CONG NGHE

NGHIEN CU'U PHUONG PHAP HOC TANG CUONG UNG DUNG
CHO BAI TOAN DINH VI ROBOT DI DONG LAM VIEC
TRONG MOI TRUONG KHONG XAC DINH

APPLICATION OF THE REINFORCEMENT LEARNING METHOD IN MOBILE ROBOT NAVIGATION

WORKING IN AN UNKNOWN ENVIRONMENT

TOM TAT

Hoc tdng cuong (RL) la mot ky thuat cda hoc mdy véi uu thé tép trung vao
viéc dao tao cdc m hinh hoc mdy dua ra mot chudi cac quyét dinh sao cho tac ti
hoc dat dugc muc tiéu trong mot moi trudng khdng chdc chan, c6 thé la phic
tap. Nhitng cong trinh nghién ctiu gan day, phuong phap st dung hoc tang
cuong da dugc ap dung nham nang cao do chinh xac va linh hoat cho robot di
dong gidi quyét cac bai toan vé dinh vi. Muc dich cla phuong phap chinh la dao
tao cho robot khd nang tu hoc tu thich nghi vi méi trudng lam viéc ¢6 thé |a
chua dugc xac dinh san. Bai bdo sé di sau vao nghién ciiu van dé ting dung hoc
tang cudng vdi thuat todn Q-learning cho qué trinh dinh vi robot trong mot moi

trudng chua xac dinh.

Tir khod: Hoc tdng cuong, dinh vi Robot di ddng, thudt todn Q-learning, méi

trudng khdng xdc dinh.

ABSTRACT

Reinforcement learning (RL) is a technique of machine learning with the
preponderance of focusing on training machine learning models to make a
sequence of decisions so that the learning agent achieves its goal in an uncertain
or complicated environment. In recent research, the method of using
reinforcement learning has been applied to improve the accuracy and flexibility
of mobile robots to solve positioning problems. The purpose of the main method
is to train the robot to learn to adapt itself to a working environment that may
not be predefined. This paper will dive into the problem of applying
reinforcement learning with the Q-learning algorithm to the robot positioning

process in an unknown environment.

Keywords: Reinforcement Learning, mobile robot Navigatio, Q-learning,

unknown environment.
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1. GIGI THIEU

Budc vao thdi dai cong nghiép 4.0 vai su phat trién
manh mé clia khoa hoc cong nghé cuing khd nang tich hgp
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vGi cac thiét bi ngoai vi, cac loai cdm bién nhu thj giac, xuc
gidc, cdm bién lyc/mo6 men lam tang kha nang thich tng
vGi moi truong thay déi cla robot. Péng thai viéc Ung
dung cac gidi phap diéu khién théng minh giltp robot cé
kha nang tu hoc va tu gidi quyét van dé, tao tién dé cho
robot di déng ngay cang dugc ung dung rdng rai trong
nhiéu linh vuc ctia doi séng nhu: Robot trong y t€, cham
soc sutic khde, nébng nghiép, déng tau, xay dung, an ninh
quéc phong va trong cac ing dung dan sinh. Qua trinh tu
dong hoa va hién dai héa quy trinh san xuat trong cac nha
may cong nghiép dugc thuc hién mot phan nhd vao su cai
tién cac hoat déng van chuyén trong cac day chuyén san
xudt. Su ra d&i ctia robot di dong la mét trong nhiing budc
chuyén hoda quan trong trong quy trinh tu déng hoéa hoat
déng van chuyén trong cac day chuyén san xuét, 13p rap
cling nhu hé théng luu kho. Bén canh d¢, cac loai robot di
dong phuc vu hoat dong logistic trong cac bénh vién, nha
ga va cac trung tdm van chuyén hang hoéa. Dua vao cac
théng tin nay, hé théng diéu khién sé ra cac quyét dinh phu
hop dé robot c6 thé chuyén ddng theo quy dao thiét ké vai
van toc tueng Ung.

Trong robot di déng gém c6 bon bai toan chinh can
thuc hién, dau tién phai ké dén dinh vi, bai toan thu hai la
thiét k& quy dao chuyén déng, thi ba la bai toan tranh vat
can va cudi cung la diéu khién chuyén déng. Pinh vi la xac
dinh vé hudng va vi tri ctia robot so v6i moéi trudng hoat
déng dé qua trinh di chuyén dat én dinh va chinh xac, do
dé dinh vi déng vai trd vé cling quan trong, lam tién dé dé
giadi quyét cac bai todn tiép theo, su thanh cong clia mot hé
robot hoat dong doc lap. Néu robot khong xac dinh dugc vi
tri trong maoi trudng hoat dong sé kho khan trong viéc thuc
hién nhiém vu tiép theo. Trong nhiém vu nhan biét vi tri,
cac cdm bién dugc st dung dé thu thap va san xuat théng
tin tUr moéi truong, nai robot hoat déng. C6 mét loat cac
cdm bién c6 thé dugc chon dé diéu hudng tu ddng tuy
thudc vao nhiém vu cda robot di dong, néi chung c6 thé
dugc phan thanh hai nhom 1a dinh vi tuyét déi va dinh vi
tuong doi.
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Vi su tién bd clia cdng nghé, cac giadi phap théng minh
ung dung cho linh vuc robotics néi chung va robot di dong
noi riéng da phan nao khic phuc dugc nhiing nhugc diém
cla cac phuong phap xdy dung robot truyén théng. Diéu
quan trong la phai hiéu ban chat cta viéc hoc dé dat dugc
muc tiéu cta théng minh cltia robot. Mac du c6 rat nhiéu
thuat toan duoc phat trién dudi dang phuong phap hoc ¢
gidm sat va khong gidm sat trong linh vuc hoc may, nhung
y tudng co ban cla viéc st dung hoc tang cudng (RL) la hoc
tu tuong tac. D& c6 dugc khd nang tuong tac, robot phai
thu thap d liéu tir cac cdm bién khac nhau dugc gan trén
robot, bao gém ca tia héng ngoai. Nam 1957, [3] gidi thiéu
1ap trinh déng (dynamic programming), dan dén diéu khién
t6i uu va sau do la quy trinh quyét dinh Markov (MDP). Su
khac biét vé thai gian da mang lai mét khia canh mai cho
RL, va vao nam 1989 Q-learning dugc khdam pha béi [4] la
mot budc dét pha quan trong trong linh vuc Al. Cuéi cung,
thuat toan dugc Sara [5] gidi thiéu vao nam 1994 véi tén
goi 'modifined Q-learning'. C6 nhing nghién cdu khac
nhdm nang cao ky thuat RL dé c6 két qua hoc tap nhanh
hon va chinh xac hon [2, 6 - 8]. Piém manh cla phuong
phap hoc tang cudng la gidp cho mé hinh & day la robot c6
tinh tu hoc va tich luy kinh nghiém sau nhing lan thr dua
vao quy trinh thu thap va t6i uu cac phan thuéng dua vao
tuong tac véi moi trudng; cung thudt todn Q-learning c6
chiic nang cap nhat gia tri sau nhiing tuong tac gilra robot
va moi trudng nham tinh toan dua ra cadc hanh dong téi uu
cho robot di chuyén t&i diém muc tiéu trong méi trudng.
TU nhiing dac diém k& trén, nhém nghién clu quyét dinh
Iua chon giai phap hoc tang cudng giai quyét bai toan dinh
vi cla robot trong méi trudng khéng xac dinh.
2.CO SG LY THUYET PHUGNG PHAP HOC TANG CUONG
VA THUAT TOAN Q-LEARNING

% Cosé ly thuyét phuong phap hoc tang cuéng

Giai phap hoc tang cudng tap trung nhiéu hon vao viéc
hoc huéng téi muc tiéu tu su tuong tac hon la cac gidi phap
khac clia ky thuat hoc may. Thuc thé hoc tap (the learning
entity) khong dugc cho biét trudc nhiing hanh dong phai
thuc hién, nhung thay vao dé phai tu kham pha ra hanh
dong nao tao ra phan thudng I6n nhat, hay chinh la muc
tiéu cudi cling clia nd, bang cach kiém tra cac hanh déng
nay thong qua phuong phap "th( va sai".

Cac thuat ngr thudng dung trong hoc tang cudng bao
gém 7 thuat ngit:

= TAc nhan (Agent): dai dién cho “gidi phap”, 1a mot
chuang trinh may tinh v&i moét vai tro duy nhat la dua ra
quyét dinh dé giai quyét cac van dé ra quyét dinh, tac dong
phtc tap dudi su khéng chac chan.

= Méi trudng (Environment): dé la dai dién cla moét
trudng “van dé”, la moi thu xdy ra sau tac dong clia tac
nhan.

= Hanh ddéng (Actions): tap hgp cac phuong thic ma tac
nhan tac déng dén méi trudng.

= Trang thdi (State): trang thai clia tac nhan duogc tra lai
qua tac ddong dén méi trudng.

» Phan thudng (Reward): phan thudng tucng tng véi
mai trang thai clia tdc nhan nhan dugc trong méi trudng.

= Tap (Episode): mot chu ky bao gém cac tuang tac gitia
tadc nhan va méi trudng tui thai diém bt dau dén két thuc.

= Chinh sach (Policy): chinh sach hay la mét luat thiét
lap cho tac nhan hoan thanh dugc muc tiéu dat ra trong
moi trudng.

ACTION

ENVIRONMENT
|

STATE, REWARD

Hinh 1. S¢ do quan hé giira Tac nhan va M truong trong ky thuat hoc tang
uong [10]

Trong d6, tdc nhan va moi trudng la hai thanh phan cot
16i clia mot hé thédng hoc tang cudng. Hai thanh phan cot
16i nay tuong tac lién tuc theo cach ma tac nhan c6 gang
tadc doéng dén méi trudng thong qua cac hanh déng (hay
quyét dinh) va méi trudng phan tng lai véi cac hanh dong
clia tdc nhan.

Méi truong thuong chira dung moét nhiém vu dugc xac
dinh ré rang va c6 thé cung cdp cho tdc nhan mét tin hiéu
khen thudng (phan thudng) nhu mét cau tra 1Gi truc tiép
cho cac hanh dong cla tac nhan. Phan thudng nay la phan
héi vé muc d6 hiéu qua cta hanh dong cudi cling cla tac
nhan trong viéc n6é gép phan dat dugc nhiém vu. Phan
thudng nay dugc cung cap bdi moi trudng.

+« Thuat toan Q-learning

Q-learning la mét thuat toadn hoc tang cudng khéng c6
mo hinh (Model-free). N6 hoc tap dua trén cac giad tri
(values-based). Cac thuat toan dua trén giad tri cap nhat
ham gia tri dua trén mét phuaong trinh (dac biét la phuong
trinh Bellman). Trong khi loai con lai, dya trén chinh sach
(policy-based) udc tinh ham gia tri véi mot chinh sach tham
lam c6 dugc tir 1an cai tién chinh sach cudi cung [9].

Phuong trinh Bell-man:

Q' (s,a)=E,[r+ymaxQ(s',a) |s,a] (1)

Q learning la mét thuat toan off-policy: C6 nghia la n6
hoc dugc gia tri cia chinh sach (policy) t6i uu mét cach doc
lap vdi céc hanh déng cla chd thé (agent). Mat khac, on-
policy learner tim hiéu gia tri cia chinh sach dang dugc
thuc hién bdi chd thé, bao gdm cac budc tham do va ho sé
tim ra mét chinh sach t6i uu, cé tinh dén viéc kham pha
(exploration) vén cé trong chinh sach.

Qst,at = Qst,at +a* [rt +Y *max Q(st+1,a)— Qst,at] ()
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Trong d6:

- Q'(s, a) la gia tri ky vong (phan thudng cta chiét khau
tich lay) trong viéc thuc hién hanh déng (action) a & trang
thai (state) s va sau d6 tuan theo chinh sach téi uu (optimal
policy).

- a la t6c d6 hoc cua thuat toan thé hién sy hoi tu cda
mo hinh hog;

- vy 1a hdng s6 chiét khiu xac dinh mic dé quan trong
dugc trao cho phan thudng trudc mat va phan thudng
trong tuong lai;

- s,va a, la gia tri trang thai va hanh déng thu duogc tai
thai diém t.

Hanh déng t mbi trang thai thu dugc cta thuat toan Q-
learning dugc xac dinh bdi Quy trinh dua quyét dinh
Markov (MDP) nham dua ra hanh déng phu hop trong
tuang lai nhg phan thudng hién tai.

Vi bo gia tri (S, A, P, R, y), véi:

+ Sla mét tap hgp cac trang thai,

- A 13 thp hgp cac hanh déng ma tac nhan c6 thé chon
dé thuc hién,

- P la Ma tran xac suat chuyén déi,

- R 1a Phan thuéng dugc tich lGy béi cac hanh dong ctia
tdc nhan,

- v la hé sé chiét khau.

- Ma tran xac suat chuyén déi:

P =P[S,,, =s'|S, =5,A, =a] (3)
- Ham phan thuéng:

R? =E[R,.,|S, =s,A, =a] (4)

% Luu d6 thuat toan Q-learning:

Thuat toan: Q-learning

Pau vao:
Tap trang thdi S={1,...,s.}
Tap hanhdéng A={1,...,a.};
Ham phan thuéng: Sx A =21l

Khai tao cac siéu tham sé cua thuat toan:
a,ye [0,1];

Phuong thtc:
Khéi tao Q: S x A = [1 ngau nhién;
for gid tri Q chua hoi tu:
do: dat trang thdis € S;
for s khong phai la trang thai cu6i:
do:

Lua chon hanh déng a méi (dua vao
chinh sach t8i uu);

Thyc hién hanh déng g;

Quan sat trang thai s mdi va thu
nhan phan thudng R;
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Cép nhat;
Q, . = Q. ta*[r, +y*maxQ(st+1,a)-Q, ]
Cap nhat trang thais > s/
End for
End for
Paura:
Hanh déng tot nhat dugc lya chon a'.

% Thuat toan Q-learning st dung ham chinh sach t6i uu:

Thuét toan 1: Ham chinh sach t6i uu Epsilon-Greedy

Pau vao: a: ti 1é hoc, y: hé s6 chiét khau, & mét s6 nho
Két qua: Mot bang Q chia céac gia tri Q (S, A) xac dinh
chinh sach udc tinh t6i uu m*

Khéi tao Q (s, a) tuy y, ngoai trir cac gia tri dau va cudi
Q (terminal,);

Q (terminal,) € 0;
For chay méi tap episode do:
Khai tao trang thai S;
For méi budc trong tép
do:
A €& Lua chon hanh déng (Q, S, €)

Thuc hién hanh dong A, sau d6 quan sat

phan thudng R va trang thai tiép theo S’
Q(S,A) € Q(SA) + a*R + ymax, Q(S5,a) -

Q(S,A)l;

S€S

While S khong phai la gia tri cudi cung;
End
End

Thuat toan 2: Epsilon-Greedy lua chon hanh déng

Pau vao: Q: Bdng Q da dugc tao cho dén thai diém hi
hién tai

Két qua: Hanh déng dugc Iua chon
Phuong thic: Lua chon hanh déng (Q, S, €) is
n €< chon 1 s6 ngau nhién trong khoang 0 dén 1
if n < e then
A € hanh déng ngau nhién tir tap khong gian cht
Else
A< maxQ(s,);
End
Return hanh ddng da lua chon A;
End
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Thuat toan 3: Ham chinh sach t6i uu Softmax function

Coéng thic cda ham softmax la:

3 eZ‘

o (Z)= I, oA (5)

- Z: Gia tri vector nhap vao cho ham softmax (tu z, dén
z)

- Zi: Tat ca céac gia tri z déu la gia tri vector nhap cho
ham softmax. Chung c6 thé 1a bat cit s6 thuc nao, s6
duong, s6 am hay s6 0. Vi du mét mang than kinh nhan tao
c6 thé co gia tri vector ra la (-0,62; 8,12; 2,53). Day khéng
phai 1a phan phdi xac suat dung. D6 la vi sao ta can dén
ham softmax.

- e%: Ham lily thifa tiéu chudn dugc 4p dung cho mdi
gia tri nhap. N6 sé dua ra mét gia tri duong I6n hon 0. Gia
tri nay sé rat nho néu gia tri nhap la am, va rat 16n néu gia
tri nhap duong. Tuy nhién, né sé khéng c6 dinh trong
khoédng (0:11. Bay la yéu cau clia mot xac suat.

- 2%, e%': Dong phia dudi cta cong thic 1a mét cum
chudn héa. N6 ddm bao rang téng clia cac gia tri ra sé luén
bdng 1 va nam trong khodng (0:1]. Nhu vay, sé xuat hién
phan phdi xac suat chinh xac.

3. XAY DUNG MO HINH THUAT TOAN HOC TANG CUONG
UNG DUNG CHO BAI TOAN DINH VI ROBOT DI DONG

% Thiét lap méi trudng:

D0i vai tac nhan & day la robot di dong dang hai banh vi
sai, viéc thiét 1ap cho qua trinh tu hoc cla robot la mot
céng doan hét stic quan trong. D& thuan tién cho robot
hoat déng, ti€n hanh thuc nghiém trén hai dang moi
truong la moi trudng thuc va maoi truong ao. Muc dich la sé
thuc hién qua trinh training thu thap di liéu cla robot trén
moi trudng o, tir d6 st dung bd dit liéu da training dé gidp
robot trién khai két qua thuat toan trong méi trudng thuc.

- Méi trudng &o: Phan mém Gazebo két hop Rviz, st
dung mé hinh mé phéng robot thuc training lay di liéu;

- Moi trudng vat ly: Xay dung dua trén maoi trudng do.

DGi véi méi trudng do, thuc hién xdy dung mé hinh
robot dang vi sai vdi kich thuéc gan ding dé dat duoc két
qua nhu mong dgi.

Tac nhan-robot thuc hién thu thap di liéu cia moi
trudng bdng cac quan sat (observation) tir Cam bién Lidar
SICK Scan NAV, xay dung cac rang budc khéng gian quan
sat. Tu d6 téng hop va tucng tac véi méi trudng bang cac
hanh dong dugc t6i uu béi chinh sach thiét lap. Pau qua
trinh thu thap di liéu tr méi trudng can khéi tao mot sé
thong sé lién quan tai: Vi tri khai tao; goc quét gidi han, do
réng dai quét, cac vung thiét 1ap cha lidar; Vi tri diém goal
khdi tao cho robot...

< Thiét lap, rang budc tap cac trang thai, cac hanh
dong khd dung cho robot:

actions[5] =[tien_thang, re_trai, re_phai, dung_lai, quay_tron]

Khéng gian trang thai clia robot sé dua vao phép do tu
cam bién laser Sick Nav245. Vi cdm bién laser si dung cé

thé do khodng cach trong pham vi 50 cm dén 50 mét va
gdc do la 270 d6 xung quanh robot. Diéu nay sé dan dén
khong gian trang thai cGa robot Ia mét khéng gian 16n vo
han. Ching ta can can chinh dé gigi han khéng gian giup
thuat toan c6 thé hoi tu.

Hinh 2. Rang budc tap khdng gian trang thai clia robot [1]

Da4u tién, phép do khoang cach sé duoc lua chon 1a 1
mét va gbéc quét cla cam bién laser trong pham vi [-
135°,135°] theo hudng cla robot dang di chuyén. Pay la
mét gid dinh hgp ly vi cdc chudng ngai vat cach xa robot
hon 1 mét va phia sau robot sé khdng gay nguy hiém tdi
robot.

Khong gian trang thai sé bao gobm 4 phan td (x,, X,, X3,
x,) dugc xac dinh dua trén khodng céach va vi tri ciia chuéng
ngai vat doi vai robot. Cac trang thai bién déi x1 va x2 duoc
xac dinh dua trén khodng cach giia vat can déi véi robot.
Hai trang thai nay sé dugc xac dinh nhu sau:

0,50cm < d < 80cm
x,=1 1,80cm <d <130cm (i=1,2)
2,130cm < d < 180cm

Hinh 3. Rang budc tap khdng gian trang thai clia robot [1]

Khoang cach d la khoang cach dugc tinh tir vat can dén
ria trdi va ria phai clia robot. Ta ¢6 x, tuong Ung sé la
khodng cach tur ria trai robot dén vat can con x, la khoang
cach tu ria phai robot dén vat can.

Hai trang thai con lai la x; va x, sé dugc xac dinh dua
trén vi tri cla chudng ngai vat so véi robot. Ching ta danh
dau vi tri chudng ngai vat la p, p la dai dién cho goc ma
robot phat hién ra vat can bdi cdm bién laser. Khoang s1:
0°<p Sg ;52=2S p< 22v6i h la 1/2 géc quét cdla cdm
bién laser (=270°/2 = 135°). Hai trang thai x;, x, s& dugc xac
dinh nhu sau:

0, Robot phat hién ra vt can

1, Robot phat hién ra vat can
") 2, Robot bi vt can bao phli toan phin
3, Vat cAn ndm ngoai pham vi ctia robot

(i=34)
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¢+ Gidi han hanh déng:
0,08 ? ,robot di thing vé phia truéc
v= 0,06 % ,robot ré trai

0,06 ? ,robot ré phai

d e “w 1. ,
(0 % ,robot di thang vé phia truéc
w= +0,4 % ,robot ré trai
d ~ 5.
t —-0,4 % ,robot ré phai

% Xay dung ham chtic nang phan thudng

Dé dat dugc nhimng diéu trén, chic nang phan thudng
dugc dinh nghia 1a su két hop clia 3 phan thudng khac
nhau:

1=

+0,2,at = di thing
{—0,1, at = ré trai / ré phai
+0,2, Wr2.4d <0
{—0,2, Wr2.4d = 0

=

(o { —0,8,robot thay d8i hwéng quay

> |0, robot khong thay déi huéng quay

Téng phan thudng rt sé bang téng clia ba phan trudc
trong trudng hgp khéng va cham, trong khi phan thuéng
am rat lon l1a =100 trong trudng hop va cham.

. { —100,néu c6 xay ra va cham

" lr1 + 72 + r3,néu khong xay ra va cham
4. MO PHONG, THUC NGHIEM MO HINH HOC TANG
CUONG

% Xay dung mé hinh mo phéng:

Hinh 4. Xay dung mé hinh va moi trugng do trén phan mém mdi trudng gia
lap Gazebo

% Quy trinh hudn luyén mé phong va thu thap di liéu:

Hinh 5. Qua trinh huan luyén mé hinh va thu thép dit liéu trén Gazebo
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* Muc tiéu cla qua trinh 1a huan luyén dé mé hinh c6
kha nang luu lai cac gia tri phan thudng dugc tra vé tur cac
bién trang thai sau khi thuc hién moét hanh dong, tir d6 cé
kha nang vugt qua cac vat can.

» Si dung cac ham chinh sach t6i uu khac nhau trong
qua trinh huan luyén

= Qua trinh huan luyén s&t dung ham chinh sach t6i uu
Epsilon-greedy:

Total reward per episode
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-150
T T T T T T T T T
o £ 100 150 200 0 300 350 400
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00
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-08

Hinh 6. D6 thi thé hién phan thuéng nhan dugc trén tling episode va toan
episodes st dung ham t6i uu Epsilon-Greedy

= Qua trinh huan luyén s& dung ham chinh sach t6i uu
Softmax-function:

» Danh gia qua trinh huan luyén:

- Qua trinh huén luyén sit dung ham chinh sach téi
uu Epsilon-greedy: Bién dang d6 thi phan thudng tu
nhiing episode nhd thé hién su kém 6n dinh do qua trinh
ban dau, ham epsilon cang 1én uu tién kich hoat phuong
thic kham pha; nhung tu cac episode I6n trong khoadng
[250,400], phan thudng thu dugc c6 bién dang 8n dinh do
epsilon gidm dan, lua chon hanh déng tham lam, déng thai
cac buéc di chuyén cla robot ting dan trong qua trinh
huan luyén thu dugc két qua kha quan.

* Qua trinh huédn luyén s&t dung ham chinh sach téi
uu Softmax-function: Bién dang dé thi phan thudng tu
nhiing episode nhé ciing thé hién su kém 6n dinh tuy
nhién t6i uu hon so véi Epsilon-greedy do méi gia tri cla
tham s6 T mang trong s6 clia moi hanh déng dugc lua
chon, ti nhiing episode [150,200] bién dang cta phan
thudng tang dan do véi gia tri T cang tién vé 0 hanh déng
tham lam dugc lya chon uu tién, dong thdi cac budc di
chuyén clia robot tang dan trong qua trinh huan luyén thu
dugc két qua kha quan.
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Hinh 7. D6 thi thé hién phan thudng nhan dugc trén tiing episode va toan
episodes st dung ham tdi uu Softmax function

¢ Thuc nghiém:

Sau khi thuc hién qua trinh huan luyén mé hinh trong
trudng moé phéng dé thu thap dir liéu, tién hanh thuc
nghiém trén mé hinh thuc dé ching minh tinh hiéu qua
cla phuaong phap.

= C3u truc hé théng diéu khién phan cing robot:

1 Cim bién laser
[Emaﬂum Déng w phii Driver ooz a;t; g
[E\:o&:m Dirgcotai [Dwa;mm

Hinh 8. Sa d6 phan cling hé thdng robot

= K&t qua thuc nghiém:

- PO thi biéu dién su thay d8i van téc theo phuong (x, y)
va goc quay theo truc z khi di chuyén t&i dich cda robot:
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Hinh 9. D4 thi biéu dién sy thay d6i cia van tdc robot theo phuong (x,y) va
gécquay z

Hinh 10. Khéi tao vi tri ddt va vi tri diém dich cho robot

Hinh 11. Robot di chuyén tGi vi tri diém dich da dét trudc

- P6 thi biéu dién dap Ung toa dd cla robot tai vi tri
diém dich A (7,1989; 1,8065; -0,8565):
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Hinh 12. D4 thi dap (ing theo vi tri va hudng cia robot

Dbaénh gia két qua thi nghiém:

= Hé thdng da hoat déng 6n dinh, cho thai gian dap
Uing dén vi tri diém dat nhanh;

» Thuc hién dugc yéu cdu phat hién va tranh cac vat can
trén dudng di chuyén véi méi trudng khéng xéc dinh, robot
chua biét vi tri vat can clng nhu bién dang ctia moéi trudng
lam viég;

® So sanh véi phuong phap dinh vi robot truyén théng
khac, phuong phap dé xuit c6 dd én dinh cao, thdi gian
dap ung nhanh va tich hgp thém dugc tac vu tranh vat can
khi di chuyén, robot khéng bj anh huéng béi cac bién dang
vat can khac nhau.

S6 12.2022 e Tap san SINH VIEN NGHIEN CUU KHOA HOC | 103



CONG NGHE

» Déng thoi phuang phap méi giup giam bét budc thiét
lap ban dé trong moi trudng cé dinh, giai quyét dugc bai
toan dinh vi robot trong méi trudng khéng xac dinh trudc.
5. KET LUAN

Nghién cttu phuong phéap hoc téng cudng da giai quyét
bai todn dinh vi cho robot trong méi trudng khong xac
dinh; Tich hgp st dung cac ham chinh sach t6i uu epsilon-
greedy va softmax function giip mé hinh thuat toan co két
qua véi do6 tin cay cao hon. Trong qua trinh thuc nghiém,
robot thuc hién dugc nhiém vu dinh vi diém dich va tu phat
hién cling nhu tranh vat can trong qua trinh di chuyén.

Trong thai gian t&i, nhém nghién ctu tiép tuc nghién
clru mé& réng vé cac gidi phap dinh vi va két hgp vdi laser
hodc camera nham xac lap dugc vi tri ctia robot, cac vat can
dé c6 thé Ung dung truc ti€p vdéi nhiéu loai robot khac
nhau; Nghién cttu cac phuong phdp hoc tang cudng mé
rong nhu hoc tang cudng sau (deep reinforcement
learning), két hgp si dung mang than kinh nhan tao
(neural network), phat trién (ing dung cac gidi phap diéu
khién théng minh cho robot ngoai trdi; Nghién ctiu hoan
thién gidi phap diéu khién dé€ gidam céc sai léch, déng thoi
phat trién gidi phap cho hé théng robot di dong lam viéc
trong moi trudng ngoai trai (outdoor), nhém cac robot da
nhiém lam viéc dong thai.
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