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The research problem is to build a simple but effective control algorithm that
allows swarm robots to maintain coordination in movement and perform well in
the task of finding targets. The research models the interaction forces between
robots with each other and with the surrounding environment using an attraction
function, in which the attraction helps maintain the formation and aim at the
target, while the repulsion helps avoid collisions and disperse when necessary.
This input information is fed into a fuzzy controller to determine the velocity
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and direction of movement for each robot. The control model is evaluated
through simulation on Matlab with specific scenarios: moving in a swarm,
avoiding obstacles and converging at the bait location. The proposed algorithm
allows the robots to maintain a stable formation structure during movement and
disperse reasonably when searching for targets. The simulation results show that
the robots are capable of converging accurately at the bait location with small
positioning errors, short convergence time and low collision levels. The
integration of the repulsive force model into the fuzzy controller shows the
ability to effectively simulate swarming and prey-seeking behaviors of swarm
robots. The research results open up application directions in search and rescue
in complex and constantly changing environments.
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Van dé nghién ctru dit ra 1a dé xay dung mot thuat toan diéu khién don gian
nhung hiéu qua, cho phép robot bay dan vira duy tri duoc sy phdi hop trong di
chuyén, vira thuc hién t6t nhiém vu tim kiém muc tiéu. Nghién cuu tién hanh
mo hinh hoéa céc lyc twong tac giira robot v4i nhau va vgi moi trudng xung
quanh bang ham hut déy, trong d6 lyc hit giup duy tri doi hinh va hudng dén
muc tiéu, con luc déy hd trg tranh va cham va phan tén khi can thiét. Cac thong
tin diu vao nay dugc dua vao bo diéu khién mo dé xac dinh vén toc va hudng
di chuyén cho timg robot. M hinh diéu khién duoc danh gia thong qua md
phéng trén Matlab véi cac kich ban cu thé: di chuyén theo dan, tranh chudng
ngai vat va hoi tu tai vi tri ¢6 mbi. Thuat toan d& xuit cho phép céc robot duy
tri dugc cdu triic doi hinh 6n dinh trong qua trinh di chuyén va phén tan hop Iy
khi tim kiém muc tiéu. Két qua mé phong cho thiy cac robot c6 kha ning hoi
tu chinh xéc tai vi tri mdi véi sai s dinh vi nho, thoi gian hoi tu ngén va muc
d6 va cham thip. Viéc tmg dung mé hinh lyc hat ddy vao bo diéu khién mo
cho thiy kha niang mo phong hiéu qua cac hanh vi tu bay, tim kiém mdi robot
bay dan. Két qua nghién ctru mé ra hudng tng dung trong tim kiém, ctru nan
trong moi trudng phirc tap va thay ddi lién tuc.
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1. Gidi thiéu

Su phat trién manh mé& cong ngh¢ robot néi chung va robot bay dan noi riéng dang dugc ng
dung nhiéu trong cong tac tim kiém, ctru nan [1], [2]; van chuyén hang trong kho [3]. Dac diém
cua robot bay dan 14 c6 mot sd lugng 16n cac robot kha don gian dé thyuc hién nhiém vu ma mot
robot don kho ¢6 thé thuc hién duge hodc thuc hién khong mang lai hi€u qua. Chung hoat dong
dwa trén co ché hop tac trao ddi giita cac ca thé giéng hanh vi ctia cac loai vat sdng thanh by, dan
nhu kién, con tring, chim, v.v. Ung dung ham hiit ¢ay cho bo diéu khién mo diéu khién cac hanh
vi tu bay, tim kiém cua robot bay dan dé nang cao chat lugng diéu khién 6n dinh trong robot bay
dan va kha nang tuong tac cac ca thé trong bay v&i nhau [4].

Vi robot bay dan, thiét ké cac co ché diéu khién gitip cac robot cé thé tu to chic va phdi hop
v6i nhau dé thyc hién cac nhiém vu phrc tap 1a mot thach thirc quan trong. Kha nang cam nhan va
chuyén dong hiru han, cung v6i tinh di dudng, la nhing yeu t6 quan trong anh hudng dén hanh vi
ctia hé théng bay dan [5]. Mot trong nhimg phwong phap pho bién 1a sir dung ham hut day dé diéu
chinh hanh vi cua timg robot trong bay, dwa trén nguyén 1y tu nhién cia cac dan kién trong moi
truong thuc té [6].

Dong luc hoc chét diém nghién ctru nguyén nhan lam thay déi chuyén dong. Quan sat va nghién
clru chuyén ddng cua cac vat thé trong tu nhién, ta théy céc vat thé chi c6 thé chuyén ddng hodc
thay d6i chuyén dong khi chiu tic dong cuia nhitng vat khac. Vé co hoc c6 thé phan cac lyc thanh
hai loai: loai thtr nhét gém cac luc xuét hién khi co tiép xUc gitta cac vat tuong tac (luc dan hdi, luc
ma sat, v.v.), loai thir hai gém céc lyc xuét hién khi cac vat twong tac khong tiép xuc voi nhau (luc
hut, lyc day, v.v.) [7]. Trong linh vuc robot bay dan thi luc twong tac giita cac ca thé trong bay véi
nhau thuong la lyc hut déy. Luc nay ciing la mot vector dugc dac trung boi bdn yéu td: diém dat,
phuong, chiéu va do 16n [8]. Trong cac hé thong diéu khién robot bay dan, chuyén dong cia timng
c4 thé robot thuong dugc md hinh hoa dudi dang dong hoc chit diém. Tuy nhién, cac thuét toan
diéu khién nay cha yéu chi mé ta quy dao chuyén dong ma chua xét dén yéu t6 dong luc hoc, tirc
12 nguyén nhan vat 1y thuc su gdy ra chuyén dong, nhu lyc tac dong, momen hay dic tinh truyén
dong cua robot [7].

Bai bao nay tp trung vao nghién ctru ing dyung ham hut déy cho b diéu khién mo nham diéu khién
cac hanh vi tu bay, tim kiém ctia robot bay dan. Thuét toan dé xuit cho phép céc robot duy tri duogc cau
triac doi hinh 6n dinh trong qua trinh di chuyén va phéan tan hop 1y khi tim kiém muc tiéu. Bo diéu khién
mo st dung cac tap luat logic dé xu 1y dir liéu cam blen va dua ra quyet dinh phu hop, gitp robot tu
dong thich nghi véi cac tinh hudng da dang ma khong can su diéu khién tap trung.

2. Phuong phap nghién ciru
2.1. M6 hinh todn hoc robot bay dan
2.1.1. Bong hoc chat diém

Mot bay gdm N cé thé chuyén dong trong khong gian Euclide n chiéu. Mdi cé thé dugc xem la
mot chat diém, bo qua kich thude vat 1y. Vi tri cta ca thé thiri (i =1, 2, 3..., N) duoc biéu dién boi
vecto q' € R™. Gia sir cac ca thé di chuyén dong thoi va khong co do tré vé thoi gian. Khi do,
phuong trinh chuyén dong cua cac thé thir i dwoc mé ta boi [7]:

' =Xl 80 —d) (1)

Trong d6: @' € R™ 1a vén tdc clia c4 thé i, g(.)€ R™ 1a ham tuong tac thé hién lyc hat day giita
céc céa thé. Phuong trinh (1) dwoc goi 1a md hinh dong hoc chat diém toan cuc, trong d6, mdi ca
thé déu chiu anh hudng cia tit ca ca thé con lai trong bay. Tuy nhién, trong thuc té, thir nhat 1a mdi
c4 thé chi c6 thé cam nhan thay céc ca thé lan can minh trong mot pham vi gi6i han nhit dinh (do
gi6i han va cam bién hodc truyén thong). Thir hai 1a kha nang di chuyén ciia mdi ca thé 14 hiru han
va bi chi ph01 bdi cac tac dong tir cac ca thé 1an can. Do d6, md hinh duoc diéu chinh thanh dang
mo hinh dong hoc chét diém cuc bd [5]:
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‘ "= Yjeri Wi 8(q" — @) 7 ‘ (2)

Trong mo hinh bay dan, moi ca thé chi c6 thé twong tac voi cac ca thé khac nam trong pham vi
nhat dinh, goi 1a vung lan cén. Vi ca thé thu i, vung lan cin dugc xac dinh nhu sau:

Rl = {q" ||q1 9| <v; vj € N}, v 1a ban kinh cd4m nhén (hay ban kinh nhin thay) cua ca thé,
cho phép ca thé i chi nhan biét va tuong tac voi cac ca thé j ndm trong pham vi nay, dai dién cho
luyc tuong tac hut ddy giita cac ca thé trong bay, nham duy tri khoang cach hop 1y va tao hanh vi tu
bay. Mirc d6 tuong tac giira cac ca thé duoc dic trung bang ma trin trong s W = [wij] € R™" y6i
wijj; = 0 la ma tran tuong tac ddc trung cho kha nang tuwong tac cua cdp ca thé (i, j), gia thi€t rang
wij = Wjj, wj; = 0 v6i V i, j. Thyc t€, thanh phan wj; do cau tric vat Iy cua ca the robot thir i hodc
kha nang tuwong thich giita nd vai cac ca thé con lai trong bay chi phoi [7].

Goi a(qi): R"- R 1a dai luong dic trung cho sy chuyén dong cia cac ca thé trong méi truong
theo huong giam ham nang lugng, ky hiéu Vpi a(qi) la gradient cta a(qi) tai diém q' [9], [10].
M6 hinh bay dan c6 dang:

q'=-Vga(q)+ XL wygl@d —d) (3)

g(.) 1a ham hut ddy gitra hai ca thé i, j trong bay. Ki hiéu W = [wy;] € R™" la ma trdn lién két
cua bay, wj; > 0 c6 nghia la ca thé i la doi tugng tdc dong tir ca thé j véi cudong do lién ket wy;,
wij; = 0 c6 nghia rang khong co tac déng nao tur ca thé j toi i.

Trong nghién clru, mo6 h1nh chuyén dong tap thé cua ca thé i ciia bay dan nhu sau [9]:

' =g 0(q) + XLy mi8(a - ) 4)

Ham hat day gila cac cac thé robot g(.) la mot ham (d6i xtng qua gdc toa do), dac diém quan
trong ciia ham g(.) dan dén hanh vi tu bay cua bay dan.

2.1.2. Bong luc hoc robot bc?y dan

M&i chuyén dong ciia mot robot duge xem nhur 1a chuyén dong ctia mot chat diém trong khong
gian, phuong trinh dong luc hoc dugc miéu ta nhu sau:
qi — Vi
{.i_lf,i=1,...N 5)

Trong d6: (v',q') € R3® va vector vi tri, vector véan tdc va khdi lugng cua robot thir i trong
khong gian 3 chiéu thuéc m. Cac luc tuong tac gilta robot 1 voi: ca thé dau dan, cic robot lang
giéng, va voi chudng ngai vat duoc thiét ké diéu khién theo du vao ham fi. Dinh luat II Newton:
f; = mq! tich phan cua gia toc mot 1an ta dwoc van tdc, hai 1an chiing ta dwoc vi tri, do d6 mé hinh
bay dan nhu (5).

Trong cac md hinh toan hoc cia robot béy dan da duoc nghién ctru & trén, mdi mo hinh déu co
xét dén yéu t6 khac nhau chi phéi hanh vi hoat dong ctia biy dan nhu: tim nhin, kha niang tuong
tac gitra cic ca thé, nhidu tic dong, khdi lugng cia cac ca thé, ...

2.2. Ham hut ddy robot by dan
Ham hit ddy g(.) trong cong thie (1) duoc xac dinh nhu sau [4]:
. .2
. . . . J—q!
g(d' —d)) = —(d' —g)[a—bexp (— M)] (6)

Trong d6: a, b, ¢ 1a cac hing sé duong va b > a, ||qj — qi” 1a khoang cach giira cac ca thé i va
cé thé j:

o ld - ]| = (@' —a)T(@ —a). (@' —~d) ER" (7)
g(ql - q]) 1a ham hat néu khoang cach gitra cac ca thé l1a 16n, 1a ham day néu khoang cach nay la
nho va g(q' — q') = 0 khi:
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q-q=0

. ) 8
ld =i = [ein ® =02 ®

Theo md hinh bay dan nhu céng thic (1), mdi ca thé trong biy dan déu phai thu nhan va trao
d6i duoc vi tri trong ddi cta cac ca thé khac trong bay. Nhung trong bay sinh hoc thyc té, mdi ca
thé chi co thé nhin thiy cac ca thé khac nam trong pham vi quan sat ctia minh, do d6 luc hut day
chi xay ra d6i véi cac cap ca thé nhin thdy nhau, ngoai pham vi 4y ra, s& khong ton tai lyc tuong
tac gilra chung.

V6i md hinh dong hoc (1), ham hut ddy (6), cac ca thé sé di chuyén hoi tu vé mot khu vuc xung
quanh tam bay [5]:

Q:.(q%) ={q:llg = q°ll < 02} ©)
a

S _1
trong d6: 0 = b\ﬁexp ( 2)
L. Wang va H. Fang [5]x4y dung duoc cong thire tinh ham hit déy giita cac ca thé (i, j) trong bay:
i _ g lo—a'l’) . ¢ gi
o q—-q [a—bexp(—— ,JER
gld' - d) = ( ) c (10)
0,j € R
2.3. Xdy dwng ham hit ddy mo
Ham f(.) 1 mot ham phi tuyén phu thudc vao khoang cach gilta céc robot, do do co thé tinh
toan xap xi ham f(.) dua vao m6 hinh m¢ Mamdani theo cau trac SISO nhu Hinh 1, trong do tin
hiéu vao lau = o5 — o5, u=[-10, 10] € R, chia ura 5 khoang BX nhu Hinh 2a, tin hiéura la A =
f(os — o%) o mién gié tri trong khoang [-1, 1], dugc chia ra thanh 5 khoang A¥ nhu Hinh 2b.

HRM HUT DAY MO ROBQT

(mamdani)

khcangcachgiuacacROBOT Hamhut/daygiuacacROBCT

Hinh 1. Cdu triic b mo tinh todn liwe hit ddy gitta cdc cd thé robot

B1 B2 B3 B4 B5 Al AZ A3 Al Aj

@. - S (b)

Hinh 2. Ham lién thudc tin hiéu dau vao (a) va tin hiéu dau ra (b) ciia b mo f(u)

- Thanh 1ap 5 luat c6 dang: If u = BX Then A = AX véik=1,2, ... 5. ,
- Chon luat hop thanh MAX-MIN, giai mo theo phuong phap trung binh trong so.

2.4. Qud trinh hji tu ciia robot by dan

1- Khoi tao thong sb: s6 lugng robot (N); tham sb diéu khién: dat, K, deltat; ham diéu khién f.;
khoang cach an toan giita cac ca thé robot: 6% = dat; khoang cach thuc té: o, = d; Ham hut day
mo: f(og — 6%) = f; van tdc di chuyén cua ca thé robot thir i theo phuong x va phuong y: deltax’,
deltay'; quang duong di chuyén duoc phuong x va phuong y trong 1 budc tinh (deltat): Sdeltax’,
Sdeltay'; toa dd sau k+1 budc tinh xi(k+1), yi(k+1).
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2- Thiét lap vong lp chinh: Gan gia tri ban dau: Dat k = 0 (s6 vong lip); bat dau voii= 1 (xét
ting robot); dat gia tri Sdeltax = 0, Sdeltay = 0 (tong dich chuyén ban dau); duyét timg cip robot
dé tinh toan lyc di chuyén. Bat dau vong lap véij= 1.

- Néu j #1 (dé tranh tu so sanh v&i chinh né): Tinh khoang cach thuc té d giita robot i va robot
j; tinh gia tri ham diéu khién f dya trén khoang cach; tinh toan deltax va deltay (dich chuyén tam
thoi) va cong don gia tri Sdeltax va Sdeltay dé tong hop luc di chuyén.

- Tang jlén 1 va lap lai cho dén khi j=N

3- Cap nhét vi tri robot: Sau khi tinh toan lyc tac dong tir tat ca cac robot khac, cap nhat vi tri moi:

+ xi(k+1)=x/(k)+Sdeltax.x!(k+1) = xi(k)+Sdeltax
+ yi(k+1)=y'(k)+Sdeltay.y'(k+1) = y'(k)+Sdeltay
+ V& quy dao di chuyén ciia robot.
4- Kiém tra diéu kién lap
-Néu i <N, tiép tuc vong lap cho robot tiép theo (i=1+ 1).
-Néui=N, kiém tra s6 vong lap: Néuk <K - 1, tiép tuc vong lap véi k =k + 1. Néu k =K
- 1, thuat toan két thuc.

2.5. Hanh vi kiém moi ciia robot bdy dan

Bay robot gén} N ca thé dang di tim kiém rr}éi, mdi c4 thé duge coi nhu mot chat diém, bo qua
kich thu6c va khoi luong cua ching, cac ca thé cung di chuyén mot lic va qua trinh truyén thong
tin gifra cac ca thé trong bay la khong bi cham tré. Luc do, phuong trinh dong luc hoc cia ca the
thri(i=1,2, ... N) dugc xac dinh nhu sau:

4" =Sl igu(lld - a'l)(@ - a) + gailla® - o) (a® - a) (11)

trong do: q', ql, qqm lan luot 1a toa d6 cha ca thé }hl’I i, thir j V@ toa do tim cua moi; .

Tir (11) ta thay tong cac lyc tac dong 1én ca the thir i bao gobm 2 thanh phéan: thanh phéan thir
nhit 1a tong cac luc hat day giira cac ca thé khac trong bay tac dong lén ca thé thir i, goi 1a gii(.),
day chinh la yéu t6 giup cho robot di chuyen theo bay; thanh phan thir hai 1a lyc hat tir moi t6i ca
thé thir i, goi 13 gxi(.), ddy la thanh phan luc gitip robot tién t6i vi tri dat moi.

Luec tir mdi t6i ca thé thi i:

i f2i([|a8-¢'
gai(llat - o) = 2l (12)
Trong do: f, i(”qg —q ||) 1a lyc tuong tac gitta mdi tGi robot.
2.5.1. Bé diéu khién mo tinh todn lyc hit tir moi t&i robot

Ham f3(.) la mot ham phi tuyén phu thudc vao khoang cach tir rqéi tGi robot, tac gia da tuyén
tinh h6a ham nay bang mot bd diéu khién mo SISO voi lugt diu khién Mamdani:

- Tin hiéu vao u la khoang cach gan nhat tir moi téi robot, gia st moi dugc biéu dien bang mot
hinh tron c6 tim g&va ban kinh r, thi u = ||q& — q!|| — r, u c6 mién gia tri 1a khoang [-10, 10] € R,
chia u ra 3 khoang A* nhu Hinh 3a.

- Tin hiéu ra 1a 5(.) c6 mién gia tri trong khoang [-1, 1], chia f5(.) ra 3 khoang nhu Hinh 3b.

&4 — i Bl B2 B3

input variable Tnputi” ou;;u;l e "Dul:p:H -
(a) (b)
Hinh 3. Ham lién thudc tin hiéu dau vao (a) va tin hiéu dau ra (b) ciia bé mo f()
- Thanh lap 3 luat c6 dang:
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IF u=A" THEN fy([|q® — g'[| - r) = B

trong d6 A* 1a trong so cta B

- Chon luat hop thanh MAX-MIN, giai m& theo phuong phap trung binh trong sd, voi (k = 1,
2, 3) ta duogc luat diéu khién:

fai(lla® — q'l| = r) =

2.5.2. Qud trinh tim kiém maoi robot bay dan:

Zi=1 akﬂAk w)
22:1 H’Ak (u)

(13)

1- Khéi tao vi tri ban dau caa N robot trong toa do khong gian Euclid 2 chiéu:

1 _ (ﬁ 2 _ %ZL N _ qIII
q = Q" =1 514 = N
qz dz qd:

. N2 . N2
2- Tinh khoang céach giira cac robot thiri va j: o5 = J (q]1 - q‘l) + (q]2 - q‘z)

3- So sanh khoang cach giita cac robot o5 voi khoang cach an toan os . Néu:
-0 < as robot thir i phai di chuyen \& phia Xa robot j.
-0 > o robot thir i phai di chuyén vé phia gan robot j J-
-0, = o2 robot thir i giit nguyén 19 trinh dang di chuyén.

Goi q'[k], q'[k + 1] 1an luot 13 vi tri ctia c4 thé robot thir i sau k va (k+1) bude di chuyén; ¢/ [K]
1a vi tri cta cé thé robot thir j sau k budc di chuyén; vi[K] 1a van toc di chuyén cua cé thé i tai budc
tinh thir k, At 1a budc tinh; gy; [K] 14 tong luc tac dong 1én ca thé i tai bude di chuyén thu k. Luc do,
van toc di chuyén cua ca thé i dugc xac dinh theo

- V'Kl = gylkl = (d/[k] - q'[k])

Quang duong di chuyén dugc twong trng voi mot budc tmh.

Aq'[k + 1] = Aq'[K] + VI[K] * At
Toa d6 méi cua cé thé tht i sau (k+1) bude di chuyén:
q'[k+1] = q'[k] + Aq'[k + 1]

4- Néu vi tri q'[k + 1] nam xa khu vue chira mdi thi ca thé robot phai di chuyén vé phia gan
moi nhd ham hat gai(.).

5- Vong lap tir budc 2 dén bude 4 duogce thue hién cho dén khi cac ca thé trong bﬁy hoi tu va két
thac K budc di chuyén.

3. Két qua va ban luin

3.1. Qud trinh hji tu ciia robot by dan

o . o _m i 200

i N o " " 0 ) 00 50 200 250 ] 50 100 150 200 250
0 50 100 150 200 250 [ 50 100 150 200 250 Chibu rtina (m) Chidu rdng (m
80 (m) )

(@ N=1I5 o =15 () N=150.=25 (JN=25 o =15 (@ N =25 =30
Hinh 4. Qud trinh hdi tu ciia robot bdy dan véi so lwong robot va khodng cdch an toan khéc nhau
Két qua duoc kiém ching trén Matlab, cac ca thé robot duoc khoi tao vi tri ban dau la ngau
nhién trong khéng gian hai chiéu c6 kich thude [300, 300]. Vi bd mo duge thiét ké nhu muyc 2.3
Qua trinh di chuyén hoi tu vé tim bﬁy dugc thé hién trén Hinh 4, trong do, s6 cé thé robot bﬁy
dan N va khoang cach an toan o 13 khac nhau trong mdi md phong. Hinh 4 cho thdy, mic du sb
luong robot va khoang cach an toan thay ddi nhung cac robot déu dat duoc két qua la hoi tu veé thm
bﬁy trong vung ban kinh xac dinh. Goi R 1a ban kinh hoi tu thuc té cua robot be‘iy dan thi R chinh
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1a khoang cach tir robot gan nhét toi tim cuia bay. Két qua tinh toan cac thong s6 cua biy trong mot
0 truong hgp mo phong duogc trinh bay trén Bang 1.
Bang 1. Két qua tinh todn cdc thong sé ciia qud trinh tu bdy robot bdy dan

N o o B c R

15 15 0,1 8,64 13,56 5,23
25 0,1 23,27 41,36 15,34

25 15 0,1 7,32 9,25 3,15
30 0,1 24,34 28,62 14,26

So sanh cac két qua mo phong trén Bang 1 ta thay:

- Khi s6 Iugng ca thé N trong bay ting 1én thi ban kinh hoi tu ctia bay s& giam.

- Khi khoang cach an toan o7, tang thi ban kinh hoi tu ctia bay ciing s& ting.

- Ban kinh hdi tu thuc té R ludn nhd hon gia tri tinh todn o.

Két qua md phong cho thay rang bo diéu khién mo tich hop ham hat day da hd trg hiéu qua cho
robot béy dan trong viéc thyc hién déng thoi cac hanh vi tu bﬁy, dam bao khoang cach an toan véi
nhau nho co ché day, dong thoi van hoi tu nhanh chong vé phia muc tiéu nhd co ché hit.

So sanh véi cac phuong phap khong sir dung diéu khién mo hodc khong c6 ham hat ddy, mo
hinh d& xuét thé hién kha nang hoi ty nhanh hon, doi hinh 6n dinh hon va tinh thich nghi t6t hon.
Tuy nhién, trong mot s6 truong hop mat do robot cao hodc mdi trudng co nhiéu vat can phtc tap,
hé théng can thém diéu chinh tham s ctia ham hat day dé t6i wu hiéu suat di chuyén.

3.2. Qud trinh tim méi ciia robot bdy dan

Khai tao toa do ban dau cta cac robot trong bﬁy la ngﬁu nhién, sau d6 dit toa dd tAm moi vao
moi truong di chuyén cua béy dan robot. Gia su moi ¢o dang hinh tron va c6 ban kinh r. Két qua
m6 phong qua trinh di chuyén tim kiém mdi cta cac ca thé robot dugc biéu dién trén Hinh 5, véi
s6 lugng robot va ban kmh ctia mdi thay doi.

O

@ (b)
Hinh 5. Két qud mé phong robot bay dan tim kiém méi (a) N =10, va (b)) N = 15
_Sur dung bo logic mo SISO voi luét diéu khién Mamdani dé tinh toan Iue huat dé}y gilia cac ca
thé robot trong béy dan va Iyc hut tfr‘méi to1 cac ca thé robot da dat dugc két qua: diéu khién robot
bay dan di chuyén tim kiém dugc moi.

4. Két luan

Bai bdo da trinh bay phuong phap tng dung ham hut déy vao bo diéu khién mo nham diéu khién
hanh vi tu biy va tim kiém mdi cho hé thdng robot by dan. Viéc tich hop ham hut day gitp robot
c6 thé duy tri khoang cach hop ly voi cac robot 1an can (tranh va cham) dong thoi dinh hudng di
chuyén vé phia myc tiéu (mdi), tir d6 dat duge sy can bang giita hanh vi hoi ty va phén tan. Két
qua mo phéng cho thay cac robot c6 kha nang hoi tu chinh xéc tai vi tri mdi v&i sai s6 dinh vi nhd,
thot gian hoi ty ngan va mure d§ va cham thap. Hudng phat trién tiép theo s& 1a m¢ rong mé hinh
trong moi trudng thuc té véi cic yéu té khong xac dinh nhu dia hinh thay d6i, nhidu cam bién va
truyén théng khong 6n dinh; dng thoi tich hop thém cac thuét toan hoc may nham ting kha ning
thich nghi va t6i wu hoa hanh vi ciia robot bay dan.
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