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TOM TAT

Moi trudng ngay cang phiic tap thi doi hoi nhiéu hon lugng thong tin tif cdc nguon khdac nhau
dé danh gid. Trong bai bdo nay, ky thudt phéi tron dii liéu dugc trinh bay dé dat dugc do chinh xdc cao
trong dinh vi. Su da dang tu nhiéu nguon dii liéu gop phdn nang cao khd ndng dv dodn va ra quyét
dinh phui hgp. Y tudng co bdn ciia kj thudt nay dugc trinh bay ddu tién. Sau dé, cac nguodn dii liéu dugc
gidi thiéu va ddnh gid. D€ xdc minh cdch tiép can dugc dé xudt, cac thit nghiém dugc dua ra dé chiing
t6 khd ndng dinh vi trong moi trudng khong biét trudc bang cach dp dung phuong phdp nay. Tu nhiing
két quad nay da lam ro rang hiéu qud va tinh khd thi ciia dy dodn va dinh vi chinh xdc trong cdc ting
dung thuc té.

Tu khéa: Hé ty hanh; SLAM; Dinh vi; ROS; Diéu khién quy dao.
ABSTRACT

The increasingly complex environment requires more information from different sources to
evaluate. In this paper, data blending technique is presented to achieve high accuracy in positioning.
Diversity from multiple data sources contributes to enhanced predictability and appropriate decision
making. The basic idea of this technique is presented first. Then the data sources are introduced and
evaluated. To verify the proposed approach, tests are given to demonstrate the ability to locate in an
unknown environment by applying this method. From these results it became clear that the efficiency
and feasibility of accurate prediction and positioning in practical applications.

Keywords: Autonomous system; SLAM; Navigation; ROS; Tracking control.

1. PHAN GIGI THIEU

Bai toan diéu khién robot di chuyén
bang cach phéi hop cac dit liéu ludn la méi
quan tam hang dau. Mot trong nhiing giai phap
dé gidi quyét van dé nay la giai thuat SLAM
(simultaneous localization and mapping) va
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day cang chinh la d6i tugng dugc trién khai
trong pham vi nghién ctiu nay. SLAM la van dé
dugc biét dén pho bién véi mot s6 ting dung
lién quan dén diéu khién ty dong (xe tu dong
lai, thiét bi robot thong minh, thiét bi bay tu
dong), la hé thong st dung thong tin dnh thu
dugc tii camera dé tai tao moi trudng bén ngoai,
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bang cach dua thong tin moéi trudng vao mot
map (2D hodc 3D). Tu do, thiét bi (robot,
camera, xe) c6 thé dinh vi (localization) dang
& dau, trang thai, tu thé ctia né trong map dé tu
dong thiét 1ap duodng di (path planning) trong
moi trudng hién tai.

Dbiéu khién tu dong thiét bi robot chia
lam ba vidn dé chinh: dinh vi (localization),
tai tao moi trudng (mapping) va hoach dinh
duong di (path planning). Ban dau, hai van dé
dinh vi va tai tao mdi truong dugc nghién ctiu
doc lap, tuy nhién, sau khi nhan thay: Dinh vi
can xac dinh vi tri hién tai ctia robot dua vao
ban do téi tao, tai tao ban d6 cin xac dinh vi
tri ctia d6i tugng trong ban do6, d€ xiy dung
ban do chinh xac nhét, it sai s6. Vi thé, trong
giai doan 1985-1990, Raja Chatila va Jean-Paul
Laumond (1985) va Randall Smith (1990) da dé
xudt gop hai vin dé vé6i nhau d€ nghién ctiu.
Mot thoi gian sau do, SLAM ra doi dai dién cho
localization va mapping [8].

2. GIOI THIEU CHUNG VE ROS

ROS (Robot Operating System) la mot
hé thong framework dung cho cac ting dung
robot. V€ co ban, ROS c6 nhiing déc tinh thiét
yéu ctia mot hé diéu hanh nhu kha nang thuc
hién cac tac vu (task) song song, giao tiép, trao
déi di liéu véi nhau gitia cac tac vy, quan ly da
liéu. ROS con dugc phat trién riéng biét vé cac
thu vién, cong cu ho trg viéc vé do thi, luu da
liéu, hién thi model 3D cta robot. ROS dugc
phat trién dudi dang module. Tu do, dé tai
nghién ctiu c¢6 thé chi chuyén su vao mot linh
vuc nhu vé ban do6 hay dinh vi robot van c6 thé
xay dung mot hé thong robot hoan chinh khi
tai stt dung nhiing module da dugc phat trién
trude do. Vi véy, hé thong ROS da dugc chon dé
phat trién robot v6i kha nang vé ban d6 va dinh
vi dya trén nhiing vu diém sau:

« ROS cung cip cac cong cu va thiét bi

diéu khién & mtc d¢ thip dé trién khai thuc
hién cac chtic nang thuong dugc st dung, giao
tiép gifia cac qua trinh va quan ly package.
Cac package cung cép nhiéu chiic ning nhu
diéu khién chuyén dong ctia robot, thong tin
odometry, doc va xti ly dii liéu ti cdm bién nhu
Kinect, camera hodc cam bién laser.

« Khong nhiing thé, cac package cling c6
thé cung cép cac chlic nang mic d¢ cao hon nhu
trién khai SLAM (Simultaneous Localization
and Mapping), nhin dang doi tugng, mo6 phong
3D, 16p tuong thich cho phép cac du an st dung
giong nhu Point Cloud Library (PCL) and
Open Computer Vision (OpenCV).

3. KY THUAT PHOI TRON DU LIEU
A. M6 hinh quan sat

Mo hinh quan sat dién ta qua trinh xt
ly dit liéu tit cam bién laser khi c6 sy anh hudng
cua nhiéu, dugc dinh nghia la mét phan phoi
xac sudt c6 diéu kién p(z;.x,.m). Trong d9, = la
phép do cua cam bién, x. la vi tri ctia robot &
thdi diém t va m 1a ban d6 ctia moi trusng. O
thoi diém t, phép do z; thu dugc mét mang k
phan tif cac gia tri do khoang cich =" v6i 0 < I
< k. Ta c6 thé biéu dién:

2 ={z.50 %) (1)

Gia su cac diém do la doc lap véi nhau,
ta c6 thé xdp xi:

pGilxgm) = [ [l 1xem) 2)
=1
Ban do6 m c6 dang grid map, dugc chia
thanh nhiéu cell nho. Mdi 6 vuong sé c6 toa do
(%, y) v6i hai muc gia trila c6 véat can hoac khong

c6 vat can. Gia st m, 1a cell thii i, ban d6 m biéu
dién khong gian bang mdt tap hiiu han cac cell:

n=Ym
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Hinh 1. Phdan bd Monte-Carlo dé xdc dinh vi tri
B. B§ loc phan ti

Particle Filter (PF) la b loc khong tham
s0. PF stt dung mot s6 htiu han cac mau dé€ dai
dién cho mot phan phoi xac sudt. Vi s6 lugng
mau ¢ han nén PF c6 tinh xdp xi. Goi bel (x ) 1a
phan phoi thé hién nhan thtic cta chinh robot
vé vi tri clia minh trong khong gian. Y tudng
chinh ctia bo loc PF la dung mét tap hop M cac
mau ngau nhién dé€ dai dién cho bel(x,):

bg,[l:xl-] = xiL-.-xF:_..u.-xE.{: (4)

M&i particle *! v6i (1 <i< M) 1a mot
vi tri trong moi truong thuc t€ ma robot c6 thé
dang & do. Thuat toan ctia bd loc PF vé6i ngd vao
la trang thai 6 thoi diém t-1, diéu khién u, va
ngo ra la trang thdi hién tai.
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C. Phan b6 Monte-Carlo

Monte-Carlo la mdét bo loc dang PF
dung d€ xac dinh vi tri ctia robot trong khong
gian v6i mot ban d6 da biét trudc. Bo loc
Monte-Carlo ¢6 hai budc chinh 1a ldy mau vi
tri tit moé hinh chuyén doéng, danh gid trong s6
bang mo hinh quan sat va tién hanh ldy mau lai
cac mau quan trong. Vi duy, robot st dung bo
loc Monte-Carlo dé xac dinh vi tri ciia minh khi
di chuyén va quan sat vat can nhu Hinh 1.

D. Hoach dinh quy dao

Dé phuc vu viéc hoach dinh quy dao
duodng di cho robot, mét ban d6 cia moi truong
lam viéc can dugc cung cdp (static map). Ban
d6 nay c6 thé xdy dung bang package gmapping
hodc do ngudi dung vé, nhung phai dam bao cac
yéu cau sau: nhiing viing mau den dai dién cho
vat can, viing mau trang dai dién cho khéng gian
trong va ving mau xam la viing chua xac dinh.

Static map dudgc quan ly va cung cap bai
map_server dudi dang mot Occupined Grid
Map, sau do, dugc move_base st dung dé xay
dung global_costmap dugc dung dé xiy dung
ké hoach duong di dai han (global planning).
Bén canh do6, move_base st dung dii liéu tii cac
cam bién dé€ xay dung mdt local_costmap phuc
vu cho viéc hoach dinh duong di ngan han
(local planning).

4. KET QUA THUC NGHIEM

Gia dinh la c6 2 phong trong s6 6 phong
(la phong 1 va phong 6) can dugc khao sat (nhu
Hinh 2). Robot sé di chuyén tu vi tri bat ddu
di chuyén dén phong can khao sat thu nhét,
khi dén noi robot sé diing lai 10 phat dé quét
tia laser xung quanh. Hét 10 pht, robot sé di
chuyén dén phong can khao sat thi 2. Khi dén
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noi, robot sé diing lai 10 phut va deén laser sé
dugc bat [én. Hét 10 phut, dén laser sé tat va
robot bat dau di chuyén vé vi tri bat dau.

Hinh 2. S0 do bo tri phong

Trong qua trinh di chuyén, robot st
dung ky thuat phdi tron di liéu ti cac ngudn
cam bién khac nhau. Thong tin nay dugc bo xt
ly trung tam danh gia, chon loc va st dung cho
cac tac vu khac nhau nhu dinh vi, xac dinh vat
can, xay dung ban d6 hay hé trg ty hanh cho
thiét bi.

Hinh 3. Két qud khdo sdt c6 st dung phuong phdp
dé xudt

5. KET LUAN

Trong nghién ctiu nay, moét thiét ké hiéu
qua cua bo diéu khién chuyén dong trong hé
thong robot va tu dong hoa dugc gidi thiéu.
Bang cach stt dung IC chuyén dung cho diéu
khién chuyén dong, cac tinh ning ning cao va
thoi gian thuc dugc bao dam. Thiét ké phan
cting bao gom bo diéu khién chuyén dong va
cac két noi voi thiét bi ngoai vi. Giao tiép trao
déi d liéu ctia ca phan mém va firmware dugc
trinh bay dé truyén véi téc do cao va dang

tin cdy. Mot sO thl nghiém trong phong thi
nghiém dugc thuc hién dé€ kiém chting lai tinh
ting dung trong thé gidi thuc. Qua dd, thiét ké
dé xudt dugc xdc minh rang tinh kha thi, hiéu
qua va manh mé ctia cach tiép can nay da dugc
chdp nhan.
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