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This study presents the problem of controlling mobile robots used in
many fields: industry, medicine, transportation, civil, etc. Mobile
robots meet the need for intelligent control for intelligent navigation in
flat environments, nonlinear environments applying deep learning
algorithms. The article uses the programming research method with the
ROS robot operating system, combined with the implementation of
automatic intelligent navigation for robots in the process of positioning
robots in flat environments and uncertain - nonlinear environments. On
that basis, this study applies to establish simultaneous mapping -
SLAM. The research results using the ROS programming tool, in the
Gazebo environment, have confirmed that the control algorithm is
always updated from the map, operating environment, robot control
position. All obstacles have been calculated trajectories for robots in
automatic intelligent navigation, avoiding obstacles safely without
encountering any obstacles in the moving journey. This study is
meaningful in contributing to improving the automation efficiency and
applicability of mobile robots in complex moving environments.
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Nghién ctru nay trinh bay vé van dé diéu khién robot di dong sir dung
trong nhiéu linh vyc: cong nghiép, y té, giao thong, dan dung, v.v.
Robot di dong dap tng nhu cau diéu khién thong minh dé diéu hudng
thong minh trong moi truong phing, moi truong phi tuyén tng dung
thuat toan hoc siu tang cuong. Bai bao st dung phuong phap nghién
ctu lap trinh v6i hé diéu hanh robot ROS, két hop vai viéc thuc hién
diéu hudng thong minh ty déng cho robot trong qua trinh dinh vi robot
trong moéi truong phing, méi truong khong xac dinh - phi tuyén. Trén
co s& do, nghién ciru nay wng dung thiét 1ap ban dd hoa ddng thoi -
SLAM. Két qua nghién ciru sir dung cong cu lap trinh ROS, trong méi
truong Gazebo di khing dinh duoc thuat toan diéu khién ludn cap nhat
tir ban dd, moéi trudng hoat dong, vi tri didu khién robot. Moi vat can da
dugc tinh toan quy dao cho robot trong viéc diéu huéng thong minh tu
dong, tranh vat can mot cach an toan ma khong gap bat ky tré ngai nao
trong hanh trinh di chuyén. Nghién ctru nay c6 y nghia gop phan nang
cao hi¢u qua tu dong hoa va kha nang tng dung cuia robot di dong trong
cac moi truong di chuyén phic tap.
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1. Mé dau

Ngay nay, robot thong minh dang dugc quan tim nghién ctu, tng dung, phat trién trong nhiéu
linh vuc nhu quan sy, cong nghiép, y té, giao thong va ngay ca trong dan dung. Robot di dong
dang duoc sir dung nhiéu trong cudc sdng hang ngay ciia con ngudi nhu robot phuc vu (robot hiit
bui, robot lau nha, robot dua hang), bén canh do, robot con dugc ung dung rong rai trong cong
nghiép (robot ty hanh trong cac nha may san xuét), robot hd trg trong bénh vién, robot trong linh
vuc do min, trong chién truong, trong giao thong van tai, v.v. Cong nghé robot néi chung, robot
di dong ndi riéng la mot linh vyc da nganh gém: co khi, dién - dién tir, cong nghé thong tin,
ngudi may [1] — [3]. Robot thuc hién hanh dong, nhiém vu, kha ning diéu khién thong minh tu
dong & moi truong phi tuyén bat dinh [4] — [6]. Viéc 1am nay phu thudc vao cac thiét bi va moi
truong 1am viéc. Ban do hoéa dong thoi dién ra khi diéu khién robot véi mét s6 vi tri khac nhau;
mdi truong khong gian hanh dong khac nhau. Nghién ctru nay thuc hién thuat toan hoc sau tang
cuong (Deep Reinforcement Learning - DRN) dé thuc thi, tng dung tri tué nhan tao trong viéc
xdy dung thuat toan méi trong diéu khién robot di dong.

Diéu khién tu dong robot di dong trén co s& cac luat hoc sau ting cuong DRN 14 mét linh vyuc con
cua hoc méy, nghién ctru méi truong lam viéc, thuat toan DRN nham thye thi cac hanh dong, dé dem
dén nhiing loi ich vé kinh té ciing nhu trong diéu khién [7], [8]. Van d¢ thuc thi trang thai chuyén
dong & thuat toan nay dugc coi 1a ngiu nhién dé thyc hién bai toan diéu khién robot [9] — [12]. Hai
cach thire dé ung dung giai quyét bai toan khong gian ham gié tri 1a “phép 1ap chién luoc” va “phép
lap gia tri”. Hai cach nay chinh 1a mot sb giai thuat hoc ting cuong duoc coi la ddc trung, DRN dugc
ing dung rong phd bién [7], [10], [13] — [15]. Quy trinh DRN 1a mét phuong phap hoc méay két hop
gitra hoc ting cudng va mang no-ron sau. DRL str dung mang no-ron sau dé xip xi ham gia tri hanh
dong (Q-value), gitip tac nhan c6 thé dua ra quyét dinh téi wu trong méi truong. Deep Q-Learning
(DQN) 1a mét vi du dién hinh, sir dung mang no ron dé wéc tinh gia tri Q cho cac hanh dong khac
nhau trong mot trang thai. Qua trinh nay bao gom viéc quan sat phan thuéng va diéu chinh du doan dé
cai thién hiéu suat cua tac nhan. Nghién ctru [6] tim hiéu vé SLAM (Simultaneous Localization and
Mapping), ROS (Robot Operating System), méi chi dung lai véi robot di dong dé thir nghiém Van deé
g dung thuat toan tim duong di t6i wu, ma van khong di sau vao tinh toan thiét 1ap nhiing van dé
thuc té co nhidu yéu té bét dinh. Cac nghién ctu [4], [11] st dung luat hoc ting cudng, chua 1am 15
nhimg nhugc diém khi diéu khién robot di dong. Nghién ciru [5] thiét 1ap thuat toan trén hé diéu hanh
ROS, trién khai tmg dung viéc ban db hoa SLAM cho robot.

Bai bdo nay ung dung DRN dé 1am rd van dé tinh toan duong di va tranh chudng ngai vat
(mdi truong phing, méi truong dong, co nhidu) cho robot. Hon nita, thuit toan ndy lam rd nhiéu
van d& ma nhitng nghién ctru trudc day chua thuc hién véi thuc tai cia robot di dong dang lam
viéc & cong nghiép dan dung: nha may, y té, giao thong, méi trudng khong xac dinh ma robot van
thuc hién mét cach an toan trong ca hanh trinh di chuyén dén dich tron ven.

2. Phuong phap nghién ciru
2.1. Xdy dwng mé hinh diéu khién cho robot di dpng

Tir mo hinh, cc thiét bi dwoc cdu trac nhu Hinh 1, gdm: khung robot dugc thiét ké theo kiéu
hinh chit nhat, hai banh xe cach nhau 1a 0,35 m, ban kinh 1a 0,065 m. Phuong trinh dong hoc cia
robot di dong:

v = ’UA = M (1) (wR - a)L)TW

2 w = T (2)
Tir cac biéu thue (1) va (2), ta co biéu thuc chuyén dong robot dugc viét & hé toa do tai A va

tai C nhu sau:

Xa cosp 0
Ya| = |sing ] [w] (3)
@ 0
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o X4 X X

Hinh 1. Cdu triic mé hinh dong hoc robot di dong ba banh

Ta lai co:
Xc — @dsing
Ye| = |ya — ¢pdcosg 4)
¢ w

Viéc thuc hién bam quy dao Chuyén dong cho robot theo 1y thuyét 6n dinh, hoi tu Lyapunov
[1], [2], [4]. Khi d6 phuong trinh sai sO nhu sau:

é; VrCOS €3 -1 e, v
-fme] [0 ) o
é3 Wy 0 -1

Khi robot bam theo duong quy dao chuyén dong cia robot di dong; tir (5), diém can bang caa
hé phi tuyén chinh la X, =[ero €z €3]’ =[000]" Véi dau vao khoi tao 14 g =
[Vr  @r]T. Tuyén tinh hoa (5) ta duoc:

€1 0 -—-w, -, e
[éz = [—wr 0w |+]|e ] M (6)
) el Lo 0 0 €3 )
Trén thyc té, van tc chuyén dong robot 1a khong thay doi e1 O. Luc nay, (6) viét la:
ée1] _ 10 wv.re: —d _
o [é3] - [0 0 [33] + [_1]u’u =@ (7)
Bién d6i (7) va thuc hién dao ham, tinh toan ta dugc:
é=—du—v.u (8)
Ta dat: x; = ey, %, —xl B.u, VOIB = —d, taco:
15 el ) ©

Biéu thirc (9) o dang X = A.X + B. U va ma tran M = [B AB] c6 dang det(M) # 0V v, # 0.
Thanh phan diéu khien u = —K. X véi K = [k4 k;] c6 hoi tiep. Khai trien luat dieu khién ta co:

—kq Zky
= e, + é 10
1+kyd % 1+k,d 2 (10)

Luat (10) & dang diéu khién PD; ta co: u = Kpe; + Kqé; Voi K, =

. Hé sb

keq
T+kyad’ 4~ 1+k2
ky, k, xac dinh duoc dwa trén co s& phuong phap toa d6 diém cuc (-) vi tri hay diéu khién t6i uu
bén viing. Tai mot thoi diém van toc thiét bi dan dong cia robot di dong tai (i) lan luot 1a
CaCiy va Co0(;y . Goc 1éch gitra thiét bi véi robot ¢ thoi diém (i) la:
, ‘ Oy = @@y = Pag_y o ‘ (11)
Vi thiét bi truyén déng cda hai banh xe va than robot c¢6 gan két truyén dong tai O, do do
Vp =V, =Vy =v. Tudodtaco:
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=L . _ Vi _ v@Ssin@am)
a0 = S “alw (12) ©AD = or =TT (13)

2.2. Nghién ciru thudt todn DRN khién robot di dpng
2.2.1. Thudt toan DRN

Hoc sau tang cuong la mot phﬁn cua thuét toan hoc may, nham tién bd hon vé tinh toan t6i uu
cho robot di dong. Thuat toan DRN véi “trang thai - s,”, “hanh dong - a,” thoi gian hién thi boi
(t =0,1,2,v.v). Qua trinh diéu khién luén dugc cip nhat S = {S;,S;, ...S;y} clng voi luong tir
hoa dugc hanh dong. Khi do, ta thiét 1ap A = {ay, ay, ... a,,}, moi truong 1, = r(s;, a) € R. Tir 4o,
ta dua ra ciu tric huan luyén nhu Hinh 2.

Chinh sach (Policy)

Trang thai {
(Action)

=

Su quan sat, wdc tinh .

3 v
Phan thuéng Rt Hanh dong
Reward (Rt) (action)
Moi treong (Environment)

- Moi tredng phang

Dir liéu dau ra

Lay mau

Pinh dang phan thwéng

~ MO B0k tir hanh dong

Phan thwéng (Rt +1)

- Yéu t6 phi tuyén, nhiéu

Hinh 2. So do cdu triic vé tong quan hoc sdu tang cwong trong nghién ciru ndy
Trong DRN, thanh phan dinh dang phan thudng 1a viéc xac dinh cach thirc ma mot hé thong
hodc md hinh hoc tap huan luyén s& nhan duoc phan hdi vé hanh dong. Van dé nay lién quan viéc
dua ra yéu 16, tiéu chi, va cach thirc danh gid mot tac nhan - Agent trong mot méi truong nhat
dinh. Tir d6 xéac dinh phan thuéng - reward hogc hinh phat - Penalty twong ung [3].
O day, ta co tinh toan R, dem lai la:
Ry =E[r +yresa + Y12 + 1 = E[E%4 ylfrt+k] (14)
Véi 0 <y < 11a di€u kién cua phan thuéng. Khi y nhd thi phan thuéng sé dugc cdp nhat.
Luc nay, Q duogc tinh toan:
Q?(s,a) = Ex{R¢|s¢ = s,a, = a} = Ex[Yk=o Vk]"t+k Ise = s,a; = a] (15)
Véi E;{...} 1a ky vong chinh sidch ngau nhién. Thanh phan Q™ (s, a) chon hanh dong a, trang
thai s, ham 7. Vi Q dugce viét & dang biéu thic dé quy:

Qi41(s,a) = Eg[ry +y Yresk Ise = s,a¢ = a]
k=0
= Ep[re +vQ (Se41 = 5", arra = d)lsc =s,a, = a] (16)
Véi s,s" € S trang thai va a,a’ € A tdp hanh dong. T do, ta c6 thé xac dinh rang ham Q €
¥, tirc 1a ham Q t6i wu, thoa méan phuong trinh t6i wu Bellman:
Qi+1(s,a) = Ex{r + ){maxa,Qﬂs', a’} . (17)
Thuat toan DRN, ham Q dugc tinh toan tir bi€u thirc (10), ham @ hoi tu ngau nhién thanh
Q/(s,a) va Q;:a* = argmax (s, az).
Vé6i 0 < a < 11a diéu kién qué trinh huén luyén. Khi d6, tbc d6 hudn luyén cang cao thi dit
liéu s€ ludn dugc cap nhat méi hon.
Trong phuong phap DRN, ta c¢6 Q(s, a; #). Viéc cap nhat tham s6 theo biéu thirc duoc viét:
L(0) = Ex[r + ymax,Q(s',a’,0) — Q(s',a’,6))?] (18)
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Véir +ymax,Q(s',a’,6) la thanh phan muyc tiéu phy thudc vao (10). Sy phéan biét cia ham
mat mat doi véi cac tham s6 6 cua n6 dan dén do doc sau:

%—E[(r+ymax 1Q(s’,a’',0) — Q(s,a,0)) (19)
Thuat toan DRN cho phép tinh toan, xap xi ing dung mang no ron ba 16p dé dem lai dit liéu
dau ra chinh xac. Tir d6 1iy thanh phan téi vu dé dua dén thanh phan Actor. Pay 1a cach ap dung
cac phuong phap dwa trén Phuong phap gradient dé toi uu hoa mang no ron. Thong thuong,
phuong phap nay trén dugc t6i uu hoa cac thanh phan ngau nhién (1a mot thuat toan t6i wu hoa
dugc str dung dé tim gia tri nho nhat cia mot ham sd). Phuong phap nay dugc sir dung rong rai
trong hoc may va hoc sau dé dao tao cac md hinh bﬁng cach diéu chinh 1ap di 1ap lai cac tham sb
theo huéng cta do doc am. Ham xap xi c¢6 thé 1a ham tuyén tinh hodc ham phi tuyén tinh (& day
dbi véi DRN 1a mang no ron) ciia cic tham sé 6.

] 6(sa9)

2.2.2. Piéu khién chuyén dong robot di déng g dung DRN

Thuat toan DRN diéu khién robot di dong theo cach thirc vi phan; & day ding sai léch caa mot
budc lip dé tinh toan, ude tinh ham Q theo (17). VAn dé didu khién robot thyc thi véi cac tinh
ning thay dbi lién tuc khac nhau, vdi viéc hoat dong (trai, phai), tranh chuéng ngai vat (vat can
tinh, vat can dong), v.v. Khi d6, ta chon tham s6 a = 0,1; y = 0,98 cho viéc xac dinh tinh toan.

Thuat toan: Thuat toan hoc sau ting cirong cho robot di dong (dang tiéng viét)

1 Initialize: Khai tao trong sb ciia mang 1a 0, 6

2 Dat cac gia tri bo nhé. kich thudc bo dém. dir liéu huan luyén mang.. ..

3: Dit nguang khoang cach va cham d (dén). d (va cham) cho tap = 1, M dé thure hién hanh déng.
4 Pit robot Turtlebot vao vi tri bt dau

5: Lay cwong do tdi thiéu cua hinh anh do sau dwéi dang d;

6: While d, = dgi, hoac d, = dvs yam

7: Chup anh d6 sau s;; V&i xac suat & chon mot hanh dong ngau nhién a;.

8: Néu khéng, Iwa chon a, = argmax,Q(s. a. 8): Di chuyén bang 1énh di chuyén da chon a;
9: Cap nhat d; bing thong tin d0 sau mdi a, ; If d; < d dén thi (s, a;) = rai

10: else if dt > dgqz, hodic di < dya tram thi 1(8e, ) = T'vatram

11: else (s, a;) = c(di-; — dy)

12: Chyp anh d¢ sdu maéi s

13: end if

14: Luu trir chuyén tiép (s, ar. Iy, St+1) trong D: Thay thé b dit liéu ct nhat néu |D| = Nr
15: Chon ngau nhién mot loat Nb chuyén tiép (sy. ag. Iy. Sge1) tit D

13: Cho moi 1an chuyén doi: a®¥(sy.;; 8) = argmax, Q(sg.1. a'; )

14: NEU 1y = Taén DOAC I = Iz cham NOAC Tic = Tt s gian thi Y = Ty

15: else

16: Yk = Tg T YQ(5p+1, @™*(s-1; 0): 67

17: end 1f

18: Cap nhat thong qua mot gradient véi mat mat (yk Q(s. a; 0))*

19: Thay thé cac tham s6 muc tiéu 6’ bang 6 sau moi bude Nrf

20 end while

21 end for

Hinh 3. Thudt toan hoc sau tang cuong cho robot di dong

Muc tiéu viéc diéu hudng cho robot 1a di chuyén di lai trong mot thoi gian cho phép, tirc 1a +
5 d9. Ban d4u, mo hinh robot, ma tran Q, voi m s€ dugc khoi tao vao 14p trinh diéu khién.

Thuyc hién thuat toan DRN, viéc sap xép cAc gid tri trang thai thanh 20 goc trang thai tir -10 do
dén 10 d6. Dbi voi gia tri hanh dong, ta dd chon mudi gia tri vén toc 1a [- 300, -200, - 100, - 50, -
25, - 10, 10, 25, 50, 100, 200, 300] ms™. Ma tran Q c6 20 cot, mdi cot dai dién cho mot trang thai
va muoi hang, mdi hang dai dién cho mot hanh dong. Ban déu, cac gia tri Q dugc gia dinh 1a 0,
v6i mot viée lam, hay hoat dong dé thuc hién cho trang thai trong chinh sach 7. O day, nghién
ctru huén luyén trong 1400 tap, mdi tap c6 2500 lan lap lai. V&i mot trang thai diu vao, moi tap

http://jst.tnu.edu.vn 357 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(14): 353 - 360

day s& dugc mo phong duoc 1am méi. Bat cir khi nao trang thai ciia robot vurot qua gidi han, no
s& bi phat bang cach gan phan thudng cho -100. Bang Q dwoc cip nhat & mdi budc theo biéu thirc
(17), (18). Khi d6, thuat toan DRN dugc thuc thi qua trinh di chuyén quy dao theo viéc diéu
hudng thong minh cho robot di dng nhu Hinh 3. Vé&i DRN, viéc thuc hién nhiing tdc nhan, hanh
dong, cho viéc diéu hudng robot nham bam quy dao chuyén dong 1a t6i wu sao cho robot lam viée
tin cdy an toan trong subt qua trinh dich chuyén.

3. Két qua nghién ciru

Tt nhitng nghién clru thuat toan & trén tién hanh thyuc hién mo phong trén Matlab, ta c6 mot
s0 cac két qua nhu sau:

8 1 —— Phan thuong thuc
e Phén thuéng d loc

Phan thuéng trung binh

0 200 400 600 800 1000 1200 1400
Tép huan luyén (tip day)
Hinh 4. Hinh anh phan thuéng trung binh ciia qud hudn luyén
Hinh 4 mé ta viéc thuc thi cap nhat ludt hoc & mdi truong méd phong Gazebo. Khi d6, phan
thuong thuc khong nging ting 1én theo qua trinh dao tao huan luyén, phan thuéng da loc luén
hoi tu bam sat theo phan thudng thuc. Robot ludn duoc huin luyén kién thirc vé méi trudng
thong qua viéc day trudc d6 véi moi truong phang va moi trudng phirc tap. Nghién ctru thir
nghiém cho thiy tinh hiéu qua ciia mo hinh ma téc gia da dé xuét dat chat lugng bam cao hon so
véi thuat toan thong thuong khac.
Trong phan nay, mot s mo phong dugc thuc hién véi méi truong trong Gazebo.

a) b)
Hinh 5. a) M6i truong hudn luyén & Gazebo; b) Bin do héa 1y 1é twong vmg thiee hién & Rviz

O Hinh 5, ban dd hoa déng thoi dugc xay dung trén Gazebo va trong Rviz la ban dd dugc tao
ra v6i phan khung chia rd rang riéng biét.

Hinh 6a cho thiy robot dang di chuyén tir vi tri ban ddu dén dich, trong khi Hinh 6b mé ta
qua trinh robot di chuyén dé tranh chuéng ngai vat. Hinh 7a thé hién robot di dong véi qua
trinh huan luyén trong méi trudng a0 Gazebo. Hinh 7b mo ta robot tim duong di tai vi tri trung
tam, co vat can.
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a). b).

Hinh 6. Trinh ti hinh anh trong moi truong ddu tién thye hién thudt todn DRN: a) Khi robot di chuyén tir
Vi tri xudt phat; b) Khi robot di chuyén tranh chu‘ong ngal vdt

c)L ‘ e ,‘_

Hinh 7 a) Thyc hién hanh dong huan luyen & Gazebo, b) Ban do6 tryc quan va du"ong di cho robot di dong
trong Gazebo, ¢) dwong di cua robot di dong

‘

O Hinh 7c, duong di chuyén cua robot duoc biéu dién bang nét dit, thé hién duong di cua
robot vugt qua vt can dugc tao bai cam bién théng minh. Vi tri chuyén dong cua robot duoc
thyc thi (mau xanh 1a cdy) ¢ day st dung kich thudc do hinh hoc, méi truong Gazebo. bay la
mot cong cu truc quan nham cung cap, cap nhat online voi thiét bi may tinh va robot, ban d6 héa
thue hién tir thuat toan SLAM dé diéu khién robot. Viéc bam quy dao cua robot dé diéu hudéng va
tranh vat can & Hinh 5, Hinh 6 va Hinh 7 da thé hién robot xac dinh chinh xéc quy dao va di
chuyén dén dich mot cach an toan va chinh xac. Nhitng phat hién nay mang lai gia tri thuc tién
16n, ¢6 thé ap dung dwoc mot sb tmg dung nhu robot trong nha xudng, robot trong giao thong, y
té, cling nhu trong cic nha may, xi nghiép coéng nghiép va cac tmg dung dan dung nhu robot hut
bui, robot lau nha.

4. Két luan

Két qua nghién ctru clia bai bao da chi ra viéc diéu khién robot di dong c6 xét dén yéu t6 phi
tuyén trong méi trudng dong phirc tap voi mot robot Turtlebot va hé didu hanh ROS 1a cong cu
dac lyc dé 1ap trinh diéu khién. Viéc mo phong trén Gazebo di minh ching kha ning lam viéc
ctia robot di dong; c6 thé di dén cac vi tri muc tiéu bat ky va tranh dwoc cac vat can tinh va vat
can dong trong subt qua trinh di chuyén trong méi truong phing va méi trudng dong. Nghién ciru
nay cho thiy robot di dong luén bam sat duge quy dao chuyén dong, di chuyén dén dung muc
tiéu, vuot qua duoc hoan toan chudng ngai vat xuét hién trén dudng di mot cach an toan. Trong
huéng phat trién tiép theo, nhom nghién ciru s& trién khai thir nghiém trén robot that, dong thoi
tich hop cac thuit toan Al ning cao nham t6i vu kha ning hoc tip va tu thich nghi cta hé thong.
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