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TOM TAT

R6 bot di déng ngay cang duwoc sir dung réng rdi trong rdt nhiéu linh vuc trong dd‘i Sé'ng va
sdn xudt cong nghiép. Duwa vao hé nhdn thirc ciia ré bot trong méi truong di chuyén, cdc van dé vé dan
dwong 161 1eu trong moi mro’ng khong bzet tru"o’c la mot trong cac tro ngai trong bai todn diéu khién va
dan deong 16 bot tir hanh. Pé gidi quyét van dé néu trén, nhom tdc gia dé xudt chién luge dan dieong
kiéu lai giita thudt toan BIT* cdi tién va mé hinh hoc tang cwong (RL). Thudt toan BIT*-RL sir dung
tim dwong toan cuc trong moi truong khong biét trude sir dung thudt toan BIT*. Sau d6, mé hinh hoc
tdng cwong s dung hai cdu triic MobileNetV2 cho t6i wu théng sé hudn luyén va mé hinh UNet cho
16i 1eu hanh dong thiee thi. Cuéi ciing mé hinh ré bét di déng ba banh dwege kiém chimg thong qua thuc
nghiém va mé phong tinh todn d chirng minh cdc wu viét trong toi wu qud trinh tim kiém dong di,
ddp ing dong thoi da nhiém vu.

Tir khéa: Hé nhan thirc 6 bot; Mé hinh hoc tang cuong; RO bot di dong; Thudt toan dan
dwong BIT*.

ABSTRACT

Mobile robots are increasingly used in many areas of life and industrial production. Based
on the robot's perception system in the moving environment, the problem of optimal navigation in an
unknown environment is one of the obstacles in the problem of controlling and guiding autonomous
robots. To solve the above problem, the authors propose a hybrid navigation strategy between the
improved BIT* algorithm and the reinforcement learning (RL) model. The BIT*-RL algorithm uses
global path finding in an unknown environment using the BIT* algorithm. Then, the reinforcement
learning model uses two MobileNetV?2 structures for optimizing training parameters and the UNet
model for optimizing execution actions. Finally, the three-wheeled mobile robot model is verified
through experiments and computational simulations, demonstrating its superiority in optimizing the
path finding process, meeting multiple tasks simultaneously.

Keywords: Mobile robot perception systems, Reinforcement learning model; Mobile robots;
BIT* path planning.
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1. PAT VAN PE

Trong nhitng nim gan day, ro bot di
dong da tré nén ndi bat dang ké trong linh
vuc tu dong hoa va ro bot, thuc hién d@)ng
thoi nhiéu nhiém vu diéu hudng méi truong
san xudt, quin sy va doi sdng. Lap ké hoach
hanh dong va duong di 1 cac thanh phan co
ban trong diéu hudng ty dong rd bét di dong cd
banh xe (WMR) [1]. Dya vao h¢ nhan thuc cua
16 bot vé moi trudong hoat dong, ro bdt phai xay
dung mot quy dao kha thi tir vi tri ban dau dén
dich mong mudn. Céc nghién ctru trudc day da
chi ra hé cam bién, Lidar va may anh s thu
thap dir liéu tir méi trudng nham muc dich xay
dung h¢ tri thuc cia WMRs. Céc phuong phap
diéu khién va dan duong truyén thong thuong
chi hiéu qua khi biét vi tri cuia 16 bét, vat can
va moi truong di biét trude. Sau khi xay dung
ban dd sb tir moi truong da biét, WMR phai
xdy dung chién lugc dan duong kha thi tir vi
tri ban dau dén dich. Hanh trinh nay phai tuan
thii cac tiéu chi cu thé, bao gdm giam chi phi
véan hanh, xac dinh tuyén dudng thuan tién nhat
hodc giam thiéu thoi gian di chuyén [2].

Cac ké hoach dan duong dugc phan
loai thanh hai loai chinh: Lap ké hoach duong
di toan cuc va cuc bd. Lap ké hoach duong di
toan cuc (GPP) xac dinh mot chudi cac diém
dimg quan trong két ndi diém bat dau véi
diém cudi trong tong thé moi truong ro bot di
chuyén [3]. GPP sir dung ba k¥ thuat co ban:
Tim kiém d6 thi, tim kiém léy mau va tim kiém
dong. Cac thuat toan tim kiém do thi, ching
han nhu Dijkstra [4] va A*[5], vuot trQi trong
khong gian chiéu thip, dam bao kham pha toan
dién cac tuyén duong tiém ning. Nguoc lai,
cac thuat toan tim kiém lay mau phu hop véi

khong gian chiéu cao, cung cap sy dam bao xéac
suat vé tim dudng. Mit khac, tim kiém dong cai
thién kha nang két nbi ctia cac nat duong dan,
mic du phai danh doi bang mot s tinh hoan
chinh. Tuy nhién, 1ap ké hoach duong dan cuc
bo (LPP) doi hoi kha ning tinh toan nhanh, chit
lugng dam bdo, tao ra cac quy dao chinh xac
tir niit bat dau dén nat myc tiéu trong mot khu
vuc cuc bo [6]. LPP bao gdm cac phuong phap
truyén théng nhu dai dan hdi thoi gian (TEB),
phuong phép cira s6 dong (DWA), va trudng
thé nang nhan tao (APF) hay mang tri tué nhan
tao [7].

Dura vao cac phan tich da néu, cac chién
lugc dan duong khac nhau c6 nhimg wu diém
va nhuge diém riéng biét. Pé tao diéu kién cho
chuyén dong lién mach va ting cuong tinh 6n
dinh cia WMR bam quy dao, nhom tac gia dé
xuat chién luge dan duong kiéu lai két hop
thuat toan BIT* cai tién v6i mo hinh hoc tang
cuong (RL) [8]. Pau tién, thudt toan tim duong
BIT* duoc cai tién nham giam thiéu cac bude
tinh du thtra trong qua trinh tim dudng kha thi
tir diém xuat phat dén diém dich. Dé ting hiéu
qua cta qua trinh 1dy miu trong giai thuat tim
duong BIT* trong cac moi truong chua biét
hoic phtic tap, cac tic gia da két hop BIT* vao
trong md hinh hoc ting cuong. Thuat toan kiéu
lai BIT*-RL cung cip nhing uu diém, bao gom
viéc giam thiéu viéc lay mau khong hiéu qua,
trich xuat cac dic diém ban d6 két hop dir lidu
da dugc dao tao vao quy trinh tim duong va
tang toc thoi gian xir Iy do nhu ciu xem xét
méu giam. Cudi cing, cic két qua md phong
va thyc nghi€ém minh chirng sy thanh cong va
hiéu qua cao khi 4p dung giai thuat tim duong
BIT*-RL cho diéu huéng WMRs trong cic moi
truong chua biét hoac phirc tap.
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2. PHUONG PHAP NGHIEN CUU

2.1. M6 hinh toan hgc WMR

Hinh 1. R6 bét di dong ba banh di chuyén theo
chién lwoc dan dwong voi (a): Mo hinh thuc 1é va
(b): Biéu dién mé hinh todn hoc.

Mo hinh r6 bot di dong ba banh sir dung
trong thuc nghiém nhu trong Hinh 1. Dya trén
phuong trinh Euler-Lagrange (1) mo ta phuong
trinh Routh dong luc hoc phi toan thé:

ADG+C(q.9)4=E@r+F (9A+Ag (1)

Trong d6: A(g) € R™ 1a ma tran dbi
xtmg, T€R 1a vecto dau vao, E(¢g) € R™ 1a ma
tran chuyéntiép ciiavectodauvao, F' (¢) € R™
12 ma tran vé rang budc. C(q,¢) € R"biéu dién
ma tran Coriolis. 4 € R" 12 hé s6 nhan Lagrange

va AceR" 1a do bat dinh trong mo hinh danh
nghia. E(q) dugc dinh nghia trong phuong trinh
(2) sau:

000—110} 2

E(q):[o 00 -1 0 1

Dua trén két qua nghién ciru cia nhoém
tac gia dd cong bd tai [1], mo hinh toan hoc cta
WMR dugc xay dung nhu phuong trinh (3):

G = ML, sina[K,g - ML’ cosa]
K,K,—M’L cos’

;- ML sin a[K,d* — ML,gcosa]
K,K,—M*L; cos’ &

+g,(t, +7)+A
(3)

+8, (7, +7)+A¢

2.2. Chién lwgc din dwong BIT*-RL
2.2.1. Thudgt todn dén dwong BIT*

Thuat toan BIT* giai quyét hiéu qua
cic van dé lap ké hoach duong di tdi uu tiém
can v6i cac diém lay mau tdi thiéu trong moi
truong cd cac chudng ngai vat don gian, thua
thot. Tuy nhién, hiéu suit cua thuat toan nay
giam dang ké trong cac moi truong phirc tap
noi can nhiéu diém lay mau hon dang ké. Khi
ap dung vao cac tmg dung thuc té, thuit toan
BIT* truyén thong thé hién hiéu suit khong tdi
vu do tao ra cac nut vi pham céc rang budc vé
mit dong hoc cta ré bot di dong, dan dén hiéu
qua tinh toan kém. Hon nira, thudt toan nay doi
ho6i phai c¢6 hau xtr Iy bo sung dé loc cac nut kha
thi vé mit dong hoc trude khi xay dung dudng
dan giai phap cudi cung. Nhém tac gia da cai
tién thuat toan dan duong BIT* dua trén mo
hinh dong luc hoc cia WMR nhu trong thuat
toan 1 trong Hinh 2.

Algorithm 1: BIT* (Yo = X Tipnst = N sl
I: VW = [Xaa}; E =

B Nammptes ™ [ goal]

3 repeat

4, i e =0 and (= @ then

5 :m::pq.rﬁdmwg:.ﬂ

6 PrunelgT (vl

T: Nsmpin == Samapleimi, g7 (¥pou )
& Vois = F;

] F o= U X mpin

10 Qv =¥

n: r= radi-u.-.||l‘| | P
end if

131 while Best O = Best (r do

14: ExpandVenmex{ BestinCQueoe] (4

15 end while

16 [va, xa) = BestlerQuene( ()

17: e = Qe [V, X s

15: if gTi{vad + & v b + hixg) = g7 ixp) then

19: if il vah * Vi, T ) * hixa) = g (Xpul) then
20 i gTvah * clva, 1) = g7V} then

21 E = {[Va. %a) € E};

22: else

2% h —— M P

24: Vo= xa): OV =[xl

25; end if

26: o i

27 E * {{v.xa)}:

28: O = {({v.xa) € Je|gT(v)+&v, 1) = gTixad}:
29; elwe

30: r—= 2 —

3l endil

32 wntdl STOP

33: return T;

Hinh 2. Thudt todn tim dwong BIT* cdi tién
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2.2.2. M6 hinh hoc ting cuwong (RL)

Thach thirc chinh da néu & trén la viéc
wdc tinh ham tim kiém BIT* véi s6 1an lap gi6i
han, s€ kho khan khi xac dinh duong di kha thi
trong moi truong khong biét. Miac du ham BIT*
c6 thé xac dinh duong dan chuyén dong t6i wu,
nhung qué trinh 1y mau cua nd lai khong hiéu
qué vi né khong tan dung bat ky thong tin nao
lién quan dén mai truong va khéng rat ra duoc
hiéu biét tir cac vain dé da giai quyét trude do.
Dé giai quyét nhitng han ché nay, cac tac gia
da két hop mo hinh hoc ting cudng vao thuat
toan BIT*. Su tich hop nay bao gdm mot Actor
xéc dinh cac hanh dong pht hop can thyc hién,
trong khi Critic danh gia hiéu qua cta cac hanh
dong nay va cung cap phan hoéi dé diéu chinh
can thiét. Kién tric tong thé cta khudn khod
nang cao nay dugc mo ta trong Hinh 3.

L [leg Plg | J)- A)

Hinh 3. Céu tric thudt todn kiéu lai BIT*-RL

Phuong phap tinh toan dugc xay dung
dua trén phan phoi chuan, dugc ky hi¢u 1a N(y,
6?), trong do:

1, 6= Actor(map) € RE*W 4)

Trong phuong trinh (4), cac tham s
cua phan phoi chuan dugc xur ly thong qua ham
Sigmoid, tao ra mdt pham vi gia tri tir 0 dén 1,

do d6 tao ra mot ban dd xéac suit. Sau d6, ham
phan thuéng dugc xac dinh bang cong thic
sau:

Reward = 1000 — Cost 5)

Gia tri phan thuong bang 0 biéu thi sy
vang mit cia mot duong din thoa dang trong
moi truong. M6 hinh bao gom hai thanh phan
chinh: Actor va Critic. Actor duoc thiét ké bang
kién trac U-Net, chiu trach nhiém tao ra cac
ban d6 xac suit hodc néi cach khac 14 tao ra cac
hanh dong dua trén dau vao di cho. Nguoc lai,
Critic str dung kién triic MobileNetV2 dé danh
gia chinh sach hién tai hodc cic méu trong sb
do Actor () tao ra lién quan dén viéc dat duoc
tham sd phan thuéng. Cau truc kép ndy nang
cao kha nang va hi€u qua cia mé hinh trong
viéc tim duong trong modi truong. Qué trinh
danh gia duoc tién hanh thong qua ham gia tri,
trong phuong trinh (6):

V(s)=ELS r'r] ©)

Trong do6: V(s) la ham gié tri tai trang
thai twong Gmg s; E_la ky vong trung binh
theo chinh sach n dugc anh xa tur trang thai;
y € [0,1)1a hé sb chiét khau; Phan thuong tai
trang thai twduqc ky hi¢u la I, Ham V(t) du’qc
tinh toan dé so sanh cac phan thuong thyc te,
chon cac loi thé (A) va tham gia tinh toan ton
that cua Critic:

A =Reward — V(1) (7
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3. KET QUA VA THAO LUAN

= ¥ ® @ E E ¥ @

Hinh 4. So sanh thudt toan tim duwong BIT*-RL voi
cdc phwong phap khdac.

Trong kich ban m6 phong moi truong rd
bt di chuyén chua biét trude, cac tic gia danh
gi4 va ddi chiéu cac quy dao do mé hinh dé
Xuét tao ra véi cac quy dao do thuat toan BIT*
tao ra. Dya trén xac sut ciia cac vung trong
ban do, thuat toan BIT*-RL dugc dé xuét tao
ra cac quy dao ngan hon dang ké so véi thuat
toan RRT*. Trong Hinh 4, cidc duong tao ra
dya trén mo hinh BIT*-RL c6 gi4 tri cost trung
binh la 92.12. Trong khi véi cac thir nghiém véi
RRT* ¢6 cost trung binh & mtrc 103.6 va thuat
toan RRT thong thuong c6 cost 112.49. Ro rang
phuong phap duoc dé xuét cho ra duong di gan
véi duong di Iy twong nhit so voi cac cach tiép
can chua dugc cai tién. Trong cac truong hop

¥ & & 8 @ &
Sy e —

e
it

« ® ®% ® & E B ¢ B

ban d6 v&i vat can day dac, RRT* doi khi khong
thé tim ra dudng di kha thi d&én dich. Nhung mé
hinh tim kiém dugc dé xuat BIT*-RL déu thanh
cong khi nhanh chéng tim ra dudng dan r6 bt
kha thi.

[T p——

T sk

i D s YR ——————

Hinh 5. R6 bot di déng ba banh bam quy dao hoa
bén canh dua trén thudt todn dan duwong BIT*-RL.

Pé cing cb kha nang Gng dung thuc
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tién, thuat toan BIT*-RL duoc cai dit trén mo
hinh r6 bot ba banh thuc hi¢n kich ban chay
bam quy dao hinh canh hoa bén canh nhu Hinh
5. Véi viée st dung mo hinh hoc ting cuong
trong viéc hd tro xac dinh hudng di ti wu, da
gitip loai bé cac nhanh dan duong du thira cia
BIT*, dic biét tdi uu tai nguyén thong qua
s6 diém nut dan it nhit co thé. Hé thong diéu
khién 6 bdt dam bao tdc do xir 1y, su 6n dinh
trong qua trinh bam chién lugc din duong,
sai sb tai cac dinh canh hoa gin nhu rat nho.
Tong két lai, thuat toan BIT*-RL dam bao thyc
hién thanh cong qué trinh tim duong di dap
ung nhiéu nhiém vu dit ra: Tim duong kha thi,
duong di ngén nhét, loai bo cac duong du thura,
t6i wu s6 nat tim kiém va lam tron quy dao.

4. KET LUAN

Bai bao nghién ctu trinh bay mot
phuong phap lap ké hoach duong di hiéu qua
va t6i vu cho WMR, két hop cac chién lugc
tranh va cham va cac ky thuat lam min dé xac
dinh tuyén duong dan duong hiéu qua nhat.
Chién lugc din duong kiéu lai két hop thuat
toan BIT* cai tién va t6i vu miu tim kiém st
dung md hinh hoc tdng cuong. Thuat toan lap
ké hoach duong di BIT*-RL duoc d& xuat da
duogc x4c nhan thanh cong vé tinh kha thi va
thyc hién hiéu qua nhiéu muc tiéu dugc thiét
lap trong cac thi nghiém mo phong va xac
nhan. %
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