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This paper focuses on the design of distributed formation control law
for multi-agent systems based on rigidity graph theory and applied to
the task of tracking and encircling a moving target. The multi-agent
system is described as an undirected graph that is infinitesimally and
minimally rigid. The control law is composed of a formation control
component and a target tracking and encirclement mechanism to ensure
stable formation during mission performance. The leader-follower
strategy is applied to solve this problem to increase efficiency and
simplify the design process. Accordingly, the target’s velocity value is
unknown to all agents, but the leader can determine the target’s relative
position and estimate the target's velocity value, then transmit this
information to the followers. The proposed control law is verified
through simulations in three-dimensional space on Matlab software.
The results show that the multi-agent system is capable of establishing
and maintaining the desired formation throughout the process of
tracking and encircling a moving target.

PIEU KHIEN NHOM PHAN TAN CHO HE PA TAC TU DUA TREN LY THUYET
PO THI CUNG UNG DUNG TRONG THEO DOI MUC TIEU DI PONG

Nguyén Thi Tuyét Hoa, Nguyé&n Tun Minh”
Truong Pai hoc Ky thudt Cong nghiép - PH Thai Nguyén

THONG TIN BAI BAO

TOM TAT

16/10/2023
Ngay hoan thién: 23/11/2023
Ngay dang: 24/11/2023

Ngay nhan bai:

TU KHOA

Diéu khién nhom phan tan
Hé da tac tor

Ly thuyét d thi cimg
Theo ddi muc tiéu di dong
Nhom trudng — thanh vién

Bai bao nay tap trung vao viéc thiét ké luat diéu khién nhém cho hé da
tac tir dwa trén c& s& cua ly thuyét do thi cung, tng dung trong nhiém
vu theo doi va bao vay mot muc tiéu di dong. Hé da tac t&r duge mo ta
dudi dang d6 thi vé hudng co do cing khoang cach vi phan va ti thiéu.
Luat diéu khién bao gdm thanh phan diéu khién hinh thanh doi hinh két
hop Véi co ché diéu khién theo ddi va bao vy muc tiéu nham dam bao
duy tri 6n dinh d6i hinh trong qua trinh thyc hién nhiém vu. Chién lugc
diéu khién nhom truong — thanh vién duoc sir dung trong nghién ctru dé
tang tinh hiéu qua va don gian hoéa quy trinh thiét ké. Theo do6, tat ca
cac tac tir déu khong co thong tin vé gia tri van toc cua muc tiéu, tuy
nhién tac tir nhom trudng co thé xac dinh duoc Vi tri twong déi va wéc
lwong gia tri van téc cua muc tiéu, sau d6 truyén cac thong tin nay cho
nhimg tic tr thanh vién. Lut diéu khién dé& xuit dwoc kiém chung
thong qua md phong trong khong gian ba chidu trén phin mém Matlab.
Céc két qua cho thay hé da tac tir co kha ning thiét lap va dam bao duy
tri dugce d6i hinh dat trong sudt qua trinh theo ddi va bao vAy muc tiéu
di dong.
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1. Gioi thigu

Trong nhing thip nién gan ddy véi sy phat trién manh mé cta cong nghé cam bién, hé thong
nhing, hé thong thong tin va luu trit ning lugng thi viéc trién khai cac hé da tac tir (multi-agent
systems - MAS) dé thuc thi cac nhiém vu phirc tap ngay cang trd nén phd bién véi nhidu tng
dung tir dan sy dén quén sy. Vi du nhu mot hé MAS gém cac phuong tién di dong ty hanh (cac
phuong tién ty hanh trén mat dét, dudi nude hodc trén khong) duogc trién khai dé thuc hién céac
nhiém vu tim kiém, 1ap ban d6, theo ddi, giam sat,... Thuc té cho thiy rang viéc sir dung hé¢ MAS
mang lai nhiéu loi ich hon so vé6i viéc chi st dung mét tac tir 16n don 1é (single large agent) do
chung c6 kha nang thyc hién cac nhi€m vy phic tap véi hiéu qua va do tin cay cao, déng thoi
cung cap kha nang dy phong khi gip su ¢6 va kha ning mé rong linh hoat. Dé hé da tac tir co thé
hoan thanh t6t cac nhiém vu thi can thiét phai c6 cac thuat toan diéu khién phbi hop manh mé va
6n dinh. K§¥ thuat diéu khién nhém (formation control) hay con goi la diéu khién doi hinh dang
tro thanh mot trong nhing ky thuat t6t nhat hién nay trong viéc diéu phdi chit ché giira cac tac tir
trong hé. Diéu khién nhom dugc dinh nghia 1a mot phuong phap diéu khién phdi hop dé mot hay
nhidu nhom téc tir cing thuc hién cac nhiém vu chung ma van duy tri dugc doi hinh dit trong
khong gian [1].

Trong ky thuat diéu khién nhom c6 hai cau triic diéu khién duoc dp dung pho bién do 1a cau
trac diéu khién tap trung va diéu khién phan tan. D6i voi cac h¢ MAS phtre tap ¢6 quy md lon thi
viée st dung céu trac diu khién tap trung thuong kho trién khai hodc tham chi khong thé ap
dung dugc. Do d6, k¥ thuat diéu khién nhém phan tan dugc nghién ctru va phat trién rong rai hon
v6i kha nang tu td chire, d& thuc hién va co d tin cay cao [2]. Trong cac ung dung thuc té, muc
tiéu didu khién cho hé da tac tir khong chi 1a nhiém vu hinh thanh d6i hinh dt trong khong gian
ma con can thyuc hién cac nhiém vu phéi hop khac, trong d6 c6 viéc giam sat va theo ddi muc ti€u
¢b dinh hodc di dong [3], [4]. Hinh 1 m6 ta doi hinh theo cdu trac phan tan ciia mot hé may bay
khong nguoi lai (UAV) dang theo doi va bao vay muc ti€u la mot UAV khac.

vz 5
e

Hinh 1. Diéu khién nhém phan tan hé mdy bay khong nguoi lai trong nhiém vu theo déi
va bao vdy muc tiéu di dong

V& mit co sé toan hoc, ky thuat diéu khién nhom cho hé da tac tir duoc phat trién trén co s&
cac khai niém toan hoc cua ly thuyét do thi va dong luc hoc ddng thuan [5]. Trong do, 1y thuyét
d6 thi duoc sir dung nhu mét cong cy hiéu qua de md ta hinh dang d6i hinh h¢ MAS trong khong
gian ciing nhu ciu trac lién két cam bién, truyén thong va diéu khlen gilra cac tac tir trong cau
tric phan tan. D& phdi hop voi cac tac tir trong hé thi moi tac tir cAn chia sé thong tin véi cac tac
ttr 1an cin nham dat duoc thoa thudn vé mot sé muc tiéu quan tam chung. Trong bai toan diéu
khién nhém, bién diéu khién c6 thé 1a vi tr tuyét ddi, vi tri tuong ddi hodc khoang cach gitia cac
tac tir [6]. D41 v6i cac bai toan diéu khién nhém dua trén khoang cach thi mot cau hoi dat ra la ta
can chon bao nhiéu bién khoang cach va can chon cic bién nay nhu thé nao dé khi cac bién nay
thoa man thi d6i hinh thu dugc chi sai khac di hinh dat béi mét phép tinh tién hodc mot phép
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quay. Loi giai dap cho cac cau hoéi nay co trong 1y thuyet dd thi clmg, day la mot tap hop con
quan trong cua ly thuyét dd thi, n6 dugc nghién ctru nhim dam béo rang cac rang budc vé khoang
cach gila cac tac tur trong doi hinh dat thong qua ma trén do cung cua db thi, diéu nay dam bao
rang céc tac tir tranh dugc va cham 13n nhau trong qué trinh hinh thanh doi hinh. M6t uu diém
ndi bat cia viée sir dung khoang cach giita cac tac tr 1am bién diéu khién 1a chung c6 thé xéac
dinh thong qua vector sai 1éch cuc bo va khong phu thudc vao cac hé quy chiéu nhu phuong phap
sir dung thuat toan dong thuan. Trong qua trinh thiét ké diéu khién nhém cho hé MAS, viéc lua
chon chién luge diéu khién phu hgp voi nhiém vy can thyuc hién 1a rat quan trong. Diéu khién
nhom bao gdm ba chién luoc diéu khién chinh, bao gém chién lwge dua trén hanh vi [7], [8],
chién luge nhom truéng — thanh vién [9], [10] va chién lugc cdu trac ao [11], [12]. Chién lugc
nhom trudng — thanh vién co dac diém l1a phu thudc nhidu vao do chinh xac va on dinh cia tac tir
nhom truéng nhung ddi voi nhiém vu theo ddi muc tiéu, dic biét 1a véi muc tiéu di dong thi
chién luoc nay thé hién dugc thé manh d6 1a quy trinh thiét ké don gian va kha nang trién khai dé
dang [9], [13].

Pugc thuc day boi tinh trang nghién ciru va xu thé phat trién hién nay cua k¥ thuat didu khién
nhom cho hé da tac tir dwa vao bién khoang cach, bai viét nay s& tap trung nghién ciru thuét toan
diéu khién nhom phan tan dua trén 1y thuyét do thi cing, img dung trong nhiém vu theo ddi va
bao vay mot muc tiéu di dong trong khi van duy tri doi hinh dat. Hé da tac tir duoc mo ta dudi
dang d thi d6i hinh c6 do cimg khoang cach vi phan va tdi thiéu. Chién lugc didu khién nhom
truong — thanh vién duoc st dung trong nghién ciru v6i gia thiét tat ca cac tac tir déu khong ¢
thong tin vé gia tri van tdc ciia muc tiéu, tuy nhién tac t&r nhom trudng cod thé xéac dinh duoc vi tri
tuong d6i va wéc lwong gia tri van tdc cia muc tiéu, sau do truyén cac thong tin nay cho cac tac
ttr con lai trong doi hinh. Luat diéu khién d6i hinh duoc thiét ké dé 6n dinh dong luc hoc khoang
cach giira cac tac tr dén khoang cach dit. Luat diéu khién nay bao gdm thanh phan diéu khién
hinh thanh d6i hinh dit két hop v6i thanh phan diéu khién theo ddi va bao vay muc tiéu di dong.

Céu trac ciia bai bao duogc sip xép theo trinh ty nhu sau: Phan 2 trinh bay tom tit co sd ly
thuyét d6 thi, 1y thuyét dd thi cirg va md ta qua trinh thiét ké luat diéu khién nhém phan tan
trong bai toan hinh thanh doi hinh dit va bai toan theo ddi bao vy muc tiéu di dong. Phan 3 dua
ra cac két qua mod phong trén phan mém Matlab dé kiém chimg tinh dung dén cua ludt diéu khién
dé xuét. Cudi cung, phan 4 dua ra cic két luan va dinh huéng phét trién cia van dé nghién ciru
nay trong thoi gian toi.

2. Co s 1y thuyét va phwong phap thiét ké
2.1. Co sé Iy thuyét

Ly thuyet do thi ung dung trong diéu khién nhom cé thé sir dung d6 thi c6 huong hodc vo
huéng dé thé hién su trao dbi cac luong thong tin glua cac tac tr trong nhom, néu la twong tac
mdt chidu thi sir dung dd thi c6 hudng G = (V 6) néu 1a tuong tac hai chiéu thi sir dung d thi
v6 huéng G = (V, £). Thong thuong, dbi véi su tuong tac gilra cac tac tir trong c4u trac phén tan
la twong tac hai chiéu, do vay ta thuong xét dang dd thi vo hudng. Xét mot doi hinh hé da tac tur
dugc biéu dién dudi dang db thi v huéng G = (V, ), trong do, V 1a tap hop cac dinh dai dién
cho n tac tir trong nhom, V = {1,2, ...,n}, |V| = n, tap canh £ thé hién sy tuong tac giira cac tac
tor, E SV XV, |E| = m. Hai tac tr i va j dugc goi la 1an can cta nhau khi chung c6 chung mét
canhed = (i,j) € £,i,j € V [14].

M&4i quan hé giita cac dinh va cac canh trong dd thi duoc mé ta dudi dang ma tran. Cac ma
tran nay co vai trd quan trong trong viéc mé ta cau tric lién két ciia do thi doi hinh [15]. Ma tran
ké A = [a;;] € R™™ biéu dién mdi quan hé giita cac dinh cua do thi G = (V, £), duoc xac dinh
nhu sau:
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1,neu(i,j)e€ S

ij= {0’ e Elg e T %l #j,a; =0 1)

Pé mo ta mot doi hinh trong khong gian Euclide d chiéu ta sir dung khai niém khung

(framework) ctia d6i hinh. Goi p; € R% 1a toa do vi tri ctia dinh thir i trong mot hé quy chiéu cb

dinh va cdu hinh cta d6 thi G dugc xac dinh boi vector p = [py, ..., p,] € R thi khung F caa

d61 hinh dugc xac dinh boi mét cap (G, p). Trong mot khung d6i hinh F = (G, p) ta st dung ham

canh [4]. Dua trén thir ty tiy y cua cc canh trong &, ta c6 ham canh H(p): R4 - R™ cho
khung doi hinh F = (G, p) trong d6 G = (V, £) dugc xac dinh nhu sau:

Ho®) 2 [olloi—pll' -], e )

Trong k¥ thuat diéu khién nhom dya trén bién khoang cach, viéc ap dung 1y thuyét db thi cting
gitip ta chon dugc sd bién khoang cach va chon cac bién nay nhu thé nao dé khi cac bién khoang
cach nay théa mén thi doi hinh thu dugc chi sai khac doi hinh dat boi mot phép tinh tién hoac
mot phép quay. Hai d6i hinh (G, p) va (G, q) dugc goi la dang cau trong R néu chiing lién quan
v6i nhau bang mot phép dang cu trong RY. Ta thdy rang cac khung doi hinh dang ciu 1a twong
ddng vé khoang cach. Ta ky hiéu tap hop tit ca cac doi hinh dang cu véi F 1a Iso(F). Nguoc lai,
néu nhu hai doi hinh 13 twong dwong vé khoang cach nhung khong twong dong thi ching dugc
goi la nhirng doi hinh khong rd rang, ta ky hiéu 1a Amb(F) [5].

Mot khung d6i hinh F = (G, p) 1a ciing trong R% néu nhu tat ca cac chuyén dong cia no thoa
mén p;(t) = T(p;),Vi € V, trong d6 T mb ta chuyén dong quay va/hoic chuyén dong tinh tién
clia vecto vi tri p;, tirc 1 ho cac khung F(t) 1a dang cau [16]. Thudc tinh do cung cua khung F
duoc dic trung bai ma tran do cung R(p) € R™xdn

10H 0Jtg\p) (p)
R(p) = —op 3)

Trong do, H ;(p) dugc xac dinh theo (2). MQt tap hop con cua do cimg dugc goi 1a do cing
khoang cach vi phan (infinitesimal rigidity), trong d6 su bao toan khoang cach bac mét van dugc
duy tri trong mot chuyén dong v cing nhé. D6 cing khoang cach vi phan c6 thé duoc xac dinh
dé dang théng qua hang ciia ma tran d6 ciing R(p). Theo [16], [17], du'a trén ma tran d6 cung,
mot khung ddi hinh F = (G, p) 1a cing khoang cach vi phan trong R% néu va chi néu:

dld+1
rank(R(p)) = dn — % 4)
Hai khung d6i hinh F = (G,p) va F' = (G,p") xét ham sau:
o) = ) (loc=vll = i = }1)° ®

@i,j)e€

Néu khung F’ 1a cting khoang cach vi phan va @(F,F") < & vé6i € 1a hang sé dwong da nho
thi khung F ciing c6 d6 ciring khoang céch vi phan.

R& rang rang viéc thém cac canh vao mot d6 thi khong pha hity d6 cing trong khi viéc loai bo
cac canh c6 thé anh huong dén viéc dam bao do cimg, do d6 chung ta c6 thém khai niém do cting
t6i thiéu (minimal rigidity). Mot d6 thi G c6 d6 cing tdi thiéu trong R? néu va chi néu [17]:

d(d+1)
m=dn — — (6)
Két hop phuong trinh (4) va (6) ta thay rang mot khung doi hinh F 13 ciing khoang cach vi

phan va ti thiéu khi m = rank(R(p)) = dn — d(d;l) :

2.2. Phwong phdp thiét ké \udt diéu khién
2.2.1. Thiét ké ludt diéu khién hinh thanh doi hinh dat

Xét mot hé da tac tur gém n tac tir, mdi tac tr duoc mo ta boi phuong trinh:
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Zjl' = Uuy, i = 1,2, e, n (7)
Trong d6, p; € R? 1a vi tri va u; € RY la tin hiéu diéu khién van téc cia téc tir thtr i. Goi z;;
13 vi tri twong ddi (vecto sai 16ch vi tri) gitra tac tir i va tac tir j:
, Zij = D; — Pj )
Sai léch khoang cach tuong doi gitra tac tur i va j V(’yi khoéing cach dat dugc xac dinh nhu sau:
eij = ||zl - dij = dyy — dj; ©)
Sai léch binh phuong khoang cach tuong ddi giita tac tr i va tac tr j véi khoang céach dat:
&y = d — (d)” (10)
z = [...,Zij, ] € Rdm, e = [...,eij, ] € Rm, e= [...,él-j, ] € Rm, (l,]) €EE
Keét hop voi phuong trinh ham canh (4), ta c6:
e=|.e..] =Hsp) —HP") (11)
D¢ hinh thanh di hinh dit, lut diéu khién phai c6 dang nhu sau: w; = f;(z;;,dj;),i = 1,..,n
j € N;. Tin hiéu diéu khién u; nay s& truc tiép diéu khién khoang cach ||p; — p;]| sao cho:
‘ [p:(t) = p;(®)]] — dij khit — oo, (i,)) €€ (12)
biéu nay tuong Gng voi:
o o He(p()) — He (") khit — oo (13)
Qua trinh thiét ke dicu khién can khoi tao cac tac tir du gan vai tap Iso(F*) va tranh kha nang
F(t) - Amb(F*) khi t — oo, didu nay nghia 12 dist(p(0),Iso(F*)) < dist(p(0), Amb(F*)).
Chon ham thé tir ham Lyapunov 18] ket hop VO’l phuong trlnh (11), ta co:

L(e) = Z —ET@ = —(IIEII)Z = Z(Ilﬂfa(p) —Hs@PHID* (14

(@ee* ,
Ham L(e) xac dinh duong tai e. Pao ham theo thoi gian phuong trinh (14) va két hop vai cac
phuong trinh (3) va (7) ta dugc:

1d 1 d(H
(@) =22 (19, p) — 6O = 2 LB _arriy — arrep (15)

Trong d6, u = [uy, ..., uy] € € R 1a Véc to )gep chdng cua cac dau vao diéu khién. Luat diéu
khicn nhom dugc dwa ra nham giai quyet van d€ hinh thanh va duy tri doi hinh dat. Xét doi hinh
F(t) = (G*,p(t)) diéu kién dau cua dong hoc sai s6 khoang cach 1a e(0) € Y1 N Y, trong do:

Y, = {e € R™| &(F,F*) < ¢} (16)
Y, = {e € R™| dist(p(0), Iso(F*)) < dist(p(0), Amb(F*))} (17)

¢ 1a hang s duong du nho. Khi @0, luat diéu khién duoc xac dinh nhu sau:
u=u;=—k,R"(p)e (18)

Trong d6, hé sb diéu khién ky, >0, uf duoc st dung dé chi luat diéu khién hinh thanh doi
hinh. Ta c6 thiy rang diéu kién ban diu e(0) € ¥; N Y, la diéu kién dé doi hinh F(t) dam bao hai
rang budc: Rang budc thir nhat (16) dam bao do ciing khoang cach vi phan cuia doi hinh F(t) khi
F* c¢6 d6 cang khoang cach vi phan theo phuong trinh (5). Rang budc thir hai (17) gitp doi hinh
F(t) tai thoi diém t = 0 gan véi mot doi hinh nam trong tap cac doi hinh ding cau (Iso(F*))
hon 12 mot doi hinh ndm trong tap cac doi hinh khong rd rang (Amb(F*)) tir d6 tranh viéc hoi tu
vé mot doi hinh khong rd rang.

Luat diéu khién trong (19) ciing c6 biéu dién dudi dang cho luat diéu khién cho ting tac tir
tha i nhu sau:

JeN;
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2.2.2. Thiét ké ludt diéu khién theo doi va bao vdy muc tiéu di dong

Gia sir rang chuyén dong clia muyc tiéu pr (t) 1a kha vi lién tyc. Trong bai toan nay, tt ca cac
tac tir déu khong c6 thong tin vé van tc muc tiéu vy := pr, tuy nhién tac tir nhom truong, goi la
tac tir thir n, c6 thé do duoc vi tri twong ddi ciia muc tidu py — p,, bang cac cam bién va co thé
truyén thong tin nay cho nhiing tac tir thanh vién theo ddi. Dat er 1a sai 1éch vi tri giita myc tiéu
va tac to nhom trudng (con goi la sai 1éch theo doi muc ti€u):

. , ér =Pt — Pn (20)

Luat dicu khién tac tir i trong bai toan theo doi va bao vdy muc ti€u co6 dang u; =
f(zij,vij,dfj,eT,ﬁT),i =1,..,n j € N;. Trong do, v;j =v; —v; va dj; = |
sai léch van téc va khoang cach dit gitta tac tir i va j, Dy 14 gia tri wéc lwong cia van tc cliia muc
tiéu. Gia tri nay dugc xac dinh bdi co ché uéc luong dong lién tuc [19]:

¢
Dp(t) = f [kleT(‘c) + kzsgn(eT(T))]dT 2D
0

Trong d0, cac hé sb ky, k, > 0. Xét doi hinh F(t) = (G*, p(t)) voi diéu kién dau cua dong
hoc sai s6 khoang cach 1a e(0) € ¥; N Y,. Khi d6, luat diéu khién bao viy muc tiéu c6 dang sau:
u=u+1, QK (22)
Trong d6, uy = [usy, ..., Usy| 14 tin higu diéu khién hinh thanh doi hinh dit dugc xay dung
nhu trong (18) va thanh phan diéu khién bao vay muc tiéu k € R? dugc xac dinh boi:
K =kyer + Ur — upy (23)
Trong d6, up, 1a tin hiéu diéu khién hinh thanh d¢i hinh cia téc tir nhém truéng. Van toc cla
muc tiéu duoc x4c dinh sao cho (v(t) — 7 (t)) — 0 khi t - co. Tir phuong trinh (22) va (23) ta
¢6 luat diéu khién theo ddi muc tiéu cho tac tir nhom trudng u,, € R c6 dang nhu sau:
u, = kier+79r (24)
Tir cac phuong trinh (19), (21), (22) va (23) luat diéu khién cho tic tir thanh vién thu
u; € R? c6 dang nhu sau:
u; = ufl + K

=—k z 2 € + kyer + f [k1er(T) + kysgn(er())]dr + k, Z Znj&nj  (25)
Jjen; JjeNn

(i=1..,n—1)

3. Két qua mé phong va danh gia

Hinh 2. Dgi hinh dat trong khéng gian 3 chiéu

Tién hanh mo phong hé thdng trén phin mém Matlab dé kiém chimg luat diéu khién nhom theo
ddi va bao vay muc tiéu trong khong gian 3 chiéu R3(d = 3). Hé gom sdu tic tir (n = 6) duoc thiét
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1ap d6i hinh dat voi nam tac tir thanh vién tao thanh cAu tric ngil giac (i = 1,2,3,4,5) va mot tac tu
thir sau dong vai trd nhom trudng nam & tim ctia doi hinh ngil gidc. Khi do, dé dam bao do cing
khoang cach vi phan va tdi thiéu cua do thi doi hinh trong khong gian ba chiéu thi s canh lién két 1a
m = 12, dd thi d6i hinh dit duoc mé ta nhu hinh 2. Tinh toan cic ma trin doi hinh Agye theo
phuong trinh (1) va ma tran cung R;,x1g theo phuong trinh (3). Khoang cach giita cac tac tir dugc
thiét 1ap nhu sau dj, =djs = dj3 = dj, = djs = /2(1 — cos(2r/5); diz =dj, =
J2(1 + cos(w/5). Khoing cach giita tic tir thanh vién va nhom truong  la
dig = d5e = d36 dye = deg = 1. Céc vi tri dau cta cac tac tir 1an luot duoc dat ngau nhién
boi: p;(0) = p; + [rand(0,1) — 0.51,]. Hé s6 & = 1 va gia trj woc luong vén toc dau vr(0) = 0.
Muc tiéu di dong c6 vi tri ban dau 1a p;(0) = [0,2,0] va chuyen dong véi van toc 1a vy =
[0,1,sint].

Time

Hinh 3. Cdc sai léch e;;

6 T - .
u1x u2x u3x u4xﬁéﬁqu_'_u6x
x 44 7
> 2 4
O "’P‘M bt * i [ [ 1
0 2 4 6 8 10 12
Time
8
>44 .
3 2 ,_m__‘._‘ﬁ FYVoey Abadodd " N ™ Areddsbal
0 | | | | | B

0 2 4 6 8 10 12

Time

Hinh 4. Cdc tin hiéu diéu khién w;, ,u;, va u;,
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Két qua md phong trong hinh 3 mé ta cac sai 1éch khoang cach giita cac téc tir e; j déu hoi tu
vé 0 tirc 1a hé da tac tr d3 hinh thanh duoc doi hinh dat va duy tri trong sudt qua trinh hé theo doi
va bao vy muyc tiéu. Hinh 4 thé hién cic dau vao diéu khién ciia mdi tac tir u; = [uix s Uiy, uiz]
déu hoi tu vé gia tri vy = [0,1, sint] mdc du tat ca cac tac tir trong doi hinh déu khong c6 thong
tin v& van toc ciia muc tiéu. Két qua trong hinh 5 mé ta qua trinh hinh thanh d6i hinh dit, theo dai
va bao vay muc tiéu dong cuia hé da tac tir khi ap dung thuat toan dé xuét, tac tor nhom truéng
bam quy dao ctia muc tiéu di dong va nhimng tic tir thanh vién theo ddi tac tir nhdém trudng dong
thoi baq vay dugc muc tiéu theo do6i hinh dat, khong xay ra su bién dang d6i hinh trong qué trinh
di chuyén.

Vi tri myc tiéu
¥ Vi tri tac tr nhom truwdng
/\ Vi tri ban d4u ciia cac tac tir
O Vi tri cudi cling ctia cac tac tdr

X
Hinh 5. Péi hinh F(1) theo déi va bao vdy muc tiéu di dong trong khi van duy tri ddi hinh dét

4. Két luan va huéng phat trién

Nghién ctru nay di dua ra luat diéu khién méi trong thiét ké thuat toan diéu khién nhém cho
hé da tac tir dua trén co s& cua 1y thuyét d6 thi cung, tmg dung trong nhiém vu theo ddi va bao
vay mot muc ti€u di dong. D4i hinh dit dugc mo ta dudi dang dd thi vo hudéng c6 do cung
khoang céach vi phan va tdi thiéu. Theo do, viée xay dung luat diéu khién dua trén ma tran do
ctrmg nham dwa khoang cach giita cac tac tir dén khoang cach dat. Luat diéu khién bao gdm thanh
phan diéu khién hinh thanh déi hinh va co ché diéu khién theo ddi va bao viy muyc tiéu. Thanh
phan diéu khién dau tién mang tinh chit phan tan manh mé& vi no chi phy thudc vao thong tin cua
ban than tac tir va cac tac tir 1an can, trong khi d6 thanh phan diéu khién thir hai can céc thong tin
truyén tir tic tir nhom trudng dén nhimng tac tir thanh vién, tuy nhién né van dam bao duogc cac
tinh chat cia mot bo didu khién nhém phan tan do tac tir nhom trudng ciing 1a mot 1an can cua
céc tac tir con lai. Thuat toan didu khién dé xuat di duoc kiém chung tinh hiéu qua thong qua céc
két qua md phong trong khong gian ba chiéu trén phan mém Matlab.

Trong bai viét nay, cac tac gia da xdy dung thuét toan diéu khién nhom nham mé ta sy tuong
tac gilra cdc tac tir trong hé, trong d6 moi tac tur dugc biéu dién dudi dang dong hoc chat diém.
Diéu nay tao co so cho viéc phat trién cac thuat toan didu khién nhém dya trén 1y thuyét do thi
ctng tng dung cho mé hinh dong luc hoc cua hé thong da robot, hé thiét bj khong nguéi 14i trong
cac nghién ctru tiép theo.

Loi cam on

Tac gia Nguyén Thi Tuyét Hoa dugc tai trg boi Chuong trinh hoc bong dao tao thac si, tién si
trong nudc cia Quy Poi méi sang tao Vingroup (VINIF), ma s6 VINIF.2022.TS044.
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