dong.

Mot diém luu ¢ nita 13 véi hé vat Iy moi
truong duogc xdy dung phirc tap, van toc xe 1a
cao va khong doi, goc quay ctia xe chi gidi han
trong ba lya chon, xe thinh thodng roi vao
nhitng tinh hudng khong thé tranh duoc va
cham. D6 1a 1y do & cac episode 16n, van ton tai
va cham sém trudc khi sb step 16n nhét duoc
dat toi.

4. Két luan

Bai bdo da tng dung dugc phuong phap Hoc
ting cuong va thuat toan Q-learning dé xay
dung xe ty hanh, xay dung chuong trinh hoan
chinh ap dung cho giai thuat Q-learning. Trong
thuc té, xe tu hanh khong hoan toan dugc huin
luyén theo kiéu ty rat kinh nghiém trong moi
truong vat ly thuc vi cac va cham co thé dan
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dén hong hoc ngay lap tic. Thay vao d6, mo
hinh mé phong duoc xay dung, huan luyén xe
trong moi truong md phong va sir dung kién
thirc nay cho Tac tir trong mdi trudong thyc. Do
d6, chuong trinh mo phong va két qua co y
nghia nhat dinh dbi v6i vin dé xe tu hanh thuc
té. Két qua chay chuong trinh do nhém xay
dung cho thiy tinh dung dén cua giai phap Q-
learning 4p dung vao vi¢c xay dung mot Tac tir
tu hanh c6 kha nang tranh dugc cac vat thé tinh
va chuyén dong.
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