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HOACH DINH VA BAM PUONG PI CHO MOBILE ROBOT UNG
DUNG PIEU KHIEN HOI TIEP ANH
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Tom tat: Bai bdo nay trinh bay phiong phdp tim dwong di ngan nhat cho mobile robot trong mi
truong c0 vat can, va diéu khién mobile robot bam theo dwong di (ao) da vach ra bang céch ung dung
tiéu chudn én dinh Lyaponive ket hop véi camera hoi tlep Vi tri thyec sie hién tai ciia robot. Pau tién vi
tri ciia robot va cdc diém dau Cuoi va vdt can dworc xdac ding thong qua cameara dat trén cao. Sau d6
gidi thudt tim dwong di ngdn nhat A* sé duwoc ing dung dé tinh todn dwong di téi wu cho robot dé dén
diege diém dich. Vi tri thuc ciia dwong do sé duoc chuyén sang toa dé thuc thdng qua qud trinh calib
camera. Cuoi cing Robot sé bdm theo dwong di dd hoach dinh d6. Qud trinh thuc nghiém dwoc xem la
dat két qua tot khi sai s6 dwong di thuc su Ciia robot va dwong di dd hoach dinh 14 nhé va robot dén
duwoc dich

Tir khoa: Piéu khién hai tiép, hoach dinh dwrong di, 6n dinh lyaponov, xi Iy anh, héi tiép anh.

Chi sé phan logi: 1.4

Abstract: This paper presents a visual feedback control algorithm to find a shortest path for a
task and control robot to follow that calculated direction by using Lyapunov algorithm combining with
fixed camera. Firstly by using image processing algorithm, the starting, targets, obstacle positions are
determined. Secondly the shortest path A* algorithm applied to find the shortest path for mobile robot
to reach the target. The position of the virtual line according to the world coordinate will be planning
based on calibration process. Finaly, posisiton based visual control algorithm is applied to control
robot to follow that path. The succession is determnied when robot approachs the target and have
small error between the calculated path and the real working path of robot.

Keywords: Visual tracking, Shortest path, Camera calibration, classical control, Image
processing

Classification number: 1.4

1. Gigi Thiéu thiét, né c6 the giai quyét nhiing han ché cua
) viéc do theo line truyen thong va linh dong
trong viée diéu khién huéng di, néu co yéu
cau cia ngudi st dung. Dong thoi viéc sir
dung camera dé quy hoach duong di con gitip
cho viéc di chuyén cua robot dugc tdi wu.
Hién nay cac nghién ctiu vé tim duong di ciia
robot ciing dang dugc nhiéu nha nghién ctu
quan tdm. U. Farooq et al. [1], su dung
phuong phap diéu khién théng minh fuzzy
két hop véi cac cam bién hong ngoai diéu
khién robot bam theo dudng line cho trugc.
J.H. Su [2] cling su dung phuong phap do
line bang cac cam bién quang va phuong
phap diéu khién on-off dé diéu khién robot
do theo line.

Ngay nay robot duoc st dung trong rat
nhiéu linh vyc nhu an ninh quéc phong, tim
kKiém ctu nan, gitp con ngudi lam viéc &
nhitng noi nguy hiém hay nhiing noi con
ngudi khdng thé tiép can duoc. Robot phuc
vu trong nha hién nay ciing dang la mot
huéng nghién ciu day hira hen. Tuy nhién,
hau hét cac robot phuc vu trong nha hién nay
van chua thé tu dong hoan toan, viéc trang bi
cho n6 mot cam bién du manh dé co thé né
tranh vat can hay nhan biét vi tri can dén
dang duoc rat nhiéu nghién ctu trén thé gigi
quan tim. Cac phwong phap do line truyén
théng sir dung duong line ¢6 dinh mang lai
nhiéu han ché trong viéc tng dung, duong o
line sau mot thoi gian sir dung s& bi mo va Ngay nay camera dong mot val tro rat
khong 13, d& bi tic dong cua modi truong dUan trong trong sw phat trién cua nén cong
xung quanh, va rat phac tap khi muén thay —Nnghiép, dua vao sac manh va toc do ngay
d6i huéng di chuyén. Viéc wng dung camera  cang tang cia may tinh, camera dong vai tro
Vo trong viéc diéu khién robot dé bam theo Nhu mot cam bicn hi¢u qua gilp cho robot
duong di dat ra mot nhu ciu thyc té va cip  nhan dién, phat hién vat dung xung quanh
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n6 va thuc hién mot tac vu theo yéu cau. Bé
nhan dang duoc vat, thong tin thu thap tu
camera s& duoc xir Iy dé nhan dang nhiing
ddc diém cdt 16i cua vat va truyén toa do cua
vat vé cho camera. P.T.L. Hai et al. [3] st
dung phuong phap phan doan anh Cung
v6i phep toan hinh thai hoc (morphology) dé
phan biét, xac dinh vj tri va tinh vén téc cua
ting robot. Phuong phap nay sir dung phan
mém Matlab nén khong dam bao dugc tinh
thoi gian thyc cing nhu sé€ kho khan trong
viéc giao tiép véi cac robot tay may c6 trén
thi truong khong dung Matlab. Hay H.D.
Chién et al. [4] sir dung phuong phdp nhan
dang vat theo mau sic sir dung phan mém
Halcon. Phuong phép nay s dung mot phan
mém thuong mai san c6 dé thyc hién s& gay
kho khan trong viéc phat trién cac chic ning
va két néi véi céc thiét bi ngoai vi khac nhu
canh tay robot. N.V. Khanh et al [5] sir dung
mot camera gan tryuc tiép trén robot dé diéu
khién robot bam theo duong han cho truéc
bang cach st dung phuong phap diéu khién
sir dung toa do diém anh cua camera hay A.
Cherubini et al [6] su dung phuong phap diéu
khién hoi tiép anh dé diéu khién mot mobile
robot bam theo duong line mau tring.

Céc phuong phép do theo line cho trudc
sir dung camera va cac cam bién c6 han ché
d6 1a chi 6 thé chay theo mot duong line cho
trugc va ¢d dinh vi thé no khong duogc linh
hoat trong su dung. Viéc ung dung mot
phuong phéap diéu khién & d6 cac duong line
bam theo c6 thé thay ddi dugc 1a mot hudng
tng dung thyc tién trong cudc sdng dic biét
I nhitng noi nhiing vat can co thé thay doi,
vi thé duong di ciing phai linh hoat thay doi
theo. Dé 6 thé tao ra cac dudng di 4o d6
nhiéu nha nghién ctu da tap trung nghién
cau vao viéc quy hoach duong di. Z.
Miljkovic et al. [7] ang dung giai thuat Triz
va Maz dé quy hoach duong di cho robot qua
c4c tram dimg va di dén diém dich can dén.
S. Kloder et al. [8] st dung giai thuat tim
duong di cho nhiéu robot dé cung thyuc hién
mot tac vu yéu cau, bang cach su dung dinh
nghia vé hoan vi bat bién nghién ctu da giai
bai toan vé va cham duodng di cua nhiéu
robot tir 6 hoach dinh ra duong di cho robot.
Tuy nhién cé&c nghién ctiru c6 gigi han la tap

trung vao viéc nghién ctu tim duong di va
moé phong trén may tinh, viéc ung dung dé
robot bam theo duong di da hoach dinh ra
van chua dugc nghién ctu sau.

T nhitng van dé thao luan & trén, st
dung camera va xu ly anh la mot phuong
phap rat hitu dung cho robot c6 thé quy
hoach duong di va gip robot bam theo
duong di da vach ra trong nha hay kho
xuong. Y tuong cua dé tai la tr mot diém
dau, diém dich dén va chudng ngai vat, bang
cach str dung giai thuat thong minh dé tim
duong di ngan nhat, sau do6 st dung chuong
trinh 1ap trinh thong dung két hop véi camera
va ma ngUOn mé xir Iy anh dé thyuc hién tac
vu diéu khién cho robot bam theo duong di
da vach ra do.

2. Tinh Chinh Camera

Camera calibration (hiéu chinh camera)
& mot phuwong phap tinh toan va thuc nghiém
nham tim ra c&c thdng s6 cua camera cho
viéc téi tao khong gian 3D cua mot canh nao
d6 trong thuc té bang nhiing anh ma camera
d6 chup lai duoc. Pé c6 nhitng thdng sé do,
cac tinh todn sau chu yéu dya vao mé hinh
camera théng dung nhat hién nay 1a mé hinh
Pinhold [9] nhu hinh 1.

el
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Hinh 1. M6 hinh Pinhold.

Trong md hinh Pinhold thi moét diém
M =[X Y Zz] trong khong gian 3D s&
duoc chuyén doi vé khong gian diém anh 2D,
m=[x y[.Tacé:

« f, —fxfcote C iy
Zly|=|0 ¢ |ly )
i/ sind / 7
0 0 1
Hay cong thic (2) c6 thé viét lai:
Zm = KM )
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Vi ma tran K duogc goi la ma tran théng
SO ndi cua camera. B¢ don gian ta cé thé viet
lai ma tran thong so noi dudi dang:

f, s ¢
K=/0 f, ¢
0 0 1

véi s 1a tham s6 nghiéng. Trong thuc thé
thi dbi tuong that cé thé biéu dién boi hé toa
d6 3D bat ki ma khong phai 1a toa d6 camera
nhu ta gia si. Bé tinh toan duoc trén cac hé
toa do nay, cach don gian nhét 1a ta chuyén
nd vé hé toa 6 camera nhu H.2. Gia st rang

M. 13 mot diém bat ki trong hé toa o6 w bat

ki, M
Khi do, M. o thé chuyén vé ’Mcbéng mot
phép quay R va mot phép tinh tién t. Ta co:

M,=RM, +t (3)

véi ma tran R va vector t mo ta hudng, vi
tri twong di gitra hé toa do camera va hé toa
d6 thuc té. Ma tran R chira 3 phép quay (theo
X, Y, z) va vector t chira 3 phép tinh tién.
Nhitng thong sb chta trong R va t duoc goi
la nhitng théng sb ngoai ciia camera.

¢la mot diém trong hé toa do6 camera.
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Hinh 2 Chuyén déi toa dg pixel vé toa dé thuc
Nhu vay tur cong thic (2) va (3), ta ¢co
thé viét lai:

Zm, = KM, =K (RM,, +t) @

Tir cong thirc (4), ta ¢6 cong thirc tong

quat cuoi cung la:
Zm, =K (RM,, +t)= R (K"Zm ~t)=M, (5)

Voi:

- om =[xy 1]T - toa do pixel

M,=[X Y Z] .
- w : toa do thuc
3. Giai Thuat A*

Trong khoa hoc may tinh, A* la mot
thuat toan tim kiém trong do thi. Thuat toan
nay tim mot duong di tr mot nat khai dau
dén mot nat dich cho trugce [10]. Thuat toan
nay str dung mot danh gia “heuristic” dé xép
loai ting nit theo udc luong vé quing dudng
tét nhat di qua nat d6. Thuat toan s& duyét
cac nut theo thtr ty cta danh gia heuristic
nay. Heuristic c6 thé hiéu don gian 1a mot
giai thuat dé giai cac thuat toan, n6 la mot
phuong phap duoc tao ra dua trén nhirng
kinh nghiém, tryc giac cua con nguoi. Muc
dich cua thuat giai Heuristic 1a giai cac thuat
toan phuc tap nhanh chong, dua ra dugc két
qua so voi giai thuat thong thuong, vi vay chi
phi thip hon. Thuat toan A* ung dung ham
heuristic dé tim kiém duong di. Tir trang thai
hién tai, A* xay dung tat ca cac duong di co
thé di dung ham uéc lwong khoang céch (
ham Heuristic) dé danh gia duong di t6t nhat
c6 thé di. Thu tu wu tién gan cho mot duong
di x duoc quyét dinh bai ham f(x) = g(x) +
h(x) . Trong d6 g(x): 1a chi phi duong di tinh
tir diém xuat phét toi diém x hién tai, h(x) la
khoang céch tir diém x t6i diém dich.

Ham f(x) c6 gia tri cang thap thi d6 uu
tién cia x cang cao. P& hiéu rd hon vé céac
gia trj trong thuat toan, ta cAn 1am rd hai dinh
nghia sau: Khoang céch gitra 2 diém A, B la
d6 dai doan thang ngan nhat néi 2 diém d6
lai voi nhau (c6 thé cat ngang qua vat can).
Chi phi giira 2 diém A, B 1a d6 dai duong di
can thuc hién dé di tir diém A dén diém B
(khong duoc cit ngang qua vat can).

Gia thiét moéi truong hoat dong robot
dugc chia thanh mang ludi cac 6 vudng Vi
ma tran 4x4 nhu hinh 3.

1 2 3 4

NI

Hinh 3. Ap dung thudt todn A* trén ma trén 4x4.
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Vi tri xut phat co toa do 12 A(1,1), vi tri
dich 1a B(1,4), cac cham tron gien la vat can.
Trong truong hop nay budc tiep theo phai di
tor A chi cé thé 1a nod? (2,}). Khi gi t&1 node
(4,2) s& c6 2 node lien ke co the duoc lua
chon lam node keé tiép. Qua trinh lya chon
dua vao ham f(x) dugc tinh toan nhu phuong
trinh (1) trong do:

g(4,3) la chi phi tir node A(1,1) — (2,1)
— (3,1) > (4,2) > (4,3), h(4,3) 1a khoang
cach gitra node (4,3) va node B

g(3,3) la chi phi tir node A(1,1) — (2,1)
— (3,1) = (4,2) — (3,3), h(3,3) 1a khoang
cach gitra node (3,3) va node B

f(4,3)=9(4,3)+h(4,3)=4.414+3.162 =7.576
f(3,3)=9(3,3)+h(3,3) = 4.828+2.236 = 7.064

Theo két qua tinh toan duoc node (3,3)
c6 chi phi f(x) nho hon, vi vay s€ chon node
(3,3) 1a node di tiép theo. Thuat toan s& tiép
tuc xét cac node lién ké véi node (3,3) cho
dén khi dat dugc node mong muén

4. Thiét ké bd diéu khién

Mo hinh dong hoc cta robot da dugc
gioi thiéu nhiéu trong cac nghién cau. Mo
hinh nay bao gom cac diém quan trong. Piém
R: diém tham chiéu cho robot; Piém M:
trung diém cua hai banh chu dong; Piém C:
Diém tracking cua robot. M6 hinh nay duoc
thé hién trén H.4

Yr Al
i

Ye

e

3 Xc Xp

Hinh 4. M hinh hoa Robot.
Phuong trinh dong hoc cua robot tai M

X| |cosep O
v

yl|=|sinp O )
w

O 0 1

~ Phuong trinh dong hoc cua robot tai
diém tracking C

X, =X+dcose (X =xXx—dsinpp
y.=y+dsing=1y =y+dcospy (6)
p, = o, =¢

Véi d 1a khoang cach tir tam xe dén diém
bam line C.
_Phuong trinh dong hoc tai diém tham
chieu R
Xy = V,.COS ¢,
Yo = V,.SiNg, (7)
Pp = Wy
Trong d6 vr 1a van téc mong mudn cua
robot tai diém tham chiéu.

Bo diéu khién duoc thiét ké cho diém
tracking C dén vi tri diém tham chiéu R voi
van toc mong mudn vg. Dé lam duoc diéu
do, can phai xac dinh duoc céc sai s6 bam
duong sau:

e cose sing 0f|x, — X
e,|=|—sing cosy O|y,—Y, 8
&, 0 0 1llpe—e
~ Sau khi ¢6 dugc céc sai s el, 2, €3, bo
diéu khién tracking trong [11] cho phép xac
dinh gid trj van toc v va o can thiét dé diém
tracking c6 thé bam theo diém tham chiéu:
{v =V, cose, + ke

w=Kk,\V,e, +w, +Kk,sine,

(9)

5. Thuc Nghiém

Tién hanh thuc nghiém trong nhiéu
truong hop khac nhau dé dua ra nhitng danh
gid vé qua trinh tim duong di, va kha ning
bam theo duong di tim dugc cua robot. Viéc
danh gia vé kha ning bam dudng cua robot
s& duoc danh gia theo céc sai s6 el, €2, e3 va

) sai léch toa do tracking cua robot so vai toa

d6 duong di tim duoc. Khong gian dung dé
thuc nghiém duoc bd tri nhu hinh 5. Camera
dugc ga dit ¢b dinh phia trén mat phang lam
viéc cua robot véi pham vi hoat dong la 1200
x 900 mm. vi tri ciia diém dich dén va diém
bit dau duoc xac dinh trudce, vi tri vat can 1a
bat ky. Cau trac diéu khién cua robot dugc
tom tat nhu H.6 gdm c6 1 vi diéu khién trung
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tam nhan Iénh tir may tinh va diéu khién 2 vi
diéu khién khac diéu khién dong co. Pau tién
duong di ngin nhat tir diém dau dén diém
dich dugc tinh toan dya trén giai thuit A*.
Két qua cua duong di ngin nhit duoc thé
hién trong hinh 9.

Hinh 5. Khong gian hoat déng cua robot.

Laptop

Camera ‘—ﬂ Frame] [ Bluetiooth ]
*—J

MCU
Master

12C
MCuU MCU

slave slave

] . L
Driver

Left Right
Motor Motor

Driver

Encoder

Encoder

Hinh 6. Cdu triic diéu khién cia robot.

DPé ap dung thuat toan A* tim duong di
cho robot thi vi tri cua robot, vat can va vi tri
diém dich can phai xac dinh. Vi tri cac diém
nay dugc xac dinh theo tdm cua cac doi
tuong bang xu ly anh. Bé dua kich thudc vat
can vao trong bai toan thi vat can sé dugc mo
rong tu toa do tdm theo moi hudng véi ban
kinh 6cm.

Trén thuc té, robot ciing c6 kich thudc
nhat dinh, dé dua kich thugc robot vao bai
toan nhung khong lam bai toan trd nén phic
tap, robot s€ dugc don gian hoa kich thudc
bang cach 1ap mot duong bién bao xung
quanh robot. Puong bién la duong tron, co
tam 1a trung diém hai banh chu dong, ban
kinh 12 khoang cach tir tim dén bién ngoai
cing cia mot banh. Ban kinh nay co thé

dugc coi nhu la khoang cach an toan cua
robot ddi vai vat can. Vi vay, mdi vat can s&
dugc md rong thém tur bién caa ching véi
ban kinh bang béan kinh nay. Vat can duoc sir
dung trong dé tai 1a khdi tron, ban kinh 6cm,
c6 mau dé déng nhat va mé hinh robot kiém
nghiém c6 ban kinh tir trung diém hai banh
dan dong dén bién ngoai cung cua banh xe 1a
10.5cm

¥ WTERFACE FIND) SHORT FATH FOR MODLE ROBOT

——u

i —E— ¥

——

|| —— I T —_—

I T SR T MRS + i -
» n » © L] L Ll L] L] w1 il
X

Hinh 7. Két qua tim dwong di ngen nhat.

Sau khi da c6 dudng di ngan nhat, robot s&
dua trén duong di d6 ma tién dén diém dich,
két qua ctia qué trinh diéu khién nay duogc thé
hién trong H.8 v4i duong mau do la duong
hoach dinh, va duong mau xanh chinh la toa
do cua robot.

Yiem) Tracking robot
Q0

20

0

0 M 20 30 40 50 60 70 R0 90 100 110 120

=—Tondd robot  =—Dirimg di X{em)

Hinh 8 Két qua bdam theo dwong line.
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Hinh 9. Sai sé el.
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Hinh 11. Sai s €3

Dya vao H.8-H.11, c¢6 thé nhan ra rang
su két hop giita camera va giai thuat diéu
khién da phét huy tac dung, giup cho robot
bam theo dudng line nhu muyc tiéu di dé ra
Véi sai s6 nho.

6. KétLuan

Nghién ctru da trinh bay mot phuong an
hiéu qua gilp cho robot c6 thé hoat dong
trong mot vung khéng gian hep nhu xuong
hay trong nha. Bang cach két hop giita xtr ly
anh va diéu khién, duong di cua robot tré nén
linh hoat hon khéong con bi cang nhic nhu do
line truyén thdng. Trong qué trinh robot bam
duong di, nho camera robot ¢ thé nhan biét
duoc vat thé xung quanh va tranh dugc cac
vat can. Ngoai ra ngudi dung c6 thé ty dinh
nghia duong line cho robot théng qua giao
dién camera gidp cho viéc thay doi duong di
khong con kho khan nirald
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