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TOM TAT

Bai bao mé6 ta phwong phdp thiét ké va diéu khién thiét bi xe robot chuyén dung dé vin
tai cac hang hoa c6 khoi lwong I6n. Cdu triic dwege sir dung o day gom 2 banh ldi déc ldp cé
gan déng co nam chinh giita than xe va 2 banh tw luva o ddu than, qua dé cho phép xe duwoc
ldi boi phwong phdp vi sai van toc, voi wu diém la c6 thé xoay vong chuyén hwéng xe tai ché
ma khong can phai bé cua. He thong treo dge thiét ké tai moi banh xe cho phép cac banh xe
nay luén tlep xuc voi mat dat, qua dé6 giam thiéu rung ldc khi di chuyén. Thiét ké co khi theo
dang da tang véi cau tric don gian nhung cho phép chiu duwoc tai trong lon. H¢ théng da

duoc lap d‘at’va chay tfzu" nghiém thuc té. Thudt todn dinh vi cing da dwoc cai dat trén robot
cho phép thieét bi co thé hoat dong tu hanh.

Tir khoa: Xe robot cho tai nang; He thong treo cho xe robot; Phwong phdp 1di vi sai; Thiét ké
da tang; Thudt todn diéu khién di chuyén bam theo nguoi.

ABSTRACT

This paper describes the design method of a mobile robotic platform for high-load
transportation as well as its control. The structure of the robot includes 2 independent
motorized driven wheels that are located right at the middle of the platform and 2 other caster
wheels that are located at the front and the back of the platform. This architecture allows the
robot to realize a rapid change of direction simply by turning around itself. The suspension
systems assembled at each wheel allow the wheels to keep contact with the ground
permanently, thus minimizing vibrations of the platform during its motion. The platform
design takes the form of a multi-level architecture which is simple but effective for high-load
support. The system was tested in real scenario with success. A localization algorithm was
also implemented onto the robot allowing it to operate autonomously.

Keywords: Robotic platform for high-load transportation; Suspension system for mobile
robot; Differential driving method; Multi-level structure design, Man tracking algorithm.

loi thé vé ngudn nhan luc gia ré. Tuy nhién,
trong bbi canh thé giéi dang hudng dén cudc
cach mang cong nghiép 1an thtr 4, diéu nay sé
nhanh chéng thay d6i. Ky thuat Robot, cliing

1. GIOI THIEU

Viée sir dung robot trong cac nha may, xi
nghiép san xut trong nudc hién nay dang

duge xem la mdt nhu cau rat cdp thiét khi
nganh san xuét cong nghiép Viét Nam dang
nhanh chéng hién dai hoa va ty dong hoa céac
quy trinh san xuat ciia minh nham ting ning
suat, nang cao chét luong dé canh tranh trén
quy md toan cau. Viét Nam hién van dang co

Doi: https://doi.org/10.54644/jte.64.2021.56

voi 10T, 1a mdt trong nhitng cong nghé sé
tung budc dugc dua vao st dung hang loat
trong cudc cach mang nay. Trong xu huong
nay, nhu cdu str dung xe robot dé van chuyén
san pham va hang hoa trong cac nha may, xi
nghiép tai Viét Nam la mot nhu cau c6 that,
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va khé buc thiét. Nhiéu doanh nghiép da va
dang tiép tuc dé cap dén kha ning tmg dung
cong nghé nay tai cac co so san xuét cua ho.
Hién nay trong cong nghi€p, ngoai san pham
canh tay may cong nghiép truyén thong, thi
san pham xe robot (mobile robotic platform)
ung dung chuyén chd hang hoa (logistics)
ciing 12 mot san pham dwoc dit hang ngay
cang nhiéu. Cac loai xe robot nay co thé
dugc phan loai thanh 3 nhém c6 chuc nang
hoat dong khéac nhau nhu sau:

Nhom thtr nhét 13 cac robot chay theo
duong dan (line following), tich hop véi cac
loai cam bién phat hién vat can (vi du: hé
thong Kiva Robots hoat dong trong kho cua
Amazon) [1]. Cong nghé nay da duoc phat
trién tir 1au [2]. Hién nay nhiéu cong ty da
hoan thi¢n cong ngh¢ nay va ban rong rai ra
thi truong (Kiva System [3]). Ngay ca &
trong nudc ciing di c6 nhiéu nhom nghién
ctru c6 da nang luc ché tao va tich hop hé
thong nay vao cac nha xuong, nha may. Tuy
nhién, cong nghé nay chi phu hop véi céc
nha xudng, nha may céd di¢n tich 16n do nod
doi hoi phai ldp dat mot hé thong day dén
trén mat dat (ddy mau hodc diy birc xa tir) va
khong gian lam viéc phai duoc sap xép trudc,
v6i cang it chudng ngai vat cang tot.

Nhom thir hai st dung cot méc dinh vi
(beacons) cho phép dinh vi robot theo tung
vung dugc phu boi cac cot mdc nay [4]. Hé
thong ¢6 thé duoc tich hop voi cac cam bién
gan trén robot cho phép dinh vi robot mot
cach tic thot (odometry). Trong thap nién
90s, cam bién IMU thuong duge st dung cho
chtc ning nay. Bo loc Kalman cé thé duoc
sir dung cho phép hiéu chinh sai sé cong don
cia cam bién, dam bao hé thong hoat dong
on dinh [5]. Hién nay, cong ngh¢ dinh vi
bang cot mdc phat tin hiéu wifi [6] dd duoc
nghién ctru va dua vao st dung rong rai trong
cac tng dung robot dan dung (robot hut bui,
lau nha) véi d6 chinh xéc cao.

Nhom thtr ba sit dung camera, camera
hong ngoai hodc cam bién quét laser, cho
phép xay dung ban d6 ctia moi trudng xung
quanh (SLAM - Simultaneous Localization
and Mapping) va cho phép lién tuc cap nhat

vi trf méi cia robot so v4i ban d6 da duogc
xéac 1ap [7], [8]. Hién nay, v6i su xuét hién
cua cong nghé camera phat hién do sau
(Kinect) [9] va cong nghé¢ quét laser
(LIDAR, Light Imaging, Detection and
Ranging) [10] v6i gia thanh ngdy cang thip,
nhom robot thir ba nay hira hen s¢€ xuét hién
ngdy cang nhiéu trong cac Gmg dung cong
nghiép cling nhu dan dung.

Trong bai bdo nay, nhom tac gid mo ta
thiét ké phan cimg ciing nhu thuét toan diéu
khién cap thap cia mot xe robot chd hang.
Xe robot duogc trang bi nhidu cam bién hong
ngoai va siéu am cho phép phat hién vat can
& cu ly gan. Camera kinect dugc str dung cho
phép 1ap trinh tng dung di theo nguoi. Ngoai
ra, thiét bi st dung ac quy cé thé sac hodc ¢6
thé thay thé duoc, cho phép hoat dong lién
tuc 1én dén 4, 5 tiéng ddng ho. Phan 2 cua bai
bdo mo ta chi tiét thiét ké co khi cia xe
robot. Thiét ké 13 mot céu trac da tz‘ing, don
gian, d& ché tao, dong thoi cho phép chiu
duogc tai trong 1omn. Phan 3 mo ta vé hé théng
diéu khién. Cac thuat toan di theo ngudi ciing
nhu hé thong dinh vi robot ciing s& dugc gidi
thiéu.

2. THIET KE CO KHi

Xe robot chd hang duoc thiét ké theo
dang da tang xép 16p vai cac truc chong bang
inox cho phép chiu tai trong lén. Viéc su
dung céc truc inox lam tdc nhan chinh chiu
tai trong cho xe cho phép dé dang thay d6i
thiét ké nham tang hodc giam tai trong tdi da,
bang cach thay déi kich thudc cac truc inox.
Ngoai ra, thiét ké nay cho phép thao lap thiét
bi d& dang, dong thoi ¢ thé linh hoat b tri
cac linh kién khac nhau (pin, bo mach diéu
khién, may tinh, cam bién, ...) phia bén trong
xe robot.

2.1. Thiét ké than xe

Hinh 1 thé hién goc nhin 3D cia xe
robot (da tach chi tiét). Than xe bao gém 4
tam kim loai nhom xép 16p chong 1én nhau
thanh céc tang. Giita mdi 2 tim s& cé céc try
d5 bang inox. Kich thudc cac try do nay
duoc thiét ké theo tai tdi da ma xe robot co
thé ch¢ duge. Hai banh 1ai dugc két ndi véi
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than xe thong qua 1 cip phudc nhin, tiép xtc
tai cac tryc chiu lyc bang inox.

Hinh 1. Thiét ké chi tiét khung xe robot (goc
nhin 3D da tach chi tiét).

tam dé banh xe
truc quay dé banh xe

banh tur lua

cam bién hong ngoai

tAm dé 1

banh xe banh xe

truc phudc

Hinh 2. Thiét ké tang thir 1 ciia xe robot

Hinh 2 thé hién thiét ké chi tiét cta ting
thir nhat. Xe c6 2 banh 1ai doc 1ap, co gin
dong co DC khong chdi than & mdi banh, va
2 banh ty lya & mdi dau xe. Ciu tric nay 1a
céu trac 1ai vi sai, cho phép xe c6 thé ty xoay
chuyén hudng tai chd ma khong can phai bé
cua. Hai banh tu Iya duoc gén chat v6i 2 tim
dé di dong. Hai tdim dé di dong nay co thé
truot 1én xudng gitra tim dé thir nhét va tam
dé tht hai. Giira 2 tAm dé di dong va tm dé

thir hai c6 gan céac 10 xo nén gidm chan. Cong
dung cua cac 10 xo nay la gitr cho cac banh ty
lya ludn tiép xac voi mat dat.

Hai dong co DC khong chdi than véi
hop sd hanh tinh dwgc gin truc tiép vao 2
banh xe 16n. Chuyén dong quay cia dong co
dugc do boi 1 cam bién quang (encoder)
1000 xung duoc thiét ké nim ngay bén trén
dong co. T4t ca chi tiét nay hop nhau thanh 1
khéi va duoc bd tri lip chit vao cac tAm dé.
Tém d¢ banh xe c6 két ndi véi chi tiét tim dé
1 théng qua mot truc quay bang inox (chi tiét
truc quay dé banh xe) va c6 thé chuyén dong
quay xung quanh truc ndy. TAm dé nay dong
thoi cling két ndi voi mot dau phudc nhun
thong qua truc quay bang inox (chi tiét truc
phudc nhun). Pau con lai cia phudc nhun
duge két ndi voi chi tiét tim dé 3. Pay la
phuong 4n lip phudc nhing gdm 3 khop
quay quen thudc trén cac loai xe gin may
thong thuong.

2.2. Thiét ké vé xe

Hinh 3. Bdn vé tach robot va phan vé
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Bdén miéng vo xe bang nhua duoc thiét
ké dé che kin toan bo than xe robot, va c6 thé
thao lip dé dang theo chiéu tir ngoai vao
trong doc theo than xe (xem hinh 3). Trén 4
miéng vo xe c6 thiét ké cac 16 ho dé dit cac
cam bién siéu 4m va hdng ngoai, ciing nhu
camera va bang diéu khién.

3. HE THONG PIEN PIEU KHIEN
3.1 So dé mach dién

So d6 hé théng dién cua robot dugc mo
ta nhu trén hinh 4.

Cu thé, robot duoc din dong boi 2 banh
gan v6i 2 dong co khong chdi than (sau day
goi 1a BLDC), hoat dong bang nguon dién
mot chiéu 24V va dugc cdp xung boi 2
driver.

Mach diéu khién chinh duoc st dung la
2 bo Arduino Mega 2560. Bo thir nhat co
nhiém vu diéu khién téc do cua 2 dong co
BLDC st dung thuit toan PID, dong thoi
nhan gia tri cua mot hé thdng cac cam bién
khoang cach duoc gin xung quanh robot. H¢
thong cam bién nay bao gdm 12 cam bién
hong ngoai va 6 cam bién siéu am, cho phép
phat hién tat ca cac vat can trong pham vi 50
centimet. Bo thtr hai c6 nhiém vu nhén gi4 tri
tir cam bién vi tri (sau day goi 1a GPS) va
phan tich dit liéu, dong thoi giao tiép véi
nguoi dung thong qua 2 by phat song khong
day la bluetooth va PS2.

Bluetooth B¢ dinh vi
S2
T
- -
Dc Mach diéu
12V Pénbao 1 .2
khién
—_—

H¢ cam bién
khoang cach

A
S1
g
DC

24V Dén béo 2 Motor 1

(1)

Motor 2

It eAug

2 orug

Hinh 4. So do tong quat hé thong dién cho
robot

3.2 M6 hinh dong hoc ciia xe robot

yo

o X0
Hinh 5. M6 hinh dong hoc xe robot

e O;(xi, yi) — Vi tri tdim cua robot trong hé
truc toa d¢ Ro(Oo, Xo, yo) ciia ban do.

e Xr, yr — Céac véc to don vi cua hé truc toa
do R«(O;, xr, yr) gan vdi xe robot.

e o — Goc quay gitra véc to Xr va véc to Xo
cua ban do

e wr— Van tdc quay cua banh xe trai

e wgr— Van tdc quay ctia banh xe phai

e [ —Khodng cach gitra 2 banh xe robot

Van tdc thang ciia xe robot trong ban do, do
O vi tri tdm robot, dugc tinh bdi cong thirc:
V, +V, I
o~ - R:_((DL"'(DR)

2 2 (1)
Vi r 1a ban kinh cta 2 banh xe va vy va vgla
van toc tinh tién tai 2 banh xe. Van toc quay
o (theo phuong zo) ctia xe robot c6 thé dugc
tinh nhu sau:

2Ve=V) _2r (0 —o, )

| RN )
Tir [1] va [2], ta c6 thé suy ra cong thic tinh
vi tri tare thoi O; (x;, yi) va goc quay tuc thoi a
cua robot nhu sau:

o=0,+ _[0)

X, =X+ [ Vg, COSQt
Yi = VYio J- o ot 3)
3.3 Thuit toan diéu khién xe robot

_ Robot dugc diéu khién theo 2 ché do Ia
bang tay va tu dong (xem hinh 6). O ché d6
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diéu khién bang tay, nguoi dung c6 thé dung
may tinh dé diéu khién va giam sat vi tri ciia
robot trén man hinh. Vi¢c nay doi hodi robot
phai duoc két ndi véi may tinh thong qua bo
thu phat song bluetooth. Truong hop nguoi
dung khong muén ding may tinh, c6 thé st
dung bo tay cam khong day PS2 dé thuc hién
viéc diéu khién tir xa. Trong ché do nay, h¢
thong cam bién phat hién vat can co thé duoc
bat hay tat 1a tiy ¥ nguoi ding.

O ché d¢ diéu khién thtr 2, ché do van
hanh ty dong, ngudi dung s& gui mot ma 1énh
yéu cau robot dén cac vi tri dd danh dau san
trude d6. Trong ché do nay, robot s& can thu
thap dit liéu tir hé théng dinh vi GPS cia
hang Marvelmind dé nhan biét vi tri hién tai
cia n6. Dya trén vi tri hién tai va vi tri can
dén, robot s& tinh toan va xoay mot goc phu
hop, sau do di chuyen theo dudng thang t6i
vi tri dich mong muon.

Doc Iénh tir
ngudi ding

Co vat can

Ché a9 diéu khién bing tay

Tit |Phén tich lénh tir
may tinh hoic tay|
cim didu khién

Ché dp tr dong

Doc gia trj
GPS

Di chuyén

Lénh di chuyén robot

Xac dinh vi
tri robot
Lénh bt/ tit
cam bién
Doc gid tri vi
tri can dén
Bat/tit cim bién
Di chuyén dén Phat hién vit can
vitri can dén

Hinh 6. Luu do diéu khién tong qudt cho
robot

@ gt vz Cadod Win Uing - S K- Yglen Loltin 1 1«

14

vt N A Ty

Hinh 7. Giao dién nguoi dung trén

may tinh

Doi voi ché do tu dong, truée khi cho
robot tu van hanh, nguoi dung can mo phan
mém giao dién trén may tinh dé chi dinh cac
vi tri can dén cho robot (xem hinh 7). Khi
ngudi dung nhéap vao cac diém trén ban d6 va
lwu vi tri d6 lai, cac diém nay dugc hién thi
bang mau vang trén ban db va duoc luu vao
file dé co thé ty dong mo lai & 1an hoat dong
tiép theo.

Sau khi da co vi tri hién tai va cac vi tri
can di dén, robot sé& thyc hién ché d6 chay tu
dong. Vige di chuyen tir diém nay dén diém
kia, vi dy, tir diém A dén diém B, dugc thuc
hién theo 2 budc: Bude 1, robot s€ tinh toan
va quay mdt goc sao cho hudéng di tdi cua
robot trung voi hudng cua véc to AB. Budce
2, robot s€ can ctir vao khoang cach tur vi tri
hién tai dén B dé thuc hién viéc ting giam tdc
d6. Theo d6, néu khoang cach tur vi tri hién
tai dén B 10n, robot s& di chuyén nhanh.
Nguoc lai, néu khoang cach nay ngan, robot
s& di chuyén cham lai. Pdng thoi, trén dudng
di, robot ciing s& diéu chinh van téc cia 2
banh sao cho mili cia robot luén hudng vé
diém B.

4. KET QUA THUC NGHIEM

Hinh 8 thé hién hinh anh xe robot da
duoc lép hoan thién. Robot duoc tién hanh
chay thir nghiém khi khong tai va khi co tai
nang 70 Kg. Viéc thyc nghi¢ém duoc thuc
hién ca trén ché do diéu khién bang tay va
ché do chay tu dong.
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O ché do diéu khién béng tay, robot
dugc thir nghiém cho di chuyén thing voi
van tc 2 banh xe lan luot 1 25 vong/phut va
50 vong/phut, khi khong tai va khi co tai.
Viéc ldy mau dit liéu van toc duoc tién hanh
mdi 50 miligidy. Dit liéu dap tng van toc cia
2 banh xe dugc mo ta trén hinh 9 1 va hinh
9_2, v61 dudng xanh 14 va xanh du’orng la van
toc cia moi banh xe, trong khi duong do la
van tdc thiét 1ap (setpoint). Vi cac hé s6 PID
dd duogc thiét 1ap c¢b dinh, ca 2 banh xe déu
cho dap tng vén toc kha gidng nhau va déu
kha 6n dinh quanh vén tdc thiét 1ap. So séanh
2 truong hop khi khong tai va khi c6 tai ndng
70kg, dap tng cia ca 2 banh xe khong co su
khac biét nao dang ké. Néu so sanh giira 2
véan toc thiét 1ap khac nhau, co thé théy Vo1
van toc 50 vong/phit, dap tng cia cac dong
co cham hon, tuy nhién thoi gian xac lap
cling chi khoang 4 gidy true khi dat dén
mirc 6n dinh, so voi khoang khoang 3 gidy &
van tc 25 vong/phiit.

Hinh 8. San pham xe robot dd dwoc ldp hoan
thién.

D6 chinh xic cua hé thong GPS ciing
dugc do trong ché do diéu khién bang tay
qua 2 budc:

- Budce 1, danh ddu cac vi tri trén mat
san, va luu vi tri cia robot ma GPS tra vé

trén ban d0, & day nhom tac gia danh dau 3
diém A, Bva C.

- Budc 2, diéu khién bang tay dé robot di
chuyén thing tir diém nay dén diém kia trong
3 diém do.

Hinh 10 hién thi két qua thuc nghiém ma
hé thong GPS tra vé trén ban d6 may tinh. Ta
c6 thé théy, khoang cach tir A dén B 1a 9 mét
trén thuc té (duong do). Tuy nhién, dya trén
cac gia tri ma hé thong GPS tra vé (diém mau
xanh 14), khoang cich AB do duogc dua la
khoang 7,9 mét. Tuong tu, khoang cach BC
trén thyc té 1a 4,8 mét, nhung gia tri ma GPS
tra vé la khoang 5,5 mét. Diéu nay ching
minh sai s6 gia tri gitta h¢ thong GPS véi gia
tri thyc té 1a phi tuyén. Ngoai ra, gid tri vi tri
ma GPS tra vé c6 sai s6 thay d6i tiiy theo khu
vuc. Doan tir A d@én B, tin hiéu ma GPS tra vé
c6 nhitng doan nhidu rat manh. Tuy nhién,
gia tri tra vé trén doan BC va AC la tuong
ddi 6n dinh.

{(vong/phit)
30

Tin hi¢u dat

5| —— Bong co trai B
Pong co phai W

0 . n n L L n n L (s)

{vong/phat)
30

25

20

Tin hig¢u dat

5 Dong ccr tréi
D6 y pha

0 . . . (s)
o 2 4 6 8 10 12

(b)

Hinh 9 1. Két qua thuwc nghiém vén téc ciia
2 banh xe. Hinh a: Van téc thiét ldp 25
vong/phiit khi khéng tai. Hinh b: Vin téc

thiét ldp 50 vong/phiit khi khéng tdi.

O ché do van hanh ty dong, nhom chi
dinh 4 diém A, B, C, D trén ban d6. 4 diém
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nay duogc lay bang cach di chuyén robot dén
timg diém va luu lai toa d6 diém do theo gia
tri ma GPS tra vé. Sau do, robot bit dau tir A
lam vi tri dau tién, va di chuyén dén vi tri B.
Trong qué trinh di chuyén dén B, robot cip
nhat vi tri cua né theo sé vong quay cua 2
banh xe. Khi dén B, robot s& cap nhat lai vi
tri ctia n6 theo tin hiéu GPS tra vé. Sau d6 lai
tiép tuc di dén C va cap nhat vi tri tai do,
tuong tu véi hanh trinh con lai.

Két qua thuc nghiém dugc mo ta ¢ hinh
11. Pudong mau do 1a dudng thang ndi 4 diém
A, B, C, D. Cac diém tron mau xanh duong
13 cac diém cip nhat vi tri caa robot dya trén
quing duong di di, duoc do bang sb vong
quay cta 2 banh xe. Cac diém mau xanh 1 13
toa d0 ma GPS lién tuc tra v&. C6 thé théy
réng mic du robot di chuyén trén_dudng
thang, nhung do ban d6 ma GPS tra vé khong
tuyén tinh v6i ban do thuc te va tin hiéu
GPS bi nhidu nén gi4 tri tra vé khong chinh
xac. Do do, nhom da st dung phuong trinh
dong hoc dé tinh toan vi tri hién tai cta robot,
sau d6 cap nhat lai gid tri mdi khi dén mot vi
tri dich, 1a cac diém A, B, C, D.

(vong/phit)
60

50 Aot A AAANA
=Y v
40

30

20

—_Tin hiéu dar
10 Doéng co trai 1
o (s)

0 1 2 3 4 5 [ 7 8 9
(c)
(vong/phiit)

60

50

40

30

20

Tin hiéu dat
10 —— BPdng co trai \-W\/V\A
0 (s)

0 1 2 3 4 5 6 7 8

(d)
Hinh 9_2. Hinh c: Vén toc thiét lgp 25
vong/phut khi co tai. Hinh d: Van toc thiet
lap 50 vong/phut khi co tdi.

Hinh 12 thé hién két qua thyc nghiém
khi cho robot chay lién tuc 3 vong. Quy dao
ctia 3 vong chay gan nhu twong ddng nhau.

Tai mdi diém, robot can xoay mdt goc
tuong tng dé hudéng vé diém tiép theo. Gia
trj goc quay cua robot, vi thé, s& thay d6i mdi
khi robot dén mot trong cac diém A, B, C, D.
Hinh 13 minh hoa huéng cta robot trong thoi
gian chay 3 vong & trén. Co thé thdy, khi di
chuyén tir A dén B, huéng cua robot la
khoang 90 d6, sau do robot quay mdt goc tur
90 d6 sang 28 do dé huéng dén diém C, va
thay d6i sang -83 d6 dé dén D trudc khi
chuyén thanh -130 d6 dé tro vé A.
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Hinh 10. Két qua thuc nghiém do chinh xac
cua GPS
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Hinh 11. Két qua thuwc nghiém viéc di chuyén
tw dong cua robot qua 4 diém
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Hinh 12. Két qud chay thuc nghiém 3 lan
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Hinh 13. Huong cua robot trong qud trinh di

5. KET LUAN

O bai bao ndy, nhém d thuc hién viéc
thiét ké ché tao mot xe robot tu hanh c6 kha
ning van chuyén tai trong 16n. Xe robot dugc
thiét ké theo cau tric da tang xép 16p véi cac
truc chéng cho phép vira chiu duoc tai trong
16n, vira co thé d& dang hiéu chinh thiét ké
nham ting hodc giam kha ning tai cla robot.
Xe duge diéu khién theo vi sai vén tdc, gém 2
banh chinh ¢ gin dong co va 2 banh ty hanh.
O mdi banh déu c6 hé théng treo, dam bao su
tiép xuc cta banh xe so v6i mat duong,

chuyén

Robot c6 thé duge diéu khién tir xa bang
may tinh hodc tay cdm diéu khién théng qua
két ndi Bluetooth. O ché @6 ty hanh, nhom
nghién ciru str dung hé théng GPS indoor cho
phép dinh vi robot bang cac cot mbc siéu am.
Két qua thuc nghiém cho thdy robot c6 thé
chay tu hanh theo cac diém trén ban d6 véi
do chinh x4c 1dp lai cao. Hi¢n tai hé théng co
kha nang van hanh 6n dinh vé6i d6 chinh xac
lap lai cao, phu hop dé st dung trong céc ung
dung cong nghiép.
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