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Multiple Target Point Path Planning and
Its Tracking Controller Design for an
Omnidirectional Automatic Guided

Vehicle in Known Environment

Chang Kyu Kim

Dept. of Mechanical Design Engineering

The Graduate School, Pukyong National University, Republic of Korea
Abstract

Today, Automatic Guided Vehicles (AGVS) with a path planning are
used in many industrial fields. Mainly, Automatic Guided Vehicle (AGV)
is a convenient mobile robot that cleans a room or transports industrial
material in a known environment. In order to be used more safely and
widely, AGV needs to be able to plan a path for itself and furthermore
provide a tracking controller. However, the existing path planning
algorithms have the disadvantage of traversing between obstacles or
passing over the sharp edges of obstacles. In order to solve these

weaknesses, a new path algorithm to set multiple target points in the
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existing path planning and a controller design to track the planned paths
are needed deeply.

This thesis proposes multiple target point path planning for an
Omnidirectional Automatic Guided Vehicle (OAGV) and designs a
tracking controller to track paths generated by the proposed path planning.
The path planning algorithms include various algorithms such as A*, D*,
D* Lite. These three path planning algorithms are focused on moving from
the starting point to the target point in the shortest path avoiding obstacles
in a known environment. Multiple target points are created with a modified
D* Lite algorithm based on the most efficient D* Lite algorithm among
these three algorithms. To do this task, the followings are done. Firstly, it
is assumed that the workspace is divided into cells and the size of one cell
is the size of OAGV. Secondly, a method of setting multiple target points
using the Hamiltonian path is presented. Thirdly, the configuration of the
OAGYV used in the experiment is described. The OAGV system consists of
several interconnected devices such as main controller, monitor, keyboard,
mouse, DC servo driver, and industrial computer, the omnidirectional drive
wheel, and so on. The laser sensor NAV-200 is used to detect the OAGV
posture in known environment. Fourthly, kinematic modeling and dynamic
modeling of the OAGYV are presented. In particular, a tracking controller
that tracks paths obtained by the multiple target point path planning
algorithm is presented. A tracking controller is designed using the
backstepping method, and the stability of the designed tracking controller
is proven by the Lyapunov stability theory. Finally, simulation shows the

comparison of the multiple target point path planning and D* Lite
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algorithm. Simulation and Experimental results are shown to verify the
effectiveness and the performance of the proposed path planning algorithm
and the proposed controller.

Keywords: Path planning, OAGV, Multiple target points,

Backstepping tracking controller, Three wheels
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Fig. 2.3 Structure of the omnidirectional wheel
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Laser sensor
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SENSORS
RS 232
v
Industrial
y Computer
i | RK 5260)| | |
X 000
Manual =~ Monitor &
control — Control Panel
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ACTUATOR Drivers

DC servo Motors wheels

Fig. 2.4 Structure of the controller system of OAGV
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e
®

| .
green red yel yel-

Legend:
(@ Scanner head, rotating @ "RS 232 data interface” connection
@ Light outlet/inlet aperture (14-pin chassismount plug)
® Status indicator (LEDs 4 x) @ “Power Supply 24 V DC* connection
(8-pin chassis-mount plug)
@ RS 232 data cable ® Fuse (3.15 A slow-blow)
(see Table 10-3, Page 80)
® 9-pin D-Sub socket for @ Functional earth terminal
Host/PC connection @ Tapped holes in baseplate (4 x)
not visible here
® 14-pin cable socket for ( )
@ Laser warning label
@3 8-pin cable socket 1)

Fig. 2.5 Laser navigation sensor NAV-200
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[—;489"“”" N

Fig. 2.6 Concept for position measurement by the NAV-200 and

reflectors

Table 2.1 #o] A A4 NAV-200¢] AF-A o]t}

Table 2.1 Specification of laser sensor NAV-200

No Parameter Value

1 Light source Infrared (855nm)
2 Laser class 1

3 Field of view 360

4 Scanning frequency 8Hz

18



5 Angular resolution +0.1

§) Operating range 1.2m - 28.5m
7 Max. range 10% reflectivity 28.5,

8 Data communication RS-232

9 Data transmission rate 19,200Hz
10 Operating voltage > 24V DC + 25%
11 Weight 3.3Kg

12 Dimensions (Hx L x W) 176x178x115mm

Fig. 2.7¢ dolAMA NAV-2002 $IxX=AHLIUE g
Aolh, WA, R,(X,, Y,) 2 @olAMA NAV-2000] 14745

-

“.4

HALES UERHE, o]2 Wl R 0AGVY A 2 43S A

A

-~
A

-

slt), 9= Ao FHFE A (global coordinate frame)ell & X =3} %
o o] EA(local coordinate frame)e] X FA}olel Z+=E e}

W, 9 A9FRxAL X F3 2 dkalgbe]l A NAV-200S 9

il

= Aol 2EE et o 2 WAl NAV-2008 9

ARAe o]0, elol Aol NAV-2000] <)s] 43156 §halato]
B

Av:)

ofa WALE o] ThA] NAV-2000] =212 wj7hx2] A7k 9
ARl el Lol osf ezt
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© T
-7 NAV-200

c

OAGVE] FAd AAHo] 9lE #HolA4A NAV-2009]
0+ T3 o] Fal[25].

{(L=D)[ (1 +1) X, + (W =2)Y, = (L =D)[ (1, +1) -1)Y, ]}

(2.1)

{(L DL+ X, + (L =1)Y, =, + D[ (L +1) X -1)Y, ]}

(2.2)
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o714, I, =tan@, |, =tand,, I, =tan@, ¥ l=tangol", | o}

o] Folzit}.

(= 1) (Y=Y, ~LX, 4 1,X, )= (1, =1 )(Y, =Y, — L X, +1,X,)
(— L) (LY, + X, — LY, = X, )= (L~ (LY, + X, — Y — Xs)

0=Atan2(Y, - Y, X, - X, )6, (2.4)

(2.3)

o714, Atan2(Y,-Y., X,=Xo) &= 2709 <QI4= F  arctangent

goln], g e 27 o 4ele.

0, X, =X >0,Y,-Y, =0
%, X,—Xc=0,Y,-Y. >0
37”, X, - Xc =0, Y,~Y, <0
7, X, =X <0, Y, =Y, =0
Y, -Y,
tant| 1 —C |, X,—Xc>0,Y, =Y, >0
Atan2(Y, -Yg, X; = X )= T = R © e
tan | 2 =Ye |, 4 X, = Xe <0, Y, =Y, >0
Xl_XC
tant| AYe |, 4, X, —Xs<0,Y,~Y, <0
Xl_XC

tan‘l( Y j+27r, X, ~Xc>0,Y,-Y. <0
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2.2.2 Ao

HoAFg A AojA Ao = A8 PC2 ARK-5260%

ALg3) AFl€ PC ARK-5260¢] %7} Fig. 2.89] Z=A] €t}

COM3
COM 1
L _vea
LANT
oMa4
CoM2 -
LINE IN USBS
LINE OUT K/B & MOUSE
MIC HDD LED
PWR ON/OFF — | ettt > COM LED 1~4
o : BOEH o<!
usBl | usB2 usB3 |uss4
DIGITAL 10 LPT  DCINPUT

Fig. 2.8 Industrial PC ARK-5260
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2H41¢ PC ARK-52602] Al5-A19L thS Table 2.2¢F 2T},

Table 2.2 Specification of Industrial PC ARK-5260

System
CPU Intel Atom™™ D510
Max. speed 1.66 GHz
Chipset Intel ICHEM
Memory 2 GB DDR2 667MHz

Ethernet controller

Dual Realtek RTL8111E PCle GbE

controllers with ASF 2.0 support

I/O and indicators

10/100/1000 Mbps 2Giga LAN
Ethernet
controller Intel 82567V
RS-232 4xRS232/422/485 port
USB 5xUSB 2.0
VGA 1xVGA port(2048x1536)

Audio connector

1xLine-out port

1xMic—in port

Storage

SATA

SATA HDD/SSD bay

Power

23




Power range 12~24 VDC input

Mechanical

Dimensions (W xHxL) | 137x189x221 mm

Weight 4.2 Kg

2.23 7+&F

B AT AR PeRe REEZoH e DCAREHE
TAE Y dth BHEgo|HE vlo|AZAEEHE ALE3 ARM
COTEX-M3 STM32F103°]™, Fig. 2.9¢] Yeldtt RE =to]

H o] A& dFe 10A°]th A48 PCet REE=glo|H = RS

Fig. 2.9 Motor driver

24



Fig. 2.102 ¥ A7) A€ DC AMEEH 1G-52GM 04

TYPEE YElU L, 24VE A&

Fig. 2.10 DC servo motor

Table 2.3 RE o AFAYS eI

Table 2.3 Specification of DC motor IG-52GM 04 TYPE

No Parameter Value
1 Rated voltage 24V
2 Rated output 48.6W
3 No load current 0.7A
4 Rated current 2.85A
5 Rated speed 3,550RPM
6 No load speed 4,000RPM
7 Rated torque 1,300¢f -cm

25



8 Weight 1,580¢g

9 Gear Ratio 1/12

10 Armature resistance (R, ) 60

11 Emf coefficient(k, ) 6.67x107° Vs/rad
12 Torque coefficient (k,) 0.56368J/A
13 Encoder 360Pulse/Round

2.2.4 AYLFFAA

Fig. 2.11& ® Ao Ale%H FEfR 2 ALY glFol2ujE g

LC-MOTOR-25V-52AH-CV4700°lt}. 2l Fol>uH = 256VE

OAGVY BE X xHd FgF3H},

Fig. 2.11 Lithium—-ion battery
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Table 2.4% glFolvlE Y AYS e

Table 2.4 Specification of Lithium—ion battery

LC-MOTOR -25V-52AH-CV470

No Parameter Value

1 Nominal output voltage 25.2V

2 Max. directhocking output 1 040W

Soft start(AT = 1.5sec)

3 Max. continuous output 620W

4 Energy 1,320Wh

5 Max. current(dischargeity) H2A

6 Max. current(charge) 26A

7 Weight 7Kg

8 Dimensions (Lx W x H) 470x90x142mm
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kev(s)
01. return [111'11 [g(s} rh s[s]]— - s}.‘ min(g(s). r'.if.s{.s])] :

UpdateState(s)
02. if 5 was not visited before

03. gls)=oo

04. .ij{s :‘sggm) rhs(s )= 11i115r55u“{5][c(s_s')+ gls)
05. r'f[s € OPEN) remove 5 from OPEN:

06. if(g(s) = rhs(s)) insert s into OPEN with key(s);

ComputeShor testPath()

07. while(min seopgy (key ) < key (Ssrarr}OR7 hs{Sstare) = €(Sstart))
08. remove state s with the minimum key from OPEN;

09, if (g(s)>rhsls))

10, gls)=rhss):

11.  foralls’ePred(s) UpdateStae(s’):

12, else

13, gls)=eo

14, foralls’ ePred(s)u 5} UpdateStaels'):
Main()

15. g(‘ssfar'r) = rhj{‘gsmrr) =, g(sg’aai,)z e
16. rhs{spu1)= 0. OPEN= 0

17. msert s, into OPEN with key(s,..1);

18. forever

19. ComputeShortestPath();

20. Wait for changes in edge costs;

21. for all directed edges (u, v) with changed edge costs
22.  Update the edge costs c(u, v);

23, UpdateState(u);
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Fig. 3.6 Flowchart of the proposed multiple target point path

planning algorithm
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Fig. 3.7 Multiple target point path planning algorithm in each node
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Fig. 3.8 Path comparison between A* algorithm and D" lite algorithm and
multiple target point path planning algorithm
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Table 3.1 Comparison between A" algorithm and D* lite algorithm and
multiple target point path planning algorithm

Algorithm Total distance AGV damage
A 7.243m O
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Multiple
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Fig. 4.32 FxEx 40 719He OAGV A 28-S 913 A¢td

Reference
position y,

Eq. (4.23)

B

Fig. 4.3 Block diagram of the proposed backstepping control
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A5 AEdeld R A% 2

2 oA 3 4o A AtE deExd FAEAE &
ol e 3.3"oM HEARE YA o= FATI
A% AQkE AlxEl md® BloAo) 7] faAS dsstr] sl
Algdloldyt AAAdE AT AlEdoldol AHEE w7
WG g2 Table 5.1 Zth. OAGVY 7] f1X= (XY B)
=(0, 0, 63°) o]t}

Table 5.1 Parameters of OAGV

Parameter Description UNIT
r 0.0625 m
L 0.275 m
m, 45 kg
I 0.945 kgm?
P 15 N/V
Je 1.924 kg/s
X0 0 m
Yo 0 m
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Table 5.2% Fig. 5.19] #3HH H3x3te] AAAE2ZE YEA

Zolth,

Table 5.2 Reference path in time domain

Parameter Description

Path from start point to target point 1,
@) 0<t<17.8

Stationary path at target point 1(rotation
®) @, =—1.1rad), 17.8<t<34.2

Path from target point 1 to target point 2,
© 34.2<t <50.6

Stationary path =~ at target point  2(rotation
@ @. =0.321rad), 50.6<t<75.6

Path from target point 2 to target point 3,
() 75.6<t<103.2

AtE Aol71e] FEAS AT A8l AEwEelAS AA
stet. Fig. 5.2 AlEdolAd 9 Ao AHEHE 552 d 4=
ot 3.3E9] Fig. 3.117 7t} Al EeolHel A1&8 MEH A
e 0.1%0|t,
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Fig. 5.2 Multiple target point path generated by the proposed

multiple target point path planning method

Fig. 5.3~Fig. 5.8 Alzto] w2 O0AGVE A #E zk
Xe, Yo, @) o FA k= Algdeld A3E YeEpAT Fig. 5.3
ANME X FolA Azt wel Hxgk X, & FH3HE OAGVY]

Wakel AAFANA X, & yERdTE Fig. 5.4% Fig. 5.39
17.8~34.2xMm)2 50.6~75.67TIHdS st Zlo|t}. Fig.
5.4(@)°] (b)73tellAl OAGVE AAA X, = °F 499.982mm~
500.0556mm®] WelelA Hxgk 500mm F9E WAss F7
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gttt Fig. 5.4(0)2] (@F3tollA OAGVe] dA$IA X, & °F -0.
059mm~0.02mme] {4 Exg Omm FHE s8] F
Agtth. Fig. 5.5% Y FollA Azt whe} Hx3k v, & FH3%
OAGVe dAA Y, & YEAT. Fig. 5.6 Fig. 5.5¢ 17.8
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Imm~2000.012mm<] A elA EHxak 2000mm THE &3
H FA%} Fig. 5.744 = AR Hu¥dt @ ks 435
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£ 7 F43x1 s B Fig. 5.8 Fig. 5.79 34%
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()T oZ AYA o 630162 7HA AT T Zxg 63° &2 3
gttt Fig. 5.8(b)°] (@7%tellA (e)7-ite= YAl 18.413°

NN A% F EEG 18402 FAFE wolwY,
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Fig. 5.3 Simulation results of OAGV’s tracking reference

with respect to X axis
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Fig. 5.5 Simulation results of OAGV’s tracking reference

with respect to Y axis
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Fig. 5.10 Control law vector U, with respect to motor 1
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(a) From start point to target point 1 (b) At target point 1

(c) From target point 1 to target point 2 (d) At target point 2

(e) From target point 2 to goal

point(target point 3)
Fig. 5.18 Experimental results of OAGV’s movement
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Fig. 5.19 Experimental results of OAGV’s tracking position

with respect to X axis
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with respect to Y axis
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@y =\ [T (B.6)

2 (B.5)~(B.6)S =3talw W, DCEE7} vl o &3 3

& 2 BN~(B.8)IF Lol A 5 Utk

f :%:[kf/(rRa)]u ~[k.kn/(r*R,) vy (B.7)

< f=pu-pV, (B.8)

21 (B.7)3 A (B.8)Z5-E] DCEH 2 Wo] ute} Wals =

B SA4A S Tew 2ol dojir)
pl = kr/(rRa) and p2 = krken/(rZRa) (B9)
Agol A AHEE DCRE S Wgsl v Bde mESA

AsES 2 B9 dA AL Add= a3 2o
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pl r/( a) 00625)(6 /

12

=k k.n/(r’R,) =0.56368x6.67 x10 7 x —————
pZ 7 e /( a) 006252X6

=1.924Kg/s
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H = C
2] (4.18)°]] Hi& FH:
21 (4.14)~(4.16)4 T2 &= OAGVY 94 wAa

o3 2

3

D (fi = fu Ry (@ )y =, =mipe (C.1)

i=1

fcos(@)+ f,, COS(Z?”-F@CJ-F fAscos(%erdicj
f,= (C.2)

£ sin(@,) + fAzsin[%”+¢>Cj+ fAssin(%[Hch

LY (f,~ fy)= 163 (C.3)
21 (C.2)E 4 (C.Del st &= el v ohs3 g

(-1 1)[095(@) _Sin(é‘:)}dwﬁ(fz - fMZ){Cf)s(cDC) —sin(dﬁc)}d
sin(@)  cos(2) sin(@.)  cos(a.)
2n A
cos(@,) —sin(@c)} i fyycos(@.) + fy, cos(?+@cj+ fAscos(?Jrchj

f, —
+(f M3)Lin(d>c) cos(@.) . L (2r (4r
fasin(@.) + f,,sin ?-F@C + f,,sin ?‘F@c

114



sin(@.) cos(@) || 1 sin(@.) cos(@:)

_ R B
o(h- fMl){cos(@c) —sm(@c)MO}( |- sz){cos(d?C) —sm(dic)} i
2

B | £, c08(@) + £, 005 Lk |+ o8 1y
N ){COS@C) sinay| 21 COS(@) + £, cOs 3 +@. |+ f,;co8 3 +a.

87 ™3| din(@ cos(@
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@(fl_fMl)LOS@C)}(fZ_sz) o

: 1
—7SII’](CDC) —Ecos(gbc)

2 4
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+(f3_fM3) \/2§ 12 . e i
TSi”@c)—ECOS(@c) faSiN(@:) + fAzsin[?+d§C)+ fAssin(?Jr(pc)
%
=m ..C (C.4)
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2 (C.NA, sin@:@, cos[szlolai Y

240 93 2] (C.5)% gol etk
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f—f f, -
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—cos E“DC
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+(fs= o) T - 2 Az
—cos[§+@cj faSin(@:) + fAzsin(?HchJr fA3sin(?+¢cj

‘m[)ﬂ (C.5)
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my, |=
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16, 3
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