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ABSTRACT

Obstacle Avoidance of Autonomous Mobile Robot

using Relative Velocity

Kim, Sung Jun
Advisor : Prof. Ko, Nak Yong, Ph. D.
Dept. of Control and Instrumentation Eng.,

Graduate School of Chosun University

Development of autonomous mobile robot is one of the challenging works in
the robotics field. Development of simulator is needed to reduce the danger,
time, and expenses for autonomous mobile robot research.

In this paper, we describe a simulator developed for research on autonomous
mobile robots. The simulator uses "PioneerIl” as a prototype robot. Also, the
simulator uses the same command and protocol as these of the "PioneerIl”. It
uses IPC for communication between the modules of controller, sensors, and
other equipments.

This facilitates development of softwares in some modules. Each software can
be developed independently and can be interchangeable with other softwares
modules of simulator functions. The simulator used OpenGL for graphic

presentation. It is used to test an obstacle avoidance algorithm.
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Table 2.1 Main specification of SICK LMS-200"

Technical data of LMS 200

Range

80, 10 [m]

Scanning angle

max. 180 o

Angualr resolution

0.25, 0.5, 1 [deg.] Adjustible

Respose time

53, 26, 13 [ms]

Resolution / systemic error

10 [mml/typ. = 15[mm]

Data interface

RS-232, RS-422

Switching outputs

3xXPNP; typ. 24VDC

Laser protection class

1 (eye safe)

Operating ambient

0 .. +50C
temperature
Enclosure rating IP65

Dimensions

155%210%156 mm3
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WA BT vdut)e TE OIT TFeEERAY A JHA 2E BF WESAF
S ¢ F vk A a = B ASdE F5 39 JteEEAY A 7HA 27
S BT UEEn. 5 R2RE AFEHE] yut) & v ) AT S R

ags = A Heol 71 gAY dHE BRasA Hdes &
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Tl 2E 9 93 £xUF 0 ola B2E k9 ¥IYF£ETE 0 A A THEARE
A A et wEd e JHAA "Gk wd g = gola a & B 7F Ao oS

& AAZ W Ael Bold AL MRy A FAL AT 1 whe] Ffol
Wooly 2R FoBol A selor 3w FA4L AAsA €k webd ash fe

Zhzte] AgrE g mEstel Zhzte] BAlol dste] A4 goz AR Holop Bl
4 AF AAAY A&

A AeAE 2EES Aloldle HYS HAATI L ZEI HFEH] Abolol= <
g9 LA A 7 E 7 AU (Virtual Force Field)olth, 23S o] oA wAs
= Yol wet o]FsA st REEHY FEZ oA ok oy d AFES o &
sto] HAo met ofy 7HA QAF AYA FF7F AEATE 1Yy o5 A

vCT)__
A Fele F2 23] olsAol ayHe] A Xdiv. a¥Ez 2

o] ¢

=i A BREY oFAdel nHHY e M A" FF vdu/E MR
of =¢3te Khatib7b #A|ete AF AAE oF FelE I A& F U=
= JhAd gk

Uart(P;(t), P,(t), P,) (2-14)
= U.(P;(t), P,(t)+ U, (P(t), P,)

J 9 J 9

1 1 1 2 .
n - > f ”l <€ Ve

m(P,,m,m(m:F{ 2" Cor(p T o) D=t (2-15)
0 . if Z/ﬂ/‘,’/(b>8 vd
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(2-16)

S AN UuPit) Put))e Pl AT 2E /& 28 4 ZFEEH Hoju=
X

N
i
o
mE

AN A AAANIL, U Pit), P)e Pl AT 28 %5
M Folgrle 98E BAAANE AF AAANY. e & B, Put)) 7}
WFE WA= FAERFE M A ot thAl EEHH eq ol WY
NMe AYA7 TASA Ferh £ et AW FFEE U P Put))7F Y
W 99l IS VAA Hol 2R /7 2R 4 2FE o | AgedArEH &
g 33 & NFASA At 0 & (& Du(Pit), Put)) % UfPit), P/ A
FRA o] AAHE 2 4ol i HHo] AXA Ha, F AAWE Bx A o
A= o] AAA Hr.

A AL A N sl 2zl AATF 2ol BAHE P& AF AAA 1

ol E (Gradient) 2 %€ -8 2l t}.

Furd Prt))

= ot ad( U P, P, Pe)) | pori

= —grad(U,(P, Put)) |p-riw
—grad(Uy(P, Puo(t)) |p-riv

= Fu(PAL) + Fo(Prt)) (2-17)

Fle2fHe Ay As)/)s 230 e =X H2 g5 2Re

i)
2

We BFoz AN, BEHOR AY FP0)e 2ol R M

et
>
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A3 2 2 A AEH

Al 1 A Pioneerll A]ZH

PioneerlI = AF & HFH S 253 adx HF4 244 25 £33 584
A& olF ZE A xwElolt o] Ao AlAElL A9l RE A MWyl ol FA
HA % 8ol Pioneerll 9 mlol A2 2] 32K FLASH-ROM¥ 32K DRAM
o] W3 20MHz Simens 88C166 mho] &I &AM o] 3] Alojr] AL&zte] ¢
FAoly HEAo wat Yol AXH nfolARAEEYE AqsAY grje B
oy EFF2E o] FAH FTUA] AladlE Theett

Pioneerll ] W& 5% volojasall e 17 3.1 Yel STt

Client Application

/ S

Server Client ‘ (Sjm?[;llmTuéCPitI?ns

Information Command el )
ﬁ 4{ Local Pipe

Communication |

Packets J

Server Interface

Velocity&Angle ‘ Position ‘ ‘ Sonar& 1O

Controls Integration Schedules

PID ‘ o ‘
Control Control

Robot Specific
Functions

Encoder Sonar
Counti Rangi

Fig. 3.1 Client-server control architecture

_19_



1. =99
AA B =FdA AlEE A& T3 Z2HE A 2®Q PioneerI 2] 933 FZR+=
1y 3.2¢F Zrh
Control Panels
for Onboard Computer & Accessories
Rear Sonar Front Sonar
7 —— "/
*AHO[ O =000
5 18.5cm ; Removable
21.5cm Batbry s Noso
b | | s
\ o
ol \
Caster Drive Wheels
bi3 T by
b1z W\ b,
byy kear Bumpers Front Bumpers | by
b1g 7 /7
7.

Fig. 3.2 Pioneerll 's physical dimensions and sonar array

DC 12V 53d# F 7/ME wWER A4dste] 12Ve Ado=z HA Alx=glo] F2
2ZtEl Jejolt), AlA =

=
B
199 T4l A (center point)oll F2E =5 AAFAG. FH ukF o A4S 195mm

olm o] F Hupolx9ke] FAS e RS232 AlYE FA

@k T e DCREE Agetn @ e wx w7}

E7b ¥ ) Aol

5]

Atk & Jhe Agd FEE= yREZAHA BAS FPsa, YA 3 e 5
ZF2E SICK LMS AlA e 42 ¥ ol

2. 2208 385
PioneerlI1 &] Aol Tz aad WHol= A Ao Zmol ZElo]dE A o

F AR PR,
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AH Ao =& A& X
2 Aolg ZagdwoF A}

ool A HelHE WolA ojAES AP, HHE vA AFd= WHe

§3te el

Pioneerl1 & = =

[
i)
fd
Iyl
=2
r 2|
&
)
ofo
il
[
o
w
w
=2
T
Auj
)
pacs
Au)

Commands
User Program » Robot Demon Robot
Sensory Data
Direct Mode
User Program Server Robot Demon Robot
Simulator
Client Mode

Fig. 3.3 Direct Mode and Client Mode

(1) FLASH &9 A& =X ZdolB S o] & AFoez o5 A,

(2) MOTOR W=+ ON AH = #F4A7]HA RESETH &5 ON—OFF gt}
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(3) mpA 2t 2 MOTORW &5 3x0°]% ONHZ %8 Fof OFF gt}
. p2osH LS C\ol B AL
t. MS-DosE Adstia CDBH S A3 p2os7t J& HIAEHRE o] F o
2}, p2oscf.exedtd HAP(AA APsHL 2 343 24.)

c\>cd p2os

c:\p2os>p2oscf.exe

Opening serial port COM1
Sending 187 byte boot loader
Monitor is 1765 bytes
Monitor loaded!

% Serial port, boot loader and memory bus OK.

Retrieving parameters from flash ROM.......... Pioneer
============== P20S Constants ================== P2PP
that you shouldn’t touch... BDBBI1533
Type 0
Subtype 360
Serial Number 2200
FourMotors 0=no, I=yes 360
RotVelTop deg/sec 4000
TransVelTop mm/sec 500
RotAccTop deg/sec/sec 128

TransAccTop mm/sec/sec
PwmMax 0-500 pwm counts
Encoder counts/mm

============= P20S Variables ===================

KEYWORD CURRENT VALUES
Name Boo-Ki_1533
SInfoCycle 0=100ms, 1=50ms 0
HostBaud 0=9600, 1=19200, 2=38400 2
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AuxBaud 0=9600, 1=19200, 2=38400
HasGripper O=none, 1=userio 2=genio
FrontSonars 0O=none, 1=installed
RearSonars O=none, 1=installed
AddedSonars O=none, 1=8 sonars, 2=16 sonars
Low Battery 1/10 volt increments
WatchDog ms

Rev Count

P2Mpacs 0=classic, 1=new

StallVal 0-500, never if > pwmmax
StallCount 10ms increments
Compass 0=none, 1=V2X, 2=TCMZ2
CompX, compass X cal. offset
CompY, compass Y cal. offset
RotVelMax deg/sec

TransVelMax mm/sec

RotAcc deg/sec/sec

RotDecel deg/sec/sec

RotKp

RotKv

RotKi

TransAcc mm/sec/sec

TransDecel mm/sec/sec

TransKp

TransKv

TransKi

JoyVelMax mm/sec

JoyRVelMax deg/sec

======== P20S Config Commands =================

Type’ keyword alone to view current value

keyword and new value to change it

S N N S O

110
2000
33500

400
100

100
500
50
100
30
60

100
200
40
80

600
125
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s

¢’ or ’‘constants’ to view P20S constants

s

v’ or ’'variables’ for current variables

1

a’ or ‘arm’ to for current arm values

i

r’ or ’‘restore’ to restore original values
‘q’ or ‘quit’ to exit *without* saving
‘save’ to save changes and exit
'?” or 'help’ to see this menu again

command> HostBaud 0

HostBaud is 9600.

command> save

Comparing params with board FLASH. One moment, please...

Saving changes to flash...% Flash bank 3 cleared

% Flash bank 3 erased.

Writing parameters....

Saved to flash...

command> ¢

Comparing params with board FLASH. One moment, please...

Press <Enter> to quit...

C:\p2o0s>

Fig. 3.4 Pioneerll Reconfiguration

4. Update

7l ERE A

. p2osH LS C\ol B AL
. MS-DosE 233t CDHHEE A83 pZos7t & HIAER o]F It
=]

2}, C\p2os>p2osdl.exe p2osl_Phex(AA AP} HL 1 359 2t}.)

C:\p2os>p2osdl.exe p2osl_P.hex

% Loading Intel hex file p2osl_P.hex

Read pZ2osl_P.hex successfully
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% 949 32-byte blocks
Opening serial port COM1
Sending 187 byte boot loader
Monitor is 1765 bytes
Monitor loaded!

9% Serial port, boot loader and memory bus OK.
Syscon is 043f

FLASH bank 0: data
FLASH bank 1: data
FLASH bank 2: data
FLASH bank 3: data

Retrieving parameters from FLASH BANKS.......cccooooiiiiiiicieieieen

Downloading flash data...
% Downloading 384 blocks to FLASH bank 0
% Flash bank 0 cleared
% Flash bank 0 erased.
% Downloading 382 blocks to FLASH bank 1
% Flash bank 1 cleared
% Flash bank 1 erased.
% Downloading 178 blocks to FLASH bank 2
% Flash bank 2 cleared
% Flash bank 2 erased.
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No parameters to update or add. Skipping Bank 3.

Press <Enter> to quit...

C:\p2os>

Fig. 3.5 Updating Pioneer Il

5. ARIA Demo Program
7}. ActivMedia Robotics® Aria®= 2194 %]
Y. MS-DOS 43}

tt. DemoX 213 AY(a2d 3.6)

C:\Program Files\ActivMedia Robotics\Aria\bin>demo -h

Options for ArSimpleConnector (see docs for more details):

Robot options
—-remoteHost <remoteHostNameOrIP>

-rh <remoteHostNameOrIP>
—robotPort <robotSerialPort>

—-rp <robotSerialPort>

—-robotBaud <baud>

-rb <baud>

—-remoteRobotTcpPort <remoteRobotTcpPort>
-rrtp <remoteRobotTcpPort>

—-remotelsSim

-ris
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Laser options

—connectlaser

-l

—laserPort <laserSerialPort>

—-Ip <laserSerialPort>
—-remotelaserTcpPort <remotelaserTcpPort>
—rltp <remotelaserTcpPort>
-laserFlipped <truelfalse>

-If <truelfalse>
—laserPowerControlled <truelfalse>
-lpc <truelfalse>

-laserDegrees <180]100>

-ld <180[100>

—laserincrement <one|half>

-li <one/lhalf>

EX) HeolE HdAW

C\ Program Files\ ActivMedia Robotics\Aria\bin>demo -robotBaud 38400

You may press escape to exit

Could not connect to simulator, connecting to robot through serial port COMI.
Syncing 0

Syncing 1

Syncing 2

Connected to robot.

Name: Boo-Ki_1533

Type: Pioneer

Subtype: p2pp
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Loaded robot parameters from pZpp.p
ArACTS_1_2:openPort: Open failed: Connection refused.
You can do these actions with these keys:

quit: escape

You can switch to other modes with these keys:

help: 'h" or 'H' or '?' or '/'

tcm2 mode: 'm' or 'M'
command mode: 'd' or 'D'
acts mode: ‘a' or 'A'

io mode: i or 'I'
position mode: 'p' or 'P'
bumps mode: 'b' or 'B'
sonar mode: 's' or 'S'
camera mode: ‘c' or 'C'
gripper mode: ‘g’ or 'G'
wander mode: 'w' or 'W'
unguarded teleop mode: ‘u' or 'V
teleop mode: 't or 'T'
laser mode: 1" or 'L

You are in 'teleop’ mode currently.

Teleop mode will drive under your joystick or keyboard control.
It will not allow you to drive into obstacles it can see,

though if you are presistent you may be able to run into something.

For joystick, hold in the trigger button and then move the joystick to drive.

_28_



For keyboard control these are the keys and their actions:
up arrow: speed up if forward or no motion, slow down if going backwards
down arrow: slow down if going forwards, speed up if backward or no
motion
left arrow: turn left
right arrow: turn right
space bar: stop
transVel rotVel X v th volts
Gripper: querried, the robot has no gripper.
0 0 0 0 0.0 13.5Warning: Task '
teleop’ took 4946 ms to run (longer than the 250 warning time)
Warning: ArRobot sync tasks too long at 5047 ms, (100 ms normal 250 ms
warning)
0 0 0 0 0.0 13.5Warning: Task '
You can do these actions with these keys:
quit: escape
help: 'h’ or '"H’ or '?" or '/’
You can switch to other modes with these keys:
tcm2 mode: ‘'m’ or ‘M’
command mode: 'd” or 'D’
acts mode: ‘a’ or 'A’
io mode: 'i" or T’
position mode: 'p’ or 'P’
bumps mode: ‘b’ or ‘B’
sonar mode: ‘s’ or 'S’

camera mode: ‘¢’ or 'C’
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gripper mode: ‘g’ or 'G’

wander mode: ‘'w’ or ‘W’
unguarded teleop mode: 'u’ or 'U’
teleop mode: 't or ‘T’

laser mode: 'l" or 'L’

You are in 'acts’ mode currently.

ACTS mode will drive the robot in an attempt to follow a color blob.

1 -8 . Pick a channel
'x" or "X’ toggle acquire mode
'z" or 'Z’ . start movement

space bar @ stop movement
Fig. 36 ARIA Demo Program

6. Communication Packet Protocol

Table 3.1 Pioneerll Packet Protocol

Component | Bytes Value Description
Header 2 0xFA, OxFB |Packet header; same for client and server
Number of subsequent data bytes,
Byte Count 1 N + 2 including the Checksum word, but not

the Byte Count. Maximum 200 bytes.

command  |Client command or server information

Data N or SIP packet (SIP)

Checksum 2 computed |Packet integrity checksum

P20S+ & 319 #Zo] 5T ®HE S A
Wy AY Folx o

P20SE F@loldEZRE Hye o
H7l FRE vl 100msvith HEE 0] g FEolAEqA A "ol AW

2> dA ZHE ] 91X, Sonar, Bumpers e ARE ¥ 329 WHFHH gA AL

A FFolAdETE Andd WEE
SotolAENA AlE Tt

AFor T2E ANHAXES 3



=

Table 3.2 Server Information Packet

Name Data Type Description
Header integer Exactly OxFA, O0xFB
Number of data bytes + 2 (checksum); must be
Byte Count | byte less than 201 (0xC9)
Status/Pack| byte = 0x3S;
et Motors status
where S =
Type 2 | Motors stopped
3 | Robot moving
unsigned
int 15 . .
Xpos 1nieg.er ( Wheel-encoder integrated coordinates;
Is—bits) o ;
- q platform-dependent units; multiply by
 unsigne DistConvFactor¥ to convert to millimeters.
Ypos integer (15
Is—bits)
. . Orientation in platform-dependent units —multiply by
Th pos signed integer AngleConvFactor¥ for degrees.
L vel signed integer | wheel velocities (respectively Left and Right) in
platform-dependent units;
R vel signed integer multiply by VelConvngtor* —currently 1.0 for
all—to convert into millimeters per second.
Battery byte Battery charge in tenths of volts
Motor stall and bumper accessory indicators. Bit 0
of the Isbyte is the left wheel stall indicator = 1 if
Stall and stalled. Bits 1-5 of that same byte correspond to
integer the bump switch states (1=on) for the rear bumpers
Bumpers accessory. Bit 0 of the msbyte is the right wheel
stall, the bits 1-5 of that same msbyte correspond
to the front bumpers switch states.
. . Setpoint of the server’s angular position
Control signed integer servo—multiply by AngleConvFactor¥ for degrees
FLAGS unsigned b0 - motors flag (1=motors enabled)
(was PTU) |Integer bl - sonar flag: enabled if 1.
Compass byte Compass heading in 2-degree units
Sonar byte Number of new sonar readings included in
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readings information packet; readings follow:
Sonar byte Sonar number
number
Sonar . Sonar range; multiply by
.uilsagned RangeConvFactor¥ —currently 0.268 for all—for
range mnteger millimeters
---rest of the sonar readings---
Timer unsigned int Selected analog port number 1-5
Analog byte User Analog input (0-255=0-5 VDC) reading on
selected port
Digin byte User I/O digital input
Digout byte User I/O digital output
Checksum |integer Checksum (see previous section)
7. 280]dE HHFIE=
FHolJdEE =R HAHAIPZ(E 3.3)S FHA Watchdog(default : 2sec)A] 7 o
Assopsty 28 oy 2R AFog WEA ol
2R A% FAolY FeoldE At B4 F4L ANE A 3
9 AfelZ Azt olule] A% Walol AfHolokstn Felol A= W el
A g WHell A% B A% 2Ee RY A9 £ HAYG BAL 93
A g ZFetoldE W A W E Header, d¥5doF & % &4 (Checksum=
23, FgoldESY WHEREW(E 34), A WHEY dolgdy 18 olE Hol
Hol] o3& Checksumes 738 % stute] WA (E 32) 0= Ao HFgtt
Table 3.3 Client command packet
Component B);te Value Description
Header 5 0xFA, 0xFB Packet header; same for client and
server
Number of following command bytes
plus  Checksum’s two bytes, but not
Byte Count ! N=+2 including Byte Count. Maximum of
200.
Client command number;
Command Number 1 0 - 255
see Table 4-4
Argument Type 1 0x3B or |Required data type of command argument:
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positive integer (sTARGINT),
(command 0x1B or
dependent) 0x2B negative integer or absolute value
(sfARGNINT), or string (sfARGSTR)
Argument
(command n data Command argument; integer or string
dependent)
Checksum 2 computed Packet integrity checksum

Table 3.4 Client command set

Command | Dec Args Description PgO P§O

Before Client Connection

SYNCO 0 none Start connection; P20S echoes

SYNC1 1 none o ) 3x | 1.0

SYNC2 5 Hone synchronization commands back to client.

After Established Connection

PULSE 0 none Client pulse resets server watchdog 3.x | 1.0

OPEN 1 none Starts the controller 3.x | 1.0

CLOSE 2 none Close server and client connection 3.x | 1.0

POLLING 3 string Set sonar polling sequence 39 | 1.0

ENABLE 4 int Enable=1; disable=0 the motors - 1.0
Resets translational acceleration parameter, if

SETA 5 signed int positive, or deceleration, _ 1.0
if negative; in millimeters per second?2
Reset maximum translational velocity,

SETV 6 int 4.8 | 1.0
in millimeters per second

SETO 7 none Resets server to 0,0,0 origin 3.x | 1.0

MOVE 8 signed int |Translation distance to move in mm
Resets maximum rotational velocity

SETRV 10 int 48 | 1.0
in degrees per second
Move forward (+) or reverse (-)

VEL 11 | signed int 3.x | 1.0
at millimeters per second
Turn to absolute heading (+) = counterclockwise;

HEAD 12 | signed int 4.2 | 1.0

+ degrees

DHEAD 13 | signed int Turn relative _to ‘current heading (+) = 3x | 1.0
counterclockwise; + degrees
As many as 20 pairs of duration (20 ms

SAY 15 string increments) /tone (half-cycle) pairs; int is string | 4.2 | 1.0
length

CONFIG 18 int 1=Request configuration SIP - 14
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Request 1 or continuous stream (>1), or tell to

ENCODER 19 mnt stop sending (0) Encoder SIPs B 1.4
RVEL 21 | signed int |Rotate at + degrees per second 42 | 1.0
Heading setpoint relative to last setpoint;
DCHEAD 22 | signed int
+ degrees; (+) = counterclockwise
Sets rotational (+)acceleration or
SETRA 23 | signed int - 1.0
(-)deceleration, in mm/sec/sec
SONAR 28 int 1=Enable; 0O=disable all the sonar - 1.0
STOP 29 none Stops robot (motors remain enabled) - 1.0
Msbhits is a byte mask that selects output
DIGOUT 30 int port(s) for changes; Isbits set (1) or reset (0) 42 | 1.2
the selected port.
Independent wheel velocities; lsb=right wheel;
VEL2 32 | signed int msb=left wheel; PSOS is in +4mm/sec; 41 1.0
P20S in *2cm/sec increments
Pioneer 1 and Pioneer 2 Gripper server
GRIPPER 33 int command. See the Pioneer Gripper manuals for 40 | 1.3
details.
. Select the A/D port number for analog value in ~
ADSEL 35 nt SIP. Selected port reported in SIP Timer value. 1.2
GRIPPER Pioneer 2 gripper server value.
36 int -
VAL See P2 Gripper Manual for details.
GRIP Request 1 or continuous stream (>1), or tell to
37 none . . - 1.E
REQUEST stop sending (0) Gripper SIPs
10 Request 1 or a continuous stream (>1) or tell to
40 none . - 1.E
REQUEST stop sending (0) IO SIPs
msb is the port number (1-4) and Isb is the 1.2
. pulse width in 100usec units PSOS, 10usec units B
PTUPOS 41 int P20S. Version 1.J] uses RC-servo 40ms duty 45
cycle. 1.J
Send string argument to serial device connected
TTY?2 42 string 42 | 1.0
to AUX port on microcontroller
Request to retrieve 1-200 bytes from the aux
GETAUX 43 int serial channel; 0 flushes the aux serial input - 14
buffer.
Stop and register a stall if front (1), rear (2) or
EUMP_STAL 44 int either (3) bump-ring contacted and robot motion - 15
is in direction of bump.
TCM2 45 int TCM2 Module commands; see TCM2 Manual for| 16
details.
Default is 0=OFF; 1=enable docking signals;
DOCK 46 int 2=enable docking signals and stop the robot - 1.C
when docking power sensed.
JOYDRIVE 47 int Default is O=OFF; 1=allow joystick drive from ~ 1G

hardware port
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E_STOP 55 none Emergency stop, overrides deceleration - 1.8
E_STALL 56 int Emergency stop button causes stall - 1E
STEP 64 none Single-step mode (simulator only) 3x | 1.0
70
ARM ~ ~ Please consult the Pioneer 2 Arm Manual for T
details.
80
. Change working rotation proportional PID drive ~
ROTKP 82 mnt factor (not FLASH default) LM
. Change working rotation’s derivative PID drive ~
ROTKV 83 mnt factor (not FLASH default) 1M
. Change rotation’s integral PID drive factor (not B
ROTKI 81 Nt IRLASH default) 1M
. Change working translation proportional PID ~
TRANSKP | & Mt | drive factor (not FLASH default) 1M
. Change working translation derivative PID drive ~
TRANSKYV 86 mnt factor (not FLASH default) LM
. Change working translation integral PID drive ~
TRANSKI 87 mnt factor (not FLASH default) 1M
REV
88 int Change working revcount (not FLASH default) 1.M
COUNT
PLAYLIST 90 int Must be 0; request AmigoBot sound playlist - 1E
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8. Pioneer Programming

CIOCOMDIg::OnOpenport CIOCOMDIg::OnButtonSonarDisabl
OIOCOMDIg::OnCloseport I OCOMDIg::OnButtonSonarEnable
OIOCOMDIg::OnDataTx() ()

F= I0COM 3

CLOSEPORT||  Tx | | SonarEnable | SonarDisable|

o — i
| - — —
Ruel l—
Tw IT

I MOVE Ry 0
Checksum

CIOCOMDIg::OnButtonForward() CIOCOMDIg::OnButtonReverse()
- CIOCOMDIg::OnButtonLeftRotate CIOCOMDIg::OnButtonRightRotat

OIOCOMDIg::OnButtonStop() e)

CIOCOMDIlg::OnButtonMov
elOCOMDIg::OnBUTTONChecksum(unsigned char*

myBuf) Fig. 3.7 MFC dialogview

7}. Pioneer$t A4 A L 233 Baudrate 2 A

Pioneer®} Ze}o]AE Ab&at ZZ I(VC++)o] Holy uds & F JEH
A dge d4d4 WS o] 435t Baudrate SETUR VC++9o] T2
Baudrates 37444 F oA A4 dd A} 2ol AT

void CIOCOMDIlg::O

{

nOpenport()

// TODO: Add your control notification handler code here

BOOL bret;
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m_port.setSendingMode(COMM_WITH_PC);
m_port.clearPort();

Sleep(10);

bret = m_port.openPort(1, this, CBR_38400, 8, NOPARITY,
ONESTOPBIT ),

% Pioneer’} 384000 2 A Ao 9gormz g g:A9 Baudrate® 2 A A A

1}, Pioneer®t Program® S7]3 A=A

Pioneer®} programzte] Baudrate’} 4™ Pioneer® A o3s}7] 4

& dfoF 3tk F, Pioneer?] 7t AAF, FEH, wolE Faldy &

st dolHE HA AFEATE AT F U EF st Blo|th
void CIOCOMDIg::OnDataTx()
{

// TODO: Add your control notification handler code here

int i = 0;

BYTE aByte[] = {0x57, 0x4D, 0x53, 0x32, 0x0D,
0xFA, 0xFB, 0x03, 0x00, 0x00, 0x00,
0xFA, 0xFB, 0x03, 0x01, 0x00, 0x01,
0xFA, 0xFB, 0x03, 0x02, 0x00, 0x02};

i = sizeof(aByte);

m_port.sendBytes(aByte, 1);

% ALSAZZ IR pioneer F7129 HolH S gd F7)

BRIty 2H 9 A/F F/9, Sonar, Bumper % Pioneer?]

A8E AAE Fol AsT F AT

o

t}. Pioneer Controller Open3} Z+d] dHolg &4 AA
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BYTE aByte3[] = {0xFA, 0xFB, 0x06, 0x01, 0x3B, 0x01, 0x00, 0x02, 0x3B
//Starts the controller(#1)

# Pioneer® AEEYE QIZdto] ALEATE Aojd 5 =s HA
, OxFA, 0xFB, 0x06, 0x12, 0x3B, 0x01, 0x00, 0x13, 0x3B};
//1=Request configuration SIP(Server Information Packets)(#18)

¥ 2RO FHARE FUAoR FAletet= WH. Ploneers o] ME S Wow

AFE AL Al AA ARl RE AL A B A ")
i = sizeof(aByte3);

m_port.sendBytes(aByte3, 1);

2}, Pioneer Z} F-&o| o AE AA
ALgaLe] Y8tE Ao]E Y8l Motors, Sonars, Joystic &9 AFgo] i
3l Fojof gk, jorrt SIPE &7 & AF EH A vyt FAHA &=
=
BYTE aByte4[] = {//0xFA, 0xFB, 0x06, 0x11, 0x3B, 0x02, 0x00, 0x13, 0x3B
¥ Joystic Request(#17), Z o] A28 L& Al {32 HA.
, OxFA, OxFB, 0x06, 0x25, 0x3B, 0x02, 0x00, 0x27, 0x3B
¥ Gripper Quest(#37), 28] HE A3 =SF AA
OxFA, OxFB, 0x06, 0x0B, 0x3B, 0x00, 0x00, 0x0B, 0x3B
% VEL Move forward or reverse(#11), 3% o] /%7 A=
, OxFA, OxFB, 0x06, 0x15, 0x3B, 0x00, 0x00, 0x15, 0x3B
¥ thRvel(#21), 239 /9314 A
, OxFA, OxFB, 0x06, 0x04, 0x3B, 0x01, 0x00, 0x05, 0x3B
% Enable=1, disable=0 the motors(#4) EEH A E 23t A& A7,
, OxFA, 0xFB, 0x06, 0x1C, 0x3B, 0x01, 0x00, 0x1D, 0x3B};
¥ SONAR 1l=enable, O=disable, ©] &S ©oF%t Sonarel ™3 HeolHE WS

4 9t} disable®2 A A= A3 SIPE Sonard HolHE £AlgFlo X 33}X
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2 .
i = sizeof(aByte4);
m_port.sendBytes(aByte4, 1);
# o] A 0% Pioneergs Alolstr] ¢ 7EHAS EF 2%t th52 Pioneer?

A/%, 2/ W B olvt Sonarel ON/OFF, o thsf A 3o},

L] P
BYTE aByte[] = {0xFA, 0xFB, 0x06, 0x0B, 0x3B, 0x00, 0x01, 0x0B, 0x3C};
//VEL Move forward or reverse(#11)
i = sizeof(aByte);

m_port.sendBytes(aByte, 1);

g

0xFA, OxFB : 233 Abg29] dolg Fas AT ARG dY
0x06 : FAl8 A k= ©l o] 4 (Checksum &)

0x0B :

0x3B : "ol B @ (HFE0x3BE AH&3H)

0x00 @ 2R E=H A (mm/s) — st Rt E

0x01 @ 2EEE=HA(mm/s) — ARt E

0x0B, 0x3C : Checksum

2% £m474 PRAA Futo|E9 MSB/E 0o]W AL oW FAL o

oft
=
X

LrdHE m/sE Hol 9t

BYTE Movel]l = {0xFA, 0xFB, 0x06, 0x08, 0x3B, 0x00, 0x02, 0x08, 0x3D};
//Translation distance to move in mm

¥ Move(0x08) B & A& 2 919 0x0BeF #2A 9 o X9 &H%(m/s) U

Al AY(mm)E &

v, SONAR ON/OFF
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BYTE aBytell]l = {0xFA, 0xFB, 0x06, 0x1C, 0x3B, 0x01, 0x00, 0x1D, 0x3B};
//SONAR 0x01 LSB”} l1=enable, O=disable

0x1C+= LSB7F 1o]W 3F¢ulolE 9] LSB7F 1(0x01)¢]®™ Sonar’}F On¥ o] Ag

golgE &geA H LSB7F 0(0x00)e] ™ Sonar’} Off¥ o] SIPo A= 224 7]

dolHE =93t

PIONEER 8¢ 1A ulj %) &= PIONEER 739 Al A 2] &=

Fig. 3.8 Pioneer sonar array

=wol A8 % Pioneer®] Sonar< ‘%l 87, 3¢ 871 F 16712 = o ).

AL A A
BYTE aByte[] = {0xFA, 0xFB, 0x03, 0x1D, 0x00, 0x1D};

238 AAA Agets W],

ol. Checksum
PioneerI ¢ AW Aol 9= Checksume Z2agi9gA  APEx o}

http://robots.mobilerobots.com/¢] &< R 499 wFdS Fausle] &),

void CIOCOMDIg::OnBUTTONChecksum()
{
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e my
HE AHgA)

2 A Pioneerol A #AlstE SIPHA S 2430 el

=
yu.

Z}. SIP

Pioneer= 7

unsigned char myBufl] = {0xFA, 0xFB, 0x06, 0x1C, 0x3B, 0x00, 0x00};

int i;

unsigned char n;
int ¢ = 0;

i=3;

n = myBuf[2] - 2;

while(n > 1)

¢ += ((unsigned char)myBufli]<<8) | (unsigned char)myBufli+1];

{
¢ = ¢ & Oxffff;
n-=2;
i+= 2

}

if (n > 0)

c = ¢~ (int) ((unsigned char) myBuflil);

CString str;

str.Format("0x%x", ¢);

AfxMessageBox(str);
dlolE A
2 EAel we dAS A
0. S, diolg o] 7} Fitof oigh

o]+ Sonar, Gripper, Motor, Laser, Bumper
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Zdol7t AA 7] wWiolth i 359 F9F I % 365 vws] 2H HA o T
& 9leh
Table 3.5 Pioneer TX data
%
SIP
5%
FA FB 1B 33 4D 05 FF FF FF OF 90 00 90 00 87 00 00 FF OF 01 00
1
00 00 05 00 54 DE FO A3 2F
FA FB 1B 33 62 02 00 00 FF OF 90 00 8F 00 87 00 00 FF OF 01 00 00
2
00 05 00 54 DE FO A0 04
FA FB 27 32 00 00 00 00 00 00 00 00 00 00 83 00 00 00 00 03 00 00
3
04 05 C1 1B 0D DO 7F 02 80 13 0A DO 7F 05 00 54 DE FO0 66 30
FA FB 27 32 02 00 00 00 02 00 00 00 00 00 88 02 02 02 00 03 00 00
4
04 05 0A OA 0D DO 7F 02 DO 7F OA DO 7F 05 00 54 DE FO C5 AF
FA FB 27 32 00 00 00 00 00 00 00 00 00 00 83 02 02 00 00 03 00 00
5
04 05 A1 08 OD DO 7F 02 DO 7F 0A DO 7F 05 00 54 DE FO C1 02
FA FB 2D 32 00 00 00 00 00 00 00 00 00 00 88 00 02 00 00 03 00 00
6 (06 03 50 03 OB DO 7F 06 4D 07 OE DO 7F 01 A9 0B 09 DO 7F 05 00
54 DE FO 21 A3
FA FB 2D 32 00 00 00 00 00 00 00 00 00 00 8 00 00 00 00 03 00 00
7
06 03 DO 7F 0B DO 7F 06 DO 7F OE DO 7F 01 DO 7F 09 DO 7F 05 00
54 DE FO 8A 8B
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Table 3.6 SIP(Server Information Packet) Analysis

Pioneer= &2 o] 1 Sonar’} ZH%3hA &2 4§
Byte |Status/Packet Stall and
Header Xpos Ypos |Th pos| L vel | R vel |Battery Control
Counter Type Bumpers
FA FB 1B 33 B3 05 | FF FF | FF OF | 90 00 | 90 00 87 00 00 FF OF
Sonar Sonar | Sonar CheckSu
FLAGS | Compass Timer | Analog | Digin | Digout
readings number | range m
01 00 00 00 - - 05 00 53 DE FO A3 B5
Pioneer7} &2} 0] A &3l Sonarv ZHEsta = A S
Byte |Status/Packet Stall and
Header Xpos Ypos |Th pos| L vel | R vel |Battery Control
Counter Type Bumpers
FA FB 27 32 00 00 | 00 00 | OO0 OO | OO 00 | 00 00 88 00 00 | 00 00
Sonar Sonar | Sonar CheckSu
FLAGS | Compass Timer | Analog | Digin | Digout
readings number | range m
03 DO 7F
0B D0 7F
06 DO 7F
03 00 00 06 05 00 54 DE FO 8A 8B
OE DO 7F
01 D0 7F
09 DO 7F
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Al 2 A LMS A 29

1. Fadoly AF

(Kl

LMS200-= PC¢ 9600, 19200, 38400, 500000 baud rate® 2 RS422F+= RS232
EEE gHE AT 5 du =9, 1R Al vES 171 AuvE, 879

olf BER o]Folx glow, ¥ (parity) W E= §lH.

STX |ADR  |[LENL [LENH [cMD  [.. ICRCL  |[CRCH |

Fig. 3.8 LMS telegram structure
STX @ A #& vehil = HEX#-> 0X02
ADR @ LMS®] F4 -> 0X00
LENL: ®#o] & 4], 39 ¥ E
LENH: ®&@o] 4 XA, AFY 8HIE
CMD : % = o (HEX),

CRCL: CRCZ & 18] CMD W&ol (HEXZ)S HYol =399 35+ 84 E HEX#
CRCH: CRCEZ=Za# o CMD W= (HEXZ)E Yol =83 A9 89 E HEX#

2. Programming
7k LMS %7143
1) AlEd £E 97
sickPort.openPort(1, pWnd, CBR_9600, 8, NOPARITY, ONESTOPBIT) ;
(2) Baudrate® H3dtE S22 WA
9600 1 0x02, 0x00, 0x02, 0x00, 0x20, 0x42, 0x52, 0X08
19200 @ 0x02, 0x00, 0x02, 0x00, 0x20, 0x41, 0x51, 0X08
38400 : 0x02, 0x00, 0x02, 0x00, 0x20, 0x40, 0x50, 0X08
(3) LMS A
0x02, 0x00, 0x01, 0x00, 0x10, 0x34, 0X12
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(4) &¥eold =

0x02, 0x00, 0x0A, 0x00, 0x20, 0x00, 0x53, 0X49, 0x43, 0x4B, Ox5F,

0x4C, 0x4D, 0x53, 0xBE, 0xC5

#Default password = SICK_LMS

b, LMSe A4 dolHE aF
0x02, 0x00, 0x02, 0x00, 0x30, 0x01, 0x31, 0x18
A ze A% 3

180° 249 WolHE wg & qrh

dolg WHE LMSel

o FAd ol #4

06 02 81 03 00 A0 00 10 36 1A

ox
=3}
>
ot

06 02 81 : FAIA 3

ﬁ
ol
f
o
=
m

03 : ‘{l\"/?_] HEX%)\ o
I

o
[

i)

Al HEXZF ¢ 84]
== 3709 HEX#

00 :
00 A0 00 : 0x03°] 3

-
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Table 3.7 LMS telegram structure

) _ |Data

Designatio| o

[bits |Description
n
J

STX 8 |Start byte(02h)

Address of subscriber. O:broadcast address(all subscribers
addressed)

ADR 8 |1-127 corresponding subscriber from n This address byte is
intended for a bus connection, if present. The sensor adds
the value 80h to the address when it responds to the AWE

Len 16 |No. of following data bytes excluding CRC
Command byte from the AWE to the sensors. When the

CMD 8 |sensor responds to the AWE, it adds the value 80h to the
original command

Data nx& |Optional, depends on the previous command
Optional, the sensor transmits its status message only when

Status 8 |it transfers the data to the AWE. The AWE does not
transmit a status message to the sensor
CRC checksum for the entire data package. Algorithm is

CRC 16
described below.

LMS200¢ ®ole Fel= 13 387 ¥ 37% o] o]Fold 9

RE AFHe velHe STX(0x02)2 A &AH L, oeAa25 98 CRCHoLE &
UA s 2ulolE o] 4ol RE HolH & INTELHA o= dA5HA A =, 49
npo] E o} 3h¢] wpo]EVE wpHolA AEHA Hh T2E AFEHF BRUlE WBH o
v Fae dig 9 e®E LMSE 0x80= vdh #s SHox Bt = 0x00H A
o E#dv LMSel 0x209 #H#EE HA ¥, 0x80° et AFHA A A=
LMSZHE 0xA09 #heo]l AL xo 2t} Telegramol A= HFO]E Aol AIZF 3F
A& 55us—6ms Abolel glojof gt} wheF W= dolH b g A LMSel Y
AohA, LMSE A &stA mAAE #woves S92 ACK(O0x60)8] HAAE H
WA o, delgel olgrk vl NAK(O0x92)3te HulAl ®ch W&o o $



o mAA= ACK#E H =2

%

[

gdxA €k 5, ACK + STX + Length + CMD +

DATA + CRC% #& FHE YA €t CRC#H2 ACK(0x06)9 2sE A<
STXHH CRC#t o EE ulo]ER ezt
LMSe] Aleo] &A= 137 399 2t
Hardware Start with Change Select Start continuous Stop
setup |'l’ default settings |'V baudrate rv mode |'" data output [V data output
+ Cabling + Interface: 9600 baud Angular range lUse suitable Select another
& Power supply 9600 Baud 19200 baud & resolution software to mode
+ COM interface + Angular range: 38400 baud + 100°,1° record/process Service
4 Brackets 180° + 100°, 05° data sent from Maintenance
4 Environmental & Angular < {lonE, @) 25 the LMS
setup resolution: 0.5° & [308E
G + 180°,05° U
+ cm mode Terminal program
Test with + mm mode Custom-program
status request + MST drivers
# Custom drivers
MST Demo

Fig. 3.9 Overview Schematic for LMS communication setup
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A 3 4 MOBILE ROBOT SIMULATOR

1. +4

23 AlEdelHe 22w A& ole 2R oFv]s I A ALE
= AEdeolA siler, 27 2% S8z AANAM daeE N Ae
T HAE 7HEEANA 2R dEdRE BVt YT HE2E T 5 3

B =R AE VisualC++& 7|Htoe g Jidte TR oS A&l o,

Controller, IPC, Simulatori = T4 o it}

7}. Controller
ZAEZH = A BHHAY 28 S #5317 AT Aojrlelg. 22w A
EdolHZEH A ZEHA, FE, AMA, Tv, RvHle|HE WolA] Hst= Ao

E AEYoldewE FHE + Tt

Connect | |

22 Y7 HOlE HE
%[0 v [0 Theta [ |

2 5523

fu
0

I Rv [0 |

Tw
]

|
MOIOIE 55

27 HOE =S
Robot = 0 Robot ¥ | 0 Robot & | 0

LUE S HXAE

GOAL
]
GATheta [;— A2 | —

Fig. 3.10 Controller
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(1) Connect : IPC& AFYUA NS & F+ UEF ot (AEHE FA IPC
o] ConnectE #foktt AEEH AN F4ldts HolgHE B + 3
t}.)

(2) Set Position Data : 2 AA X WS AfskA ojvf Alo] "

(3) Tv, Ry : $E9k 3] W@ @& F502 Fol 229 §44< BAa]

(4) AAdely 2=5(Get Data) @ Al EHOHAA HUe = AAHOHE &

gtk (A B ol Eol A mues ANNEE 18070 v, AESe

N

A EE delEE EhA @i 127019 deolEyk 9389t

(5) S1A ol 5 (Get Data) : A Beloldats] 3o 99 PPFps At

=

6) dnE] &Y @ 2R Aoj2 9 LuF: AY(dYsA LduEEFE 247}t
)

(7) GOAL @ 239 HFEAAE Ad FHxghoz 71yt

. IPC(interprocess communication)

o] EEWMAJORWPROJECTW Simulation_IPC_Pion

Winsock successfully loaded
Task Control Server 3.7.7 (Jul-23-83>
Expecting 1 on port 1381
Received a new connection: 136
modName = User Lib Program
hostName : KIMSUNGJUN

Fig. 3.11 IPC

Zzadvsl sl $GAANN BA FAE A ZzaPe 44

2L
£l
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ko)
i
+
30
ki
Jhu
:?‘:’
SN
Eu)

t}. Simulator

NgelolEE 3ol AN Aol7lE PCAMN ABelold SHA 2R Feg o]

Fig. 3.12 Simulator
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LMS

Connect ion

hddress 127.0.0.1

Connect |

£}

COWTROL

l» Rl
-

I,
T

POSITION

=
-
m
—
=

lw Rl

19719
19713-
BISQSIET

RESET skl

REALCOORD [NATE
kS Y THETA

R [Z.000 [T.000 [7.000
Re [0.000  [0.000  [0.000
Ra [0.000  [0.000  [0.000
R4 [0.000  [0.000  [0.000
R5 [0.000  [0.000  [0.000

B

Fig. 3.13 Simulator controlbar and laser range finder
(D) ol Z2agm 7 deke 9 AA
(2) Connect : IPC& AFUA S A% HE&
(3) CONTROL : Tv, RvZ setdleo] 23 Aol 44
(4) POSITION : & efjm7p 2ZE o] WaFo|u} X AA
(5) REALCOORDINATE : AAztoz &4 25 X9 WS 4y

=
(6) LMS dialog : laser range finder7} 2703k 2t AAI 7 Ao g e

2. A8
gAY IPCE ol &sto] Ed2 & Ag

=
gl el ekl Awa

]

Controller$} simulator® = ¢ % o

}

o . ATEE dAAHAS

>~
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7}. Controllerst A & d o] ¥

o A%

¢ testProgUsinglib

=

=

A3 ARYoHE F1

WMAJORWPROJECTW Simulatio

HaZC .
Address [N Connect ‘ Minsock succe ully loaded
Task Control Server 3.7.7 (Jul-23-83>
22 27 U0 HE Expecting 1 on port 1381
%[0 v o Theta [ Received a new connection: 136
modNane User Lib Program
ELie] hostName : KIMSUNGJUN
T RV [0
HMOOE €5
i} i}
1} 1}
1} 1}
1] 1]
0 1]
A OOH &5
Rabot % | 0 Rabot ¥ | 0 Robote | 0
YR EHZLE
GOAL
g 20
GATheta [T L2 —

control bar

Comection
hadress | 127]0.0.1
Connest,

|l  RI

—
—
—

SET
THETA

REALCODRDINATE
X

RI[0000 [0.000 [0.000
R [0000 (07000 (0000
RS [0:000 (0,000 [0.000
R4 [0000 0,000 [0.000
RS [0:000 [0:000 [0:000

Fig. 3.14 Communication system between controller and simulator

. A EHolEHY X, Y, Thetadl Z=1w 7 9

e

Fe =R

_g]
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Fig. 3.15 Starting point coordination

oo Al gl HolA AHEE W AR

a9 316-12 §HE AASA ¥e 27

Aol stA ) dAde & 5 sk

ol 19 3.16-2~49%
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Comect ian

Address [ 2T00T

Carnect

GONTAL
v B
L

Reser | ()
FEALCOROIATE
X v

THETA
RI 000 3000 [-2.000
R [0:000 [0:000 [0:00
R 000 [7000 0700
R (OO0 (0000 (0000
75 0000 [0:000 [0:000

Comection
Address [ 120.0.0.1
Connect

CONTRIL

Tv Ry
MR
I Y T
5= I
r | —
il

SET
POSITION

X ¥ THETA
PRI I i
r = = b
r = =
L L
r A

V||
REALCOORDINATE

X ¥ THETA

A1 [I000 (000 [O000

w0
R4 [0:000 (0000 [0000
RS [0.000  [0.000 [3.000



Fig. 3.16-1 Map coordination

I PioneerMap

| MapData_N01 roi

[ MapData_NO1 roi.bak
8 = MapData_NO2 roi

|l MapData_MO2 roi. bak
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Fig. 3.16-3 Map coordination

Fig. 3.16-4 Map coordination

2}, Controllero] &3 $x AA

s

o) = ] 3
dug s A
#r testProgUsingLib X
EEEE
Address [TZ700 1 Connect | |
2= 2)% HOE FE
] W [0 Theta [0
B2 55 58
Tv[0 Ry [0
AHHOE =S
o [ o
o [0
[0 [0
[0 [0
[0 [ o0
217 HIOIE =S
Fobotx [ © Robot¥ [ O Fobote [ O
ornaE fAE
GOAL
O r —
G_RTheta [ Yoq

Fig. 3.17 Goal point coordination
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A 4% SIMULATION 23

AEHo| A} ZEL PioneerI & 2E=Z 3ol Zzad 9o Virtual

oJ
AN

rot
ol

Force Field& °] €% & 33 Al &EHo|AL F

Fig. 3.18 PioneerlI

Comection
Address T27.0.0.1

CONTRIL

Ll A O L
i FT o
rE o i
BEET| e
FEALCO0RD MATE
X v TEm

RI 00 [000 (3000
R[TO0 [0000 [6.000
R3 [0L000 (07000 (00000
R [FT000° (07000 (00000
RS [-2000 [0.000 [0.000

Fig. 3.19 Starting point
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Fig. 3.20 Goal point

Bl E8U(H)

Fig. 3.21 Goal point

— 53’7 —

Comectlon
address [ 120000
Discomect |
CONTRIL
L&
R [0
e |
e —
rM
S —
POSITION
XY TEM
PR @
F i 10 R T
i | I (O
r | S i
i | 2 (i
SRESETE], | mSeT|
REALCOORDINATE
THETh

RI[4020 [3577T T3
R 700 (000 [O.000
B3 [0000 [0°000 [07000
R4 [FT000° [0 o000
R 2000 [0 [0m00

Connect ion

Address [ 120.0.0.7
Disconnect
CONTRIL
T Ry
FRO
&
=
Z
Fis —
POSITION
X ¥ THETA
FROT T [0
r I i
r I (O
r L
r A (i
e |
REALCOORDINATE
THETA

R[0T B [T

R [0 (0000 [B000
R [0:000
Ré 0000

RS [0.000 [0.000 [0.000




Comection
Address [ 120.0.0.1

I

CONTROL.

R [0 [
=

POSITION

P Rl

REALCODRDINATE

RGO [FEG T8
R (00 (0000 [B000
R3 [00000 [00000 [0.000
R4 [0000 [0.000 [0000
75 [0.000 (.00 [O.000

Fig. 3.22 Goal point

Fig. 3.23 Global path planning
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Comection
Address [ 1210

vt [T ]

CONTROL.

Rl

=

T
11

POSITION

A
5

—
r i

r I
r i
RESET| e

REALCODRDINATE
X

R 000
R [0.000
R3 [0:000

RS 0000 [0000 (3,000

Fig. 3.24 Starting point

Comection
Address [ 120.0.0.1

e

CONTROL.

Rl

=

T
11

POSITION
RO
- e

-
-
=

AER
HE R

REALCODRDINATE

L
] &

R 200 [
0. 0.000

R
R3 [0:000
R4 [0:000 (0000 [3.000
RS [T.000  [0.000 [3.000

Fig. 3.25 Goal point

— ESS) —



Connect on

dddress [ 122.0.0.1

Lo ] o

CONTROL

Tv Ry
L
=
Feo—
i |
e o
POSITION

X ¥ THETA
AL R
re §
r T A [
r | T N
r N A [

=]

REALCOORDINATE
X Y THET

RI[@050 [2020  [0.38¢
R [000 [3000 [3000
R3 [0:000 [0.000 [0.000
R4 [07000 (07000 [07000
#5000 [.000 [3.000

Fig. 3.27 Global path planning
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AETER!

239
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e

a9 3.19~23

oy

g

[e]
R

HoFu, agla ¥ 324~272 A=

BR
o
"

o
Nm

oW

74] [12]
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0
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j
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agde] sato] fel@ Aol Atk B Sgdom vdE Zzo
52 shue FFAsgoz AR 4.
woERoA AlgE AEdelHE Ao ABdANZ R HYHo

=
Zzadgsn [PCE ol §3te] BPate A2wos FARGOn, Aoyt 23
9

st IPCE )83 % Al=dodA= AlEedolHoAM TPCE

i
off
:Oé
4
2
i
r
2

A dlolE, $1AdelE, Tv, RvE AAoz & 5 gt}

AEYolA T aW(Visual C++2 MFC)lA Al€E OpenGLE Mac OS,
0S/2, Windows 95/NT, UNIX, Linux, BeOS& Z& 0SE E% Y39, C,
C++, Visual Basic, Java, Python¥} Z& thi-#9 dojolr ALgo] 753t 3D

=

adgagor dAH F o WFAs) 2R 492 A @ & 9

ABdH FH AFE AA AsUE THIA g3 AQH nAFS A

N,

Sto A o]EFH &£x H

0

8 742, laser range finder W olE %o #3 Ax

o
ia)
)
ne
o
4
¥
o
(d
fru
i

1A Al =gl A A 5 gle dE ARl BA

T 4 Qo] mEe Almel geld we Az

T

14 @5 & + deH
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OpenGL #tolBelglE Al gsle] 2 g Hormz 2349 A|Edogrr) o
#2247 e AEdolAo] 7hEstt

F5 AAzE dFd Aodadgsel g AdeA WE T 5 A= o vt
2 W AR Aol o Fm W, thekdt R AA, ulFEF O E e 717t

Bastt =% 8740 s 9% AAHA 9T £ A= Ao} FueFe) A
%
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