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Tém tdt: Bai bao nay trinh bay phuwong phdp xay dung hé thong diéu hwang tw dong
thong minh cho robot di dong da hudng trong moi truong phang khéng xdc dinh. Cac
nghién ciru su dung cong cu lap trinh la hé dzeu hanh cho robot di dong (Robot Operating
System - ROS). Tur cac thong tin cdp nhdt vé ban d, méi truong hoat dong, vi tri diéu
khién cua robot, va vit can (Simultaneous Localization and Mapping - SLAM) d@é nham
tinh todn quy dao cho robot trong hé thong diéu hwéng t dong tranh cdc chudéng ngai
vat. He th(fng diéu huwong tinh todn quy dao toan cuc va quy dgo cuc by cho robot trén co
s6 vng dung thudt toan Q-learning. Cdc két qua nghién ciru mé phong trong méi truong
Gazebo va dac biét chay thuc nghiém trén robot di dong Turtlebot thdt da cho thd'y tinh
hiéu qua thuc té cia viéc diéu huwong tw dong cho robot di dong nay.

Tir khoéa: Tri tué nhan tao; Didu khién robot di dong; Thust toan Q-learning; Hoc ting cuong.
1. MO PAU

Thuat ngir robot va diéu khién robot ngay nay tré nén thong dung, dang ting bude gan chat véi
cudc sdng hang ngay ciia con ngudi nhu robot phuc vu (robot hut bui, lau nha, néu an, pha ché,...),
robot cong nghiép (cac robot trong cac diy chuyén san xuét), robot trong y té, robot trong linh vue
quan su,... Ky thuat robot 1a mot linh vuc da nganh gom co khi, dién, dién tir, diéu khién ti dong va
cong nghe thong tin. Mdi linh vuc khi nghién ctu déu dong vai trd quan trong trong qua trinh
nghién ctru, thiét ké ché tao robot, [1-4]. Trong nganh linh vuc k¥ thuat didu khién va cong nghé
thong tin, hoc ting cuong (reinforcement learning) 1a mét linh vue con cua hoc may, nghién ctu
cach thire mot tac nhén trong mot moi trudng nén chon thue hién cac hanh dong nao de cuc dai hoa
mdt khoan phan thuéng (reward) nao d6 vé lau dai. Cac thuat toan hoc ting cuong ¢ gang tim mot
chién lugc 4nh xa céc trang thai ciia mdi truong téi cac hanh dong ma tac nhan nén chon trong cic
trang thai do, [8, 9, 11- 13, 15]. M6i truong hanh dong dé diéu khién cho robot thuong duoc biéu
dién dudi dang mot qua trinh quyét dinh Markop trang thai hitu han (Markov decision process -
MDP), va céc thudt toan hoc tang cudng cho ngir canh ndy ¢6 lién quan nhiéu dén cac k¥ thuat quy
hoach dong. Cac xac suat chuyén trang thai va cic xac suat thu lgi trong MDP thu'orng la ngau
nhién nhung lai tinh trong qué trinh cta bai toan diéu khién robot. Khac véi hoc ¢6 giam sat, trong
hoc ting cuong khong c6 cac cap dit liéu vao/két qua dung, cac hanh dong gan t6i wu ciing khong
dugc danh gia ding sai mot cach tuong minh. Hon nita, & ddy, hoat dong truc tuyén (on-line
performance) dwoc quan tim, trong d6 c6 viéc tim kiém mot sy can bang giira kham pha (Ianh thd
chua 1ap ban do) va khai thac (tri thire hién ¢6). C6 hai phuong phép thuong duoc sir dung dé glal
cac bai toan quyét dinh do 1a tim kiém trong khong glan chién luoc va tim kiém trong khong gian
ham gié tri hay con goi 1a “phép lap chién lugce” va “phép lap gia tri”. Hai phuong phap nay chinh
la cac giai thuat hoc ting cuong dac trung. Bén canh do, trong nhing nghién ctru gan day cic nha
khoa hoc dé xuat mot phuong phap két hop giira hai phuong phap trén d6 chinh 1a phuong phap
Actor-Critic learning, [6, 7, 11, 13, 14].

Trong linh vyc diéu khién robot, thuat toan Q-learning thugc nhom phuo‘ng phép dua trén gié
tri (value-based method), nghia 14 thuat toan nay da tim cach tinh toan ham gia tri, r0i tir ham gia
tri dua ra chinh sach t61 wu. Du day la thuat toan dugc cho 1a don gian nhung Q-learning lai 1a
nén tang cua hau hét cac thuit toan hoc ting cuong quan trong sau nay. Trong mdt sO cac nghién
clru gan ddy, ¢ tai liéu [5] céac tac gia chi dung lai van dé ap dung thuat toan mot cach mdy moc
cho bai toan tim duong ngan nhat, ma chua di sdu vao xir 1y cic tinh hudng thyc té trong méi
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truong lam viée rong 16n c¢6 nhiéu yéu t6 bét dinh.

Trong bai bao nay sir dung thuét toan Q-learning dé nham giai quyét bai toan tim dudng di va
tranh vat can (vat can cd dinh, vét can co thé 1a di dong) cho robot di dong trong moi trudng lam
viéc va khong gian hanh dong thyc té.

Phén con lai ctia bai bao dugc td chie nhu sau. Phin thi hai 13 ndi dung nghién ctru; trong d6
¢6 mo hinh duoc dé xuat, tmg dung thuat todn hoc ting cudng Q-learning dé diéu hudng robot di
dong dé tranh chudng ngai vat trong moi truong khong xac dinh. Két qua nghién ctru s& dugc
dua ra trong phan thtr ba. Cudi cling, phan thi tu 13 két luan cia bai bao nay.

2. NOI DUNG NGHIEN CUU
2.1. X4y dung md hinh diéu khién cho robot di dgng da huéng

Robot 1a mot hé co hoc phuc tap, nhiéu
khdi lugng va c6 thé nhiéu bac tu do. Mdi bac ¥
ty do thuc hién mot chuyén dong va duogc
diéu khién boi mot hé truyén dong dién. Hon
nita robot 14 ddi tugng diéu khién chira nhiéu
dong co co6 lién hé rang budc 1an nhau. bé
xdy dung mo hinh hé théng diéu khién cho
robot ta xem xét mot o bot di dong nhu hinh
1 v6i ba banh xe, hai trong s d6 1a banh xe
tiéu chudn 1ai xe nim & phia sau khung va
mot 12 banh xe phia trudc c6 thé lam cho
robot di dong giir thang bang va khong gay ra
bat ky han ché chuyén dong nao dbi voi robot
di dong, [2, 8, 13, 15]. 0

Hai khung toa d6 cé thé duoc st dung dé . . ) )
md ta chuyén dong cua ro bt di dong. Mot 1a Hinh 1. M6 hinh robot di dong da huong.
khung toa do toan cuc (X, Y) dugc xac dinh
trén mit phing thuc té cta robot s& di chuyén va khung con lai 1a khung toa d6 cuc bo (X1, Y1)
duoc xéc dinh trén o bdt di dong. Goc gitra hai khung toa d¢ dugc ky hiéu 1a 0. Chuyén dong cua
robot s& duge xac dinh cho ngin xép diéu huéng. Nhu toa do tong thé duge chon trong hinh 1, &
rang 14 van toc ctia 6 bt chira ba thanh phan: vén tdc thang doc theo truc OX va toe do goc theo
truc OY.

Dé chi dinh vi tri cta r6 bot di dong da huong, toa do P duoc chon trén khung cuia rd bdt 1am
diém tham chiéu vj tri trung tam diéu khién ctia n6. Piém P duoc dinh vi boi toa do (x, y) trong
khung toan cyc ctia toan by moi truong diéu khién robot. Dé mo ta chuyén dong ctia rd bot di
dong 1a cac chuyén dong thanh phan, can phai xac dinh anh xa chuyén dong doc theo cac truc
cua khung hinh cAu véi chuyén dong doc theo cac truc toa dd cua khung cuc bo ma toan by moi
truong diéu khién r6 bbt. Anh xa nay dugc biéu dién dudi dang biéu thirc sau:

X

X | [cos® sing 0] x
Y| |[=|-sind cosd O]y (1)
P 0 0 1)¢6

I
Bing cach xem xét gidi han truot tiéu chudn cua banh xe, yl =0, nghia 12 banh xe khong thé

trugt truc giao véi mit phang banh xe, khi do, ta c6 thé thu dugc:
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—Xsin@+ycosd =0 2)

Biéu thj van tdc chuyén dong X, ciia ro bot di dong da hudng 1a v va tée do quay 6 1a w, khi
d6, dong hoc cua ro bot di dong da hudng tro thanh:

X cos60

v
y|=|sin60 {w} (3)
0 01

Vin téc chuyép dong tinh tién va toc do quay cua ré bdt di dong nhidu chidu c6 mbi quan hé
sau voi van toc thang cua hai banh:
Vi —Vr
2L
Néu xét van toc thflng tai cac banh xe va van tdc goc cua hai banh xe du tiéu chuén thi ta
duoc: VI = WI R va vy =wR. Khi do, ta co thé biéu din van toc goc cua hai banh xe chuin

(4)

1
V:E(vI +Vr), w=

theo van toc chuyén dong tinh tién va toc do quay cua ro bdt di dong da hudng sé 1a:
vV+WwL v—wL
I R R
Béng cach xem xét gia tdc cta ro bdt di dong da hudng trong gidi han toa d¢ lam viéc cuc b
cua nd, thi moé hinh ddng cé theé duge bicu dien nhu [6]:

11
v Rm Rm| &
= (6)
wi Lo L
RJ RJ

trong d6, m va J 1an luot 1 khéi luong va mdé men quéan tinh cia ré bét di dong; R 13 ban kinh
ctia hai banh xe tiéu chuan; L 14 nira khoang cach giita hai banh xe tiéu chuan; 7= /; 22 ]T la
vecto mé-men xoan dau vao tir dong co tic dung dén hai banh xe tiéu chuan, [1- 4].

Muc tiéu 1a day cho 16 bdt di dong da hudng bam theo chwong trinh diéu khién trén co s&
nhan dang va xt 1y dir li€u, thong qua cac thi€t bi nhan dang nhu camera thong minh; cam bién
thong minh va thuat toan di€u khién, sao cho robot di theo cac quy dao nhat dinh trong khong
gian va méi truong lam viéc phi hop véi cac tham sd €k ~ 0, ey K= 0, e =0.

2.2. Ung dung thuit toan Q-learning dé diéu khién robot di dong da huwéng
2.2.1. Phuong phap hoc tang cuong véi thudt toan Q-learning

‘Phuong phap hoc tang cuong voi thudt toan Q-learning 1a mét nhanh cua hoc may duogc phat
trién dé phuc vu cho viéc tinh toan thong minh cho linh vuc khoa hoc k¥ thuét néi chung va trén
phuorng dién dleu khién hoc noi riéng. Noi ma “gia tri hanh dong bang gia tri hién tai cong voi
tong cac gia tri tbi uu trong tuong lai”. V&i Q-learning ndi riéng va hoc tang cuong noéi chung,
thi moi thir dugc chia thanh “trang thai - s’ va “hanh dong - a;” vdi thoi gian dugc bicu thi bang
mot chudi cac bude thoi gian (t =0, 1, 2,...). D6i véi moi truong lam viée lién tuc nhu diéu khién
robot di dong thi viéc dau tién can lam la lugng tir hoa khong gian trang thai dé co cap nhat
S=!9, Sz,...Sm} va lugng tir hda khong gian hanh dong thanh tap A= {al, a,..an}, két qua 1a
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moi trudng tao ra phan thudng h=r(s.a)eR, dé hiéu ro hon ta co so dd twong tic moi

trudong hoc tép nhu hinh 2.

Robot di dong
’ da hudng

Trang thai
St

Hanh dong
at

Moi truong
hoat dong
robot

Hinh 2. So do tirong tdc méi trieong hoc tdp cia robot.

Khi d6, cach Q-learning hoat dong 1a tinh toan va luu gitr gia tri Q trén mot hanh dong va
trang thai cu the, Q(s, a). Tat ca nhiing thong tin, kinh nghiém tich Ily tir nhitng lan tinh toan
trudc do s€ duge ma hoa thanh mot bang danh gia.

Chung ta tinh toan tong phan thuéng thu duge sau thoi gian t 1a Ry duge hoan tra vé nhu sau:

r-t+k

trong 6, 0 <y <1 1a hé sb khéu trir cho cac phan thudng. Gid tri cia y cang nho thi phan thudng
cang dugc chu trong trong khi thyc hién hanh dong. Khi d6, ham gia tri hanh dong (ham Q) duoc
xac dinh nhu sau:

Q'(s,a)=E_ {Rilst =s.3 =2} (8)
trong do, Eﬂ{...} dai dién cho ky vong theo chinh sach ngau nhién. Ham Q"(s,a) dai dién cho
tong phan thuong chiét khau du kién khi ta chon hanh dong a dudi trang thai s va sau d6 chon

hanh dong theo chinh sach . Ham Q dugc mo ta dudi dang cong thirc d€ quy sau:

$)Q7(s'a) ©)

Q" (s,a)= Y Pr(sls,a) r(s,as)+y ¥ z(a'
s'eS a'cA

trong d6, S va A lan luot 1a tip trang thai va tap hanh dong. Tir cong thirc nay, ching ta cé thé
xac dinh rang, ham Q theo chinh sach toi wu &%, tirc 1a ham Q t6i vu, théa man phuong trinh sau,
duoc goi la phuong trinh t6i vu Bellman:

Q'(s.2)=Eg(n+ymaxQ’(s'a (10)

Trong thuat toan Q-learning, bang cach cap nhat lap di lip lai ham Q bang cach st dung (10)
dwa trén cac dit liéu thuc nghiém, ham Q c6 thé dwoc hoi tu ngdu nhién thanh Q*(S, a) vado do,
chinh sich t5i wu c6 thé dugc xéc dinh I3 ham chinh sich d6i véi Q a*=argmax, (s,a) .

Trong thyc té, tac nhan hoc tap clia robot khi di chuyén phai kham pha méi trudng hanh dong vi
ham Q khong dang tin cdy va can phai lya chon hanh dong d€ dugc sir dung mot cach rong rai
nhu mdt chinh sach ngau nhién, khi d6 cho phép dé¢ chon mét hanh dong c6 xac suat cho mot
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trang thai dau vao s. Cu thé hon, chinh sach u s& tham gia Iya chon mdt hanh dong nham t6i da
hoa ham Q & trang thai s voi xac sudt a ciia 1- p, p € [0, 1] va cho phép lua chon mot hanh dong
ngﬁu nhién v&i x4c suét con lai. Khi cac trang thai va hanh dong 1a rdi rac va khac nhau, mot
céch don gian dé biéu dién ham Q 1a sir dung nhu mot bang gia tri cho tat ca cc cap trang thai va
hanh dong nhu sau:

Q(s,a)«Q(s,a) +a.| (r+ymaxQ(s'a’)-Q(s'a’) (11)
a

Trong d6, 0<a <1 la toc do hoc va téc do hoc cang 16n thi dor liéu moi cap nhat cang
nhanh. V6i thuat toan nay, bang Q hoi tu dén ham Q t01 uu trong diéu kién hoi tu cua Xap xi ngau
nhién. Mat khac, vi dleu nay dya trén phuong phap x4p xi ngau nhién, nén can c6 mot sd lugng
dir lidu thich hop cho tat ca cac cdp trang thai (s, a) thay doi.

Trong phuong phap Q-learning dang bang, khi ) 1u'0ng phan tir trong trang thai hodc khong
gian hanh dong 1a rat 10n hay trang thai hodc khong gian hanh dong la lién tuc, ching ta thudng
biéu dién ham Q dudi dang ham tham s6 Q(s, a; 0) bang cach sir dung cac tham sb 0 va sau do
cip nhat cac thong s6 theo biéu thirc gradient nhu sau:

0<—<9+a(targetQ—Q(s,a;H))VQQ(s,a;9) (12)

O day, “targety” 1a gia tri muc tiéu dya trén phuong trinh Bellman tbi wu (10) va nd duoc tinh
toan nhu sau:

targetQ r(s,a;s")+ ymng(s',a‘;e) (13)

Ham Q duoc cdp nhat theo mét trinh ty nhit quan cta nd. Thuét toan Q-learning 1a mot
phuong phép duya trén cac ham gia tri va tir ham gid tri dua ra chinh sach t6i vu, trong do, gia tri
xap xi ham Q dugc hdi quy vé gia tri myc ti€u, gia tri nay phu thudc vao chinh no. Diéu nay ngu
y rang, gia tri dich thuc thay d6i ty dong khi luat hoc tap dugc cap nhat. Do do, khi mot ham phi
tuyén tinh, chang han nhu mang no-ron duoc sir dung dé xap xi p, qua trinh hoc tap nay tré nén
khéng 6n dinh do cac thay dbi dong hoc trong muc tidu va trong truong hop xdu nhat, ham Q s&
phén ky (theo Sutton va Barto, 1998).

2.2.2. Diéu hwéng robot di dong sir dung thudt todn Q-learning

Trong thuit toan Q-learning gia tri cua céc vi tri diéu khién didu huéng cho robot thuong
duoc cap nhat theo phuong phap vi phan tire thoi, sir dung sai 18ch giita mot budc lap dé ude
lugng, tinh toan ham gia tri Q theo cac biéu thuc (11) ¢ trén. Khi gip cac bai toan diéu
huéng cho robot di chuyén voi nhiéu trang thai khac nhau va hanh dong dich chuyén (sang
trai, sang phai), tranh chuéng ngai vat (vat can di dong, vat can ¢ dinh),... ta chon o = 0,1;
y = 0,95; Lic ndy, robot di chuyén véi nhiéu tinh hudng khac nhau, qua trinh cap nhat bang
Q duoc thuc hién.

Khi bat dau huan luyén thuat toan, dbi tuong s& di mot hodc hai lan sang phai, nhung ngay
khi hanh dong sang trai duoc chon, thi hanh dong nay sé tiép tuc duoc chon ¢ nhitng lan di
chuyén tiép theo boi vi luén nhan dugc phan thuéng khi thyc thi hanh dong sang trai nay.

Muc tiéu cua md hinh trong qua trinh diéu hudng cho robot, 1a giit cho nd trong mot gidi han
cho phép, tirc la + 5 d6. Luc dau, mo hinh robot, ma tran Q, chinh sach 7 s& dugc khdi tao. Co
mot s6 diém quan trong dé thuc hién didu huéng trong qua trinh di chuyén, nhu céac trang thai
khong hitu han. Trong pham vi gidi han, c6 thé c6 hang tram va hang nghin goc cao do, va co
hang nghin cot 1a khong thé xay ra khi cap nhat thuét toan Q-learning. Vi vdy, ta da sap xép cac
gié tri trang thai thanh 20 goc trang thai tir -10 do dén 10 d9. D4i voi gia tri hanh dong, ching ta
dd chon mudi van tc khac nhau va ching 1a [- 200, - 100, - 50, - 25, - 10, 10, 25, 50, 100, 200]
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ms™. Ma tran Q c6 20 cot, mdi cot dai dién cho mot trang thai va mudi hang moi hang dai dién
cho moi hanh dong. Ban dau, céac gia tri Q dugc gia dinh 1a 0 va mot s6 hanh dong ngau nhién
duoc chi dinh cho moi trang thai trong chinh sach n. Chung ta da huén luyén trong 1600 tap, mdi
tap c6 2000 lan lap lai. Vao dau mdi tap day, thi déu duoc md phong duoc lam méi. Bét cir khi
nao trang thai cta robot vugt qua giéi han, né s& bi phat bang cach gan phan thuong cho -100.
Bang Q duogc cap nhat & mdi budc theo biéu thirc (11). Tir d6, ta c6 thuat toan thiét 1ap quy dao
diéu hudng tu ddng cho robot dugc hién thi nhu sau:

Algorithm: Q Learning Algorithm as applied inthe system

Initialize Robot;

Initialize Q Matrix Q;

Initialize Policy

Initialize Penalty Reward pen;

for number of episodes do

Reset simulation ;

Wait for 1-second ;

Pause simulation ;

Read the pitch angle ¢ of the robot ;
state «— ¢ ;

Unpause simulation ;

for number of iterations do
Generate a random number rand;
if rand < v then

| take random action ;

end
else

| take action based on 7 ;
end
statepem ¢ O
Pause simulation;
if absolute value of state, e, = limit then
if rewardi i < Target then
reward < pen;
Update @ :
Update 7;
end
Break ;
else
Print Passed ;
Break ;
end
nd
else

[a]

reward +— 1;
Update @Q;
Update 7 state < state,

end
end

end

Thuat toan Q-learning thyc hién cac tdc nhan hanh dong cho viéc diéu hudng ty dong thong
minh cho robot di dong nham thuc hién cac quy dao d¢ tranh cac vat can dong cling nhu vat can
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tinh trong qua trinh di chuyén cua robot dong thoi tinh ra quy dao ngén nhat cho robot di chuyén
dén dich voi mot duong di nhanh nhat.
3. KET QUA MO PHONG VA THUC NGHIEM

3.1. Nghién ciru mé phéng

V6i thuat toan da nghién ciru va d& xuét & phan hai nhu trén tién hanh nghién ciru mét sé6 mo
phong dugc tién hanh dya trén cong cu moéi truong Gazebo. Hinh 3 trinh bay két qua hoc tap
trong moi truong moé phong Gazebo. Nhu ching ta c6 the thay, phan thudng trung binh cia robot
trong moi tdp day khong ngung ting 1én khi qua trinh dao tao tiép tuc. Robot s€ hoc dugc kién
thirc vé moi truong thong qua viée tuong tac voi moi truong. Cudi cung, robot cd thé diéu hudng
dén dich mot cach nhanh chéng va ty chu trong ca moi truong don gian va phirc tap ma khong co
bat ky nhimg va cham nao voi cac chudng ngai vat. Cac nghién ctru thir nghiém cho thay tinh
hiéu qua ctia md hinh ma céc tac gia da dé xuat.

6

Average Reward

0 - = =« Moi truong don gian
=—— M0i truong phuc tap

0 200 400 600 800 1000 1200 1400 1600
Training episodes

Hinh 3. Két qud phan thiéng trung binh ciia qud trinh hoc tdp.

Trong phé”m nay, mot s6 mo phong duoc thuc hién dua trén cong cu mé phong trong moi
truong Gazebo. Nhu trong hinh 4 cho thay, ban do duoc xdy dung trén Gazebo 1a ban d6 dugc
tao ra voi cac buc tuong nghiém ngit va mot robot di dong mau xanh 1a cay co thé duoc didu
khién dé di chuyén xung quanh cac chudng ngai vit ¢ dinh tao bdi canh cho cac chuyén dong
ctia robot duoc st dung dé xay dyung ban d6 hanh dong ctia robot di dong.

Hinh 4. Xdy dung ban do truc quan va mé hinh mé phong robot trong Gazebo.
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Céc dudong mau xanh sam thé hién dudng di ciia robot khi tranh chudng ngai vat dugc tao boi
cam bién théng minh, camera thong minh va vi tri hién tai cta robot dugc cap nhat (robot di
dong dugc ky hi¢u bang mau xanh 1a cay) bang cach str dung kich thudc do hinh hoc. Day la mot
cdng cu tryc quan co thé cung cp cap nhat truc tlep céc ban do duoc tao tir thuat toan SLAM dé
diéu khién robot di dong. Hon nita, quy dao chuyén dong cuia robot di dong da hudng trong ban
dd ciing co thé tu dong didu hudng va trong modi truong nay ludn c6 thé tao ra cac chudng ngai
vat, nhu trong hinh 4 dé cho robot di chuyén dén dich an toan.
3.2. Nghién ciru thwe nghiém

Sau day, tac gia di vao nghién ctru mé hinh robot di dong da hudng: voi kién triic phan cimg
thuc té cua robot nay dugc thé hién nhu hinh 5, trong do, mdi module phén cung s€ thuc hién
mét sd nhiém vu trong chudi cac hoat ddng cua robot di dong da hudng nay: chéng han nhu tim
duong, vuot chudng ngai vat,...

Trong céc thir nghiém, cac tac gia thyc hién mot sd nghién ctru trong hoat dong ctia robot di
dong da huéng, nhu sir dung may tinh nhing Raspberry Pi 3 Model B+ hd tro Ubuntu. Viéc 1am
nay nham tryc tlep xu ly thong tin tor mét loat cac cam bién thong minh, camera thong minh
Astra va cam bién théng minh, sau d6 truyén 1énh dén mot bo vi diéu khién thong minh. Dé ghi
lai hinh anh tir méi trudng cling nhu do khoang cach giira robot di dong da hudng va cac vat can
khong xéc dinh, robot di dong dugc trang bi Rplidar dugc dét & trén cung dé quét 360 do cac gia
trj dén vat can mdi truong xung quanh. Va pham vi quét laser trong vong 15 m tao ra dit liéu ban
d6 dugc sir dung cho qua trinh 1ap ban db. Mach diéu khién vi xtr 1y thong minh s& 12 bo phan
nhan tin hiéu diéu khién tir Raspberry Pi 3 Model B+, sau d6 dwa tin hiéu dén mach ciu
MOSFET dé van hanh hai dong co.

Hinh 5. M6 hmh robot Turtlebot dz dong da huong.

Tién hanh thuc nghiém vai robot Turtlebot di dong da hudng thuc té vao méi trueong thuc,
d6 1a moi truong duge sir dung dé thir nghiém thuc té. Méi trudng & ddy bao gém cac chudng
ngai vat 1a cac chau hoa dugc dat tai cac vi tri khac nhau, c6 khoang cach bat ky dé tao ra moi
truong that dé robot di chuyén. Mot ngudi di chuyén 1am vat can di dong bat ky tai vi tri ndo trén
mit phing sin, robot dugc dit trong mit phing nhu hinh 5, hinh 6. Puong di cua robot s& dugc
day truéc thong qua may tinh, mang Wifi va robot Turtlebot thuc t& dya trén thuat toan Q-
learning va thudt toan SLAM. O ddy chu yéu 1a mot cong cu truc quan héa c6 thé cung cip cac
ban cdp nhat truc tiép ctia cac ban dd dugce tao tir cac thuat toan SLAM va Q-learning. Hon nita,
quy dao cua robot trong ban dd ciing c¢6 thé duoc hién thi trong méi trudng thuc té ma qua trinh
dao tao va day, nhan dang dé robot biét dugc trong qua trinh tranh chudng ngai vat mot cach
thong minh va hoan hao.
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Hinh 6. Xdy durng ban dé trwec quan va mé hinh mé phong robot trong Rviz.

Két qua thu duoc nhu hinh 6, quy dao chuyén dong toan cuc ciia robot duoc thé hién trén ban
dd hoa trong moi ca moi truong Rviz (¢ hinh nay, phia bén phai la giao dién theo doi chuyén
dong cua robot trén Rviz va thuc té). Két qua cho thay, robot di lap quy dao ban dd duong di
mot cach toi vy, va & day, qua trinh di chuyén hoan toan tranh dugc cac chudng ngai vat c¢b dinh
dua trén ban do da thiét 1ap. Khi gap chudng ngai vat (khong xac dinh) khong co trong qua trinh
tao cua ban dd hoéa, thi robot s& lap quy dao chuyén dong mt cach cuc bo va diéu hudng thong
minh. Khi d6, quy dao di chuyén la dudng mau d6 thay ddi dé robot c6 thé di chuyén vong ra sau
ngudi dang di t6i, dam bao viée robot ¢6 thé tranh vat can (dong) va van giit nguyén xu hudng
chuyén dong di t6i vi tri dich nhu hinh 6. Két qua hinh 6 cho thdy, robot tranh dugc ca chudng
ngai vat di dong (1a nguoi khi dang dén gan robot).

Nhirng két qua nay mang lai loi ich thyc tién cao, c6 thé thuc hién hau hét trén cac robot trong
cong nghiép, robot di dong trong giao théng, trong y té va robot ty hanh trong cac nha may xi
nghiép cong nghiép.

4. KET LUAN

Trong bai bdo nay, cic tac gia di xdy dung hé thdng diéu huéng théng minh cho robot di
dong da hudng trong mdi trudng phing khong xdc dinh, str dung cong cu la ROS dé 1ap trinh
diéu khién. Tir cac thong tin vé ban d6, moi truong, vi tri hoat dong cua robot, va vat can
(SLAM) két hop thuat todn Q-learning dé tinh toan quy dao chuyén dong cho robot trong hé
thdng diéu huéng thong minh nay. Cac két qua mo phong va thuc nghiém trén robot Turtlebot da
cho thiy tinh hiéu qua thuc té cua hé théng diéu hudéng tw dong cho robot ma céc tac gia di xay
dung. Hudng phat trién ctia van dé nghién ctru 1 mong mudn, s& dugc thuc hién ap dung trén
mot s6 loai robot thuc té trong linh vuc cong nghiép va doi sdng.

Loi cam on: Nghién ciru nay duoc ho tro boi nhom nghién ciu Al “CHD” cia Khoa Dién, Truong
Dai hoc Kinh té - Ky thuat Cong nghiép; So 353 Duong Tran Hung Dao, Phwong Ba Triéu, Thanh pho
Nam Dinh. http://www.uneti.edu.vn/.
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ABSTRACT

AUTOMATIC NAVIGATION FOR MOBILE ROBOT TO AVOID OBSTACLES
IN UNKNOWN ENVIRONMENT BASED ON Q-LEARNING ALGORITHM

This article presents a method to build an intelligent automatic navigation system for

multi-directional mobile robots in an unknown flat environment. The studies using
programming tools are the operating system for mobile robots (Robot Operating System -
ROS). From updates on maps, operating environment, robot control position, and
obstacles (Simultaneous Localization and Mapping (SLAM)) to calculating the trajectory
of the robot in the navigation system automatically avoids the obstacles. The navigation
system calculates the global and local orbit for the robot based on the application of Q-
learning algorithm. The results of simulation studies in the Gazebo environment and
especially the experimental run on the real Turtlebot mobile robot have shown the
practical effectiveness of automatic navigation for this mobile robot.

Keywords: Artificial intelligence; Mobile robot control; Q-learning algorithm; Reinforcement learning.
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