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PHAN TICH NET DAC THU VA DE X U A T H U 6 N G NGHIEN CUtJ 
DifcU K H I £ N H E THONG MULTI-ROBOT 

Tran Thi Thanh Hai*, Lgi Khac LSi 
Trudng Dgi hpc Ky thugt Cong nghiep - DH Thdi Nguyen 

TOM T A T 
He thong Multi-robot la mdt tSp hpp cac robot ciing thyrc hi?n mgt nhiem vu nhan dupe tir nguoi 
dilu khien dua tren co chi hpp tac giua ĉ c cA thi robot, khi ma moi ca the khong thi thuc hien 
duoc hoac thuc hi€n nhung dat hieu qua thap. Tuy nhien, trong qua trinh thuc thi nhiem vu, cac 
robot cd thi bi va cham, bi mdt hoac nhilu thdng tin li£n lac lam gian doan viec thuc hien nhiem vu. 
Vi vgy vî c nghien ciiu va xay dung thuat toan dilu khiln mdi dl nang cao chit lupng cho he thdng 
la dieu can thiet. Bai bao nay phan tich va danh gia nhihig uu nhupc dilm cua cac cdng trinh khoa 
hoc da dugc cong bd, tir do chi ra nhihig dac thii va hudng nghien ciiu vl h6 thing Multi-robot. 
Tir kh6a: He thdng Robot bay ddn, diiu khiin Robot, Robot hop tdc, Robot di ddng, dieu khien 
phdn idn 

MO DAU 

He thong Multi-robot da xuat hien trong thgp 
k^ qua vdi nhieu hinh dang va ket cau khac 
nhau, thyc hien cac muc tieu nghien ciiu khac 
nhau va dugc ap dung thanh cdng trong nhieu 
linh vuc. Nhung he thdng Multi-Robot van 
dugc quan tam nghien ciiu phat trien de cd 
thi hoat ddng trong mdi trudng phiic tap, noi 
ma mdi trudng lam viec khdng an toan va cd 
nhirng thay doi khdng ludng trudc cd the xay 
ra do cac tac ddng tir ben ngoai, do sir va 
cham giiia cac robot hogc mat thdng tin lien 
lac tu chinh ban than cua robot gay nen [1]. 
Trong he thdng Multi-robot thudng cd mdt 
robot chu dgng "Master" va nhieu robot phu 
thugc "Slave". Cac robot se dugc nhgn tin 
hieu dieu khien tir trung tam dieu khien de 
thuc hien nhiem vu. "Master" sau khi phan 
tich va xu ly se giri tin hieu dieu khien den he 
"Slave", va tin hi?u phan hdi cd the dugc 
truySn ngugc tir cac robot "Slave" ve robot 
"Master", nhiing tin hieu phan hoi cd thS la vl 
vj tri, vgn tdc, gia tdc ciia robot, luc tuong tac 
vdi mdi trudng lam viec va tham chi la hinh 
anh, am thanh, nhiet dg... tai khu vuc lam 
viec trong he thdng. 

Cac he thdng Multi-robot vdi nhilu Slave cd 
the thuc hien cac tac vu nhanh va hieu qua 

hem so vdi he thdng mpt Slave duy nhat [16]. 
Vi du nhu trong bai toan tim kiem va ciiu nan, 
trung tam dieu khien giri thdng tin ve ke 
hogch nhiem vu tim kiem chiec may bay mdt 
tich tdi hi thdng cac robot. Cac robot se ra 
ngoai va tim kiem, neu cam bien cua robot 
nao phdt hien ra tin hieu cua chiec may bay bj 
mat tich, no se ddng vai trd ciia "Master", sau 
dd "Master" sg chia giri thdng tin ve vi tri 
hiln tgi ciia nd tdi cac "Slave" de hgp tac ciiu 
nan trong mgt khu vuc cu the [7]. Ngoai ra, 
cac he thdng Multi-robot dugc trang hi cam 
biin cd the tu dgng thuc hien nhieu nhiem vu 
quan sir nhu ra pha bom min, tim kiem xii ly 
nguon hda chat, lai xe tu ddng, ciiu hda v v ... 

Tel:0973l63003. Email iranthanhhail406i^mail.com 

Hinli L Mo hinh cua hi thdng Multi-robot 

Tren hinh 1 bieu dien md hinh ca ban ciia mgt 
he thong Multi-robot cd phan hdi bao gdm: 
Robot Master (nhan thao tac tir con ngudi va 
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ddng vai trd dieu khien) va Robot Slave (nhan 

lenh dieu khiSn tir Master va thao t^c cdng 

viec vdi mdi trudng) ngoai ra de trao ddi 

thdng tin cdn cd he thdng truyen thdng 

(Communication chanel) vdi nhieu giao thuc 

khac nhau (mang internet, qua he thdng day 

truyen dan, he thdng khdng day wireless...) 

thuc hien nhiem vu truyen thdng tin giCra 

ngudi dieu khien vdi cac robot hoac giiia cac 

robotvdi nhau. 

MOT SO DAC TETU VE DIEU KFflEN HE 

THONG MULTI-ROBOT 

He thdng Multi-robot dugc ling dung trong 

nhieu ITnh vuc khac nhau nhu: dieu hanh 

robot khdng gian tir mat dat, chi huy phucrng 

tien khdng ngudi lai dudi nude, xii ly nhiing 

vat lieu nguy hiem trong cac nha may hat 

nhan, trong hogt dgng phau thuat, tdi viec 

thao dien nhung robot tranh chuong nggi vat, 

cuu hg con ngudi, irng dyng trong cac ITnh 

vyc khai thac va san xuat. . . 
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Hinh 2. Md hinh quy dgo Tim kiim muc tieu 
cua h? thdng Multi-robot 

Ndi chung, mdt he thdng Multi-robot cd the 

dupe md ta nhu mdt bg robot hoat ddng trong 

ciing mdt mdi trudng. Tuy nhien, cac he 

thong multi-robot cd the la cac he thdng don 

gian, thu thap va xu ly dii Heu din nhung he 

thong phuc tgp cd the tucmg tac vdi mdi 

trudng va tuang tac vdi nhau theo nhung 

phuang thiic kha phuc tgp. Han niia, giira cac 

robot cd nguyen tdc lam viec phdi hgp de 

ciing hoan thanh nhiem vy, trai vdi mdt cdu 

true dan gian chi cung cap dich vu cho ngudi 

van hanh (may in hoac ngay ca mdt cdng t5c 
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dnh sang). Trong khi thuc te cac he thing 

Multi-robot dugc trang bi cac cam biin va b6 

truyen dgng tinh vi, cd the thuc hien cac tac 

vy phiic tap. 

Hinh 2 md ta mdt q u j dao tim kiem muc tieu 

ciia Robot Master va cac Robot Slave tir dilm 

xuat phat. Trong qua trinh lam viec, tii cac tin 

hieu cam bien, cac robot sau khi phan tich, xii 

ly dii lieu da xac djnh quy dao chuyen dpng 

den myc tieu. Liic nay, cac robot vua phai di 

chuyen den muc tieu, vira phai tranh va cham 

vdi cac vat can trdn dudng di, ddng thdi vdi 

qua trinh trao ddi thdng tin Hen l^c, xir ly 

thdng tin khi xuat hien tin hieu nhieu va mit 

thdng tin lien lac giiia cac robot. 

Ke hoach, nliieni vu| 

Quy dao 

Hinh 3. Qud trinh td chuc thyc hien nhiem v^ 

He thdng Multi-robot la mgt phin quan trpng 

trong cac nghien cuu v l robot. Vao cuoi 

nhirng nam 1980, mdt nhdm cac nha khoa hpc 

da bat dau nghien ciiu hudng nghien ciiu nay. 

Mdt trong nhiing thach thuc Idn doi vdi cac 

he thdng Multi-robot la thiit k l cac chien 

luge phoi hgp thich hgp giira cac robot de 

chung cd the hoat ddng hieu qua v l ingl th&i 

gian va khdng gian lam viec. Han nita, cac 

robot se lam viec ciing nhau d l hoan thanh 

mdt nhiem vu nhSt djnh bSng each di chuyen 

trong mdi trudng, tuong tac vdi nhau ve the 
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chat. Cac nghien ciiu [10], [11] chi diing he 
thdng may tinh vdi phan mim de dieu khien 
phan tan truyen thdng vdi khdng gian kha nhd 
hep. 

Hien nay, cac nghien ciru ve Robot di dgng 
lien quan nhieu den dieu khien qu^ dao 
chuyin ddng vdi bien dieu khien la lyc tac 
dpng phan hoi ve mdi trudng tit robot Slave. 
Mdi trudng d day dugc gia thiit nhu mdt he 
ddng lyc hpc don gian thdng qua viec sir dung 
mpt thiet b| xiic giac nhu Diolaiti va 
Melchiorri (2002). Dac biet, mdt lire tuang 
tac ao dugc tinh toan tren co so ciia nhiing tin 
hieu nhieu xung quanh Robot di ddng de ngan 
chgn thdng tin nguy hiem, do dd nhi?m vy 
dieu hudng cd the dugc thyc hi?n tot han va 
tinh dn djnh ciia su tu'ong tdc ao dugc dam 
bao. Gan day han Lee, Martinez-Palafox, \k 
Spong (2006) [4] ciing ket hgp viec xir ly tre 
vao trong each mach vdng xir ly thdng tin. 
Mat khac, khi hoat ddng d mpt dia diem tii' 
xa, robot "Slave" giri thdng tin phan hdi cho 
"Master" de danh gia mdi trudng xung quanh 
va ra lenh tiep theo cho Slave. Tuy nhien, 
dieu nay ddi hdi bang thong cao de cd the 
truyen dii lieu khdng chi la hinh anh thdi gian 
thuc,, ma ca tin hieu phan hoi lyc den 
"Master", nhim xii ly thdng tin va dinh vi 
mdi trudng xung quanh cua cac robot. Dac 
biet, cac robot can phai cd mgt so cac he 
thdng du phdng de khi "Master" bi mat lien 
lac vdi "Slave" tir xa do sy hgn che ciia bang 
thdng giao tiip hogc "Slave" dang d trong 
viing mat tin hieu [13]. Akin ciing da nghien 
cuu mdt chiin luge de hgp tac khi khdng cd 
thdng tin lien Igc giifa cac robot qua dd cd the 
ty tim kiem va djnh hudng de xac dinh vj tri 
cua cac robot khac [12]. Chien luge hgp tac 
dua tren ly thuyet ciia nhieu quy luat nhu la 
tri tue nhan tgo, ly thuyet trd chai, ly thuyet 
ve kinh te, sinh hgc, dgng vat hgc, sy sdng 
nhan tao...[16], [8]. CJ day, tac gia da quan 
tam nghien cuu tdi he thong bao gdm nhieu 
robot di dgng ty tri the hien hanh vi hgp tac. 
Cac nhdm robot di dgng dugc xay dyng vdi 

muc dich nghien ciru cac van de nhu kien triic 
nhdm, tac ddng xung dgt lan nhau, qua trinh 
hgp tac ciing thyc hien nhiem vy va cac van 
de xac dinh vi tri, quy dao chuyen ddng tdi 
muc tieu. 

Trong [14] cac tac gia SamratuI Fuady, 
Adrianto Ravi Ibrahim va Riyanto 
T.Bambang da dua ra phuang an dieu khien 
he thdng MuUi-robot nhd he thdng dieu khien 
kiem soat su phan bd cua cac robot va ngan 
can mdt vai trd ngai thdrig qua ba budc dieu 
khien: budc thii nhat tap trung vao thuat toan 
phdi hgp giiia cac robot, budc thir hai sii dyng 
he thdng hybrid de theo doi vj tri ciia cac 
robot nham tranh chudng ngai vat, budc thii 
ba thay ddi thich nghi de dua tin hieu dieu 
khien tdi robot khdng hoat dgng. 
Cdn Aubery Marchel Tientcheu trong [2] 
hudng tdi chiin luge dieu khien he thdng 
Multi-robot bang viec nghien ciiu, khao sat 
chu ky, nguyen tac lam viec ciia timg robot, 
tdng hgp he thdng nham thu dugc nguyen tac 
phoi hgp chung. Tren ca sd cua mgt md hinh 
rat ndi Hing boids dugc phat trien bdi 
Reynolds, nai ma bat dau tir mdi ca the cd 
each van dung chien luge rieng va chi cd 
thdng tin vi tri cua minh. Chien luge dieu 
khien nay chinh la dieu khien phan tan tiing 
robot, dieu khien sap xep chiing hudng tdi 
muc tieu bang cac thdng tin cam bien cue bd. 
Phuong phap sir dung lugt dieu khien PD la 
hudng nghien ciiu dugc kha nhieu cac nha 
nghien ciiu quan tam. Trong [15] tac gia 
T.Namerikawa da cai tien va cd su thay ddi 
phuong phap PD, cac ket qua nhan duoc la 
kha quan hon, sai lech quy dao chuyen dgng 
da dugc cai thien dgc biet khi cac robot di 
chuyen tu do, thdi gian tre tren kenh truyen 
thdng la bien thien, tuy nhien trong nghien 
cihi nay van chua de cap den van de dieu 
khien luc khi cd su va chgm vdi mdi trudng. 
Mdt hudng khac ciing da dugc dua ra dd la 
phuang phap dieu khien thy ddng duoc de 
xuat trong [5]. Trong mpt nghien cuu gan day 
han [6], [15] ve dieu khien bam, cac tac gia 

95 



TrSn Thj Thanh Hai vo Dig Tap chi KHOA HQC & CONG NGHS 173(13): 93-98 

da su dung phuang phap phdi hgp trd khang, 
de xuat nay da lam giam anh hudng cua nhieu 
trong quy dgo chuyin ddng cua cac robot, da 
dieu khien dugc lyc tuong tac tren cac robot, 
tuy nhien cac luc tren chua that sy tuong 
ddng d hai phia cua hi th6ng va thdi gian tre 
truyen thdng chi la hang sd. 
Hien nay, ciing d3 cd nh&ng nghien cuu su 
dung luat dieu khien thich nghi cho cac robot 
nang ddng khi hoat ddng trong mdi trudng 
nhieu trd nggi nham dgt dupe hieu qua tdi U'U 
cho qua trinh chuyen ddng ciia robot ve quang 
dudng [3]. Mat khac, luat dieu khien cung 
hudng cac robot di chuyen den myc tiSu theo 
mdt quy trinh dupe xac lap, tranh va chgm 
giiia cac robot va chudng ngai vat. De cai 
thien phuang phap dieu khien he thdng Multi-
robot mdt each hieu qua va giam sy thay doi 
quj dao chuyen ddng ciia cac robot hudng tdi 
muc tieu, phuang phap dan dau ao dugc de 
xuat cho mdi robot va mdt thuat toan dieu 
khien phan tan dugc lya chpn de giai quyet 
cac van de tren. 

0 trong nude, tac gia Le Thi Thuy Nga va LS 
Hiing Lan [9] da de xuat giai phap dilu khien 
he thdng cac robot tim kiem myc tieu va tranh 
vgt can b5ng ky thuat dieu khiln hanh vi dua 
tren khdng gian rdng. Dong thdi dua tren ly 
thuyet Lyapunov de dua ra cac dilu kien 
nham dn dinh qua trinh tgp trung ve muc tieu 
cua cac robot. 

Tdm lai, nghien cuu va danh gia qua trinh lam 
viec ciia he thdng Multi-robot cd thi dya tren 
cac miic dp [1]: 

Miic do thii nhat ve sy hpp tac: Miic dp thii 
nhat lien quan den kha nang hgp tac lam viec 
cua h? thdng de hoan thanh mdt nhiem vu cu 
the. 0 cap dp nay, he thdng mdi chi dupe dieu 
khien sao cho cac robot cd the hgp tac lam 
ciing mpt nhiem vu. 

Miic do thii hai ve su hilu bilt: Miic do nay 
de cgp den thdng tin ma mdi ca the robot nhan 
dugc ve cac ddng ddi trong cung he thong 
Multi-robot. Cac robot trong he thong se y 
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thiic dugc qu$> dgo hogt ddng va viec thyc thi 
nhiem vu cua cac robot khac thdng qua hS 
thdng truyen thdng. 

Muc dp phdi hpp: Muc thu ba lien quan din 
cac ca che dugc sii dung cho sy lien ket hpp 
tac giiia cac ca the robot, cu thi han la s\r 
truyen thdng tin tii Master tdi cac Slave hoac 
sy phan hdi thdng tin trd lai Master tir cac 
Slave. Su phoi hgp d day cd the hidu la " sir 
hgp tac trong dd cac hanh dpng dugc thuc 
hien bdi mdi ca the robot cd tinh den cac hanh 
dgng dupe thuc hien bdi cac tac nhan cua 
robot khac trong he thdng Multi-robot sao cho 
toan bd qua trinh dieu khien la mdt su kit hpp 
hai hda va dat hieu qua cao". Tuy nhien, eo 
nhieu each khac nhau ma cac robot co thi 
chiu anh hudng tii hanh ddng ciia cac ca the 
robot khac trong he thdng. Cac tinh nang co 
ban la giao thiic dilu phdi, dugc dinh nghia 
nhu la mpt tap hpp cac quy tac ma cac robot 
phai lam theo de tuang tac vdi nhau trong 
ciing mdi trudng lam viec. Tuy nhien trong 
mdt so trudng hgp viec sii dung hiSu qua mot 
quy trinh phoi hgp cd the la rSt khd khan. 
Muc do td chdc: Muc do thii tu cua cau true 
thii bac ciia chiing ta lien quan den each h? 
thdng ra quyet dinh dugc thuc hien trong he 
thong MuUi-robot. CSp do to chiic gidi thieu 
mdt sy phan biet trong cac hinh thiic phoi 
hgp, phan biet cac phucrng phap tap trung, 
tdng hgp he thong tii cac phuang phap dieu 
khien phan tan. Cu the, mdt he thdng tap 
trung \ko robot Master chiu tr^ch nhiem to 
chiic cdng viec, chia giii thdng tin tdi cac 
robot Slave; Master tham gia vao qua trinh ra 
quyet dinh cho nhdm cac robot trong he 
thdng, trong khi cac ca the robot khac chi co 
the hanh dgng theo chi dSn ciia Master. Mat 
khac, mdt he thdng Multi-robot ciing bao gIm 
cac Slave hoan toan tu trj trong qua trinh ra 
quyet djnh ddi vdi nhau; tac ddng qua lai 
nhau va truyen thdng tin trd lai Master. 
VI truyen thdng: Su hgp tac giua cac robot 
thudng phy thudc bdi mgt co che tn]y^r| 
thdng cho phep cac robot trao ddi thdng tin. 
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Tuy nhien, doi vdi he thdng Multi-robot co 
che truyen thdng rat khac nhau va mdi chi 
hogt dpng vdi mdt so lugng gidi han cic robot 
(it ban 10), vdi hai logi truyin thdng khac 
nhau tiiy thudc vao each cac robot trao ddi 
thdng tin: truyen thdng true tiep hogc gian 
tiep. Truyen thdng true tiep su dung mdt sd 
thiet bi phSn ciing chuyen dyng, trong khi 
truyen thdng gian tiep su dung cac tin hieu 
dieu khien dgng xung. Thuc te la trong truyin 
thdng true tiip hi thong Multi-robot dya tren 
mpt thiet bi vgt ly chuyen dung, ket qua la 
mdt giai phap dat tien han va khdng dang tin 
cgy de dgt dugc sy phdi hop giua cac robot. 
Cdn truyen thdng gian tiep cd the dam bao su 
tuong tac giiia cac ca the robot trong he 
thdng, giam bdt su phiic tap cho viec thiet ke 
cac he thong quy md Idn va tranh sy dong bd 
hda giiia cac ca the robot, bang each cung cap 
mdt cau triic truyen thdng chia se ma moi ca 
the robot cd the truy cgp trong mot md hinh 
phan tan ddng thdi ciia he thdng. 
Ket luan, cac thuat toan dieu khien he thong 
Multi-robot da dugc nghien ciiu gan day chii 
yeu mdi de cgp den viec xac dinh vi tri, quy 
dao di chuyen den muc tieu, khdng gian lam 
viec con nhd hep, thdi gian tre truyen thdng la 
hIng sd, miic dp hgp tac thuc hien nhiem vy, 
tranh chudng nggi vat va thdng tin phan h6i 
tii Slave cdn hgn che. 

DE X U A T HLT^NG NGPHEN CtfU DIEU 

KHIEN HE THONG MULTI-ROBOT 
He thong Multi-robot hien nay la mgt ITnh 
vyc nghien ciru quan trgng trong ky thuat 
robot va tri tue nhan tao. He thdng nay dugc 
ling dung trong nhilu ITnh vuc khac nhau 
nhu: dilu hanh robot khdng gian tir mat dat, 
chi huy phuong tien khdng ngudi lai dudi nude, 
xu ly nhung vat lieu nguy hiim trong cac nha 
may hat nhan, trong hoat ddng phlu thugt, tdi 
viec thao dien nhirng robot di dgng tranh 
chudng ngai vat, ciiu hd con ngudi, ung dung 
Uong cac ITnh vyc khai thac va san xuat... 
Do cac ITnh vuc ling dung va nhiem vy ma he 
thdng Multi-robot phai ddi mgt ngay cang 

phiic tap, nen ngoai viec tang cudng kha nang 
hgp tac ciia cac robot trong he thong thi cdn 
phai ke den tinh on djnh, kha nang thyc hiln 
nhiem vu trong mdi trudng lam vile khdng 
hoan hao. CJ mdi trudng nay ddi hdi cac robot 
can cd kha nang tranh chudng ngai vat, kha 
nang tim kiem thdng tin khi mat tin bi€u 
truyen thdng, hoac mat tin hieu tu cac robot 
khac, kha nang xu ly thdng tin phan hdi khi 
cac robot trong he thdng gap sy cd, kha nang 
xir ly thdng tin khi bi nhieu tin hi?u truyen' 
thdng hogc qua trinh truyen dii lieu giua robot 
Master va robot Slave cd hien tupng tri truyen 
thdng... cd the lam mat dn djnh, lam sai lech 
viec thuc hien cac thao tac, lam giam tinh ddng 
nhat ciia cac robot, tii dd lam anh hudng den 
chat lugng, hieu qua lam viec cua timg robot 
ndi rieng va cua ca he thdng ndi chung. 
Tdm lai, he thong Multi-robot da va dang 
duac ung dyng trong thuc te. Ddi tu'ong dieu 
khien la he phi tuyin cd tre va chju anh 
hudng ciia nhieu tac ddng. Vi vay viec nghien 
ciiu ling dung ly thuyet dieu khien phi tuyen, 
ly thuyet dieu khien hien dgi xay dyng thuat 
toan dieu khien nham nang cao chat lugng 
dilu khien he thong Multi-robot trong mdi 
trudng khdng hoan hao la van de can dugc 
quan tam nghien cu'u. 
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SUMMARY 
SPECIFIC CHARACTERISTICS ANALYSIS AND RESEARCH PROPOSAL TO 
CONTROL MULTI-ROBOT SYSTEM 

Tran Thi Thanh Hai', Lai Khac Lai 
University of Technology-TNU 

The Muhi-robot system is a set of robots performing the same task received from the operator 
which based on cooperation mechanism between individual robots, where each individual can not 
perform or can be used to decrease the system effectiveness. However, during the execution of the 
task, the robot may be subject to collision, loss or interference of communication interrupting the 
performance of the task. Therefore, research and development of new control algorithms to 
improve the quality of the system is essential. This paper analyzes and evaluates the advantages 
and disadvantages of the published scientific work, thus pointing out the particularities and the 
research direction of the Multi-robot system. 

Keywords: Multi-Robot system. Robot conlroler. Cooperative Robotics system, Mobile Robotics 
system, Distributed control 
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