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NGHIEN C(rU THUAT TOAN TiM BUONG BI TOI YU CHO ROBOT
CO KHA NANG TRANH VAT CAN TRONG MOI TRUONG
BIET TRUYOC

MOBILE ROBOT FAST PATH PLANNING ALGORITHM FOR OBSTACLE
AVOIDING IN KNOWN ENVIRONMEN

Nguyén Vin Huéng, TS. Nguyén Trong Doanh
Truong Co khi, Pai hoc Bach khoa Ha Néi

TOM TAT

Thiét lgp dwong di cho robot di dong c6 kha néng tranh vét can la mot trong nhitng chii dé
thu vi cua cdac nha nghién cuu trong qua khu, ciing nhuw ngay nay. Tuy nhién, cac cong trinh nghién
cibu trude ddy chii yéu tdp trung vao viéc tim ra qudng dwong ngdn nhat giita vi tri ban dau ciia
robot va vi tri muc tiéu ciia robot trong méi trieong biét trude. Con dwong toi wu ciia robot khéng
chi phy thude vao quing dwong di ngdn nhat ma con phu thuée vao téc dé di chuyén cia robot dé
dén dwoc vi tri muc tiéu. Lap ké hoach tim duong di 16i wu cho robot véi mét toc dé gioi han co thé
cho phép robot di dong dén muc tiéu trong khodng thoi gian nhanh nhat. Bai bdo ndy dé xudt mot

thudt todn Idp ké hoach dwong di véi thoi gian di chuyén dén muc tiéu nhanh nhat.
Tw khoa: Robot di dong, Thuat toan, Tranh vat can, Lap ké hoach duong di.
ABSTRACT

The mobile robot path planning for avoiding obstacles is one of the most interesting
researching topics. Actuel research works concentrate to find the shortest path between the initial
robot position and target position in known or dynamic environment. The optimal path depends
not only on the shortest path, but also in speed of mobile robot to goal achieving. To find fast path
planning with speed contrain can allow a mobile robot achieve target position in the shortest time.
This paper proposed a new fast path planning algorithm for avoiding obstacles with the shortest

time target achieving.

Keywords: Mobile Robot, Algorithm,; Path Planning; Obstacle Avoidance.
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1. TONG QUAN

Tim duong di ngin nhét va tdi vu nhat
cho robot di dong ludn 1a van dé nong trong
linh vuc diéu khién robot. Bai toan lap quy dao
di chuyén cho robot tir hanh c6 thé chia lam hai
dang: bai toan toan cuc (global) va bai toan cuc
bd (local). Trong bai toan toan cuc, moi truong
lam viéc ctia robot hoan toan d3 biét, robot dua
vao d6 dé tim quang duong di chuyén sao cho
ding muc dich cua nguoi nghién ctru. Trong
bai toan cuc b9, moi truong lam viéc cua robot
hoan toan chua biét, d6i véi trudng hop nay
can sir dung dén cic cam bién gin trén robot
dé tranh vat can. Do vay, thuong c6 hai su lya
chon cho dé tai nay:

- Mot 1, robot di chuyén trong méi
truong da biét.

- Hai 13, robot di chuyén trong méi
truong dong hay moi truong khong xéac dinh.

Di ¢ rit nhidu cac nghién ctu lién
quan dén thuat toan tim dudng di tdi wu cho
robot nhu: Thuat toan Dikstra [7], Bug 1 [5, 7,
9], Bug 2 [5, 7, 9], Thuat toan theo doi khoang
cach FGA [8], Thuat toan theo doi khoang cach
thong minh IFGM [3], Thuat toan tim dudng
ngau nhién RRT [5, 11], Thuat toan A* [5, 8,
12, 14]. Cac cong trinh nghién ctru déu tap
trung tim duong di ngin nhit cho robot ma
khong cht y dén toc do di chuyén. Cac chudng
ngai vat co rat nhiéu cac hinh dang khéc nhau,
mot s trudng hop rat d& tim duong nhu chit U,
chir H, hinh chir nhat, tam giac. Tuy nhién, viéc
tim dudng mat rat nhidu thoi gian va khong
phai con duong t6i uu.

Dua trén thuat toan phan tich duong di
toan cuc cho robot [9], thuat todn cua tac gia Lé
Xuan Hai cho két qua tot hon so véi hai thuat

toan cb dién Bugl va Bug2.

—o—NSPMR algorithm
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Hinh 1.1. Két qua dwong di ciia thudt todn NSPMR

Tuy nhién ddy van chua phai con duong
di ngin nhat va thoi gian dén dich ngan nhat.
Van con con duong di tdi wu hon khi xét dén
vén tdc cua robot. Puong sé 1 mau vang gdm
4 doan thang va 3 doan cua, dudng sd 2 gdm
3 doan thing va 2 doan cua. C6 thé thiy rang
duong mau vang co quing duong di chuyén
ngan hon tuy nhién khi xét d&én van toc chay
cua robot thi duong mau do lai c6 thoi gian di
chuyén dén dich 1a nhanh hon.

== NSPMR algonithm
+— Hug? algonthm
251 |===RBugl algorithm

Coordinate Yim)

Coordinate X(m)

Hinh 1.2. Pé xudt dwong di méi 1
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Dua vao thuat toan RRT*, Qi va cac
cong su [11] da thuc hién mot soO stra doi va da
dat dugc mot két qua tot hon.

Hinh 1.3. Két qua dwong di ciia thudt todn RRT*

Viéc tim kiém duodng di duoc t6i wu hoa
bang thuat toan MOD-RRT* ngan hon so véi
thuat toan RRT ban dau. Tuy nhién van con cac
giai phap t6t hon nhu duong mau vang va do

trong hinh dudi.

Hinh 1.4. Dé xudt dwong di méi 2

Tuong tu ddi véi thuat toan PSO cua
Adamu va céc cong su [2], ta c6 thé tim duoc
con duong di to1i uu hon.

ROBOT PATH N A W00 SEARCH SPACE WATH THREE OBSTACLES
Wr v . * + + - * .

3 b

Y-CORTINATE
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£ CORDINATE

Hinh 1.5. Pé xudt dwong di méi 3

Viée xét dén tdc do cua robot 1a mot yéu
t6 quan trong dé giam thiéu thoi gian di chuyén
té1 dich. Bai bao nay s€ xay dung mot thuat
toan moi giup robot di chuyén dén dich nhanh
nhét, robot s& di chuyén véi toe do t6i da & cac
cung dudng thiang va s& di chuyén véi van toc
bang 70% van tdc ti da & cac cung dudng cua.

2. PE XUAT THUAT TOAN TiM PUONG
PI TOI UU MOI

2.1. Co s6 ly thuyét

Thuat toan tranh vat can voi thoi gian di
chuyén nhanh nhat dugc gia thuyét nhu sau:

- B& mit phang, khong trugt;

- Moi truong lam vig¢e da biét;

- Vi tri, hinh dang ctuia chudng ngai vat
xac dinh;

- Kich thudce cua robot duoc xac dinh
bang hinh tron ¢6 ban kinh da biét;

- Toc d6 di chuyén tdi da va téc do goc

da biét.
ve
VatcanI (Xo.Yo) ® Piém muc tiéu
dy /
< ._
Vit can J
(X, Y)
X, 1)
et R
@ Diém bat dau
(Xin, Yin) .

0 X

Hinh 2.1. M6 hinh héa hé thong

DPuong di to1 vu nhat 1a duong thang
noi diém ban dau va di€ém muc tiéu. Do do,
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khoang cach giira hai vat can 1a yéu t6 quan
trong quyét dinh xem robot c6 thé di qua giita
cac chudéng ngai vat hay khong. Néu khoang
cach gitra hai chudng ngai vat 16n hon hai 1an
ban kinh ctia robot thi cho phép robot di chuyén
qua céc chudng ngai vat.

Khoang cach hay khoang cach nhé nhét
gitta hai chudng ngai vat dugc xac dinh bf?lng
cong thuc:

dy= =%’ +(-n)? )

2R < d; 2)

Phuong trinh duong muc tiéu (la dudng
thdng ndi tir diém bat dau dén diem két thuc):

—Y;
y =2y 4 3
X —Xin 3)

Phuong trinh tiép tuyén tr mot diém

dén cac diém dau mut cua vat can dugc bao boi
duong tron c¢6 ban kinh R tinh tir tdm ctia robot:

1/1_ mbsX +b (4)

Xo—Xiobs
2.2. So' @6 khoi thuit toan

Thuat toan tim dudng di chuyén ti uu
duoc thuc hién nhu sau:

e Budc 1: Thiét 1ap ban dd, xac dinh
sO vat can trong moi truong lam viée (N ), Xac
dinh diém bat dau (init_point) va diém ket thtic
(final_point).

® Budc 2: Xac dinh phuong trinh duong
thang tuor diém bat dau va diém két thuc (duong

muc tiéu Y).

e Budc 3: Giai quyét bai toan:

» Truong hop 1: Khong ¢6 vét can (N,
= 0) => Puong t6i wu nhat 1a duong thang di
qua diém bat dau va diém két thuc.

P Trudng hop 2: Co N la s6 vat can (N, = N).

Kiém tra xem dudng muc tiéu co cit
vat can khong va tinh khoang cach nho nhat tir
vét can dén dudng muc tiéu. Néu dudng muc
tiéu khong cét vat can va khoang cach nho nhét
tir vat can dén duong muc ti€u 16n hon R thi
duong di tbi vu 1a duong muc tiéu Y. Nguoc lai,
néu duong muc tiéu cit vat can hodc khoang
cich nho nhét tir vat can dén duong muc tiéu:

- Xac dinh cac duong tron tam I ban
kinh (R + 0.1R); trong d6 I 1a dinh cac dau mut
cua vat can, R 1a ban kinh cua robot; 0.1R 1a h¢
s6 an toan.

- Tao danh séach cac tiép diém; trong do
Is_init 1a danh sach cac tiép diém ké tir diém bat
dau dén dudng tron tam I; 1s_final 1a danh sach
cac tiép diém ké tir diém két thuc dén duong
tron tam [.

- Luu cac tiép diém p, vao Is_init véi p,
thoa mén diéu kién: Doan thang (init_point; P )
khong cit bat ky vat can nao va dudng thing
nay khong cat bat ky canh nao dbi véi vat can
dang xét.

- Luu géc tiép diém D, Vvéo Is final voi
p, thoa mén’dié’u kién: Poan thang (final _pojnt;
p,) khong cét,bét,k}‘/ vat can nao Vé} duong thang
nay khong cat bat ky canh nao doi véi vat can
dang xét.

- Xac dinh giao diém (intersec_point)
giita hai duong thang (init_point; p,) v6i (final _
point; p,).
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+ Néu ton tai giao diém (intersec_point)
thoa man diéu kién: Poan thing (init_point;
intersec_point) khong cat vat can nao va khoang
cach tir doan thang nély dén vat can 16n hon R;
dong thoi doan thing (final point; intersec
point) khong cét vat can nao va khoang cach tir
doan thang nay dén vat can 16n hon R.

+ Tinh khoang cach tir init point dén
diém giao va diém final point (distance path).

+ Tinh khoang cach tir diém init_point
to1 P, Jr"khoémg cé}ch pl‘t(')i p, + khoang cach
tur P, tdi1 final point (distance over tangent
point).

+ Néu distance path - distance over
tangent point < 6R thi thém intersec_point vao
danh sach Is tangent p va nguoc lai.

- Is_tangent > 0 thi:

+ Tinh toan quing dudng di chuyén.

+ Tinh thoi gian di chuyén véi gia thiét
dén khuc cua van toc di chuyén cua robot bang
70% van toc toi da khi di chuyén trén doan
thang.

v=v_ (1-0.7cosa)

Trong do, a la gbc quay cuia robot.

+ So sanh thoi gian di chuyén va chon
quang duong di chuyén c6 thoi gian ngan nhat.

-Néu Is_tangent = 0 thi:
+ Xac dinh p,_tangent, p, tangent lan

luot 1a tiép diém giira hai dudng tron co tiép
diém trong danh sach cua Is_init va Is_final.

+ Xdac dinh p,_new la giao diém cua
hai duong thang (init_point; p,) va (p,_tangent,
p,_tangent).

+ Xdc dinh p,_new la giao diém cua hai
duong thang (final point; p,) va (p,_tangent,
p,_tangent).

Poan thing (p,_new; p, new) thoa
mén diéu kién: Khong cat bat ky vét can nao
va khoang cach giita doan thing nay so vé6i vt
can phai l6n hon R).

+ Tinh khoang cach tir diém init point
toi p,_new +khodng cach p,_new t6i p, new +
khodng céch tir p,_new t6i final point.

+ Tinh thoi gian di chuyén.

+ So sanh thoi gian di chuyén va chon
quang duong di chuyén c6 thoi gian ngan nhat.

Ciydurg = iy L w:
Tz ek o o i oy ded
Cnadet fdew shifls =a_gmeg
Cpaden didw sbemes iEeai_pen
el o o e |7
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s - = Thut toan dua ra quiang duong di chi voi
::'::" S 1 khtc cua, trong khi thuat toan PSO dua ra
SRR quing duong di chuyén voi 6 khic cua, diéu do
e dan dén thoi gian di chuyén cta thuat toan méi
e 13 15.6s con thuat toan PSO di chuyén véi thoi
T — gian 25.4s.
K

Déi v6i thuat toan NSPRM cua Lé

e J e Xuan Hai va cac cong su:
.-.__,.. ¥ P =3
—a *-‘.-ﬁ:;.":.‘.:?:-""'" ﬁ;'-:":.:‘z‘i =k .
L g1 e s ] “1
- o=_ i T g i ]

e |
]
-
X 1
4,

Hinh 2.2. So dé6 khéi cua thudt toan : —
Thuat toan NSPRM

3. KET QUA VA THAO LUAN
Tién hanh mo phong thuat toan voi cac ) u
thong s dau vao nhu sau:
]

- Ban kinh ctia robot: R = 1; . .
-Vantoc max:v_ =1, f

- Vén toc khtc cua v ="70%v__ . J
+»» D061 voi thuat toan PSO cua Adamu va cac

A Thuat toan Bugl
cdng su:

Thudt toan Bug?2
T . Hinh 2.4. Két qua dwong di so véi NSPRM,
Hinh 2.3. Két qua dwong di so véi PSO Bugl, Bug?
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Ta c6 bang so sanh cac thuat toan nhu sau:

Bdng 1.1. Bang so sanh thoi gian di chuyén giita
cac thudt toan

Thuat My

tosn | method NSPRM | Bug2 | Bugl
Thot 1 455 50.7 58 | 1292
gian (s)

Bén canh do, t6i cling thuc hién so sanh
thuat toan cua minh voi cac thuat toan co dién
nhu A start, Dijkstra va déu thu duoc két qua tot
hon:

Hinh 2.5. Két qua dwong di so voi thudt todn A*
va Dijsktra

Mot sb truong hop khac cua thuat toan:

Hinh 2.6. M{t s6 truong hop tim dwong khdc

4. KET LUAN

Thuét toan méi tim duong di t6i wu cho
robot mang mot y tuéng méi mé, s dung hinh
hoc dé giai quyét bai toan. Va két qua cua thuat

toan nay ludn cho thoi gian di chuyén tét hon
50 Vi cac thuat toan ¢ dién trude day nhu A*,
RRT, Bugl, Bug2.... Ta c6 thé 4p dung thuat
toan ndy vao cic cong viée ciia doi sdng hang
ngay rat hiéu qua, dac biét la trong chién dau
va tac chién dién tir khi yéu cau can thoi gian di
chuyén dén dich nhanh nhét tir cac don vi chi huy.

Loi cam on:

Nghién ctru nay duogc tai tro boi Truong
Co khi. Tac gia xin cdm on Truong Co khi, Pai
hoc Bach Khoa Ha Noi da hd tro thoi gian va
co s& vat chit cho nghién ciru nay. <
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