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XAY DUNG BQ PIEU KHIEN BAM VI TRi CHO ROBOT DI
PONG TRONG BAI TOAN TU PONG TIEP CAN TRAM DUNG
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Tém tit: Bai bao trinh bay giai phap xdy dung hé thong diéu khién cho robot di dong trong tac vu ty dong di
chuyén tiép can tram dung. Trong d6, mdt stereo camera két hop voi thé dinh vi Apriltag va thudt toan diéu khién
dugc dé xuét, xay dung dua trén m6 hinh dong hoc cua robot véi cac tham s6 hé théng bléu dlén thong qua cac
toa d6 cuc. Két qua md phong va thuc nghiém cho thdy bo diéu khién dap tng dwoc yéu ciu vé do chinh xac vé

tu thé va vi tri trong tw dong tiép can tram dimg cua robot.

Twr khéa: robot di dong, dinh vi, ty dong tlep can tram dung.

1. Gi6i thiéu

Trong vai thap ky trd lai day, robot di dong
da duogc su dung ngay cang rong rai
trong cac tmg dung thyc té tai cac nha may
san xuét, nha kho, bénh vién, truong hoc
Ching dugc phan cong thuc hi¢n nhi¢ém vu
van chuyén hang hoéa gitp nang cao hiéu qua
san xuéat, dich vu va giam chi phi nhan cong.
Tai Vi¢t Nam trong linh vyc y té, giai doan
dai dich Covid-19, hé théng robot tu hanh
Vibot-2 dugc sir dung dé van chuyén dd an,
thubc men, nhu yéu pham dén cho céc phong
bénh nhan trong khu vuc cach ly tai cac bénh
vién, gitip giam nguy co lay nhiém chéo cho
nhan vién y té [1].

Thong thuong mot hé robot di dong tu
hanh s& duoc trang bi chirc ning tu dong tiép
can cac tram dung trong trudng hop robot can
tré vé tram sac pin khi nang luong yéu hoic
khi robot can ty dong di liy cac xe hang tai
nhirng tram dung ¢6 dinh trong khu lam viéc.

Khac v6i bai toan ty dong di chuyén theo
ban dd, bai toan tu dong tiép can tram dimg
trong nhiéu truong hop doi hoi do chinh xéc
va do 6n dinh rat cao dam bao thoéa man nhiing
yéu cau nhét dinh vé giai phap dinh vi va diéu
khién dbi v6i timg truong hop cau hinh ap
dung cu thé trong thuc té.

Trong bai bao nay trinh bay mot phuong
an thiét ké hé thong diéu khién véi luat didu
khién dugc xay dung thong qua h¢ toa do cuc
v6i diém tham chiéu khong dat tai tAm quay
cua than robot ma dugc dit trung véi tdm cia
camera gan ¢ phia dudi ctia phan than dé

robot.
2. Co sé 1y thuyét

Dbi tuong robot di dong dwoc nghién ciru
trong bai bao 1a hé thdng Vibot-2 [2]
duoc thé hién trén Hinh 1. Bai toan tiép can
tram dung cua robot Vibot-2 dugc md ta
trong Hinh la va 1b. Trong ca hai truong hop,
hé théng dinh vi déu str dung mot tAm chin cb
dinh c6 dan cum thé dinh vi AprilTag [3] 1am
mbc tham chiéu két hop véi mot camera quan
sat duge gan chinh giita trén phan dudi cta
than dé di dong cua robot. Robot s& chuyén
dong 1ui lién tyc va ty dong dimg khi cam bién
tiém can lép dudi gz‘?lm duoi cua robot cham
vao mot miéng chin kim loai dugc 1ip ngay
trén tim chan dinh vi dat tai tram sac (hoac
tai tram dé xe hang).

a) Robot liii vé tram
sac do

b) Tiép cén !dy xe cho

Hinh 1. Robot tw dong tiép cin tram

Robot Vibot-2 ¢6 cau trac (2,0) voi hai
banh truyén dong chinh 13 loai banh ¢ dinh
dugc ga o hai bén chinh giita than dé robot.
Robot chuyén dong theo hai thanh phan van
toc dai va van toe goc (V, w). Trong bai toan
tu dong tiép can tram ding, tu thé cia robot
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duoc xac dinh trong hé toa do ¢ dinh gén voi
tam chan dinh vi va dugc dinh nghia béi vecto
X =(x,z,0) trong d6 goc hudng cua robot
duoc xac dinh bdi goc hop gitra hai truc toa
d0 z1, xm. Camera duoc bo tri tai diém C la
diém gitra phia sau cua than dé robot (xem
Hinh 2):

X,
TAG

Hinh 2. Dong hoc robot trong bai toan
tiép can tram dirng
M6 hinh dong hoc cua robot di dong trong
hé toa do ¢ dinh gan voi tdm chin dinh vi
dugc mo ta bdi cac phuong trinh vi phan
chuyén dong sau:

x=Vsin(0)
z=Vcos(0) (1)
0=w

Toa d¢ tam C cila camera duoc biéu dién
thong qua toa do vi tri cua robot trong hé toa
d6 c¢6 dinh gan véi thé dinh vi:

x, =x—bsin(0)
(2)
z, =z—bcos(6)

Nhu vay, ta c6 thé viét lai cac phuong trinh
vi phan mé ta chuyén dong cua robot
thong qua toa do cua diém co dinh C trén than
robot nhu sau:
x, =Vsin(0)—bwcos(0)
z, =V cos(0)+bwsin(0) (3)
0=w
Trong bai toan ty dong lui vé tram dung,
van toc dai ctiia robot dugc quy dinh co gia tri
am (V < O) tirc 14 robot s& chuyén dong i vé
tram dung. Trong truong hop ly tudng, qua

trinh [Ui ctia robot s& két thic khi than dé robot
di chuyén dén vi tri tai d6 robot c6 tu the thoa
man;

= “
6? =0
Trong thyc té, cac diéu kién han che db6i

v6i tu thé cua robot & vi tri dimg can thoa
man rang budc sau:

Omax

xC = Axmax
z, =d (5)
6] =2

Trong truong hop cua robot Vibot-2, cac
thong s6 rang budc dugc lya chon nhu sau:
A . =5cm,d =20cm,A, =5". Day chinh
1a ¢ chinh x4c ma bai toan diéu khién ty dong
tiép can tram dung can dam bao thoa man.

3. Hé thong diéu khién robot trong bai toin
tu dong tiép can tram dirng
3.1. M6 dun dinh vi

Giai phap dinh vi cho robot 51:1 dung mat
stereo camera Zed2i c6 hai mat quan sat
trai va phai (dugc ga chinh gitra phia sau than
de di dong cua robot) két hop voi thé dinh vi
AprilTag (kich thude 15x15¢m) duge dan trén
tam chan dinh vi nhu trong Hinh 3.

Raw image | ! | Scale Tag

|
|
/ left | down process \\
[ Byt %,2,0
Stereo Pose _(_L

Camera |\, —=--mm-m----- calculation

Raw image [ ! | Scale
i | | down

Hinh 4. Quy trinh tinh toan tw thé ciia robot
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Tu thé cua robot duoc tinh toan thong qua
quy trinh duogc thé hién trén Hinh 4. Dit liéu
duoc tinh todn dua trén thong tin thu thap tr
hai ngudn camera trai va phai, nhd vy giup
tang do tin cay trong phép do [4].

3.2. Nguyén Iy diéu khién

Dé xay dung bo diéu khién chuyén dong
cho robot, mo6 hinh dong hoc cua robot dugc
biéu dién lai thong qua mot phép chuyén doi
sang cac tham sb toa d0 cuc nhu trén Hinh 5.
Tu thé cta robot dugc biéu dién thong qua ba

tham s6 (p, a,ﬂ) voi: p lakhoang cach tir vi

tri tdm camera C to1 vi tri dich G (diém tai do
robot két thic chuyén dong lui vé tram dung),

a la goc gilta (C_G.,Xm) va [ la goc gitta
(1.6

Hinh 5. Biéu dién dong hoc ciia robot véi
tham so6 toa dg cuec.

Céc tham sb toa do cuc duge dinh nghia

nhu sau:

p=yA +A

B=atan2 (A ,A.) (6)

a=0-p

Trong truong hop 1y tudng, robot Vibot-2

s€ hoan thanh chuyén dong lui vé tram dung
khi p=0,=0,=0 tac diém C trung véi
diém G va truc toa do x trung voi truc zr. Luat
diéu khién chuyén dong dugc dé xuat xay
dung dya trén bd di€u khién ti 1€ [5] nhu sau:

yo_ Kp

max {| g

T} (7)
o=-K,a+K,[(

Trong d6 K ,K,,K,va Tpla cac héng )
dwong. Thanh phin K ,p trong luat diéu
khién s& 14i robot sao cho thu hep do 16n vé
mit khoang cach va thanh phan K a, K B

s& kiém soat vé mit huéng cua than robot.
Khac véi giai phap truyén thong trong [5],
bai bao dua ra thanh phan max {| y/j ,Tﬂ} voi

hing sb T ,» dugc lya chon sao cho phu hop véi
d6 thay doi van téc ¥ ciia robot. Khi goc
lon thi robot s& chuyén dong véi van tbc dai
nho, cho thay s€ uu tién viéc quay goc trude
de giam bién do cua F. Khi £ da gidm, van
tbc cua robot s¢& tang tro lai va t,ié'p can quy
dao di chuyén vé tram dung. Néu khong cé
thanh phan chinh dinh max {| p

¥ ngay tir ban dau s& dé tao ra d6 qua chinh,
lam anh huong xau dén kha nang ti€p can mot
quy dao tot vé tram dung.

, Tﬂ} vige tang

p=0 [T v v,
a=0 Polar =] cmp ROBOT Ze: X0
B=0 eontrol [T le VeV, ¥
1]
ol of B

Polar Kalman
j— .
calculator filter

Hinh 6. So' d hé théng diéu khién robot

Hé théng diéu khién robot dugc thé hién
trén Hinh 6. Cong thuc (7) dugce thuc hién
trong khoi "Polar control". Gi4 tri van toc dau
ra (V,a)) cua khdi nay dugc chuan hoa vai

khoang han ché:
V.. .<V<0  (m/s) ®
_a)max S a) S a)max (rad/s)

Céc gia tri chan trén va dudi dbi voi hai
thanh phan van téc dai va van téc goc cia
robot dugc lya chon qua thyc nghiém sao cho
viéc chuyén dong cta robot cin dam bao
khong gay anh huong (nhidu) qua 16n dén mo
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dun dinh vi sit dung camera. Boi néu co su
chuyén huéng qua nhanh vé mit chuyén dong
cta than dé, camera s& thu nhan hinh anh véi
thong tin bi nhiéu 16n va vi vy rat kho dé dua
ra dugc mgt phép do tin cay.

Tur cac gid tri van tdc dai va van toc goc, ta
c6 thé tinh toan ra van tc gbc cua hai banh
chu dong trai va phai (VL N ) :

V+wLl/?2
)
V-wL/2
VL:—
R

Trong d6, L 1a khoang céach gitra hai banh
chu dong, R 1a ban kinh banh xe chu dong.

D¢ giam nhiéu do, bai bao bd sung thém
mot bo loc Kalman dé xtr 1y tin hi€u do vi tri
va gbc hudng cua md dun dinh vi trude khi
dua vao tinh toan cac gia tri phan hoi cta cac
toa do cuc, qhém tang dd tin cdy cua tin hi¢u
di€u khién dau ra (Hinh 6).
4. Mo phéng thuc nghiém
4.1. Két qui mé phong

H¢ thong diéu khién cua robot dugc xay
dung trén phan mém MATLAB/Simulink thé
hién trén Hinh 7. Toa do xuat phat tAm robot:
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(x;2:0) =(0,2m;3,0m;~60" ), tir day c6 the
tinh ra toa d0 tdim C cua camera la
(x.:2.;0)=(0,55m;2,8m;—60°). Céc tham

sb cua bd diéu khién (7) duoc chon nhu sau:
K,=0,004,Ka=1,2, Kp=10, Tp= 0,01, gibi
han Viax = 0,15m/s, @max = 0,12rad/s. Chuc
ning cia mot sé6 khdi chinh nhu sau: khéi
DKM biéu didn mé hinh déng hoc cta Vibot-
2. Khdi c¢Xc tinh toa do cua diém C tir toa do
tam cua robot, khdi cQ tinh cac tham sé toa
do cuc theo cac gia tri toa d§ Descartes cua
diém C va goc . Khdi CTRL mo ta luat didu
khién theo ba hé sé K,, Ko, Kp Dap tng vé
quy dao chuyén dong, tu thé cua robot (toa
dd vi tri cua robot tai tdm C va géc hudng
cua than robot trong hé toa do c¢6 dinh gz‘in
v6i tAm chén dinh vi) va van toc chuyén dong
(van tdc dai va van tdc goc) duoc thé hién
trén Hinh 8, Hinh 9, Hinh 10 tuwong trng. Céc
két qua cho thay chit luong kha tot ciia bo
diéu khién. Céc tham s ctia bo diéu khién co
thé ap dung cho hau hét cac ddi twong véi
diéu kién van hanh tuong tu, dac biét 1a voi
dai giéi han vé van toc dai va véan tdc goc.
Khi thay ddi gia tri van tdc dai va van toc goc
tdi da, c6 thé phai chinh dinh lai b tham sb
diéu khién dé co dap ung tot.
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Hinh 7. So' dd hé thong diéu khién robot trén MATLAB/Simulink
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4.2. Két qua thwe nghigm

Bing 1. Két qua giai phap diéu khién méi

2.5F Th(‘)-i
, Vitribitdiu | gian | Sailénh finh
) hoan cuoi cung
2 STT (xc, zc, 0) thanh theo truc x
51.5 H (m, m, deg) tié;() ;é_in (cm)
S
: | (0, 3, 0) 26 0,19
0.5 2 (0,5, 3, -30) 32 0,27
3 (-0,2, 3, 30) 30 0,083
5 ‘ ‘ ‘ ‘
- N ! Tmcox(m) ! : } 4 (0,5, 3, 0) 32 0,25
. 3 " 5 (0,6, 3, -30) 36 0,17
Hinh 8. Quy dao diém C
6 (0,25, 3, 30) 31 0,42
7 (-0,5, 3, 0) 35 0,08
8 (-0,6, 3, 20) 30 0,38
9 (-0,5, 3, -40) 32 0,41
10 (-0,4, 3,8, -20) 36 0,15
Bang 2. Két qua giai phap diéu khién ci
Thoi Sai I¢nh
Vitribitdiu | 5" | tinh cubi
40+ ‘ : ‘ ‘ : hoan |
20~ ] STT (xe, ze, 0) thanh cung theo
L0 /¥ (m, m, deg) A A truc x
= 0 1 tiep can
e ‘ ‘ ‘ -] (s) (cm)
0 5 10 15 20 25
Thoi gian (s) 1 (0,33,2,45,-10) 50 1,24
Hinh 9. Toa d$ diém C va géc huéng 2 (-0,27, 2,97, 30) 42 114
3 (-0,22, 3,90, 40) 50 1,02
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Hinh 10. P4p tng vé vén téc dai, van tée goc
cua robot

Dé c6 thé danh gia chat lugng hé thong
diéu khién robot Vibot-2 trong bai toan tu
dong tiép can tram dung, bai bao da thyc hién
mot s6 phép do va dwa ra danh gia trén hai tiéu
chi: thoi gian hoan thanh tac vu va sai 1éch
tinh trung binh theo truc x trén 100 mau sb
liéu do cudi cung (vé mat géc hudng nhin
chung déu hoan thanh & tu thé trong yéu ciu
nén khong danh gia). Cac két qua duoc thé
hién trén Bang 1 va Bang 2. Trong qué trinh
cai dat by diéu khién méi, tham sé b diéu
khién K,), Ko, Kp dugc lya chon thyc nghiém
dya theo cac gid tri mdé phéng trén
MATLAB/Simulink. Tir bang két qua cho
thdy két qua b didu khién méi mang lai t6t
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hon so véi bo diéu khién cii da thuc hi¢n trude
day trong [2]. Bang 1 cho thiy sai sb trung
binh dat duoc tot hon rat nhiéu so véi giai
phap diéu khién cii trong Bang 2 (bd diéu
khién di duoc cai dit trong [2]), voi do chinh
xac kha cao (sai 1énh tinh trung binh cudi cting
theo truc x déu nhé hon 0,5¢m). Bén canh do
thoi gian hoan thanh tic vu cling dugc cai
thién dang ké (giam ~40% tong thoi gian
hoan thanh tac vu khi so sanh trén cung mot
khoang cach ban dau tuong tu). Hinh 11, Hinh
12 thé hién tu thé trong mot truong hop thuc
nghiém va Hinh 13-18 1a d6 thi dép tng cua
robot trong bai toan ty dong tiép can vé tram
dimg dé xe hang. C6 thé van ton tai do bién
dong kha 16n vé mit dix liéu do phéan hoi cling
nhu tin hiéu diéu khién tinh toan. Diéu nay
cho théy van dé nhiéu van ton tai trong hé
théng diéu khién.

Hinh 11. Tw thé ban diu caa robot

Hinh 12. Tam quan sat ciia camera
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Hinh 15. Vi tri theo truc x (m)
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Hinh 16. Géc quay 6 (deg)
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méi thiét ké bo diéu khién bam vi tri cho robot
di dong trong bai toan ty dong lui vé tram
dung véi céc diéu kién han ché vé tdc do
chuyén dong theo van toc dai va van tdc goc.
Luat diéu khién duoc xay dung dua trén cac
bién trang thai theo cac toa dd cuc cua robot.
Cac két qua mo phong va thuc nghiém da
dugc tién hanh v6i hé thong Vibot-2, cho thiy
dap tng kha tot vé do chinh xac trong sai 1éch
0 s 0 i 25 30 33 tinh va thoi gian hoan tat tac vu cua bai toan
. o . diéu khién. Bi€u nay chung minh tinh kha thi
Hinh 17. Van toc dai V" (m/s) ctua gidi phap trong van hanh robot véi dia

M i : ‘ [ hinh thuc té.

Céc két qua md phong va thuc nghiém
cing chi ra mot vai van dé can duoc giai
quyét. Trudc hét 1a chit luong tin hiéu diéu
khién can duoc khéng ché dé khu hién tuong
dao dong c6 tan sb 16n. Bén canh d6, nhiéu tin
hiéu do xuit hién trong thuc té khi str dung hé
thong dinh vi dya trén cong nghé xir Iy anh
i "~ giy anh huodng kha 16n téi chat luong diéu
0 s 0 s 20 2 30 3 khién cta hé théng. B6 loc Kalman dua vao

Thoi gian (s) , X N T~
hé thong chi gidm dugc phan nao nhic¢u do do
chuyén dong cuia robot gdy ra. Nhimg van dé
5. Két luin nay s& dugc tiép tuc nghién clru va giai quyet
trong céc giai doan phat trién ciia hé thong
robot tur hanh Vibot-2.

-0.05

Vian the dai cuia Vibot Vi (m/s)

Van the goc cia Vibot w /s

S N U T ST TR T
T T

Hinh 18. Van tdc goc « (deg/s)

Bai bao nay da trinh bay mot phuong an
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DESIGN CONTROL SYSTEM FOR THE POSITION TRACKING
PROBLEM OF A MOBILE ROBOT IN AUTONOMOUS DOCKING

Abstract: This paper presents a solution to design a control system for the mobile robot in the task autonomous
docking. Localization solution uses a stereo camera combined with fiducial Apriltag. The control algorithm is
developed based on the robot's kinematic model with the system parameters represented in term of pole
coordinates. Simulation and experimental results show that the control system solution meets the requirements for
the accuracy of posture and position in the docking process at charging station or cart stations.

Keywords: mobile robot, localization, autonomous docking.
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