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TOM TAT

Swarm robotics la mét linh viee nghién ciru da nganh tdp trung vao van dé xdy dwng cdc bo
diéu khién phi tdp trung dwoc ldy cam hing tir cdc loai sinh vét song thanh bay trong tw nhién dé
diéu khién mét sé lwong lon cac robot cung phéi hop thuc hién mot nhiém vu chung. Phan 1ém céc
ddnh gid ciia nhitng gidi thudt ndy yéu cau phdai thwe hién trén bdy robot ¢6 sé lwong cd thé Iom,
dan dén viéc cdc thwe nghiém robot bay dan tré nén kha ton kém. Bai bdo nay trinh bay vé qud trinh
thiét ké va ché tao mét bdy dan robot véi muc dich vmg dung trong nghién ciru. Cdc robot trong bdy
dan nay dwoc phat trién dé cé kha nang tw 16 chirc va lam viéc cung nhau dé thuc hién cac nhiém
vu nghién ciru phitc tap. Bai bdo bao gom théng tin vé qud trinh thiét ké, diéu khién va tich hop cdc
cam bién, ciing nhir vé viéc dap dung by dan robot nay trong cdc iing dung nghién ciru cu thé. Céc
két qua va loi ich ciia viéc tmg dung robot bdy dan trong nghién ciru ciing diege thao ludn trong bai

bao.
T khéa: Robot; Bay dan; Thiét ké; Ché tao.
ABSTRACT

Swarm robotics is a multidisciplinary research field focused on the development of
decentralized controllers inspired by natural organisms that live in swarms, aiming to control a
large number of robots collaboratively in performing common tasks. Most evaluations of these
algorithms require testing on large groups of robots, making swarm robotics experiments relatively
costly. This paper presents the process of designing and manufacturing a swarm of robots for research
purposes. These robots are developed to possess self-organization capabilities and work together to
perform complex research tasks. The paper includes information about the design, control, sensor
integration, as well as the application of this robot swarm in specific research scenarios. The results
and benefits of applying swarm robotics in research are also discussed in the paper.

Keywords: Robot;, Swarm,; Design, Fabricate.
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1. TONG QUAN

Trong linh vuc diéu khién hé da robot,
viéc diéu phdi mot luong 16n cac robot, tir vai
chuc dén vai nghin ca thé, thong qua cac bd
diéu khién phi tap trung dya trén kha nang giao
tiép cuc bd cua chung, dang dugc coi 1a mdt
huéng tiép can moi véi robot bay dan. Cach
tiép can nay thuong 1y cam himg tir cac hanh
vi tap thé cta sinh vat ty nhién, nhu cac loai
sdng thanh by, c6 kha nang tu t6 chirc. Tinh
tu t6 chirc ndy dang dugc nghién ctru va Gng
dung trong hé diéu khién da robot, tuy van con
kha méi va chua phé bién rong rai. H¢ diéu
khién cua robot bay dan khong tap trung vao
mot hé théng xtr 1y trung tim. Thay vao do, n6
dua vao kha nang giao tiép gitta cac robot dé
ho ¢6 thé trao ddi thong tin va hop tac dé hoan
thanh nhiém vu chung. Loai hé diéu khién nay
dugc goi 1a hé diéu khién phan tan. Nho vao
tinh tu t6 chic va hé diéu khién phan tan, hé
robot bay dan c6 ba uu diém ndi troi so voi cac
hé da robot khac: kha nang m¢ rong, tinh linh
hoat va tinh 6n dinh [1]. Kilobot 1a mot robot
cuc ki thich hgp trong viéc phuc vu nghién ctru
bo diéu khién phi tap trung cho robot by dan
vi sy nho gon, thiét ké don gian cia n6. Pugc
gidi thiéu lan dau tién boi Rubenstein va dong
su [2], va cac nghién ctru xoay quanh xay dung
hanh vi tap thé cho Kilobot ciing dugc phat
trién. Khac véi cac robot di dong thong thuong
c¢6 chuyén dong duya trén truyén dong hai banh
vi sai, chuyén dong cua Kilobot dya vao chan
ap dién rung dong (chuyén dong thanh truot).
Diéu nay khién robot di chuyen rat cham va
khong c6 hé thong hoi tiép cho kiéu chuyén
dong nay, dan dén 1a cac thuat toan ap dung
trén robot nay cting kho ap dung trén cac h¢
robot c6 san khac. E-puck 2 [3] ctia Francesco
Mondada va cong su tir Ecole Polytechnique
Federale de Lausanne, Thuy Si (EPFL) hay
Cellulo [4] ciia Quy Khoa hoc Qudc gia Thuy

Si, Ayberk Ozgiir 1a nhitng vi du khac cho
robot bay dan. E-puck 2 ¢6 kich thuéc nho (@
70mm, cao 45 mm), st dung bd vi sai hai banh
v6i mot bo cam bién phong phu: 8 cam bién
tiém can h6ng ngoai, camera mau CMOS, 3 x
microphone, diéu khién tir xa IR, gia toc ké 3D
va tit nhién c6 bo xur Iy manh mé duoc cung
cap boi dsPIC 30F6014A. Tuy nhién, thuc té
cho thiy, cac nghién ctru nay thuong dua trén
mé phong hoic sir dung s6 lwong ca thé robot
thap, do gi4 thanh ciia chung kha dit do. Vi du,
hé robot bay dan Cellulo di kém voi hé thong
dinh vi trung tam, diéu nay gidi han kha ning
mo rong cua no.

O Viét Nam, nghién ciru vé robot bay
dan tai cac truong dai hoc va vién nghién cuu
con han ché. Cac nghién ctru vé hé nhiéu robot
thuong tap trung vao viéc phét trién bo xir 1y
tap trung thay vi tdp trung vao bo xu ly phan
tan. Mac du d3 c6 mot s it bai bao cong bo vé
nghién ciru robot by dan [5-7], nhung chung
thuong dung lai & mirc moé phong. Nghién cuu
vé robot bay dan khong chi lién quan dén viéc
nghién ctru hanh vi ctia tung robot ma con
nghién ctru vé hanh vi ctia toan bd bay — hanh
vi tép thé, diéu nay rit quan trong cho viéc (mg
dung trong viéc diéu phdi cac hé thong robot
hoat dong hang ngay, vi du nhu robot trong
nha may, kho hang, chudi cung tmg, va nhiéu
tmg dung khéac. V&i su tap trung vao sd luong
16n robot, ching can tu td chire, tu cdu hinh va
diéu khién phi tap trung. Mic du c6 tiém ning
va kha nang tng dung rong rai cia nghién ctu
vé robot bay dan, nhung no hién dang dbi dién
v6i mot sb6 han ché, bao gdm van dé vé gia ca
va thiéu su quan tam trong nghién curu tai Viét
Nam, ciing nhu sy hiém hoi cta cac tmg dung
thuc té ctia robot bay dan trén toan thé gidi.
Ngodi ra, tinh phirc tap trong thiét ké va diéu
khién cua hé thong ciing 1a mot thach thirc dang
ké. Vi vay, nghién ctru ndy dé& xuit xay dung
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mot nén tang robot di dong co kich thudc nho
va chi phi hop 1y, nham hd tro nghién ctru trong
linh vuc robot bay dan. Nén ting nay bao gom
thiét ké phan climg va céc tac vu duoc thiét ké
phu hop véi nd, ciing nhu dap ing nhu cau cia
nhiéu nghién ciru trude day.

2.YEU CAU THIET KE ROBOT BAY PAN

Khi cac loi ich ctia hé thdng robot bay
dan duoc thao luan, thuong co ba loi thé chinh
duoc dé cap [8], d6 1a: 6n dinh, linh hoat va mé
rong. Piém 6n dinh xuét phat tir tinh du phong
va sy thiéu vang diém 16i don 1¢ trong dan robot
ddng déu. Ngay ca khi c¢6 16i nho, hiéu suit
tong thé van giit nguyén. Tinh linh hoat phat
sinh tir viéc cac robot trong dan gin nhu gidng
hét nhau, cho phép mdi con thuc hién nhiéu vai
tro va thich tng vdi cac nhiém vu ma khong
can phai tiy chinh phan cimg. Kha ning mé
rong dén tir viée cac phuong phap diéu khién
ctia dan robot linh hoat v6i bat ky quy mé nao.
Giao tiép trong dan c6 thé 14 16 rang hodc ngam,
tiry thudc vao viée thong diép duoc giri truc tiép
hay hanh vi dugc diéu chinh dua trén cac dau
hiéu cam nhéan dugc, tao diéu kién cho su hop
tac. Stigmergy, hodc giao tiép thong qua moi
truong, ciing dong vai tro trong su phdi hop
ctia dan robot, chang han nhu dau pheromone &
kién hodc tin hiéu trong vat li¢u xay dung [9].

3. THIET KE PHAN CUNG

V& mit tong thé, thiét ké phan cting cho
robot bay dan c¢6 nhiéu khac biét so v&i robot
don 1é. Trong bay robot, phan cting c6 thé da
dang vé mit dong nhat hodc khong dong nhat,
nhung né phai dam bao sy don gian, nho gon
va chi phi thap. Nghién ctru nay tap trung vao
thiét ké mot nén tang robot bay dan dong nhat
v6&i muc tiéu st dung trong moi trudng gido duc
va phong thi nghiém véi chi phi thdp. Hon nita,

viéc thiét ké phai hd trg viéc thao roi va lap
rap d& dang, vi san xuét va lip rap mot luong
16n robot c¢6 thé ton thoi gian va chi phi. Muc
tiéu cua nghién ctru la tao ra mdt bo mach hoan
chinh véi day du cac bo phan cam bién, vi diéu
khién va module chtrc ning dé cac cé thé robot
co kich thudc nhé gon. Ngoai ra, nang lugng
va kha nang di chuyén ciing dugc xem xét dé
dam bao kich thudc cua robot. Thiét ké cua
Millibot tip trung vao ba muc tiéu chinh: Ho
trg mo rong cac hoat dong cua dan robot, linh
hoat trong viéc chon lya hé thong truyén thong
va kha nang thuc hi¢n cac tac vu dai han.

3.1. Thiét ké hé thong dién cho ca thé robot

Véi cac yéu cau duoc néu ¢ cic phan
trén thi hé théng dién cua robot ¢ thé duoc dé
xuat nhu hinh 1. Dé ¢ thé t6i vu hoa kich thuée
cuia robot, tit ca cic cam bién, cac module chirc
nang, co cau chip hanh déu phai duoc tich hop
lén trén cac bo mach. Dya trén hé théng déxuit o
hinh 1, cac thanh phan c6 thé onboard bao gom:
B9 xtr Iy trung tdm, bd phan truyén nhan dir liéu
bang anh sang hong ngoai, bd phan truyén nhan
dir liéu bang am thanh, bo thu/phat WiFi, IMU,
driver va bo nguén. Viéc chon lya cac thanh
phan cho hé thong dién néu trén phai dap cac
tiéu chi dé xay dung mot hé thdng robot bay dan
duoc néu ¢ phan tong quan. Hé thong dién cia
cé thé robot dugc chia 1am hai phan chinh phan
bd trén hai bo mach phan bi¢t c6 churc nang cu
thé va khong thé tach roi: Locomotion board va
main board. Bo mach chinh chtra cac bd phan
chic ning bao gdm bo diéu khién chinh tich
hop cac chuan truyén thong WiFi va Bluetooth,
cam bién va hé théng giao tiép cuc b gitra cac
robot dia trén 4nh sang hong ngoai va 4m thanh.
Trong khi dé, locomotion board ¢ day di chirc
nang chiu trach nhi¢ém cho viéc di chuyén cua
robot. Thiét ké cua cac ca thé robot dugc biéu
dién trén hinh 2.
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Dual bridge
motor driver

Hinh 1. Hé thong dién ciia Millibot gom hai phan
chinh: Main board va locomotion board.

Hinh 2. Millibot voi main board (trai) dwoc dat
phia trén va locomotion board (phai) dwoc dat
phia dudi cua robot.

3.2. B diéu khién trung tim

Viéc chon lya bd diéu khién trung tam
cho c4 thé robot phu thudc vao céc tdc vu ma
n6 dam nhan va kha nang xu ly cia no. Theo
céc chi tiéu vé chi phi, toc do xir Iy va cac chirc
nang co6 sin ctia no, bo diéu khién trung tim cia
Millibot dwoc cung cap boi dong Espressif’s
System on Chip (SoC) ESP32 c6 bd vi xu 1y
Xtensa 32-bit 1561 kép voi téc do co thé thiét
1ap 1én toi 240 MHz. Bé giam kich thude cia
mainboard, ESP32-PICO-D4 duoc lua chon vi
n6 dugc tich hop tat ca cc thanh phan ngoai
vi t6i thiéu dé b diéu khién c6 thé hoat dong
trong 01 package duy nhat bao gém oscillator,
bo nho flash 4MB, céc tu loc va mach matching
tan s6 RE. ESP32 hd tro giao tiép WiFi 2.4
GHz va Bluetooth low energy trong cung 01
package. Module ESP32-PICO-D4 dugc dong
g61 dudi dang 01 chip PLA 48-pins nhd gon véi
kich thudc 7mm x 7mm.

3.3. Hé thong di chuyén

Millibot st dung hai dong co DC co
hop giam toc (9161C), duoc dit song song va
khong ddng truc nham giam tong kich thudc
cua robot. Hai banh lan béng bi inox dugc dat
d6i xtmg dé giup robot duy tri cin bing va tao
mé hinh skid-steered. Vi tinh 6n dinh co hoc
va kha ning tiép can, mo hinh skid-steered 1a
mot trong nhitng mo hinh pho bién nhat dugc sir
dung trong robot di dong. Sy phtrc tap cua mo
hinh tuong tac gitra banh xe va dia hinh duoc
biéu dién thong qua tham s6 d0 ma sat bé mat
khi robot di chuyén trén duong cong, 1a mot
van dé kho giai quyét trong mé hinh nay. M6
hinh nay tré' nén phirc tap do banh xe ctia nén
tang skid-steered phai trugt ngang va’hoac doc
khi thuc hién chuyén dong theo duong cong.
Tuy nhién, do gi61 han tinh toan cua tirng robot
trong bay dan, chuyén dong theo dudng cong
hiém khi duoc sir dung trong cac ting dung. V&
chuyén dong tinh tién va quay tai chd, ngay ca
khi cac dong co khong quay quanh cung mat
truc, robot van c¢6 lyc va mé-men tuong ty nhu
robot ¢6 banh di chuyén kiéu vi sai. Do d6, mo
hinh dan dong vi sai ciia hai banh van c6 thé
ap dung trong truong hop nay. Goi V va o biéu
dién van tdc goc va van tde tuyén tinh cua mot
c4 thé robot bat ky, van toc banh xe bén phai va
bén trai, 6.va 6, c6 thé duge xac dinh thong
qua phuong trinh 1.

1 v

6] |n n v

.{9,}_ 1 7 L}} D
2]

Trong do, r. va r_ lan lugt la khoang
cach gitra hai banh xe va ban kinh ctia moi banh
Xe.
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Dbé diéu khién sy di chuyén cua robot,
ching ta tich hgp mot chip diéu khién dang cau
H kép (DRV8833) vao mach. Chip nay dugc sur
dung dé gidi han dong dién cam ung cho moi
cau H. Pién ap cung cip cho mach diéu khlen
duoc quy dinh & mirc 3,3V va dong dién tdi da
cung cip cho mdi déng co duoc gidi han trong
khoang 133 mA. Véi banh xe c6 duong kinh
18mm, tc do trung binh ctia bay dan 1a khoang
25 cm/s. Ngoai ra, c¢6 thé sir dung dau vao cia
bo diéu khién dé diéu khién téc do dong co
thong qua PWM 8-bit tich hop trong bo diéu
khién trung tam. Phan hoi vé toc d6 dugc cung
cap boi bo encoder tir mot kénh trén moi dong
co. Dé gitp robot di chuyén theo quy dao mong
mudn, chung ta ap dung hai bo diéu khién vong
kin van toc doc 1ap (bd diéu khién PID) cho mdi
banh xe. Tuy nhién, van dé chinh trong thiét ké
ctia Millibot 14 tin hi¢u phan hdi chi dugc cung
cép tor b0 ma hoéa mot kénh, trong khi hau hét
cac platform mobile robot trude day st dung it
nhét hai kénh cho bd encoder. Do do, bo diéu
khién théng thuong chi c6 kha ning xac dinh
tbc do chir khong thé xac dinh van tbc. Pidu
nay din dén viéc robot khong thé dao hudng
banh xe trong lac di chuyén néu st dung bod
PID thong thuong.

Dé c6 thé diéu khién dong co quay theo
huéng mong mudn, tham sd virtual direction
sign dugc dua vao. Y tuéng chinh ciia phuong
phap nay 1 tao diém dit tam thoi ¢ téc do bang
0 cho bo diéu khién PID khi dong co dao chiéu
quay cuand. Goi S, S, € {1,-1} lan luot 1a
virtual direction sign cua banh xe trai va phai,
van téc banh xe trai va phai co thé duoc xac

dinh bang phuong trinh 2.
. 2rr,
0, =s, T m, ()

Véi T 1a thoi gian cho mét vong quay
cua truc dong co va mg la ty so truyén cia dong
co. Virtual direction sign s¢ khong doi cho dén

khi dong co dimg. Tai thoi diém ngay khi dong
co dimg, diém dit mong mudn s& duoc thiét
lap va virtual direction sign s& thay doi. Bang
phuong phéap nay, toc d6 phan hoi ciia bo diéu
khién PID s& bi giam di va phu thudc vao téc do
phan hoi ctia phuong phép zero speed detection
dugc st dung trong bd diéu khién. Trong thuc
té, do gidi han phan ctng don gian, zero speed
khong thuc su duoc phat hién, chi ¢ thé phat
hién T vuot qua mot nguong cho trude T, va
ngudng nay phu thudc vao toc do didu khlen
tbi thiéu cua dong co. Trong trudng hop cua
Millibot, voi m =1:171 va tbe do tuyén tinh t6i
thiéu trung binh ciia Millibot 1 10 cm/s,nén T
duogc dat 40ms.

3.4. H¢ théng ning hrong

Nghién ctru nay st dung pin Lipo lam
ngudn ning luong cho robot vi nd co kha
nang chiu tai tdt va hoat dong & muc di¢n ap
tir 4.2V dén 3.3V, phu hop véi tat ca cac linh
kién trong Millibot. Mot bg pin Li-Po 3.7V 2
cell ndi tiép c6 kich thude 38 x 25 x 12 mm
va dung luong 1000mAh duge dung dé cap
nguodn cho Millibot. Mic du cac thanh phan
dién tur trong robot c6 dai dién ap hoat dong
khac nhau, nhung chiing déu c6 thé hoat dong
binh thuong ¢ 3.3V, vi vay nghién ctru st dung
céc bo diéu chinh ap véi ap roi thap gid ré. Cac
b6 diéu chinh 4ap thong thuong nhu AMS117
hoac LV317 khong thich hop trong truong hop
nay do d¢ roi ap cao. Thay vao do, nghién ctru
stt dung RT9013-33G, mot bo diéu chinh ap
phu hop nhét véi dai dién ap hoat dong rong tir
2.2V dén 5.0V va dau ra ¢ dinh ¢ 3.3V. Cu thé,
dién ap roi toi da trén dau ra 12 250mV khi dong
cuc dai 1én to1 S00mA.

3.5. Phuong thirc truyén thong giira cac ca
thé

Trong robot bay dan, nhiém vu chi yéu
duoc thuc hién thong qua sy cOng tac gitra cac
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robot. V&i sy thiéu hut ctia bo diéu khién trung
tam, giao tiép gitra cac robot trd thanh mot yéu
t6 quan trong cho sy hoat dong cua timg ca thé
trong bay. Giao tiép nay co6 thé duoc chia thanh
hai loai chinh: truc tiép (explicit) va gian tiép
(implicit). Trong nhiéu nghién ctru, giao tiép
dua trén phuong phap st dung pheromone, nhu
kién, da dugc ap dung cho robot. Tuy nhién,
phuong phéap niy ciing mang theo nhiéu han
ché, bao gdm kha ning truyén tai thong tin
han ché (sensor chi co thé phat hién su c6 hodc
khong co cuia chit gia pheromone), ciing nhu
kha ning chi thi dich xac ca thé can tiép nhan
thong tin. Phuong phép truyén thong qua song
radio, nhu wifi, Bluetooth, RF, NFC ciing dugc
str dung rong rai trong robot. Tuy nhién, nhiing
phuong phap nay doi hoi nang luong ti€u thy
cao va c6 thé tré nén qua tai khi s lwong robot
trong bay tang 1én. So voi nhimg phuong phap
giao tlep gilta cac robot da dugc dé cap, sir
dung hdng ngoai tré thanh mot lya chon hop 1y
cho viéc trao ddi thong tin giita cac robot trong
cac tmg dung bay dan. Piéu nay dic biét thich
hop véi céac robot c6 kich thudc nho st dung
trong moi truong phong thi nghi€ém do tinh linh
hoat va kha nang m¢ rong cta no.

Cam bién hdong ngoai da duoc lua chon
vi ching c6 chi phi thap, dang tin cdy trong
pham vi cho phép, va dé dang trong viéc thiét
ké va cai dat. Moi truong hoat dong cia cac
c4 thé trong bay dugc gia dinh va da dugc xac
dinh trudc, bao gdm thong tin vé khong gian
hoat dong voi su gioi han. Do do, thong tin
vé moi truong xung quanh robot 1a 6 6n dinh va
khong thay doi. Ngoai ra, do mdi ca thé robot
dugc gia dinh co6 cau tric don gian va xu Iy cac
nhiém vu véi tai nguyén tbi uu, sai ) trong vi¢c
do khoang cach chi cho phép mot mirc d6 nhat
dinh (1én dén Icm). Millibot dugc trang bi 6 b
thu phat hong ngoai duoc phan bd déu quanh
bo mach chinh ctia robot. Mdi bd thu phét bao
gdm mot dén LED phat hong ngoai va mot
transistor hong ngoai duoc str dung dé thu séng

anh sang hong ngoai, véi goc mé khoang 60
d6. Tat ca cac dén LED phat hong ngoai duoc
diéu khién thong qua cic bd chuyén tiép bit
8-bit serial-in, parallel-out, c6 kha nang cung
cAp tan sb chuyén doi dau ra 1én dén 1kHz. Sau
transistor hdng ngoai nay két ni truc tiép véi 6
kénh ADC riéng biét 12 bit trén bo mach chinh.
Nho vao chiic nang direct memory access, dit
lidu tir cac kénh ADC nay c6 thé dugc luu trit
truc tiép vao bo nh¢ ma khong ¢ can sy can thiép
ctia CPU, din dén tc do lay mau toi dao tat ca
céc kénh 1én dén 20kHz. O toc do truyen 1kHz,
trong khong gian hoat dong cua Millibot, vdi
khoang cach t6i da 1én dén 45 cm, c6 thé truyén
dir lidu tir tat ca cac bo thu phat hong ngoai. Tin
hiéu phan xa c6 thé duoc nhan biét tir khoang
cach 15 cm. bo khoang cach udc tinh dya trén
cac gia tri mau analog duoc do tir cuong do anh
sang phan xa tir cac vat thé trudc mit.

4. CAC TAC VU CO KHA NANG MO
RONG CO BAN

Nhu d3 dé cap trude do, qua trinh van
hanh mot lwong 16n robot bay dan c6 thé mat
nhiéu thoi gian khi st dung cong tic bat/tat
ngudn truyén thong véi cong tic vat ly. Bén
canh do, robot c¢6 thé dugc céu hinh trong mot
khu vuc déng ctra da 16n dé hoat dong, gidi
han su tuong tac giita con ngudi va toan bo bay
robot. Diéu nay chi cho phép ngudi ding can
thiép vao bay robot sau khi di bat ddu qua trinh
su dung. Mot han ché khéac cua cong tac bat/
tat thong thuong 1a robot tiéu thu ning luong
nhanh chong trong qué trinh cho khéi dong
toan bo bay robot. Hon nira, trong qua trinh
thir nghiém thuat toan, nguoi dung thuong mat
thoi gian dé phat trlen phan mém, va trong thoi
gian nay, robot néu khong dugc tat hodc khong
c6 ché do chod sé nhanh chong tiéu hao ning
lwong va can pin trude khi ding lan tiép theo
6 thé dién ra hoan toan. Do d6, viéc ¢6 mot
co ché chuyén ddi ché do hoat dong cho bﬁy
robot 14 diéu can thiét cho viéc van hanh chung.
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Nghién ciru nay gidi thiéu 04 ché do hoat dong
cua béy robot ¢6 thé duogc chi dinh boi nguoi
dung trong qua trinh hoat dong dugc minh hoa
10 rang trong Hinh 3:

« Ché d6 hoat dong binh thuong (normal
mode): Tét ca cac thiét bi ngoai vi ¢ ché do
mo va hoat dong theo chuong trinh chinh. O
ché do nay, b diéu khién trung tam, Esp32, &
ché d6 hoat dong binh thuong (tt ca cac chirc
ndng hoat dong binh thuong theo chuong trinh
chinh).

« Ché d6 nang cip firmware (upgrade
mode): Tt ca cac thiét bi ngoai vi va locomotion
board cta robot ngirng hoat dong. Trong khi do,
Esp32 van & ché do hoat dong binh thuong dé
thiét 1ap mesh network dua trén WiFi dugc st
dung dé phuc vu qua trinh nang cép firmware.

« Ché dd cho (idle mode): Thay vi tit
robot béng cong tac vat ly, ché do nay dugc
sir dung khi nguoi ding mudn bay dan nghi
ngoi trong khi nguoi dung thuce hién cac nhiém
vu khac nhu phat trién phan mém hodc stra 16i
robot. Ngudn danh thirc (wake-up source) duoc
dat trude khi by dicu khién trung tdm Esp32
chuyén sang ché do ngt sau (deep sleep mode).
Khi Esp32 ¢ ché do nay, chi c6 bo xtr 1y ultra
low power (ULP) coprocessor va mo-dun RTC
dugc phép hoat dong.

« Ché d6 ngi (sleep mode): Chi mot sd
thanh phan thiét yéu ctia robot duoc duy tri hoat
dong khi robot & ché d nay dé tiét kiém nang
luong trong khi duy tri kha ndng danh thirc ctuia
hé thong boi cac kich thich bén ngoai. Bo diéu
khién trung tam ESP32 & ché do ngi sdu. O
ché do nay, robot chi ti€u thu 0,5mAh, do do
robot c6 thé ngli va khong can sac lai trong hon
02 thang. Nguon danh thirc giita idle mode va
sleep mode ctia Millobot 1a khac nhau.

Hinh 3. Céc ché do hoat dong khdc nhau cua
Millibot va phwong thirc chuyén doi giita chiing.

[ "i‘:, 2 575':. &
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Hinh 4. Anh chup thir nghiém chuyén tir normal
mode sang idle mode. Pén led mau xanh cho biét
robot dang ¢ normal mode trong khi den led mau
cam cho biét robot dang & idle mode. Trdi: nguoi
diing cham vao mét robot bdt ky trong bay dé khai
dong idle mode. Gitra: Thong bao "cho" dwoc lan
truyén khdp noi trong bay. Phdi: Toan b bay dan

chuyén sang idle mode.

Trong ché do thong thudng, robot co
kha nang chuyén doi sang cac ché do khac dya
trén twong tac ctia nguoi dung. Mot ca thé robot
hodc ca bay co thé bi anh hudng boi twong tac
nay. Cu thé, nguoi dung c6 thé st dung cam
bién cham dé tuong tac véi robot. Robot co
kha ‘nang xéac dinh ché d6 ma ngudi ding mong
mudn dya trén cach ho tuong tac véi cam bién
cham tich hop trén robot. Khi ngudi dung hoan
thanh twong tac, robot sé tién hanh xoay tai chd
trong mot khoang thoi gian xéc dinh va phat di
mot thong diép dd ma hoa qua hé théng giao
tiép hong ngoai dén tit ca robot 1an can. Cac
robot nhan dugc thong diép nay s& tiép tuc
thuc hién qua trinh tuong tu, va thong di¢p
cudi cung s& duoc truyén ti toan bo bay robot.
Cach tiép can nay gitp twong tac v6i toan bd
bay robot trd nén nhanh chéng va giam thiéu
su tuong tac vat ly gilta nguoi dung va robot.
Robot ¢6 thé chuyén sang ché do cho bang mot
lan cham nhanh, ché d6 nang c4p bang hai lan
cham nhanh lién tiép va ché d6 ngu bang mot
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1an cham va gitr it nhét ba giay. Mot vidu cy thé
cho céach hoat dong nay dugc minh hoa trong
Hinh 4, trong d6 ngudi dung chi can tuong tac
v6i1 mot robot, nhung tdc dong nay s€ lan rong
dén toan bo bay robot.

Ngoai ra, ngudi dung cé thé chuyén tir
ché do chd hodc ché d6 ngii riéng cho tirng robot
bang cach lic hoic 1at nguoc robot turong tng.
Serial port trén main board c6 thé dugc sir dung
dé nang cap firmware cho ting robot riéng 1¢ khi
can. Trude khi robot chuyén sang ché do cho,
cam bién cham va cac kénh analog duoc gan
v6i bo thu hong ngoai duoc ding ky nhu ngudn
kich thtrc dénh thirc. Néu ngudi dung cham vao
robot hodc cam bién héng ngoai nhan tin hi¢u
nao do, robot s€ bi danh thirc. Nguoi dung chi
can cham vao mot robot bat ky dé danh thirc ca
bay. Ngay sau khi bi danh thurc, robot s& bat tat
ca cac dén hong ngoai trong mot khoang thoi
gian xé4c dinh, xoay tai chd va kich hoat toan bo
robot 1an can thong qua ngudn kich thirc thi hai
da dugc néu. Ngoai ra, robot s& chuyén sang
ché d6 ngi néu khong dugc danh thic sau ba
gid & ché d6 cho dé tiét kiém ning luong pin.

5. KET LUAN

Nghién ctru nay da phat trién mot nén
tang robot di dong (goi 1a Millibot) dé sir dung
trong cac hoat dong nghién clru va hoc tap.
Millibot da dugc thiét ké, xay dung va kiém
tra trén mot loat tadc vu lién quan dén hé théng
robot bay dan. Nén tang robot dé xuat ndy cung
cap mot loat tinh ning c6 thé tuy chinh, cho
phép nguoi dung tién hanh nhiéu thr nghiém
nghién ciru v6i mot chi phi thap, chi khoang 23
d6 la cho mdi ca thé prototype. Millibot chia
sé nhiéu dic diém twong tu véi cac nén tang
robot di dong hién c6 da dugc mo ta trong cac
nghién ctru trude day, nhu da dugc trinh bay ¢
cac phan trudc. Nghién ciru nay cling gidi thiéu
mot s thao tac co ban trén bay robot, va c6 kha
ning mé rong dé nguoi dung co thé thuc hién

trén mot bay Millibot quy mo 16n ma khong
can can thi¢p vat ly hodc it can thi€p nhat.

Loi cam on:

Nghién ctru nay 14 san pham ctia dé tai
Khoa hoc va Cong nghé cap B6 ma s6: B2022-
SPK-02 tai trg bdi BO Giao duc va Pao tao, va
chu tri bdi Truong DPai hoc Su pham Ky thuat
Thanh phd HO6 Chi Minh, Viét Nam. Nhom
tac gid xin chan thanh cam on B Gido duc va
bao tao va Truong Pai hoc Su pham K¥ thuat
Thanh phd HO Chi Minh da hd trg thyuc hién dé
tai nay. %
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