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Nghien cuu, xay dyng thuat toan dieu khien 
mpt sd hanh vi tap the cua bay robot e-puck 

•TS.LETH!THUYNGA;TS.TRANNGpCTtl 
Trddng Dgi hgc Giao thong van tdi 

TOM TAT: Robot bay dan la xu hudng nghien ciiu 
c6 nhieu tnen vong trong ITnh vuc cdng nghe robot 
Vdl d^c thii CO tinh th tue cao ma khong doi hoi 
cong nghe che tgo phdc tgp, robot bay dan ngay 
cang thu hiit duoc nhieu su quan tam ciia cac nha 
khoa hoc. Bai bao tgp trung thiet ke thuat toan dieu 
khien mpt so hanh vi t§p the ciia robot bay dan 
nhu tu bay, tranh vgt can va di chuyen djnh huong, 
dong thoi bai bao cung de xuat giai phap khai thae 
platform robot e-puck da co sSn tren thi trudng de 
thil nghien-1 tinh diing d5n ciia cac thuat toan da 
thiet ke d tren. 

TL/ KHOA: Robot bay dan, e-pucl<, tu bay, tranh vgt 
c in, dl chuyen dmh huang, hanh vi 1$p the 

ABSTRACT: The research on robot swarm has been 
emerged swiftly with the field of robot technology. 
The characteristics of high intelligence isn't required 
the technology of complicated manufactunng 
Therefore, the swarming robots have received 
a lot of attention from researchers The swarm 
robot IS a promising research trend in the field of 
robot technology. The article focuses on designing 
control algorithm for some collective behaviors 
of swarm robots such as convergence, avoiding 
obstacles and moving orientation, also mentions on 
solutions to exploit platform robot e-puck available 
in the market to test the correctness of the above 
designed algonthms. 

KEYWORDS: Swarm robots, e-puck, convergence, 
avoid obstacles, move orientation, collective 
behaviors 

I.DATVANDE 

Dae diem ciia robot bay dan la sir dyng so lUpng 
Idn cac robot tUOng ddi dOn gian de thUc hien nhiem vu 
ma mot robot don khong the thuc hien dUOc hoac thUc 
hien khdng hieu qua. 

Nhom dpng vat va con trimg thudng cd xu hudng 
tap hpp lai vdi nhau thanh bay, viec tu bay se giiip ehung 

tranh dupe ke thu va doi phd duoc vdi nhUng thay doi 
ciia thien nhien. Mpt trong nhuYig dng dung d i u tien ve 
hanh vi tu bay ciia robot duoc dUa ra bdi [1 ]. Trong khi 
Cling nhau dich chuyen thi tat ca cac robot bj thu hut 
bdi anh sang trong hop. Khi tat ca cac robot tdi duoc cho 
nguon sang thi chiing se tu lai thanh mpt bay. [2] thUc 
hien mo hinh ham the nang tren cac nhdm robot l^m 
nhiem vy tim kiem nhUng vung nudc tran trong phong, 
sau do tao thanh vong bao quanh chiing.Trong nghi§n 
cUu [2], ky thuat dieu khien thich nghi tren robot cung 
dupe gidi thieu de tang sU da dang cua nhdm, dieu nSy 
giup bd qua duoc nhQng khu vUc khdng cin thiet va 
tranh sai sot gap phai trong qua trinh tim kiem. Trong 
[3], cac tac gia sir dung cac robot Alice 11 de ve sinh tua-
bin cua may bay phSn lUc. Moi robot se tim ki^m canh 
tua-bin mdt each ngau nhien va di quanh canh ciia 
tua-bin. Ho sir dung md hinh xac suat vT mo trong hanh 
vi tap the eua bay va ket qua cho thay thdi gian hoan 
thanh viee kiem tra se giam khi so lUong robot tang len, 
tuy nhien se xuat hien nhieu kiem tra duthira neu robot 
nhanh chdng rdi khdi canh tua-bin ma nd dang kiem tra. 

Hanh vi van chuyen va thao tac tren vat nang can 
thiet phai cd sU hpp tac giUa cac nhdm robot. Trong 
[4] da phat trien he thong van chuyen sif dyng nhdm 
robot kien. 6 day mot cO ehe "chii - tcf"dugc dung trong 
chuyen dpng ciia bay. Cac robot se sd dung thong tin 
ve luc tu cam bien lUc gan d dau de nhan biet cac tham 
so dieu khien. Parker [5] gidi thieu kien true Alliance cho 
viee day hop, ho chdng minh rang cae nhiem vy van cd 
the duoc thuc hien ngay ea khi ed trye trac d mpt hoac 
hai robot. Kube [6] md ta viec day hop bSng viee sii 
dung nhom cac robot dong nhat. Trong nghien edu ciia 
hp, 5 robot se day hop Idn tdi vj tri chi dinh trUdc dd la 
nguon sang. Robot se thay doi vi tri va tao ra lien ket vdi 
nhau cho den khi hdp dugc di chuyen, dteu nay tUOng 
tu nhu viec thu moi ciia kien. 6 day khong cd co ehe 
lien lac va hop tae ro rang giCra eae robot, nhdng robot 
nay hoan toan khong biet dupe sU hien dien cua cae eon 
robot khac. lo va cac cong sU[7] cung sir dyng kien true 
gdp tao ra mot nhdm robot lam nhiem vy thu rac thSi. 
Nhdng robot nay sddyng camera de phan biet cac ddi 
tupng khae nhau nhU: thung rae, sot rac va robot khac. 
Viec hpp tac giUa cac robot dUpc thuc hien ngam va chi 
sirdung lUc day giCra cac robot, day la ket qua cua sU ket 
hop giOa hanh vi"t!m kiem thung rac" va "tranh nfiung 
vat c in tinh". 
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TO nhCrng phan tich tren eho thay, robot bay dan cd 
Lfng dung rat rpng rai trong thue te, tijy vao cong viec 
phai thuc hien ma robot se cd platform khac nhau. Noi 
dung bai bao tap trung xay dung thuat toan dieu khien 
mpt so hanh vi tap the ciia robot bay dan nhu ty bay, 
tranh vat can va di chuyen djnh hudng. Bai bao eung de 
xuat gi l l phap sif dyng platform robot e-puck de thd 
nghiem tinh dung dan ciia cae thuat toan tren. 
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Hinh 2.3: So do khoi thi hien moi quan he gida cac bd phan trong 
e • puck 

2. N O I DUNG CHfNH 
2.1. Nghien ciiTu Ithal thae Ithung robot e-puck 
Robot e-puck la platform robot di dpng cd kich 

thudc nho dupe phi t tnen bdi EPFL {Thuy Sy) cho mye 
dich giao due. Trong nhilrng nam gan day, e-puek dupe 
sir dung kha nhieu trong cac nghien cdu bdi vi: ket cau 
CO khi don gian, de dang lap trinh vdi ma nguon md, 
truyen thong khong day thong qua bluetooth va hong 
ngoai, gia thanh hgp ly. 

* Cau true phan cdng eiia e-puck dupe bieu dien 
tren Hinh 2.1, gom cic bo phan sau: 

E-puck duoc trang bi vi dieu khien dsPIC vdi 8kB 
RAM, 144kB bd nhd trong va duoc ho tro bien dich bdi 
GCC C. 

Hinh 2.1: Cic bp phin co bin cua robot e-puek [8] 
- 8 cam bien hong ngoai (IR) dupe dat xung quanh 

robot |'Hin/j2.2J; 
- 01 camera m lu vdi dd phan g i l i 640x480; 
- 02 b inh xe cd the chuyen dgng tien lui; 
- 8 den led phat sang xung quanh robot; 

- 01 loa de phat am thanh; 
- 3 micro de thu am thanh; 
• 01 cam bien gia tdc xac dinh sU thay doi vj tri va 

gdc quay; 
- Bluetooth eho phep dieu khien tU xa va truyen 

thdng vdi may tinh. 

Hinh 2.2: Sado botneic cim biin IR tren than e-puck [8] 
* Ngdn ngO lap trinh cho e-puck duoc viet bang C 

Hinh 2.4: So do bleu dien khoang eich d, va gde lich (pcda e-puck 
2.2. Xay dUng thuat toan dieu Idiien hanh vi bay dan 
Cae ky hieu sir dung trong thuat toan dUOc g i l i 

thich y nghTa trong Bang 2.1. 
Bing 2.1. GUI thieh y nghTa cie ky hieu 

Ky hieu 

J, 

d,„ 

Jo 

y nghia 

Khoang each thUC 
te giiJa cSc robot 
e-puck 

Klio^ng each mong 
muon g\(ia cac 
robot e-puck 

Khoang each 
thuc te giCIa robot 
e-puck va vat can 

Goe lech gifla vat 
can so vdl plii/ang 
chinh dien cua 

Ky hieu 

9 

V, v„, v̂  

<^Od 

p 

•? nghia 

Goe lech giCia c3m bien 

tac dong so vdi phuong 

chinh dien cOa e-puck 

Van toe dl chuyen on 

dinh, van toe banh phdi, 

van tdc banh trai cua 

Khoang each mong muon 

giUa robot e-puck va vat 

Goe lech giCTa hudng 

mong muon so vdi 

phuang ehinh dien cua 

e-puck 

2.2.1. Hdnh vitubay 
Muc dich eiia chuong trinh nhung vao e-puek la 

dieu khien cac e-puek tu ve mot khu vUe tam bay khi chi 
biet khoang each va hudng gida cac cap robot vdi nhau 
nhd vao 8 elm bien hong ngoai (tU IRQ den IR7) dupe 
gan d xung quanh than robot nhuH;n/i 2.2. Khoing each 
an toan giUa cae e-puek trong thif nghiem dUoe dat la 
d = 02cm, tam nhin xa nhat ciia e-puck: 20cm. Ngoai 
tam quan sat eiia cae cam bien thi cac e-puck se khong 
nhin thay nhau va gida ehung khong ton tai bat ky mpt 
moi lien ket nao, liic dd cac e-puck se phai di tim nhau 
b ing each di chuyen theo vdng xoan 6c to dan eho den 
khi chiing nhin thay it nhat mpt ea the khae trong bay 
thi viee di chuyen theo vong xoan 6c dUng lai va chuyen 
sang ehe dp di chuyen theo bay dan Trong tam quan 
sat eiia cam bien, cac e-puck se tien lai gan nhau khi 6 
khoing each xa hon d^ ,̂ neu d khoang each gan hon 
dsd thi eic e-puck se liii ra xa. Khi khoing each gida cae 
e-puck da d gidi han an toan thi eic robot ehi ed the di 
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ehuyen trong khu vuc hpi ty va bay e-puek ehi difng khi 
ngat nguon eung cap. 

Gia thiet moi trudng hoat ddng ciia bay e-puck la 
moi trudng thuan nhat, khong cd chudng ngai vat, Luu 
do thuat toan dieu khien qu i trinh hpi ty ciia bay e-puek 
dUdc bieu dien nhu Hinh 2.5. Qua trinh hpi tu eiia mot 
bay gom 3 robot e-puck dupe mieu t l tren Hinh 2.6. 
Ban dau dat eac robot vao vi tri bat ky trong mdi trUdng 
thif nghiem khdng cd chudng ngai vat. Khi e-puck nhin 
thay dong loai thl nd se tien lai gan, neu khong thay bat 
ky ea the nao khac thi nd se di chuyen theo vdng xoSn 
6c de tim eho den khi nh'in thay. Sau 10 giay, cac robot 
deu da nhin thay nhau va cung di ehuyen ve phia nhau, 
khoang cich giifa ehung da duoc riit ngan. Sau 16 giiy, 
cac robot da tu lai trong mot khu vUe nhUng do khoang 
each giQa hai cap ca the gan hon so vdi khoang each 
quy dinh nen hai ca the nay da liji ra cho den khi khoang 
each giQa chiing bSng khoang each an toan (t-20 giay). 
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3 - Luu do tong quat; b - Luu do thuat toan dieu khien e-puck quay; 
c - Luu do thuat toan dieu khien e-puck hut/day 

Hinh 2.5: Luu do thuat toan dieu khien qui trinh tu bay cua e -puck 

Hinh 2.6: Hinh inh biiu diin vj tn eua 3 robot e-puek trong qui 
trinh ty bay 

TQ ket qua thQ nghiem qua trinh hpi tu eua robot 
baydanH/n/)2.6chothay, trong qua trinh dieh uyen cac 
ca the robot khong va cham vao nhau va luon hUdng ve 
phia nhau de tao thanh mot bay, sau mot khoang thdi 
gian dii Idn, eac ca the robot da hoi ty lai trong mgt khu 
vUc xac dinh. 

2.2.2. Hdnh vi trdnh vgt con cua robot bay ddn 
Cac robot e-puck dUOc dat trong moi trudng phang 

ed cac vat can tinh, trong qu i trinh di chuyen cae ca the 
khong va cham vao nhau va cd kha nang tranh dupe vat 
can. Moi robot e-puek se phat hien vat can nhd 8 cam 

bien IR, trong do chu yeu sddung 6 cam bien phia trude 
gom: IRO, IRI, 1R2, IRS, IR6, IR7. Luu do thuat toan dieu 
khien qua trinh tranh vat can ciia robot e-puck dugc 
bieu dien nhu Hinh 2.7. 

"" 
i 

s / ^ \ 

ID 

1 Tniha 

Is 

Js 
L.v.„» 

/ 

1 

B 

-„=\ 

^-=V 

1 
1 

c«a 

Hinh 2.7: Luu do thuit toin diSu khiin qui trinh trinh vat ein 
cda robot e-puck 

H'mh 2.8 bieu dien vi tr i ciia cic ca the robot e-puck 
trong khi chuyen ddng ngau nhien, Trong qua trinh di 
chuyen, cac ea the robot da tranh dupe eae vat can nam 
tren 16 trinh di chuyen ciia ehung. 

Hinh 2.8: Hinh anh bieu dien vi tri eua 4 robot e-puek trong qui 
trinh di chuyen tranh vat cin 

2.2.3. Hdnh vldi ehuyen dinh hudng cua robot bdy ddn 
CIc robot duoc dat theo mgt hudng bat ky trong 

mdi trudng thif nghiem, sau mot thdi gian chiing se 
eung di chuyen quay dau ve mgt hUdng, thuat toan cai 
dat eho moi robot e-puek di chuyen djnh hudng dUpc 
the hien tren Hinh 2.9. 

Hinh 2.9: Thuit toin dieu khiin qua trinh di chuyen dinh hudng 
cua robot bay din 



Hinh 2.10: Hinh inh bieu dien vi tri eua 3 robot e-puek trong qui 
trinh di chuyin dinh hudng 

Hinh 2.10 cho thay, sau mot thdi gian xoay ehuyen, 
cac robot e-puck da eiJng quay dau ve mdt hudng. 

3. KET L U A N 

Bai bao da xay dung dUOe thuat toan dieu khien eae 
hanh vi tap the eiia robot bay dan nhU; tu bay, tranh vat 
c in va di ehuyen djnh hudng. Cae thuat to in da thiet ke 
dupe eai dat lap trinh nhiing cho ca the vat ly e-puck. Ket 
qui cho thay, g i l i phap sir dyng platform e-puek rat phu 
hop de thif nghiem cae thuat toan dieu khien robot bay 
dan vdi muc dich phye vu eho dao tao. Ngi dung bai bao 
mdi ddng lai d viec dieu khien cac hanh vi bay dan co 
ban, cac hanh vi phdc tap hon nhutim kiem vat the that 
lae, thu thap thong tin eiia mdi trudng.,. se dupe phat 
trien d cac nghien cQu tiep theo. 
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