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Toém tat - Bai bao miéu ta thiét ké bo diéu khién (BDK) me dl._.Fa
trén tin hién cam bién tir robot di ddng nham gitip robot cé thé di
chuyén tranh chuéng ngai vat. Trong cac thi nghiém, ngd vao cla
BDK Ia tin hi¢u nhan dwgc tlr cam bién siéu am Iap trén robot; ngd
ra la van tbc mong mudn. B luat diéu khién mo dwoc thiét ké bang
phwong phéap 16i va thtr nghiém (trial and error). Thi nghiém duoc
mo phéng trén phan mém chuyén dung vé didu khién robot di dong.
Muc tiéu dat dworc cho BDK 1a gidip robot ¢6 thé ty ra quyét dinh
khi di chuyén tranh dé khong va cham trong mai trwong co6 chuong
ngai vat dong cling nhuw trong mé cung c6 mét 16i vao mét 16i ra.
Két qua md phdng ciing danh gia tinh kha thi, tinh &n dinh va kha
thi khi ap dung BDK m¢& vao maéi trwdng thue té.

Tir khoéa - robot di dong; diéu khién théng minh; bo diéu khién mor;
di chuyén bam twdng; tranh né chwéng ngai vat.

1. Dit van d@é

Diéu khién théng minh cho robot di dong da trd thanh
mot chi d& duge quan tam trén toan thé gidi. Cac nha khoa
hoc da 4p dung ngay cang nhiéu phuong phap vao diéu khién
boi vi moi trudng xung quanh robot thay dbi ngau nhién.

Thiét 14p bd didu khién (BDK) cho robot sir dung
phuong phap md ap dung cho cic cam bién siéu am bai
Demirli, K. [1]. Tuy nhién, thiét ké nay khong ap dung khi
mbi truong thay doi.

St dung BDK mo va mang noron dé tranh chuéng ngai
vat boi Beom, H. R. [2]. Quy dao cua robot trong phuong
phap nay khong 6 on dinh boi vi n6 khong t6i wu hoa dugc
vén toc chuyén dong. Robot ciing khong thé dap img dugc
khi méi truong thay doi.

Str dung thuat toan di truyén dé t6i vu hoa BDK md —
than kinh nham tranh chuéng ngai vat diéu khién robot di
dong boi Qiao, Liu [3] ¢6 thé giai quyét van dé & [2]. Tuy
nhién, han ché cia thiét ké 1a robot khong thé nhan biét
duoc cac chudng ngai vat dong.

Str dung mo logic cho robot di dong di chuyén theo
duong dan (path following) boi Susnea, 1. [4] dung dé diéu
khién robot di chuyén theo 10 trinh cho trudc, han ché 1a
moi truong da dugc quan sat va thiét 1ap di chuyén truée.

Str dung mo logic cho robot tim duong dén muc tiéu
trong béi Limin, Ren [5] cho phép robot c¢6 thé tu tim
duong dén vi tri biét trudce; tuy nhién thi nghiém chi tién
hanh trén ban db twong ddi don gian. nén robot ¢6 thé di
chuyén dé dang.

M6 phong str dung BDK m¢ dinh hudng robot di chuyén
dén vi tri mong muon boi Raguraman, S. M. [6] cho phép
robot ¢ thé di chuyen dén vi tri da dinh trudc, tuy nhién
twong tu nhu Qiao, Liu [3], phwong phap khong nhan biét
dugc cac chudng ngai vat dong co thé gdp trén qui dao.

Trong bai bao nay, tac gia thiét 1ap bo cac diéu khién

Abstract - In this paper, some controls based on sensors applying
to mobile robots for obstacle avoidance are proposed.a s. In
experiments Input signals are taken from sonar senors while output
values are the expected velocity of mobile robots. The designing of
rules are based on the trial and error method.Experiments are
simulated on specialized software, which is developeds. The object
is to help robots within dynamic obstacle environment as well as
inmaze having one entrance and exit.the withoutting. Experiment
results are provided to prove the stability of the proposed control
method and the ability applying it to real situations.

Key words - autonomous mobile robot; intelligent control; fuzzy
logic; wall following; obstacle avoidance.

mo cho robot trong ciac moi truong khac nhau. Qui dao
chuyén dong ctia robot ciling dugc v€ lai. Tt d6 c6 thé danh
gia dugc tinh hi€u qua va kha thi cia BDK.

2. Phwong phap va thuit toan
2.1. Robot di dpng P3IDX

Robot di dong P3DX (Hinh
1), 1a dang md hinh duoc thiét
ké cho giang day va nghién ctru
khoa hoc. Theo Amanda
Whitbrook [7].

Phan mém Mobile Sim tir
cong ty pioneer cho phép nguoi sir dung c6 thé mé phong
qué trinh chuyén dong cua robot nham kiém tra tinh chinh
xac cua cac thuat toan.

Hinh 1. Robot P3DX

Trong bai viét nay, tic gia 4p dung BDK md vao cho
robot, mo hinh bai toan dugc thé hién trong Hinh 2.

Tin higu tir cam bién| B6 diéu khién
siéu Aml Fuzzy| ) Sebet
A
Vién tbc robot <

Hinh 2. M6 hinh ap dung BDK mo

Tir Hinh 2, ta thiy ring, BDK mo ¢6 tin hiéu ngd vao
la tin hi€u ttr cam bien si€u am, duwoc dua vao BDK mo.
Cudi cung ngd ra cia BDK dugc chuyén xudng robot nham
thay d6i van toc cia robot trong cac truong hop khac nhau.
2.2. Moi trwong 1 — chwong ngai vit dong

Trong tinh hudng nay, mot chuéng ngai vat dong s& di
chuyén tur trai qua phai phia trudc robot. BDK mo cho phép
robot tranh va vugt qua dugc chudng ngai vat.
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Phat hién va nhan dién dugc vi tri cua chudng ngai vat
1a yéu cau quan trong nhét trong tinh hudng nay. Vi thé 6
cam bién phia trude ctia robot duge sir dung nhdm xéac dinh
vi tri cia chudng ngai vat. So dd cua cac cam bién duoc
miéu ta trong Hinh 3.

Hinh 3. So do bé tri cam bién

6 cam bién dwoc chia thanh 3 nhom: trai = {1, 2} & vi
tri 30°, 50°; gitra = {3, 4} & vi tri -10°, 107; phai = {5, 6} &
vi tri -30°, -50°.

Sau khi doc cac cam bién, tin hiéu duge ‘dua vao bo mo. 2
tap mo “distance” va “corner” voi 3 thanh phan dugc xay dung:

+ Distance = {“NEAR”, “MID” and “FAR”}.

+ Corner = {“RIGHT”, “MID” and “LEFT”}.

Tiép theo, mbi quan hé ciia cac thanh phan nay dugc
xay dung, Hinh 4 miéu ta moi quan hé nay.

NEAR MID FAR
mm
0 350 420 1000 1300 5000
RIGHT FRONTI Lor
da
50 20 0 20 0

Hinh 4. Mo héa tin hiéu ngé vao
Tu nhing tin hi¢u ngd vao, cac tin hiéu ngd ra duoc
thiét 14p. Tap mo “Distance” bao gom 4 thanh phan dugc
xay dung. Hinh 5 miéu td moi quan h¢ nay.
+ Decision = {“STOP”, “RUN_SLOW”, “RUN” and
“RUN_FAST”}.

STOP RUN SLOW RUN| RUN FAST

mm/s
0] 60 1 1501 130 200 250

Hinh 5. Mo héa tin hiéu ngo ra
Cubi cing, bd luat md duoc thiét 1ap dua trén cac tin
hiéu ngd vao va ra. Do c6 2 b vao vdi 3 thanh phan nén ta
c6 8 luat sau day. Bang 1 s€ miéu ta di€u nay.

Bidng 1. bg ludt mo cho méi truong 1

DISTANCE CORNER DECISION
Near Right Stop
Near Mid Stop
Near Left Stop
Mid Right Run
Mid Mid Run slow
Mid Left Run
Far Right Run fast
Far Mid Run fast
Far Left Run fast

2.3. Moi trwong 2 — mé cung
Trong tinh hudng nay, tac gia thiét ké BDK mo cho

robot ¢ thé tu tim duong thoat khoi mé cung bang phuong
phéap di chuyén bam tudng “wall following”. Robot chi di
chuyén bén trai hodc bén phai ctia minh, bAm mét bén theo
tuong ciia mé cung dé ty tim dudng ra.

Hinh 5 miéu ta so d6 cam bién cua robot dung trong

truong hop nay

FRONT

Hinh 5. So do cam bién

+ Tin hi¢u cho “FRONT” 1a gia tri nho nhét cua tin hiéu

tlr cam bién 1 — 6.

+ Tin hiéu cho “LEFT_FRONT” la gi4 tri ctia cam bién

thur 0.

+ Tin hi€u cho “LEFT _BEHIND” la gia tri cho cam

bién tha 15.

Céc thanh phﬁn trong 3 tap mo dugc miéu ta: Front,
Left front, Left behind = {“NEAR”, “MID”, “FAR”}.

Hinh 6 miéu ta BDK mo cho tin hi¢u ngd vao cua robot.

NLARI

TRONT

M FARI

mm

) 350 430

NLCARI MID

800 1500

FORNU LLFT
FARI

5000

mm

0 3300 420

NLCARI MID

1000 TS0

LEFI_BEHIND
TARI

5000

mm

0 350 20

o0 1300

5000

Hinh 6. Mo hoa tin hiéu ngé vao
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Tiép theo, dua trén thong tin ngd vao, tac gia thiét 1ap
BDK ng6 ra cho robot. Trong thi nghiém nay, tac gia gitr
nguyén van tdc ciia robot 1a 40mmy/s va chi didu khién goc
queo. Tin hiéu ngd ra dugc md hoda nhu sau:

Corner= {Right, M_Right, Front, M_Left, Left}.
Hinh 7 miéu ta b mo hoa & tin hiéu ngd ra cua robot.

RIGHT M RIGHT\ FRONT [ M LEFTI LEFT

|

=10 -20 -10 [s] 10 20 108

Hinh 7. Mo hoa tin hiéu ngoé ra

Cudi cung, mot bo luat mo dugce thiét 1ap. Do ¢6 3 ngd
vao voi 3 thanh phan khac nhau nén c6 27 luat mo cho
treong hop nay. Bang 2 miéu ta by ludt mo nhu sau:

Bdng 2. ludt mo cho moi truong 2

DISTANCE CORNER PITCH DECISION
Near Near Near Right
Near Near Mid M_Right
Near Near Far Right
Near Mid Near Right
Near Mid Mid M Right
Near Mid Far M Right
Near Far Near Right
Near Far Mid M Right
Near Far Far M Right
Mid Near Near M Right
Mid Near Mid M Right
Mid Near Far Right
Mid Mid Near M Left
Mid Mid Mid Front
Mid Mid Far M Right
Mid Far Near Left
Mid Far Mid M Left
Mid Far Far M Left
Far Near Near M Right
Far Near Mid M Right
Far Near Far Right
Far Mid Near M Left
Far Mid Mid Front
Far Mid Far M Right
Far Far Near Left
Far Far Mid M Left
Far Far Far Left

3. Két qua va thao luin
3.1. Két qua
3.1.1. Chudng ngai vat dong

BDK m¢ duge lap trinh bang ngon ngir C. Tac gia st
dung 1 robot chay ngang theo hudng trai phai dé moé phong
cho chudng ngaj vat gi@ng; robot chay hudng trén dudi
dugc 1ap trinh di€u khién bang BDK m¢. Hinh 8 m6 phong
qua trinh chuyén dong va ket qua cta robot.

oo wew Qock bep

(@) (b)

o Mobilz5im
17 D:\Codng\compefition - intelligent contrallonly enia —cyramic obs\aric |_Ele _Vew lock e

ArTime: :adN5ec: tried to subtract too many mliseconds, wou
tive time. .
[You may press escape to et

onnecting to simulator through tcp.

o

Loaded robot parameters from p3dx-sh.p
khoang cach 524.00 goc 10.00 van toc 60.00000

=) e ) Mobrleti

1" Di\Coding\competition - intelligent controlenly aria --dynamic ob <=

[ArTine: -adMec: tried to subtract too many mi1ll1seconds,
tive tim

rou nay press escape to exit

onnecting to simulator through tcp.

[Syncing 0
jsyncing 1
Ssyncing 2
onnected to robot.

Loades parameters from p3dx-sh.p
khoang cach 1293.00 gac 50.00 van toc 200.000

()
Hinh 8. (a), (b) khi robot gﬁn chudng ngai vat; (c), (d) khi robot
hoi gan chuong ngai vdt; (e), (f) khi robot xa chuong ngai vdt
+ O Hinh 8 (a), (b) khi robot cach chuéng ngai vat
dong khoang 220 mm, goc 0 thi van toc la 0 mm/s.
+ O Hinh 8 (c), (d) khi robot cach chudng ngai vat
dong 520 mm, goc 10 thi van toc 1a 60 mmy/s.
+ O Hinh 8 (¢), (f) khi robot cach chuéng ngai vat
dong khoang 1220 mm, goc 50 thi van toc 1a 200mmy/s.
_Tir két qua trén, ta nhin thiy BDK mo da thiét ké c6
thé hoat dong tot trong trudng hop nay.
3.1.2. Mé cung
~ Trong tinh huéng nay, tac gia thiét ké mot mé cung ¢
161 vao ra nhu Hinh 9, robot ap dung phwong phap tim
duong wall following d€ ty tim duong ra, quy dao di
chuyén cua robot dugc miéu ta bang mau do.

1LOI VAO

LOI
RA

Hinh 9. Robot trong mé cung
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Tirkét qua Hinh 9, ta nhan thy robot c6 thé ty toat ra khoi
mé cung ma khong xdy ra va cham vdi bat ky chuéng ngai vat
nao. Tur d6 co thé danh phuong phép lam da cé ket qua tot.
3.2. Théo ludn

Két qué cho théy chuong trinh thiét 1ap trén Visual C
c6 thé hoat dong t6t voi phan mém Mobile — Sim, qua do
c6 thé thuc day cac hudng nghién ctu tiép theo dya trén
phan mém nay.

Két qua cho thdy md phong co thé chay tét trong 2 moi
truong ciia chudng ngai vat dong va mé cung.

Phuong phap m¢ 1a phuong phap khong 6 tinh hoi tu
nén khi v& quy dao, chuyén dong cua robot mang hudng
khong 6n dinh.

4. Két luan

Bai b4o nay trinh bai phuong phap thiét ké va mo phong
BDK m¢ cho robot di dong trong 2 truong hop: chudng
ngai vat dong va di chuyén trong mé cung.

Két qua md phong cho thiy phuong phap xay dung BDK
mo trong 2 moi tru(‘rpg: c6 chudng ngai vat d(f)ng va mé cung
dat dgqc muc ti€u de ra. Robot co thé tu ra quyét dinh khi di
chuyén ma khong cham vao cac chuéng ngai vat.

_Bai bdo cho thy tinh kha thi cao khi 4p dung cac bd
dicu khién thong minh vao robot di dong. Nhom tac gia de

nghi nén 4p dung thém céc thudt toan genetic va mang than
kinh ket hop véi BDK mo cho robot thém tinh chu dong
(autonomous).

TAI LIEU THAM KHAO

[1]1 Demirli, K. and I.B. Tiirksen, Sonar based mobile robot localization
by using fuzzy triangulation, Robotics and Autonomous Systems,
2000. 33(2-3): p. 109-123.

[2] Beom, H.R. and H.S. Cho, 4 Sensor-based Obstacle Avoidance
Controller For A Mobile Robot Using Fuzzy Logic And Neural
Network, in Intelligent Robots and Systems, 1992., Proceedings of
the 1992 IEEE/RSJ International Conference on, 1992.

[3] Qiao, L., L. Yong-gang, and X. Cun-xi, Optimal Genetic Fuzzy
Obstacle Avoidance Controller of Autonomous Mobile Robot Based
on Ultrasonic Sensors, in Robotics and Biomimetics, 2006. ROBIO
'06. IEEE International Conference on, 2006.

[4] Susnea, L, et al, Path following, real-time, embedded fuzzy control of
a mobile platform wheeled mobile robot, in Automation and Logistics,
2008. ICAL 2008, /EEE International Conference on, 2008.

[5] Limin, R., W. Weidong, and D. Zhijiang, A new fuzzy intelligent
obstacle avoidance control strategy for wheeled mobile roboz, in
Mechatronics and Automation (ICMA), 2012 International
Conference on, 2012.

[6] Raguraman, S.M., D. Tamilselvi, and N. Shivakumar, Mobile robot
navigation using Fuzzy logic controller, in Control, Automation,
Communication and Energy Conservation, 2009, INCACEC 2009.
2009 International Conference on, 2009.

[7] Whitbrook, A., <Controlling the Pioneer P3-DX robots at CSiT,
University of Nottingham.pdf>.

(BBT nhdn bai: 14/08/2014, phan bién xong: 28/01/2015)



