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TOM TAT

Hoach dinh chuyén dong (motion planning) la yéu té quan trong dé cho phép cdc robot di
dong hoat dong mot cach tw dong. Khi cac truwong hop ung dung cua robot tro nén phirc tap va
khé dodn hon, cdc bo hoach dinh chuyén dong phan cdp truyén thong gap phai nhitng thach thirc
dang ké. T uy nhién, voi nhiing tién b trong hoc sau, cdac bo hoach dinh chuyén dong dwa trén hoc
tiang cuong sau (DRL) da tré- thanh mét diém néng nghién cieu nho vao nhiéu tinh nang wu viét ciia
chiing. Trong bai bdo nay, chiing t6i dé xudt mét phwong phdp hoc tang cwong sdu, tdn dung cdc di
liéu laser thé va sir dung thue vién PIC4rl-gym dé xdy dwng méi truong mé phong trén Gazebo. Cdc
thi nghiém cho thdy phwong phdp dé xudt da cho thdy kha nang diéu hudng tir ddng hoan todn ciia
mobile robot, va két qua hudn luyén da xac nhan tinh hiéu qua cua thudt todn.

Tur khéa: Hoach dinh chuyén déng; Méi truong mé phong; Hoc ting cuwong sdu.
ABSTRACT

Motion planning is essential for enabling mobile robots to operate autonomously. As robot
application scenarios become more complex and unpredictable, traditional hierarchical motion
planners face significant challenges. However, with advancements in deep learning, motion planners
based on deep reinforcement learning (DRL) have gained attention as a research hotspot due to
their numerous advantageous features. In this paper, we propose a deep reinforcement learning
approach, leveraging raw laser scans and PIC4rl-gym library to build simulation environment on
Gazebo. The experiments show that the proposed method has enabled fully autonomous navigation
of the agent, and the training results verify the effectiveness of the algorithm.

Keywords: Motion planning,; Environment Simulation, Deep reinforcement learning.
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1. TONG QUAN

K¥ thudt hoach dinh chuyén dong (MP)
1a mot trong nhitng mo-dun quan trong nhat
giup cho robot di dong c6 kha nang tu hanh.
Chtrc nang cu thé cua bo hoach dinh chuyén
dong la tich hop thong tin trang thai cuc bo
hodc toan cuc cua hé théng robot va dua ra cac
quyét dinh 1ap ké hoach téi wu hodc gan téi uu
trong cac moi truong khac nhau, tir do6 lap ra
ké hoach di chuyén cho robot. M6-dun MP tiéu
chuan bao gdm bo 1ap ké hoach chuyén dong
toan cuc (global planner) va bo lap ké hoach
chuyén dong cuc bo (local planner). B 1ap ké
hoach chuyén dong toan cuc chiu trach nhiém
tao ra cac quy dao di chuyén, kha thi vé dong
hoc, an toan va c6 thé thuc thi dya trén thong
tin ban dd c6 sin. BO lap ké hoach chuyén dong
cuc bd chiu trach nhiém giup mobile robot dua
ra cac quyét dinh chuyén dong theo thoi gian
thuc trong cac moi truong dong cuc bd (vi du:
moi truong c6 sy tham gia ciia nguoi di bd, moi
truong ngoai troi, v.v.).

Cung v6i su cai thién dang ké vé suc
manh tinh toan va kha ning luu trit ctia phan
cing hé théng, cong nghé hoc siu (Deep
learning) da duogc st dung rong rai trong
hoc tang cuong. Trong nhiing nghién cuu
gan ddy, thuat toan hoc ting cudng sdu Deep
Deterministic Policy Gradient (DDPG) [1] tro
nén phd bién vi c6 kha ning dua ra quyét dinh
hanh dong trong khong gian lién tuc, trong do
[2] dd tng dung thanh cong thuit toan voi dau
vao 1a cac dir liéu laser thd va dau ra 1a mot
vector hanh dong bao gdm vén tc dai va van
tdc goc. Khong chi voi nhing dir lidu dau vao 1a
laser, H. Surmann et al. [3] da st dung k¥ thuat
tong hop cam bién (sensor fusion) dé két hop
thong tin thu vé tir cam bién Lidar va ca camera
dé tao ra mot khong gian quan sat truc quan
hon cho robot. M. Everett et al. [4], [5] da phat
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trién thuat toan DRL danh cho viéc né tranh vat
can la con nguodi. Van dé nay thuc su giy nhiéu
kho khan hon so véi viéc né vat can tinh nhu la
cac d6 vat trong van phong vi bén canh viéc né
tranh, chiing ta cAn quan tim dén sy anh huéng
clia viéc né d6 ddi voi nguoi di bo. Cac tac gia
da sir dung camera dé phan biét ngudi di bd
két hop voi Lidar 1am khong gian quan sat cho
thut toan va phat trién phan thuong (reward)
la cac quy luat xa hoi (social norm) trong viéc
bat chude hanh vi né tranh cia con nguoi. Tuy
nhién, cac thuat toan trén doi hoi su phic tap vé
mit thiét ké mé hinh, khdi lugng tinh toan 16n
va thoi gian huan luyén 1au ciing v6i sy két hop
cua da dang céc loai cam bién, s& 1a khong kha
thi dé ap dung cho nhiing truong hop don gian,
trong diéu kién ma moi yéu cAu trén déu bi han
ché. Trong nghién ctru nay, chung toi dua ra
mot khung moé hinh nghién ctru don gidn, chi
stt dung cam bién Lidar dé thu nhan dir liéu
dau vao cho thuat toan DDPG, ching tdi ciing
tan dung kha nang mo-dun hoa cua thu vién
PIC4rl-gym [6], gitp cho viéc huan luyén,
kiém tra va danh gia mo hinh mot cach dé dang
va tryc quan hon.

2. PHUONG PHAP
2.1. Mobile robot mo6 phéng

Pé thuc hién cong viée phat trién thuat
toan, ta can mot mo hinh robot don gian nhung
day du dé co thé chay duogc trong mo phong.
Nén tang robot di dong mat dat Jackal (UGV)
14 mot giai phap da nang va manh mé cho nhiéu
tmg dung robot khac nhau. Puoc thiét ké boi
Clearpath Robotics, Jackal thé hién tinh linh
hoat, d6 tin cay va kha ndng m¢ rong, lam cho
n6 phu hop véi nhiéu du 4n nghién ctru, gido
duc va cong nghiép. Vi ly do do, chung t6i str
dung mo hinh Jackal lam robot dai dién cho

qua trinh mo6 phong.
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Hinh 1. M6 hinh Jackal mobile robot mé phong
2.2. Moi trwong moé phong

Moi truong mo phong dugc xdy dung
dwa trén phan mém Gazebo (goi 1a world). Cac
world 12 mot file XML chira cac phan tir mo
ta tinh chat vat ly, cac vat thé va su chuyén
dong trong moi trudng mo phong. Moi truong
mo phong can phai dap tng d6 chinh xac so
v6i moi trudng thyc té, vi vy chung t6i chon
modi truong indoor — mai trudng moé phong van
phong phd bién gdm c6 cac vat dung va kich
thudc phi hop dé cam bién c6 thé quét duoc
nhiéu théng tin nhat co the.

Hinh 2. Pg bao phii ciia cam bién Lidar trong méi
truong mo phong van phong thuc té

2.3. Thuit toan hoc ting cwong siu

Thuat toan hoc ting cuong tiéu chudn
c6 thé duoc biéu dién bang mot Quy trinh
quyét dinh Markov (Markov Decision Process
— MDP). Mot MDP dugc md ta boi 5 phan tir
nhu sau: (S,A,P,R,y). Trong do:

S: Tap hop cac trang thai (State) ma
moi truong co thé ton tai.

A: Tap hop cac hanh dong (Action) ma
tac nhan (agent) co thé thuc hién trong mdi
trang thai.

P: Ham xac suat chuyén doi trang thai
(Transition Probability), biéu dien kha nang
chuyén tir trang thai hién tai s  sang trang thai
moi s, khi thyc hién mot hanh dong nhat dinh
a,.

R: Ham thuéng (Reward), biéu dién
muc dg "tot" hay "xau" cua viéc thuc hién hanh
dong a tai trang thai s.

y: Hé s6 lam phat (Discount Factor),
dung dé danh gid tam quan trong ctia cac phan
thudng tuong lai so voi phan thudng tuc thoi.

Khi mot agent bat dau twong tic voi
moi truong, agent s€ ¢ trong mot trang thai ban
dau s, dugc chon tir phan phéi xéc suat c¢b dinh
p(s,). Sau do, theo chu ky, agent s€ lya chon
mot h2‘1n7h dong a € A tai trang thai hién tai s, d,é
di chlvlyénqsang trang thai mﬁi S,,, VOi xac suat
chuyén doi P‘(st+1 s, a). Dong thoi, tac nhan
nhan dugc phéan thuéng r, = R(s, a).

Bo diéu khién (hay policy) cta thuat
toén‘h(_)c ting cuong m(a, | s) la mot ham s6
c6 dau vao la trang thai quan sat dugc tir moi
truong va dau ra 1a mot hanh dong. Bo diéu
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khién cua agent dugc huin luyén dé ti da hoa
tong ky vong vé phan thuong, hay noi cich
khac, muc tiéu cta ta la dat duoc policy tdi uu
m,” v6i tham s61a0:

T
n, = argmax .., Z yir, (1)
T

t=0

Thuat toan DDPG giai quyét bai toan
trén bang kién triic Actor-Critic, trong d6 Actor
la mot mang voi dau vao 1a mot state va dau ra
la mot hanh dong; va Critic 1a mdt mang véi
dau vao 1a mot cap trang thai va hanh dong va
dau ra 1a mot gia tri danh gia hanh dong do 1a
“t5t” hay “xau” (Q-value). Chi tiét vé kién trac
cta thuat toan DDPG dugc thé hién trong Hinh
4.

Dé tdi vu tham s cia Actor, chiing ta
dung cong thirc Policy Gradient:

V] = %Z vVQVu (2)

Pé tbi wu tham sb cua Critic, ching ta
tinh ham Loss:

1
L= EZ(yi —Q(s,a;109)* ()

Trong d6, y, la gia tri phan thudéng ky
vong muc tiéu va duoc tinh bang cong thirc:

Vi =1 +vQ"(Sis1, a’lﬂof) )

Ham phan thuong duoc thiét ké nhu

sau:r=r,+r_ +r  +r_,trongdo:
yaw goal col
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Hinh 3. Kién triic ciia thudt toin DDPG
3. THI NGHIEM
3.1. Huén luyén thuit toan

Phan cing tinh toan st dung dé huén
luyén 12 GPU Nvidia 1060Ti Max-Q. Thuat
toan dugc huin luyén trong tong cong 1a 900
nghin buéc, thoi gian huan luyén xap xi 12 gio.
Khong gian trang thai 1a mdt vector (38,) bao
gdm 36 gid tri cla tia laser va 2 gia tri biéu thi
vi tri va hudng tuong d6i ctia mobile robot so
v6i1 dich. Khong gian hanh dong 1a mot vector
(2,) bao gdém van tbc dai va van toc goc cia
robot. P6i véi mang Actor va Critic, chiing t6i
chon mdt mang no ron g@)m 2 16p an c6 sb chiéu
nhu sau (256,256). Thuat toan duoc toi uvu bang
thuat toan Adam. Két qua huan luyén duoc

thé hién trén cac Hinh 4, Hinh 5 va Hinh 6: &
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Hinh 4. Phan thuéng nhdn duoc trung binh trong
pha kiém tra

Hinh 5. P dai ciia méi episode trong toan bo qua
trinh huan luyén

Tif W \l'l.-

3T o
|'|”'L' 1Ir ."'l,l
i Ii II"I
Hinh 6. Mat mat ciia mang Actor trong bg
diéu khién

4. KET QUA VA THAO LUAN

Téng phan thuong tich lity duge xem
1a yéu td danh gid quan trong nhat, thong sd
nay phan anh kha ning dat dugc muc tiéu da
dé ra ctia thuat toan. Gia tri cang cao chimg to
trong mot vong ldp mod phong, thuat toan cua
ta da diéu khién robot di dung huéng. Do dai
ctia mot episode giam ciing 1a mot yéu té danh
gi4, nghia la theo thoi gian robot s€ thong thao
duong di, khién cho thoi gian hoan thanh giam.
Ham mat mét ciia Actor giam dan ciing 1a mot
déu hiéu cho théy mé hinh d3 duoc huén luyén
tt va dang hoi tu dén diém tdi vu.

Bdng 1. Bang théng sé danh gid d¢ hiéu qua ciia thudt todn sau 3 lan chay

Khoing Ti s6 khoang

Tinh trang Thoi gian Gée tICh‘ lay c‘ach t{ ““’% th)ang Duwong di cach trén

: trung binh | binh dén vt cach | .

. duong di

can

Success 28.13s 0.34 rad 4.54 8.96 10.17 0.88
Success Is 0.7 rad 6.41 0.77 0.45 1.71
Success 16.89s 0.33 rad 5.46 7.40 7.74 0.96
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Tir bang dénh gia trén, ta co thé thay
rang robot déu hoan thanh viéc di dén diém
dich trong khoang thoi gian chap nhan dugc.
Céc gia tri goc tich liiy trung binh thap nghia
1a trong qua trinh di chuyén robot ludn giir mot
hudng ¢ dinh. Khoang cach trung binh dén vat
can thip nghia 1a robot da luén duy tri khoang
cach an toan dén vat can. Cudi cing, thong s6
quan trong lién quan dén hoach dinh duong di
cho robot 1a ti sb khoang cach trén duong di,
trong d6 khoang cach chinh la khoang cach
Euclid tir vi tri ban dau cua robot dén vi tri dich.
Con sb nay cang gan 1 nghia 13 quing duong
ma robot da di gan tring véi khoang cach ban
dau gitra chung.

5. KET LUAN

Thuét toan huin luyén da diéu khién
robot di chuyén dén diém dich duoc cho trudc
vo1 ti 1€ bl va cham vodi vat can tinh gﬁn nhu
bang khong. Két qua thir nghiém trén mé phong
cho thdy robot c6 thé hoan thanh nhiém vu di
chuyén dén myc tiéu trong thoi gian ngén va an
toan. Vi do phirc tap thap va thoi gian huan
luyén khong cao, ddy chinh 1a nén moéng cho
viéc trién khai thuat toan vao thiét bi phan clig
dé dang va nhanh gon hon.
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