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Picu khién robot di dong tw tim tram va nap ning luong
trén co s6¢ luat diéu khién bam va cac giai thuat xur li anh
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Abstract: Mobile robots have the characteristics of moving in large spaces, so the demand for energy
for the robot is usually quite large, so it must be refueled regularly. With the idea of building a mobile
robot capable of searching for pre-arranged power stations and recharging when the energy in the
robot is weak, the article titled "Controlling the mobile robot to find and recharge itself" is carried out,
contributing to the development of the automation industry in general and mobile robots in particular.
The article has modeled a mobile robot, given the control law and applied it in controlling the robot to

the refueling station when needed.
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1. Pit vin dé

Xu hudng phat trién ctia Robot di dong hién chua
c6 cac thong ké cu thé vé cac d& tai nghién ctru vé
robot di dong va xu hudng phat trién clia chung, tuy
nhién chung ta co thé nhan thdy mot sb dic diém
chung néi bat ctia chiing nhu: Kha niang di chuyén
doc lap trén cac dia hinh khac nhau theo quy dao
dinh trudc hodc tu xac dinh duong di. Nguon ning
luwong phuc vu hoat dong cia robot nam trén robot.
Céc b diéu khién robot c6 thé nam trén robot hodc
didu khién qua cac két ndi khong day. Theo céac dic
diém néi trén robot di dong, ching ta co thé thay
ngoai viéc giai quyét cac bai toan tmg dung trong cac
linh vyc riéng biét, cdc nha nghién ctru con phai giai
quyét 3 bai toan rat co ban cia robot di dong nhu sau:
Bai toan tim duong di; Bai toan ndng luong; Bai toan
diéu khién robot.

2. N§i dung nghién ctru
2.1. M6 hinh todn hoc cua robot di dong

Trén mat phéng, chung ta thiét lap mot mbi quan
hé gitra hé quy chiéu chung va hé quy chiéu cuc bd
cua robot, tryc OX, va OY, xac dinh mot goc quy
chiéu bat ky 1a hé quy chleu chung OX\Y,. Pé xac
dinh vi tri cia robot, chon mot diém P tren khung
robot 1am diém quy chiéu vi tri ctia no.

Géc toa do (X Y) xéc dinh hai truc tuong dbi
so v6i diém P trén khung robot va 1a hé quy chiéu
cuc bd ctia robot. Vi tri ctia diém P trén hé quy chiéu
chung dugc xac dinh bdi cac toa dd x vay, va su khac
biét ctia goc giita hé quy chiéu chung va hé quy chiéu
khu vuc dugce cho boi 6. Ching ta co thé mo ta trang
thai ctia robot nhu 1 vector voi 3 yéu to:
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DPé mb ta chuyén dong robot thong qua quan hé
cua cac chuyén ddng thanh phan, ching ta can thiét
lap chuyen dong cac truc cua hé quy chiéu chung
theo chuyen dong hé quy chiéu cuc bo cua robot.
Biéu thirc mo ta trang thai hién hanh cta robot
duoc thuc hién bé'mg cach su dung ma tran xoay
quanh truc vudng goc véi mat phing di chuyén cua
robot:
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Hinh 2.1 - Robot di dong lién két véi mot truc chung

Ma tran nay c6 thé dugc ding dé lap biéu do
chuyen dong trong hé quy chiéu chung X, Y} trong
moi tuong quan cua hé quy chiéu khu vuc {X N
M&i lién hé nay dugc thé hién bang R(0)¢, mo ta su
phu thudc vao gia tri cia 6
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Trong d6 & : véc to thé hién chuyén dong trong hé
quy chiéu chung.

(2.3)

Sr: véc to thé hién chuyén dong trong hé quy
chiéu cuc bo.

Biéu thirc duoc mo ta boi phuong trinh (2.3) ¢o
thé duara dong hoc thuén ciia mdt robot di dong. Cac
mdi quan hé hinh hoc:

&=

=f(lr6’(p1,g02, ) 2.4)

D < =

Trong d6 f(l,r,é, @, 9,,...) 1a ham chi mbi quan
hé gitta khoang cach cac banh xe /, ban kinh banh xe
r va cac chuyén dong quay cua than robot @, cac

banh xe ¢,@, ... véi cic bién x,7,6 trén hé tham
chiéu tong thé.
Taco: & =R(0)'E, (2.5)
Véi R(0)" dugce tinh ra tir (2.2):
cos@ —sind 0
R(O) "' =|sin@ cosf® 0 (2.6)
0 0 1

Robot chi di chuyén trén miat phang v6i véan toc
dai V va van tdc goc quanh truc vudng goc voi mit
phang di chuyén cua robot 13 .

x cosd 0

& =|y|=|sino o{v}
6 o 1|7

Van toc cua robot: v (m/s)
Van toc cua banh xe trai va phai:

2.7)

v, =a,.r (2.8)
Vo =@yt (2.9)
Trong do:

+ @, , @, (rad/s) 1an lugt 1a van toc goc ctia banh
xe trai va van tbc goc clia banh xe phai.

+ r (m) la ban kinh banh xe.

Goi R, R, lan luot 13 ban kinh xoay cta banh
trai va pha1 kh1 robot di chuyen so v&i tam xoay than
robot.

2.2. M6 hinh Robot di dong
2.2.1. M6 ta két cu

Robot di dong gdm cac bo phan chinh véi cac
churc nang sau: Vat li¢u lam khung va vo robot la
mica cung.
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Hinh 2.2 - Mo hmh tong the robot di dong

- Nguon. gom 2 pin 12 VDC nbi tlep nhau cép
nguén 24V cho toan bd bd diéu khién.

- Mach diéu khién dong luc va cac ngd vao cam
bién va nut diéu khién hai dong co 24 VDC — 40W,
hiéu MODEL GC-3642-002

- Tbc @6: 150 vong/phut, dién ap sir dung: 9 — 24
VDC, duong kinh truc: 6 mm, chiéu dai dong co 80
mm, hai banh sau duoc ndi truc tiép vdi tryc cua tung
dong co. Hai banh sau duong kinh @ 90 mm, hai bo
Encoder (100 xung/vong) dém sb vong quay cua hai
banh sau. Di¢n dp ngo vao ctua Encoder 1a: V, =5V,
tin hiéu ngo6 ra ¢ dang xung. Mot bo RC servo didu
chinh gdc xoay cia camera.

Pong co RC Servo 1a loai dong co ¢o cong suét
nho, goéc quay g101 han, dung cho céc thiét bi diéu
khién vo tuyén. Piéu khién bang ché d6 PWM, tbc
do vong quay cua dong co la ¢o dinh, gia tri PWM
xac dinh vi tri gbc quay.

Céc thong s6 ky thuat cua dong co RC Servo:

Hiéu Micro Servo 9g SG 90. Tbe do: 0.12s/60°,
bién ap su dung: 3.0 - 7.2V, Kich thudc: 22mm x
12mm x 29 m, Camera xu ly anh: Camera dugc tu
dong diéu khién goc xoay tdi da 90° boi dong co RC
Servo. Hang san xuét: Pai hoc Carnegie Mellon.

Bo thu nhan va xir Iy tin hidu anh gdm két nbi
giita cam bién camera cmos va mach dién vi xir Iy
chinh 14 ARM7. Méi truong phat trién ma ngudn mé
trén Windows va Linux. Khe cim thé nhd MMC véi
hé trg 6 dia FAT16, biéu khién servo 4 céng, Tai
anh vao by nhé 26 hinh anh trén gidy (26 Frames
per second). Trinh thong dich ngén ngir dung luong
nhe LUA cho phép theo nguyén mau truyén nhanh,
Phan mém nén anh JPEG, Thu vién thao tac anh co
ban (cc3_lib)

CMUCAM3 hoat dong véi cam bién camera
0V6620, 0V7630: cac cam bién quang dit trén dau
robot lam nhiém vu phat hién vat can, khoang cach
tdi da ma cam bién co thé phat hién vat can 30cm.
Dién 4p ngd vao ctia cam bién V = 24v, tin hiéu ngd
ra & dang logic 0, 1. Banh din huéng, duong kinh
@70 mm, diéu chinh huéng di chuyén cia robot dé
bam theo muc tiéu
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2.2.2. B6 diéu khién: Gém 2 mé dun chinh

Mé dun diéu khién robot duoc két ndi vai 2
encoder hoi tiép xung vé dé dém sé vong quay, dong
thoi diéu khién téc d6 dong co. B6 nhd FLASH 16 K
Bytes. BO nhd EEPROM 512 Bytes. SRAM néi 1K
Bytes. Chu ky ghi x04 Flash/Eeprom 10.000 lan. Bao
mat béng phan mém. HJ trg lap trinh, debug Flash
stra 16i ma chuong trlnh Eeprom (b nh trong vi XU
1y), Fuse cac bit cau chi dé cai dat mot so tinh nang
va Lock bit (bit khoa) qua giao dién JTAG. 2 b dém
thoi gian 8 bit voi compare Mode (ché d6 so sanh).
1 bo dém thoi gian 16 bit voi Compare Mode (ché
d6 so sanh) va Capture Mode (ché do phat hién canh
1én hodc canh xudng). Tich hop bd dém thoi gian
thue. 4 kénh PWM. 8 kénh ADC 10 bit véi: 8 kénh
ché do don, 7 kénh vi sai, 2 kénh vi sai tich hop bo
khuyéch dai 1x, 10x, 200x. Giao dién ndi tiép 2 day
(SCL, SDA), USART, SPI, Watchdog timer, ché do
so sanh Analog, tich hgp dao dong RC bén trong 1én
tGi 8 MHZ, Chip 40 chan vdi 32 ngd vao/ra, nguon
su dung 2.7~5.5 V.

M6 dun xu ly anh CMUCAM3: st dung chip
ARMY dé xir Iy anh hd trg cho diéu khién robot. M6
dun nay v6i giao tiép v6i md dun didu khién robot
qua cong RS232 tao nén su dong bd trong hoat dong
cua robot. Ngoal ra md dun nay diéu khién camera
quay 1én xudng qua dong co RC Servo hd trg 1iy anh
t6t hon.

2.2.3. Hé thong cam bién: Hé théng cam bién dugc
str dung trén robot gdm c6 camera: st dung cam bién
CMOS, RGB color; d) phan gidi 352 x 288. Camera
s& lay anh va dua vé bd xtr hinh anh cho robot. Bén
cam bién quang dit phia trudc robot dé phat hién vat
can.

2.3. Khong gian hoat dong ciia Robot di dong

Viéc xac dinh khong gian hoat dong cua robot

dong vai tro quan trong trong viéc hinh thanh nén y
nghiém ban dau cho viéc thiét ké két cau co khi va
phuong thirc diéu khién robot.
2.3.1. Puong di cua Robot: Trong viéc nghién ctu
robot di dong phan thanh 2 loai theo kha nang diéu
khién: loai dudng di dinh sin, duong din, déu hiéu
trén dudng di chuyén.

Hinh 2.3. Dang dwong di dinh san la cdc dwong dan
cho robot
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Duong dan: robot sé di theo mot duong dian da
dugc dinh trude, dau hi¢u trén duong di chuyén: 1a
nhitng ky hi€u hoac hinh anh dic trung dugc dat ¢
nhitng vi tri ¢6 dinh trén tuong gitp robot xac dinh
duoc vi tri can dén. Nhiing diu hiéu nay dugc robot
ghi nh¢ qua camera trang bi trén robot.

2.3.2. Vat can trén dwong di: Trong qud trinh di
chuyén, robot s& gip khong it cac vat can trén dudng
di. Can phai phan dinh 10 dac diém cua tung loai vat
can dé co hudng giai quyét cu thé trong timg trudng
hop, giup robot tranh dugc cac chudng ngai vat mot
cach dé& dang trong qua trinh di chuyén. Trong moi
truong hoat dong cua robot ta chia vat can thanh 2
loai: VAt can nam c6 dinh, VAt can di dong tu nhién.
2.3.3. Cdc tram tiép nang lwong cho robot di dong

Tram nap: bd tri & nhing vi tri ¢6 dinh trén tuong
trong pham vi hoat dong, dam bao cho robot c6 thé
dé dang tim dé sac. S6 lugng tram nap ning luong
cho robot tuy thude 16n vao kha nang do tim tram cua
robot, v&i robot ¢6 kha ning do tim tt s& can it tram
tiép nang luong hon.

Trén bo nap ngoai biéu tuong chi dan con co lip
thém 2 bong dén; dé phat tin hiéu gitp cho camera
ctia robot nhan biét dé dang. Viéc nhan dang duong
dan, cac diu hiéu do mo dun xur 1y anh s& dam nhi¢m.
3. Két luan

Bai viét da duogc thuc hién tir bude mé hinh héa
robot di dong, thiét ké bo diéu khién bam, ché tao mo
hinh va thuc nghiém cac giai thuat diéu khién robot.
M6 hinh hoéa dugc dong hoc cua robot. Thiét ké bd
didu khién bam cho robot dwa trén phuong trinh
dong hoc cta robot. Ché tao m6 hinh robot co ban dé
diéu khién thuc nghiém. D& xuat cac giai thuat: diéu
khién bam véi hd tro ciia cong nghé xir 1y anh, giai
thuat tranh vét can, giai thuat két hop bam va tranh
vat can. Ung dung cac giai thuat da dé xuét dé xay
dung giai thuat do tram va nap nang luong cho robot.
Thuc nghiém thanh cong cac giai thuat trén robot di
dong da ché tao.
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