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This paper presents a study on controlling automotive robots applied
in industry, civil, etc. for intelligent navigation in unknown
environment on the basis of Q-Learning algorithm. The programming
tool is the operating system for the robot ROS (Robot Operating
System) and performs automatic intelligent navigation for the robot
with the process of locating the robot in a flat environment and
mapping (called SLAM-Simultaneous Localization and Mapping).
Research results using ROS programming tool, in Gazebo
environment. The information is updated from the map, operating
environment, control position of the robot, and obstacles to calculate
the trajectory for the robot in the automatic navigation system. The
goal is to safely avoid the obstacles without encountering any
obstacles along the way.
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Diéu hudng théng minh

Bai béo trinh bay nghién cau vé van dé diéu khién robot ty hanh tng
dung trong cong nghiép, trong dan dung,v.v... dé diéu huéng théng
minh trong méi truong khong xac dinh trén co s¢ thuat todn Q-
Learning. Cong cu lap trinh 12 hé diéu hanh cho robot ROS (Robot
Operating System) va thuc hién diéu huéng thong minh tu dong cho
robot vai qua trinh dinh vi robot trong méi trueong phang va lap ban
d6 héa (goi la SLAM - Simultaneous Localization and Mapping).
Céc két qua nghién ctu sir dung cong cu lap trinh ROS, trong moi
truong Gazebo. C4c thong tin dugc cap nhat tir ban do, méi truong
hoat dong, vi tri diéu khién cua robot va vat can dé tinh toan quy dao
cho robot trong hé théng didu huéng tu dong. Muc tiéu nham tranh
cac chudng ngai vat mot cach an toan ma khong gap bét ky tro ngai
nao trén dudng di.
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1. Mé dau

Hién nay trén thé gigi cling nhu ¢ Viét Nam nham dap tng cong nghé 4.0 va vai tro cua cac
hé thdng robot thong minh dang chiém linh vi tri quan trong trong céng nghiép, dan dung. Trong
d6, thuat ngir robot va diéu khién robot ngay nay tro nén thong dung, dang timg budc gin chit
Vvé6i cudc sdng hang ngay cua con ngudi nhu robot phuc vu (robot hit bui, robot lau nha, robot
dua hang), robot cong nghiép (céc robot trong cac day chuyén san xuat), robot trong y té, robot
trong linh vuc quén sy, trong giao thong van tai,... Ky thuat robot noi chung, robot ty hanh va
robot di dong nadi riéng la mot linh vuc da nganh gom: co khi, Pién - Dién tu, didu khién tu dong
va cdng nghé thong tin. Pay mot linh vuc thu hut dugc nhiéu sy chd y cua cong dong khoa hoc
boi vai tro quan trong cua n6 trong cugc séng hang ngay ciing nhu trong cong VvigC san XUat va
cac day chuyén ty dong tai cac nha may cong nghiép, noi san Xuat. Robot ti hanh dugc dinh
nghia 12 mot loai xe robot ¢6 kha ning ty di chuyén, tu van dong dé thuc hién tt nhirng cong
viéc dugc giao trong nha kho, trong nha mdy, noi san xuat,... [1]-[5]. Mét trong cac yéu cau co
ban cua robot la ty dong thuc thi cac nhiém vu va kha nang dleu huéng tt trong pham vi véi cac
mdi truong khong xac dinh. Bang cach sur dung nhitng quan sat tich hop tir thiét bi diéu khién dén
moéi trudng, két hop vai ban dbd héa trong ciing mét lac dé didu hudng tu dong cho robot. Viéc
ddng thoi hoa dinh vi ban db cling mot lic 12 mot phuong phap chung c6 lién quan dén viéc trién
khai mot hé thdng robot ty dong trong méi truong khéng xac dinh cho mét robot tw hanh dén
dich mét cach an toan trong toan b hanh trinh cua n6 [6]-[10].

Trong linh vuc ky thuat didu khién va cong nghé thong tin, hoc ting cudng (reinforcement
learning) la mot linh vuc con cia hoc may, nghién ctu cach thic mét tac nhan trong mot moi
truong nén chon thyc hién cac hanh dong nao aé cyc dai héa mot khoan phan thuong (reward)
nao d6 vé lau dai. Cac thuat toan hoc ting cuong cd gang tim mot chién luoc anh xa céc trang
thai ciia mdi truong t6i cac hanh dong ma tac nhan nén chon trong cac trang thai do [3], [5]. Mdi
truong lam viée dé didu khién cho robot thudong duoc biéu didn dudi dang mot qué trinh quyét
dinh Markop trang thai htru han (Markov decision process - MDP) va cac thuat toan hoc tang
cuong cho ngir canh nay co lién quan nhiéu dén cac ky thuat quy hoach dong. Céc xac suat
chuyén trang thai va cac xac suat thu loi trong MDP thuong la ngiu nhién nhung lai tinh trong
qua trinh cua bai toan diéu khién robot. Khac véi hoc ¢6 gidm sat, trong hoc ting cuong khdng c6
cac cap dir lieu vao/két qua dung, cac hanh dong gan téi uu ccling khong duge danh gia dung sai
mot cach twong minh. Hon nita, & day hoat dong truc tuyén (on-line performance) dugc quan
tam, trong d6 c6 viéc tim kiém mot sy can bang gitta kham pha (méi truong thiét 1ap ban dd héa)
va khai thac (tri thac hién co). Co hai phuong phép thuong duoc s dung dé giai cac bai toan
quyét dinh d6 1a tim kiém trong khong gian chién lugc va tim kiém trong khong gian ham gié tri
hay con goi 1a “phép 1ap chién lugc” va “phép lap gié tri”. Hai phuong phap nay chinh 1a cac giai
thuat hoc ting cudng dic trung. Bén canh do, trong nhitng nghién ctu gan day cac nha khoa hoc
dé xuat mot phuong phap két hop gitra hai phuong phap trén, d6 chinh 1a phuong phap Actor-
Critic learning [7], [8].

Trong linh vuc diéu khién robot, thuat toan Q-learning thuéc nhom phuong phap dya trén gia
tri (value-based method), nghia la chung tim cach tinh toan ham gia tri, roi tir ham gié tri dua ra
chinh séch t6i wu. Du ddy 1a thuat toan dugc cho 1 don gian nhung Q-learning lai 1a nén tang cua
hau hét cac thuat todn hoc ting cuong quan trong sau ndy. Trong mot sé cac nghién ctu gan day,
& [6] nghién ctu vé SLAM, ROS, méi chi dirng lai véi robot Turtlebot van dé ap dung thuét toan
mot cach may moc cho bai toan tim duong ngan nhat, ma chua di sau vao xur Iy céc tinh hudng
thuc té trong méi truong 1am viéc rong 16n ¢6 nhiéu yéu té bat dinh. Céng trinh [7] sir dung thuat
toan Q - learning théng thudng va dua ra nhiing han ché co ban dé thuc hién qua trinh diéu khién
robot, chura dé cap dén tranh vat can trén duong di. Cong trinh [8] thyc hién qua trinh diéu hudng
trén co s ROS va da trién khai sir dung viéc tao ban do va dinh vi dong thoi trén co sé (SLAM -
Simultaneous Localization and Mapping).
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Bai bao nghién ctru thuat toan Q-learning dé nham giai quyét bai toan tim dwong di va tranh
vat can (vat can ¢ dinh, vat can di dong) cho robot trong moi truong lam vi€c va khong gian
hanh dong thyc té cho robot tw hanh nham diéu hudng thong minh, thiét 1ap ké hoach duong di
va tranh chuéng ngai vat an toan ma khong xay ra bat ky va cham nao.

2. Noi dung nghién céu
2.1. Xay duwng mé hinh diéu khién cho robot tz hanh

CéAu tric va céc thiét b phﬁn cung duqc su dung minh hoa nhu hinh 1, bao gém cac khdi va
chirc nang nhu sau: kKhung robot dugc thiét ké theo ki€u hinh tron va khoang cach giira hai banh
xe 1a 0,35 m va ban kinh banh xe la 0,065 m.

o X4 X x
Hinh 1. M6 hinh robot tiz hanh ba banh

Phuong trinh dong hoc cua thiét b din dong cia hai dong co chinh (TBDD) viét tai diém A I
trung diém cua doan thang noi tdm hai banh dan dong la:

V= VA — (a)R _za)L)r\-N (1)
o= (g ;\;‘;L)rw @)

Tur (1) va (2), ta c6 cac phuong trinh chuyén dong ciia TBDD viét trong hé toa do tai diém A
va diém C (tdm cam bién do duong):
X, cosp O

) v
Ya|=|Sing O [ } (3)
(0]
1) 0 1
X, X, —@.d.sing
Y. |=| YA+ @.d.cosp (@)
Q @

Céc bo diéu khién bam qity dao duong di robot theo tiéu chuan 6n dinh caa Lyapunov [1], [2]
tuy dap ung tét trong md phong nhung gip han ché trong thuc té vi cam bién do line chi do dwoc
d6 léch ngang (hay e;). Chinh vi thé, bai bdo trinh bay bo diéu khién thiét ké theo dang hdi tiép
tuyén tinh [2], [5]. Phuong trinh cua sai s6 do line nhur sau:
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) V,COoS e, -1 e, v

€ |=|vsine [+| 0 —d-g { } (5)
w

€, ®, 0 -1

Khi TBDD bam theo line, quy dao cia TBDD chi dao dong xung quanh line, do d6, diém can
bing cua h¢ phi tuyén & phuong trinh (5) chinh 13 X, =[e,y €, €] =[000]' véi ddu vao so
khoi la uy, = [Vr @, ]T . Tuyén tinh hoa (5) xung quanh diém cn bang ta duoc:

€ 0 - -V, ]|[e -1 0 y
& |=|-o, 0 v, e2+0—d[} (6)
&| | o o o|e| |0 -1]t“

Trong thuc té, van téc TBDD qua trinh hoat dong 14 khong doi nén e, ~ 0, khi d6, (6) thanh:

&, [0 v ][e] [-d
2= + uu=om 7
€, 0 O0jle| |1

Pao ham phuong trinh thir nhat cua (7) va thé phuong trinh thi hai vao ta duoc:

g, =—dxu—-v, xu (8)
bat: x, =e,,X, =% — U véi f=-d,tacd:

X 0 1 —d
= e T ©
X, 0 0] x -V,

Phuong trinh (9) c¢6 dang X = AX +BU va ma tran diéu khién dugc M = [B AB] c6
det(M) =0 V v, =0 nén hé (9) la hé diéu khién dugc. Dat luat diéu khién hdi tiép u = -K.X
v6i K = [ki ko]. Khai trién luat diéu khién ta duoC'

_k1 6
1+k,d Gt 1+k d°
Luat diéu khién (10) c6 dang lugt dieu khién PD, khi d6 ta co: U=K e, +K €&, voi

u=

(10)

K = ky Ky = -, . C4c hé s6 ki, ko duoc xac dinh dya vao phuong phép toa do diém cuyc -
P 1+k,d 1+k,d

vi tri hoac diéu khién téi vu LQR. Tam van toc tirc thoi cua TBDD véi robot tai thoi diém (i) lan
luot 1a Cogiy va Cagy. GOc léch gitra thiét bi dan dong va robot tai thoi diem (i) la:
%) = Py = Py (11)
Vi TBDD va robot lién két véi nhau qua khop ban 1é tai O nén v, =V, =V, =V, suy ra ban
kinh cua va van téc goc cua robot tw hanh tai thoi diém (i) 1a:

L
C.0. =
Vi _v(i)sm( %)
Oni) C.04 L (13)

2.2. Ung dung thudt todn Q-learning dé diéu khién robot tw hanh
2.2.1. Hoc tang cuwong vai thudt todn Q-learning
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'Phuong phép hoc tang cuong véi thuat toan Q-learning la mot nhanh cua hoc may dugc phat
trién dé phuc vu cho viéc tinh toan théng minh cho linh vuc khoa hoc ki thuat néi chung va trén
phuong dién diéu khién hoc néi riéng.

Robot tu

— ] hanh ba banh

Trang thai
St

Hanh djng
at

Mobi truong
hoat dong
cta robot

Hinh 2. So d6 twong tac véi méi truong hoc tdp cua robot tir hanh

Vi Q-learning ndi riéng va hoc tang cuong noi chung, thi moi thir dugc chia thanh “trang thai
- 8 va “hanh dong - a” voi thoi gian dugc bicu thi bang mét chuoi cac budc thoi gian (t =0, 1,
2, .v.v.). Boi véi méi truong lam viéc lién tuc nhu diéu khién robot tu hanh thi viéc dau tién can
lam 14 luong tir hoa khong gian trang thai dé c¢6 cap nhat S = {81 Sz,...Sm} va lugng tir hda dugce

khong gian hanh dong thanh tap Az{al,az,...an} , két qua 1a moi trudng tao ra phan thuong

. =r(s,,a) € R, dé hiéu 15 hon ta c6 so dd twong tdac méi truwong hoc tap nhu hinh 2.

Khi do, cach Q-learning hoat dong la tinh toan va luu gitr gid tri Q trén mot hanh dong va
trang thai cu thé, Q(s, a). Tat ca nhitng thdng tin, kinh nghiém tich liy tir nhitng lan tinh toén
trude do s€ dugc ma hoa thanh mot bang danh gia.

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

R =3 /h. (14)
k=0

trong d6, 0<y <1 la hé s6 khau trir cho c4c phan thuong. Gia tri ciia y cang nhé thi phan
thuong cang dugc chi trong trong khi thyc hién hanh dong. Khi d6, ham gia tri hanh dong (ham
Q) duogc xac dinh nhu sau:

Q"(s,a)= E_ {Relst =s, a =aj (15)
trong do, E_{...} 1a dai dién cho ky vong theo chinh sach ngau nhién trong khong gian hanh
dong. Ham Q" (s, a) dai dién cho tong phan thuang chiét khau dy kién khi ta chon hanh dong a

dudi trang thai s va sau d6 chon hanh dong theo chinh sach 7. Ham Q dugc mé ta dudi dang céng
thae dé quy nhu sau:

Q% (s,a)= zPr(s

trong do, Sva A Ian luot 12 tap trang thai va tap hanh dong. Tir cong thic ndy, ching ta cé thé
xac dinh rang ham Q theo chinh sach t6i uu z*, tac 1a ham Q toi wu, théa man phuong trinh sau,
duoc goi la phuong trinh toi vu Bellman:

* *
Q (s,a)=Eg{r +ym§1|xQ (s',a'} (17)
Trong thuat toan Q-learning, bang cach cap nhat lap di 1ap lai ham Q st dung ¢ biéu thuc (10)

((s,a,8)+7 > z(a'[s)Q(s", a)J (16)

a'eA
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dya trén dir liéu thyc nghiém, ham Q hoi tu ngau nhién thanh Q*(s, a) va do do, chinh sach tdi
2 * 4
uu c6 thé dugc xac dinh la chinh sach tham vong cia Q :a*= argmaxa(s, a) . Trong thyc teé,

tac nhan hoc tap cua 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 dé duoc str dung mét cach rong rai nhu mét chinh
sach ngau nhién, khi d6 cho phép dé chon mot hanh dong cd xé&c suat cho mét trang thai dau vao
s. Cuy thé hon, chinh sach p s& tham gia lwa chon mét hanh dong nham t6i da hoa ham Q & trang
thai s Vi Xac suat a cua 1- p, p € [0, 1] va cho phép lua chon mot hanh dong ngau nhién vai xac
suit con lai. Khi cac trang thai va hanh dong Ia roi rac va khac nhau, mot cach don gian dé biéu
didn ham Q 1a sir dung nhu mét bang gia tri cho tat ca cap trang thai, hanh dong nhu sau:

Q(s,a) < Q(s,a) +a.| (r+ymaxQ(s'a)-Q(s'a’) (18)
a

Trong do, O<a <1 1a tdc do hoc va toc dd hoc cang 16n thi dir li€u maéi cdp nhat cang nhanh.
V6i thuat toan nay, bang Q hoi tu dén ham Q tdi uu trong diéu kién hoi tu ctia xap xi ngiu nhién.
Mat khéc, vi diéu nay dua trén phuong phap xap xi ngau nhién, nén can c6 mét s lugng dir liéu
thich hop cho tat ca céc cap (s, a).

Trong phuong phap Q-learning dang bang, khi s luwgng phan tir trong trang théi hozc khéng
gian hanh dong 1 rat 16n hay trang thai hoic khong gian hanh dong 12 lién tuc, ching ta thuong
biéu dién ham Q dudi dang ham tham sb Q(s, a; 0) bang cach sir dung cac tham s6 0 va sau do
cap nhat cac thong sé theo biéu thire gradient nhu sau:

0« 9+a(targetQ—Q(s,a;0))V ,Q(s,3;0) (19)

O day, “targety” 1a gia tri muyc tiéu diwa trén phuong trinh Bellman tdi wu (10) va né dugc tinh
toan nhu sau:
targetQ r(s,a;s )+ym§xQ(s ,a56) (20)

Ham Q duoc cap nhat theo mét trinh ty nhit quan cua n6. Thuat toan Q-learning la mot
phuong phap dya trén cac ham gia tri va tr ham gla tri dua ra chinh sach ti wu, trong do6 gi tri
xap xi ham Q dugc hdi quy V& gia tri muc tiéu, gié tri ndy phu thudc vao chinh né. Diéu ndy ngu
y rang gia tri dich thyc thay doi tu dong khi luat hoc tap duoc cap nhat. Do dé, khi mét ham phi
tuyén tinh, chang han nhu mang no-ron dugc sir dung dé xap xi p, qué trinh hoc tap nay tro nén
khong 6n dinh do cac thay d6i dong hoc trong muc tiéu va trong trueong hop xau nhat, ham Q s&
phan ky [3], [4].

2.2.2. Piéu hiréng thong minh robot ti hanh si dung thudt todn Q-learning

Trong thuat todn Q-learning gi4 tri cua cac vi tri didu khién didu huéng cho robot thudong
dugc cap nhét theo phuong phap vi phan tic thoi, st dung sai léch gitta mot budc lap dé woc
lugng, tinh todn ham gia tri Q theo céc biéu thic (18) & trén. Khi gap cé4c bai toan diéu huéng
cho robot di chuyén véi nhiéu trang thai khac nhau va hanh dong dich chuyén (sang tréi, sang
phai), tranh chudng ngai vat (vat can di dong, vat can cd dinh), .v.v. Khi d6 ta chon o = 0,1; y =
0,95; ltc nay robot di chuyén véi nhiéu tinh hudng khéc nhau, lGc ndy qua trinh cap nhat bang Q
duogc thuc hién.

Khi bit dau huan luyén thuat toan, déi tuong s& di mot hoac hai lan sang phai, nhung ngay khi
hanh dong sang trai duoc chon, thi hanh dong nay sé tiép tuc dugc chon & nhiing lan di chuyén
tiép theo bai vi ludn nhan duoc phan thuang khi thyuc thi hanh dong sang tréi nay.

Muc tiéu cua mo hinh trong qua trinh diéu huéng cho robot 1a giir cho n6 trong mot gisi han
cho phep, tirc 1a + 5 do. Lic dau, md hinh robot, ma tran Q, chinh sach = s& duoc khai tao. Co
mét s diém quan trong dé thuc hién diéu huéng trong qua trinh di chuyén, nhu céc trang thai
khéng hitu han. Trong pham vi giéi han, c6 thé c6 hang trim va hang nghin goc cao d6 va co
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hang nghin cot 1a khong thé xay ra khi cap nhat thuat toan Q-learning. Vi vay, ta da sap xép cac
gid tri trang thai thanh 20 gdc trang thai tir -10 d6 dén 10 d. D4i véi gia tri hanh dong, ching ta
dd chon mudi van toc khac nhau va ching la [- 200, - 100, - 50, - 25, - 10, 10, 25, 50, 100, 200]
ms™. Ma tran Q c6 20 cot, mdi cot dai dién cho mot trang thai va mudi hang mdi hang dai dién
cho moi hanh dong. Ban dau, cac gia tri Q duoc gia dinh 1a 0 va mot sé hanh dong ngau nhién
dugc chi dinh cho moi trang thai trong chinh sach . Chung ta da huan luyén trong 1400 tap, mdi
tap c6 2000 lan Iap lai. Vao dau mdi tap day déu dugc md phong duoc lam méi. Bat cir khi nao
trang théi ciia robot vuot qua gidi han, nd s& bi phat bang cach gan phan thuang cho -100. Bang
Q duoc cap nhit & mdi budc theo biéu thie (18). Tir d6 ta c6 thuat toan thiét lap quy dao diéu
hudng tu dong cho robot dugc hién thi nhu hinh 3.

Thuat toan Q-learning thuc hién cac tac nhan hanh dong cho viéc diéu hudng tu dong théng
minh cho robot ty hanh nhim thyc hién céc quy dao dé tranh cac vat can dong ciing nhu vat can
tinh trong qua trinh di chuyén cua robot, ddng thoi tinh ra quy dao ngan nhat cho robot di chuyén
dén dich véi mot dudng di nhanh nhat.

Algorithm: Q Learning Algorithm as applied in the system

Initialize Robot;

Initialize Q Matrix :

Initialize Policy m;

Initialize Penalty Reward per;

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 < n then

| take random action ;

end
else

| take action based on 7 ;

end

state, e, 4 @1

Pause simulation;

if absolute value of state,,c., = limit then
if rewardioiqa =< Target then
reward <— pen;

Update € ;

Update

end

Break ;

else

Print Passed ;

Break ;

end
nd
Ise

T o

reward <— 13
Update @
Update 7w state «+— stale,e.

end

end

end

Hinh 3. Thugt toan Q-learning cho robot ti hanh ba banh
3. Két qua mé phéng
Dé thyc hién qua trinh didu hudng théng minh cho robot ty hanh, tac gia thuc hién trén co s
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thuat toan da nghién ctru va dé xuat & phan hai nhu trén tién hanh nghién cau mot sé mé phong
dugc dya trén céng cu nghién ciru manh mé la Gazebo.

8 1 —— Phin thudng thuc
e Phéin thudng di loc

Average Reward

0 260 4(;0 6(;0 B(I)O 10'00 12'00 1400
Training episodes
Hinh 4. Két qua phan thirong trung binh cua qué trinh hoc tdp

Hinh 4 trinh bay két qua hoc tap trong méi trudng md phong Gazebo. Ta cd thé thiy, phan
thuong trung binh (phan thudng thuc) cua robot trong mdi tap day khdng nging ting 1én khi qua
trinh dao tao tiép tuc. Robot s& hoc dugc kién thirc vé maéi truong théng qua viéc tuong tac véi
moi truong. Cudi cling, robot ¢d thé diéu hudng dén dich mot cach nhanh chong va tu chi trong
c4 mdi trudng don gian va phic tap ma khong co bt ky nhitng va cham nao véi cac chudng ngai
vat. Nghién ciru thir nghiém cho thy tinh hiéu qua ciia md hinh ma tac gia da dé xuat.

Trong phan nay, mot s6 md phong dugc thuc hién dua trén cong cu md phong manh mé va
moi truong trong Gazebo.

b)
Hinh 5. a) Méi truong dao tao Gazebo; b) Bdn do hoa ty 1é tirong irmg diroc thuc hién trong Rviz

a) -. b)’

Hinh 6. a) Mét s6 hanh déng diege dao tao trong méi trwong Gazebo, b) Xay dung ban do tryc quan va
dwong di cua robot trong mai truong Gazebo

a)
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Nhu trong hinh 5 cho thay ban d6 hoa dong thoi dugc xay dung trén Gazebo va trong Rviz 1a
ban db dwoc tao ra véi cac birc tudng nghiém ngat va mot robot ty hanh ¢é thé duoc thuc hién
diéu khién dé di chuyén xung quanh cac chuéng ngai vat cé dinh tao bdi canh cho céc chuyén
dong cua robot duoc sir dung dé xay dung ban d6 hanh dong cua robot ty hanh duoc diéu hudng
mot cach thong minh.

Chuong trinh dugc xay dung cho qua trinh diéu huéng théng minh nhu hinh 6, thé hién duoc
mot s6 cac hanh dong dugc thuc hién bai robot tir vi tri ban dau cho dén khi thuc hién dugc hanh
dong c6 thé dén muc tiéu sau cac dot hoc tap. Van d& nay thé hién mdi quan hé dic biét quan
trong, khi thuc hién vot cac chudng ngai vat tinh hay vat can dong trén duong di ma khong gay
ra bat ky tré ngai nao, khi d6 robot vé dich an toan.

Trén hinh 6b dudng mau tim (mii tén nét dat) thé hién duong di cia robot khi tranh chudng
ngai vat duoc tao boi cam bién théng minh, camera thong minh va vi tri hién tai ciia robot duoc
cap nhat (robot tu hanh dugc ky hiéu bang mau xanh la cay) bang cach st dung kich thudce do
hinh hoc. Bay la mot cong cu truc quan co thé cung cap cap nhat truc tiép cac ban dd dugc tao tir
thuat toan SLAM dé diéu khién robot. Hon nita, quy dao chuyén dong cta robot ty hanh da
hudng trong ban dd ciing ¢6 thé tw dong didu hudng va trong méi truong nay ludn cé thé tao ra
céc chudng ngai vat, nhu trong hinh 5; hinh 6 dé cho robot di chuyén Két qua cho thiy robot da
lap quy dao chuyen dong va di chuyén dén ding muc tiéu mong mudn mot cach chinh xac va an
toan. Nhitng 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 thong, robot ty hanh trong y té va robot ty hanh trong
cac nha may xi nghiép cdng nghiép.

4. Két luan

Noi dung bai bao da trinh bay viéc didu khién robot tu hanh ba banh tng dung diéu hudng
thong minh trong méi truong phang khong xac dinh, sir dung cong cu 1a ROS dé 1ap trinh diéu
khién. Cac két qua mo phong trén phan mém Gazebo chirng minh kha ning cua robot ty hanh
diéu hudng ty dong dén cac vi tri muc tiéu mong mudn va tranh duoc céc vat can tinh va vat can
dong trong qué trinh di chuyén trong méi truomg don gian va phic tap. Nghién ciu nay di cho
thay tinh hiéu qua thyc té ctia qua trinh diéu khién robot ty hanh va thuc hién diéu huéng ty dong
cho robot ma tic gia da nghién ctru c6 kha ning dinh vi robot trong méi truong, 14p ban d6 2D va
thuc hién diéu huéng thong minh dé dén muc tiéu trong ban dd da xay dung. Két qua nay cho
thdy robot da xay dung dugc quy dao chuyén dong, di chuyen dén dang muc tiéu va tu dong
tranh vat can dong xuat hién trén duong di. Hudng phat trién coa van dé nghién ciru 1a mong
mudn s& duge thyc hién ‘ap dung trén mot s6 loai robot ty hanh thyc té trong nha may san xuat
cong nghiép, trong doi sdng, trong giao thong théng minh va trong y hoc véi nhitng thuat toan tbi
uu hon ciia hoc may.
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