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Piéu khién robot bay dan tranh vt can va tim kiém muc tiéu

Control swarm robots avoid obstacles and search for goals
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Trwong PH GTVT
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TOm tat:

Bai bao dé xuat giai phap diéu khién robot bay dan
tim kiém muc tiéu va tranh vat can bang ky thuat diéu
khién hanh vi dua trén khong gian rong Tiép theo,
bai bao dua trén Iy thuyet Lyapunov dé dua ra cac
didu kién 6n dinh ciia qua trinh tu bay theo phuong
thirc diéu khién mai dé xuét. Cudi cung la cac két qua
mo phong bang phan mém Matlab ching minh tinh
dung dén cua cac nghién ctu ly thuyét.

Tir khoa: robot bay dan, diéu khién hanh vi dya trén
khong gian rdng, tranh vat can, tim kiém muc tiéu.
Abstract:

This paper proposes a control solution for searching
goal and avoiding obstacles of swarm robots by
control technique of Null Space based Behavior.
Further more, the article based on Lyapunov theory to
give the stable conditions of the swarm convergence
under a new control method. Finally, simulation
results using Matlab software prove the correctness of
the theoretical research.

Keywords: swarm robots, Null Space based Behavior
control, avoid obstacles, targeted search.

Chir viét tit

PSO Particle Swarm Optimization
WMR Wheeled Mobile Robot
NSB Null Space based Behavior

1. Phin mé& dau

Hé thdng robot by dan luén gip phai rat nhiéu van
dé kho khan, vi du nhu: ching luén phai hoat dong
trong nhitng méi trudng phirc tap, c¢6 nhidu tré ngai,
nhung bén canh do kha nang tinh toan cua chung lai
ludén bi gidi han bdi cac cAu trac vat ly. Miéc du vay,
cac hé thong didu khién van phai dam bao trong thoi
gian thuc cac robot van phai hoan thanh muc tiéu
nhiém vu cia minh. Trong nghién ctu [1] nhédm tac
gia trinh bay mot thuét toan tranh vat can vdi cach
tiép can thuat toan t6i uu bay dan (PSO) dé diéu khién
cac robot trong Umg dung tim kiém tap thé. Y tuong
nay con nhleu han ché dé mo phong khi ¢6 nhiéu yéu
t6 thuc té gi61 han chuong trinh. Vén dé tranh vat can
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trong robot hoc da duoc nghién ctru rat rong rai va co
nhiéu thuat toan diéu khién dugc dua ra dé giai quyét
van dé nay. Tuy nhién, hau hét cac thuat toan duoc
xay dung dua trén co so robot don ¢, c6 kich thude
va khéi lugng 16n. Trong [2], cac tac gia dd st dung
bo diéu khién mo cho viée theo ddi duong di va tranh
tré ngai trén duong di chuyén ciia mot robot banh xe
di dong (WMR), két qua dat duoc 1a robot da tranh
duogc vat can, nhung chi ding lai ¢ viéc khao sat trén
mot ca thé robot. Trong [3], [4] d4 phan tich, ching
minh sy 6n dinh ciia bay robot di chuyén trong moi
truong khong c¢6 chudng ngai vat, véi luc hit/day
giita cac c4 thé dugc thiét 1ap dua trén co so logic mo.
Dé phat trién hon cac ndi dung da nghién ctru ¢ [3] va
[4], trong [5] céc tac gid dd xdy dyng mod hinh toan
cla bay dan khong chi dya trén lyc tuong tac gilra cac
c4 thé robot trong bay ma con phy thudc vao lyuc
tuong tac gitra cc ca thé robot v6i moi trudng, cu the
1a v6i vat can ndm trén duong di chuyén va véi moi.
Céc lyc twong tac nay déu dugc mo ta boi cac ham
logic mo, két qua dat dugc 1a cac robot trong bay da
tranh duoc vat can va tim duge mdi.

Trong ndi dung bai bao nay, chung téi dua ra giai
phap diéu khién robot bay dan dya trén ky thuat diéu
khién hanh vi khong gian rdng NSB: chia nhiém vu
16n cuia bay robot thanh cac nhiém vy nho, xac dinh
mic do uu tién cua ting nhiém vy, sau do6 chiéu
nhiém vu c¢6 mirc d6 wu tién thip hon vao khong gian
rong cua nhiém vu uu tién cao hon. Piéu kién 6n dinh
qué trinh h01 tu cling dugc dua ra trong nghién clru
nay, va cudi cung la cac két qua mod phong kiém
ching tinh dung dén cia nghién ciru 1y thuyét bang
phan mém Matlab.

2. Ngi dung chinh
2.1 Khai nigm khong gian réng 7
Xem xét mot bay robot ¢ N cé thé di chuyén trong
pil

pi2

khong gian n chiéu, goi P, = eR": 13 vi tri
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U,

u
N 2 N ~ £ . 2 ,
va U= e R": 1a vector van toéc di chuyén cua

u

n
ca thé tha i (i = 1 + N), mo hinh toén hoc cua cé thé i
duoc mo ta nhu sau:

P, =u 1)
Goi o la gia tri ddu vao diéu khién dé ca thé i hoan
thanh muc tiéu nhiém vy, lic d6 o s& phu thudc vao
p, c6 nghia la:

o=f p )
bao ham (2) theo thoi gian:
.o p -
o=—
op P

Kéthop (1)va(3): 6=J p u

trong d6: J(p) 12 ma tran Jacobian, J p € R™"

-1
suyra: u=Je=J" " o (4)
trong do: J* 1a ma tran gia nghich dao cua J(p),
J+ c Rnxl
Goi d la khoang céach mong mudn tir robot téi muc
tiéu, luc do6 (4) duoc viét lai nhu sau:

u=AJ" o-d =43¢ (5)
trong d6: % 1a hé s duwong,6 = o —d : duoc goi
la sai léch gitta gia tri thuc té so voi gia tri mong
muon.

Ma tran hinh chiéu truc giao vao khdng gian rdng cua
J duogce xac dinh boi:

N, =1-J"J

trong dé Ilamatrandonvi | € R™™.

N, duoc goi 1a khong gian réng cua nhiém vu dang
can hoan thanh. Ma tran N; 12 mot ma tran ddi xang,
va né c6 thé dé dang chi ra rang:

N, AN, "= AN, "vsi VAeR""
NJ+ =N,
IN, =N,J" =0

2.2 Didu khién hanh vi dya trén khong gian réng
Khi robot bay dan thuc hién nhiém vu di chuyén toi
dich, trén duong di chuyén ching phai tranh cac vat
can nam trén duong dé khong bi hu hong. Vi thé mai
cé thé robot trong bay phai thyc hién ba nhiém vu
sau:

e Nhiém vuy ther nhét: tranh vat can.
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e Nhiém vu tht hai: di chuyén t&é1 muc tiéu.
e Nhiém vy thir ba: duy tri bay dan dé tranh va cham
giita cac ca thé trong bay véi nhau nhung khong lam
phan tach nhom.
Dé diéu khién robot thuc hién cic nhiém vu trén thi
nguoi giam sat ¢6 thé chon mirc d6 wu tién khi thuc
hién cac nhiém vu. Trong nghién ctru nay tac gia chon
mirc d6 uu tién theo thw tu: tranh vat can, di chuyén
t6i muc tiéu va cudi cung 1a nhiém vy duy tri bay dan.
V6i ky thuat didu khién hanh vi dya trén khong gian
rong thi vector van tdc di chuyén ctia mdi ca thé robot
dugc téng hop theo gian d6 H. 1.
Van toc di chuyén ciia ca thé robot thu i duge xac
dinh nhu sau:

u=u, +Nyu, + N, U
trong do: u,, ug, ug 1an Iuot 13 cac vector vén toc thuc
hién cac nhiém vu: tranh vét can, di chuyén t&i muc
tiéu va duy tri bay dan, N, Nog 1a cac ma tran rong
duoc tinh toan theo thir tu wu tién ciia cac nhiém vu.
e Xac dinh vdn téc robot tranh vat can:
Goi M 1a sé lwong vat can c6 trong mdi truong di

Pos
p02

chuyén cua robot by dan, P, = eR":l1avi

pon
tri cua vat can tha m (m=1+M),o, € R: khoang
cach thyc té gitra c4 thé robot thtr i va vat can thir m:

2 2

G, :” Pom — pl” :\/ Pomi = Pir -+ Pomn — Pin

Mong mubn cua viéc diéu khién robot tranh vat can:
néu vat can nam trén duong robot di chuyén téi dich
thi robot phai cach vat can mét khoang cach an toan
do (con goi la khoang cach mong muén) o, 4, =d,,
néu vat can nam ngoai ving di chuyén cua robot thi
vat can khéng lam anh huong dén van toc di chuyén
cua robot. Piéu d6 cé nghia rang, van téc di chuyén
cua robot phu thuéc vao khoang cach gitra robot téi
vat can.
Ma tran Jacobian J, € RM*": bidu didn vector van
téc di chuyén cua robot tranh vat can:

- T
pol_ Pi
_” pol_ pl”
Jo =] = P ®)
- T
Pow — Pi
__” poM - pl” i
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Robot i

H. 1 Gidn dé téng hop vén téc theo phirong phdp NSB khi robot i thuc hién ba nhiém vy

Ma tran gia nghich dao cua J,:
+ A + nxM

J, =P, J, €R

Ma tran hinh chiéu truc giao cua Jo:
A AT X

Nozln_piopiof NOERnn (7
Tir (5) suy ra vector van téc robot tranh vat can dwoc
xac dinh nhu sau:

u, = _ﬂ’o‘]c:r o, _do = _ﬁ“o‘]c:r&o
®)

trong d6: &, = 0, —d, 1a sai léch giira khoang cach

thuc té va khoang cach mong muén tir robot dén vat

can.

e Xdc dinh vdn téc robot di chuyén dén muc tiéu:

Goi: p, = € R" 1a vi tri cia muc tiéu can tim

kiém, 64 € R 1a khoang cach thyc té giita robot thur
té1 muc tiéu, lac d6 o g duogc tinh toan theo cong thirc:

2 2
o, =|p, - piHZ\/ P R e
Mong mudn cua viéc didu khién robot hudng toi dich
Ia robot cham vao muc tiéu, tic 1a khoang cach mong
muon d, bang 0:

Oy :dg =0

Ma tran Jacobian J , € R:M.
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T
Py — P A
Py =Pl
Ma tran gia nghich d4o cua Jg:
+ _ A + nx1
Jy = pig, J,eR
Ma tran hinh chiéu truc giao cua Jg:
A AT nxn
Ny=1,-p,Pg. Ny eR (10)
Tu (5) suy ra vector van toc di chuyén téi dich cua
robot i dugc viét lai nhu sau:
_ + _ _ +
U, =4J, o,-d, =4,3,6, (1)
trong do: 6, =0, —d, =0 la sai léch giira khoang
cach thyc té va khoang cach mong mudén tir robot dén
dich.
e Xdc dinh vector vdn toc duy tri p&y:
Trong cég nhiém vu cua robot bay dan thi nhjém vu
duy tri bay la mét trong nhitng nhiém vu rat quan
trong, da c6 rat nhicu cong trinh khoa hoc nghién ctru
V€ van dé nay. Trong [4], chdng t6i da phan tich hanh
vi hoi tu cua bay ,dém dua t[én luc hat/day mo.
Khoang céch thuc té gitra ca thé robot thu i va thu j
(j=1+N, j#) la:

2 2
o, =|p; - piH:\/ S L i
Muc tiéu cua viéc diéu khién la duy tri khoang cach
gita hai ca thé robot lubn git & hang so

_ N

o,4=0,€R
Goi 0 la sai léch giita khoang cach thuc té va khoang
céch mong muén: &, =0, —0,

Trong nghién ctu [4], m6 hinh déng luc hoc cua ca
thé robot thir i dugc xac dinh nhu sau:
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— P

-l
o P, - P,

- Zj:l,j¢| H p,— P, H 12)

trong d6: 4 0, 14 lyc tuong tac giira cap ca thé (i,

p = Uy _Zjlj¢| le p'” H

J), luc nay dugc tinh toan dya trén co s& logic mo [4]:
u o, >0,khi:o, >0,
u o, <0,khi:0<o, <o, (13)
u o, =0,khi:o, =0,

Ma tran Jacobian:

r T
Pp— B }
T _H p17 le
‘]sl psl - T (14)
. ‘]s AT pz_ pi )
J=pi=| = " |=|[Tp, - pi} eR™
‘JsN ﬁsTN _ T
Py — B }
:H Py — piH |
Ma tran gia nghich dao caa Jg:
g -
pl_ pi }
3 o7 7Hp1_ piH
s Ps -
' f)Tl P, — B ' (15)
3=p= 7= 7 = e pfl) R
‘]5N FA);FN _ T
Py — B }
_7HpN - piH i
Ma tran hinh chiéu truc giao cua Jg:
N,=1 -ppl , N, eR"™ (16)

Tur (5) suy ra vector vén téc cua ca thé robot thi i 1am
nhiém vu duy tri bay dan dwoc xac dinh nhu sau:

u=J;u 6, eR™ (17)
« Tong hop vector véan toc di chuyén ciia mdi ca thé
robot trong béy khi thuc hién ca ba nhiém vu dua trén
k¥ thuat NSB nhu H.1:

U=u, + Nyu, + Ny ug
=-,d,6,+A,N,J 6, +N I 1 &, |

ogVs

ueR™ (18)
trong do: J { } Jog e R™ .

~Jdeg s Nog €R™

og¥og ’
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2.3 Thuat toan didu khién hanh vi robot bay dan
dwa trén nguyén ly NSB va logic mo

Dé diéu khién robot bay dan thyuc hién ba myc tiéu
nhiém vuy: tranh vat can, tim kiém muc tiéu va duy tri
biy dan thi can phai thuc hién theo cac budc sau:

* Bwoc 1:

- Nhap sb lugng robot trong bay: N.

- Nhap s6 lugng vat can trong khong gian di chuyén
cta robot bay dan: M.

- Pt vi tri ban dau cho céc robot trong khong gian n

pll p21 le
chiéu: pl _ p12 1 pz — p22 ) pN — pNZ
pln L p2n pNn

- bat vi tri M vét can va muc tiéu g trong khong gian
n chiéu:

poll poMl pgl

P, P, P
Por = . 1o Pom = " v Py = o

poln L poMn L pgn i

- Nhap khoang cach an toan gitra cac ca thé robot véi
vat can d,, va khoang céch gitra cac ca thé robot vai

nhau 0':

- Nhap céc h¢ sb 4, va Ay -

- Nhap sb budc tinh K.

* Buoc 2:

- Tinh khoang cach gitra robot thir i (i=1+N) véi tirng

vat can o, giia robot thir i véi dich dén 04 Va gira

robot thur i véi robot thir j =1+N, j#i) T, .

- Tinh lyc hit/ddy mo 42 o sao cho théa min diéu

kién (13) [4].

* Buoc 3: )

- So séanh khoang céch thuc té va khoang péch an toan

tur robot i t6i vat can o, (m=1, 2,...M). Néu:

s 0,2 dO: robot thtr i khong can tranh vét can o,
tuc la JO =0

e 0, < d0 : robot th{r i can phai tranh vat can o, luc
nay can tinh J o theo (6).

e Tinh: J, N, , U, .

- So sanh khoang cach thuc té va khoang cach mong

muon tir robot i téi dich dén. Néu:

¢ 0, =0:robot thi i da gap dich déng, J, =0.
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e 0, >0: robot thir i chua gip dich dén g, tinh J
theo (9).
, . +
e Tinh; Jg , Ng Uy -
s . +
o Tinh: Jyy, Jog, Nog
- So sanh khoang cach thuc té va khoang cach mong
muon tir robot i téi robot thir j. Néu:

e 0, >0, : robot thit i va robot thir j di chuyén vé

phia nhau nho hamhat ¢ o, >0.

e 0, <0,: robot thit i va robot thir j di chuyén vé

phia cdch xa nhau nhé ham day 4 o, <0.

e 0,=0 S* : robot thit i giit nguyén 19 trinh di chuyén

u o, =0.
e Tinh: J U,
* Buc 4: 7 ﬂ
- Van téc di chuyén cua céd thé i ¢ budc tinh k
(k=0+K-1) dugc xac dinh theo:

ulk]=u,[k]+ N, [K]ug [k]+ Nog [K]u,[k]
- Quéng dudng robot i di chuyén dugc twong tng Véi
mot budce tinh At :
AS'[k +1] = AS'[K] +u[k]™ At
- Toa do mei cua ca thé thir i sau (k+1) budc di
chuyeén:
p'[k +1] = p'[k]+ AS'[k +1]* At

Vong I3p tir budce 2 dén bude 4 duoc thyc hign cho
dén khi cac ca thé trong by hoi tu tai muc tiéu va két
thuc K budc di chuyén.

2.4 Phan tich sy 6n dinh caa robot biy dan dwa
trén ky thuat NSB

binh ly:

Cac diéu kién can va da dé on dinh muyc tiéu nhiém
vu l& Jacobians cua cac nhiém doc lap nhu tranh vat
can o, tim kiém muc tiéu g, duy tri bay va Jacobians
dugc ghép bai hai nhiém vu tranh vat can — tim kiém
dich phai thoa man cac diéu kién doc lap sau:

{pw. J+e(si)=r([ Ji])

p(J )+ (2 )=p([2 7L ])
Ia hang cuaa ma tran.

(19)

(20)
trong do o .
Chieng minh:
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Goi & la vector sai léch muc tiéu nhiém vy, tac la

GO

G =| G, |, muc dich cua viée diéu khién 1a 1am sao
GS

cho 6 =0.

Chon ham thé nang Lyapunov: V & :R" >R
I1a mot ham lién tuc, kha vi:

Pao ham V(.) theo thoi gian:

V=6¢'6=-¢"|J, |u

/1J J+~ +4,9,N,J,6,

oY gYo

23,356, + A9 N 36, +I N I:

ogoo
]*

—/1 0 0 7,
*| Adgde A NI, 0 Gy
Adds ANy IN IS || 1 6
m, 0 0 G,
—[0 6, 6! ] m, m, O G, (21)
M;, M, My | u &,
Do thuc té c6: J,N, =0, J;N,, =0, J N, =0
Can phai chirng minh duoc rang ham:
m, O 0 7,
v=[é, &, 61]m, m, 0 | &
My My My || 6

la xdc dinh duong. .

Ching minh diéu ki¢n can cua tinh xdc dinh duong
cua Vy: ba phan tir dau tién trén duong chéo chinh caa
Vila my;>0,my, >0 va & Myu 6, la xic
dinh duong. Phan to M,; 1a x4c dinh duong néu h¢ sb
A, <0.Phan tir M,,1a x4c dinh duong néu tranh vat
can o va tim kiém dich g la cac nhiém vy doc lap, tic
1a diéu kign (19) duoc thio mén va h¢ so 4, > 0.
Ham G~ST M33ﬂ 0, la xac dinh duong néu ma tran

M,; 1a xac dinh duong. Dé chimg minh diéu d6 can
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chitng minh cac gia tri riéng cia ma tran M, la xac

dinh duong O0< A, =4, <4, <...<A4y. Do d6

ching ta c6 thé viét:

G Myu 6, =46, 1 6, +A40 1 G +...
+AyG, 1 O,

Luu y rang:

kG, <u 6, <k,6,,0<k <k,, 0<k <k,

vii=12,...,N

Nen: kG2 <G u 6, <k,6°
Do d6 &My &, laxéc dinh duong.
Ma tran Mg 1 xéc dinh duong néu céc nhiém vu téch
bi¢t la doc lap tuyen tinh, tic 1a hang cua cac ma tran
nhiém vu duy tr[ bay va nhiém vu xép chong trz‘émh vat
can o - di chuyén téi dich g phai thoa man dieu kién
(20). i
Ching minh cdc diéu kién du cua dinh ly:
Trong cbng thuc:
~2 ~2 ~T ~
Vi=6,m; +0oy My, +0, Myu 6 +
~T ~ ~T ~ ~T
+6,M,G, + 6 M, G, +6,M,, (22)
Cu thé nhu sau:
~2 ~2
o,m, = _/100-0
~2 _ + ~2
oMy, = ngg Nngag
AJ I

~T ~
o m21o-oZ_ oYgVYo

g
Ta lai co: 3
&;—M31&o 2 _20231 ||&s|||&o|

&: M32&g >4, ’732 ”&sm&o

5/16|

~T ~ ~ |12
s M33/u O Z&Iﬂkl ”O-S”
trong d6: Ay, : gid tri lon nhét cia matran J J
Ay, © gid tri 16n nhit caa ma tran J N J .
Vi vay:

V, 2 =43 NI 62 + Ak |6, — 4,3,3¢ 16,6, ] -

oYgYo
_/10/731 ”&S|||&O| - /19132 ”&s |||0~0|
C6 thé viét lai dudi dang ma tran nhu sau:
ol | | 16|

1 N
Viz ‘Gg‘ P ‘69‘

AT
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trong d6 ma tran P e R*3 duoc dinh nghia nhu sau:

- 0 0

0

P=|-23,9; A,I,N,J; 0 (23)

o¥gvo

_ﬂ“oﬂ’o‘l _ﬂ“g 2’32 klﬂ“Sl
Dé V, la x4c dinh duong thi P phai xéc dinh duong,
diéu d6 co nghia rang, cac phan tir nam trén duong

chéo chinh cua P la xac dinh duong theo dinh ly
Sylvester:

4, <0 (24)
Ay >0va J;NJ >0 (25)
k, >0 va JN,JS >0 (26)
Tu (7):
JT Jg
I NGy =1-3 —J — =
[¢] g g ||J0||2 g HJQHZ
R R SRR |
2 2 2
9ol 3 91 9]

Theo bat dang thuc Cauchy — Schwarz:

(35,900 <3 F 34 34N3; 20, diu bing
xay ra khi va chi khi J, va Jq la hai vector phu thugc
tuyén tinh, J N, J <O khi va chi khi J, va J; 1a hai
vector doc lap tuyén tinh. N6i cach khéc, (25) ding
thi céng thac (19) 1a dang. Tuong tu nhu vay,
J.N,,J. >0 khiva chi khi Joy va Js 12 hai vector

og%s

doc lap tuyén tinh, didu d6 c6 nghia rang (26) dung
thi cong thac (20) 1a dang.

Dinh 1y da duoc chuang minh.

2.4 Két qua mo phéng

D6i véi mdi mod phong, khong gian tim kiém duge
thiét 1ap trén hé toa do hai chiéu [500, 500]. Céc vi tri
ban diu cua robot, vat can, muc tiéu duoc khéi tao
ngiu nhién. H.2 cho thdy qué trinh di chuyén cua cac
robot trong bay huéng téi hoi tu & muc tiéu bing
phuong thire diéu khién hanh vi cua robot dua trén
khong gian rong khi cac hé s6 Ao 12 x4c dinh am va hg
I x4c dinh duong. Khi s6 lugng vat can M trong moi
truong ting 1én thi hé sb tranh vat can X, phai cang
am.
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b.N=21, M=4,

a. N=15, M=1,
A, =55, 4, =~T55,
4, =0.05 4, =0.05

H.2 Qud trinh tu bdy ciia robot bdy dan khi cic hé
56 Ao la xdc dinh am va A4 la xdc dinh duong
Khi céc robot bay dan da hoi tu vé muc tiéu thi ching
chi ¢ thé di chuyén xung quanh khu vic muc tiéu
chir khéng di chuyén ra xa dé tranh 1am phan tach bay
nhu H.3.

200

n ‘-'-7.’;: 200 %0 400 50 Eél u:t:t X0 300 u‘:u‘: 500
a.N=15, M=3, t=50s b.N=21, M=3, t=100s
A, =-55, A, =-5.5,

4, =0.05, 4, =0.05

H.3 Qua trinh én dinh tu bdy cua robot bay dan
Khi h¢ $6 i, 1a xéc dinh duong thi c6 mot sf& ca thé
trong bay khong tranh dwoc vat can ma van bi va
cham vao (H.4a), khi %4 la xdc dinh am thi cac ca thé
trong bay khdng hoi tu Ve muc t|eu (H.4b).

0 Obtack :(-. w‘\c ‘ 00| psdacte’: .r
1 J .\b l 100 g : .‘ o
a.N=15, M:i, b. N 15 M l ‘
4, =55 4, =-55
4, =0.05 4, =—0.05

H.4 Quaé trinh tu bay cia robot bay dan khi cac hé so
Ao la xac dinh dwong hoac Ay la xdac dinh am

Két qua mo phong H.2 va H.3 da khing dinh tinh
dung din cua thuat toan diéu khién qué trinh thyuc
hién cac muc tiéu nhiém vu: Tranh duoc vat can, tim
kiém dugc muc tiéu va duy tri dwoc by dan.

3. Két luan
Bai bao da dua ra giai phap diéu khién robot bay dan
dua trén k¥ thuat NSB, dong thai ching minh sy 6n
VCCA-2015

dinh hoi tu cua thuat toan dua trén ly thuyet
Lyapunov. Két qua mé phong thé hién: cac cé thé
robot da tranh dugc chudng ngai vat va tim thiy muc

tiéu sau mot thoi gian di chuyén xac dinh. Noi dung
nghién ctu cua bai bao cho thiy rang viéc ap dung
NSB dé giai quyét vin dé tim kiém tap thé trong moi
truong ¢ nhiéu tré ngai 1a rat thiét thuc va hiéu qua.
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