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Abstract

Development of Multiful Robot Simulation

Program Based on Server—Client Architecture

Seo, Dong Jin
Advisor : Prof. Ko, Nak Yong, Ph. D.
Dept. of Control and Instrumentation Eng.,

Graduate School of Chosun University

This paper focuses on building multiple robot simulation program
controlling the robots via wireless internet and inter—process
communication. We tested the proposed simulation program in real
heterogeneous multiple robot systems. One of them is TRESTLE
project which is a research project in The Robotics Institute of
Carnegie Mellon University. The robots in the simulation system
are as the followings: a mobile manipulator, crane robot, roving
eyes. In addition, it is tested for motion planning of the Nomad
Super Scout II and Pioneer Peoplebot. Using the simulation
program reduces a lot of time and cost in algorithm development
and also reduces the dangerous job of real hardware test.

This simulation program consists of server—client architecture
and can describe robots and environment more realistically by

OpenGL Library. Thus, users can confirm a robot's collision in any

- vii -



angle and point. Robots can extend their function and structure
easily because all robot modules are built by class.

I made use of Visual C++, IPC, OpenGl Library and mescach
library in Microsoft Windows XP Operating System to build the
simulator.

Its performance is similar as real hardware and a user can save
time and cost by this program.

This paper introduces other simlation programs which are
already developed and used in second section. In third section, it
describes detailed structure of RoboIPC simulation program. I test
some experimentations by RobolIPC in fourth section and compare
it with other programs in fifth section. Finally, I make a conclusion
in sixth section.

The simulator is useful to make efficient motion plan of multiple
robots as well as verification of the safe motion. So, it saves time

and cost and reduces possible safety problem.
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4. Muros
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Fig. 2—10 Screen Shots of EyeSim

1 22 dEER AlEdold

1 Textudd S4AH S A4

1 AlFet Worldahd x93} vlo] 2 nkg-2 Maze XA ¢
1 grelBde] JeiE AlEdelE st AlF

1 Posix2A# = AHE

1 EyeBot #-g& Al&EZoH

1 HERR A2 AlEHolA T

7. Khepera simulator

K—Teamo|A] A|zgt o] AlE#HO|H = Kheperad§22 ALg-5om,
duelE WS vhE Kheperaol ZTRIHE olAAA AA| Aol The
& e Zheu® AgdelEs AdHE 29AAE Unix, linux?]g
A2 A AbR b et e o] AelE 9l X11A A"l Aesith |
A o] TR o] HAAE ] WebbotsEh= o]Fo 2 FujE 1 QJojA, ¢

_21_



o] MEL WA Yo A 4t 132 Kheperad 93-S HolF
1=

Fig. 2—11 A Shape of Khepera(Left : Base, Right: With Gripper)

Khepera AlE#olH = 7] 2D A& 7202 3ta lojA 2543

2
e gee mELS maHsA Zet wol Stk AFHCIHE AHga)

L S R R S |

!_!_!_!—T!_!—!_!_FM ineu| load| save| step| run| reset| comnand| ?| info| +|-| guit|

_22_



Fig. 2—12 Screen Shots of Khepera Simulator
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Table 2—1 Characteristics of each simulator

Y | GAA [ EGARA | Aoy | AFEAdY (AU E
MS
. C/C++
Webots 3D |Windows| Yes Tcp—IP P
ava
/ Linux v AR
. MS . .
MobotSim 2D . No A} A Basic
Windows
Linux
Player/Stage | 2D . No TCP-IP C/C++
Unix
Linux TCP-IP
Gazebo 3D i Yes Phyton
Unix Stand Alone
Linux .
Flat 2-D 2D . No TCP-IP Lisp
Unix
MS
Muros 2D . No Stand Alone C++
Windows
CRdha
MS
MRCS 2D . No Stand Alone C++
Windows
) Linux
EyeSim 2D . No Stand Alone | C/C++
Unix
. Linux
Khepera Sim| 2D . No Stand Alone | C/C++
Unix
. MS
SimRobot 3D . Yes | Stand Alone | C/C++
Windows

_26_



ool TrIRMES] 5AS A BAW, AAAet o fAre AlEE
olds FHsty] falAE EAE 3adoR q¥Esh: Aol 2akdRT 9
Fsty, *9AAZ MS Windows7F Linuxtt Unix®th @o] ®FEo]
Aol Windows Al2~BS o] &84 Algdo]ds Al&sk= o] AFEA7E
Abgstedl o fFElE ¢ Ao EEdXS AbgekeE A
o9 xzxlo]l & 4 ot AAIe] wWol AER KW AetE 7HA
& 4 ok w3 TCP-IPY UDP9 #2 H41 =
o] 2EE Alojats Wajo] Lol Fggol FAdelA folsth

e 23 AlEgolHEe] HRHelA RS M= C/C++A L3t
I PE RS L F den T e BE
A, dlolA AA, BlAAAER TE 5 ASITH

9o AFES wEste] A|ZEluAF 3= RobolPC Tz 1:e ths 3}

fu
KTt
i
o
>
>
ofo
ol
ol
2
)
o

1 3D BEE ARE
1 MS Windows % Linux/Unix 7|54 AF&-715
1 ZFAE S8 TCP-IPAHE:

1 C/C++ Ad W AAAF 2=

1 AYSAEE AT - 259, do] A AGAA
1 B)AAMATFE : mono, stereoB]F

1 Mapelt g A4

1 AAst=dejele] FUdTZRE

Ul

A 2

_27_



A 3 A RoboIPCe F+%

A 1 A RoboIPC AATA

A BAGel HHHoR Yol sbsstrh AHEAE ©@A IPCnter
Process Communication) & ©]§3te] 7Hde] XA MEe Hul= 3o
RS & A7IE Aol Zbed A 77k 2RES 7vvig A BEEl QlE
HolAs wErw 2R 7Rl sy golstth. AA7EA NISTelA A
A3t 5-Dof WYE# B, ATRV, Canegie Mellonthss ZHEXA AF49
Xavier, NISTolA =#|2Z3st Robo Crane, Nomad Super Scout II, Pioneer
PeopleBot DX &©¢] & RobolPCAlEde|A ZZ 3o 2o& AHLHoH,
2R ¥ AAFZ CMUS DIRAZZAES Xavierd] HFAARIS
Aot ~HEn A, 230k WA, SickAke] HolAAAY AlA Fo] AFE o] 9l
=

AA T2 RS oo MFEAQ REEZ Uyol Ay @ § Q)

1. IPC ol glg] — Algx 23y 2205910 24
Robot Control & — ZHE2 W, AlA], FER59 7)o
Kinematics & — Z&< 74%c =94 ¥29 %4

Real Robot Driver2E — AAZEZ AFEA T2 73 Qe o]~

E2IYe) Ay - AR ZEa9e Adss P

ok w

_28_



OpenGL Library

Robot Control

RobolPC
Kermel

Kinematics Module

IPC Library
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/ 7+ ABC Module */ ™\ /% FG Module =/ \‘1 /= XYZ Module =/ \\

main () main (} main ()
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Fig. 3—2 System Structure Based on IPC
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Table 3—1 Basic IPC Data Type

Format Name Lisp Type C Type Bytes

“ubyte” (unsigned-byte 8) unsigned char 1
“byte” (signed-byte 8) signed char 1
“ushort” (unsigned-byte 16) unsigned short 2
“short™ (signed-byte 16) signed short 2
“uint” (unsigned-byte 32) unsigned int 4
“int” (signed-byte 32) signed int 4
“ulong” (unsigned-byte 32) unsigned long 4
“long” (signed-byte 32) signed long 4
“float” single-float float 4
“double” double-float double 8
“boolean” int 4

ElA B 5 R

A gkl golahl Apae) Zz o] o4 A7

[PC2Fo] H 2] 2] of| A

, C/C++/Lispdelel A AHE 7Hsdt BReE A5l eS A

AQete Fo GresE
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Al 3 A Robot Control Module
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Fig. 3—3 Data Flow Diagram of Display Module
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2. Sensor Module

RoboIPC? AAMEES ZhHe| HAE= AAFEZA HA7FA] Sick #HolA
AAMAA, 25T A ofgo], A Al Fol FEE (1Y 3-6). 47

Fig 3—6 Sensor Module of RobolIPC (Left:Laser Range Finder,

Right:Ultra Sonic Sensor)
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A el vlaiA AdetAl S 7] wEel kel st 7Ee] gltkeiE AlE)
oldat AAdolE & Ao Apolrk AA kSt

N

g AAS Aol AAE TERAN H8Y dnES FHRe
AEE Toe WAS AgSATh B3 A4St /187, vERE o848
e 4gs] MEEHA PEeln vhAAFE 088 27 o EEHA B
e Aesgn.

_38_



WA Ao A owM, Zerleh duow vehiA ot WSS

of-galA uerE A (1) 3 Zrh

Pt)=0—-t)P,+tP, (O0=<t<1) (1)

A (elA Py P AR AR AL dehdth 29 2-3-40]
A Linel & P; ¥ P2 o]Fojx 910 Line2 & Py ¥ P o]Fo# 3l
o E A gele o mdaud e g

Pt)=(1—t)P, +tP,

P(s)=(1—5)Py,+sP,

P1
P3

P4

P2

Fig. 3—7 Intersection of two lines

=o] 19} si= 0°lA 17kA19] WM& Zhe ol + A
H FgolBgE P Pls)= o=z 9 F 719 A
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(1—t)P,+tPy=(1—s)P;+sP, (2)

Ao A x, y= YA Bdskd 2 (3) ¥ 2k

x1+t(x2—x1)=x3+s(x4—x3)

yi Ht(ys—y) =y + sy, —ys) (3)

2 ()& t9F soll el AE eiww 2 (4)9 A7 et

= )*(y4*y3)(£81*x3)
(94 _ys)(% _371)_ (334 _$3)(y2 _yl)
($2 7$1)(y1 *y?,)* (y2 7y1)(x1 *x?))
ST e w0 W

= 99 ¢ 8 s = FA MR RbEH o] gojrr FHFAor FAo wH
= 2 (5) 8 Zo] yERd & 3l

r=x,+s(x,—x,)

y=y, +sly,—y) (5)

99 x, 7t SEsk FEnA e F A4 3PS ek

vpA e o 2 o) sofl whal delaled, A AR sk ghel 03 1AFolE B

[eXiye] =
&% ¢ % otk el Buel BARE 02 49 FAES BAH Holth



A N +
9o Mg Bz 4% Azt E ey g
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WA S shebt A8 2o gx¢ 4% aww @ 9E gy} 85
T 9ol AES dAMFE dof A58 JIuE vEY I
DColl A #&3lar, StretchDIBits3r+S AFg3to] 3pdAle] =
ZRA I Aok Fheleke] AW A S flald 23 shelekele] Huwdt yEs
AAFate] OpenGl 2holBel 2] ¢ gluLookAtE5=ol 2838ttt

a8e FEE A e BEC RES ebdch

ZHE L vdA B5E HERS AR o E9shy] A% 2h A

=t e g

/1111111111111] compare Camera...display //////////1111111111111111111111111]
BITMAPINFO blnfo;

bInfo.bmiHeader.biBitCount = 24;
bInfo.bmiHeader.biClrImportant = 0O;
bInfo.bmiHeader.biClrUsed = 0;
bInfo.bmiHeader.biCompression = BI_RGB;
240;

15

bInfo.bmiHeader.biHeight

bInfo.bmiHeader.biPlanes
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StretchDIBits ( memDC.GetSafeHdc ( ), 0, 0, width, height, 0, O,
width, height, pImage, &blnfo,
DIB_RGB_COLORS, SRCCOPY );

m_pRCameraDC—>StretchBIt( O, O, width, height, &memDC, 0, O,
width, height, SRCCOPY );

if ( pbit !'= NULL ) memDC.SelectObject( pbit );

N
>
[

HE D=0AM &5E AHY 2 H

Fig. 3—9 Screen Shot of Camera Module Output
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3. Motor Module

RobolPCe] EHEHEZ Zxel AHH= 77472 w4 g REEA
g he] 23l oY ®Y REo] A" o vk 2Rl o] RE7E
F7h o EY &S 9 Sy 2dzrE AAEA A 24 A9
Aol w2 A Est FAdE A 2Es el o] AT S 98
MSYE%= 0SoM A=A S Yl A ¥st= QueryPerformanceFrequency
=2} QueryPerformanceCounter $FE o] &3}o] Elolw FHAE A #35}
Ak A Bl = ImsSHA el 2dolA 0.2 %8 &7 e, o= 2u
Secq s 7HAAl 25 uidn. Z47be EEuin sty A EHER
TE[9] gt AARE AlEEeldo]l TheaiAA He S ZA ol A
EH ] 23 fFARE st=do] AlEdo]lde] sl A Al fvh 1" 3-102
RE RES 7XE e

12
o
o

il

Meschach
library

Joint=Z & Base®| 9 A &, Display
Module

Fig. 3—10 Structure of Motor Module
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e
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BEMS AEAIEY RFAAANN AFgE7] flske] ElelBelE Visual
C++ 6.07I%Fe] AHupdefollA A dste] A8ttt Meschacheho] B2 ]

g, MY §, 7, 499, EndE B A58 e diEe

o Zgrskal = g fFES AEelH, & =EelA 2R sfiael At
§3at7] 91 d3E AL S golBe el EFE] A NRE VeF g
7FA1Q1 =989 (pseudo—inverse) 5 F7Fste] A&kt

T 93849 s ddde] ofd yE AyAS St & w ARE
st SR Awddol] oyt & Ao 3 He] Ak FEPS Ao
9 otk YA T2 AAE 7 RAES AR E2 wo] Ao 9xd
3} 5= AARIOR Axteto] tAaZHoe] Rad |AFA "ot

AAzror AREE AAtely] SleiM = getet A3k S0 FARGE

L= gl Ae EAE] A8 Pl 27 Qe

9l
clock() #42 A8/ WM_TIMER A4S AbE-ghchrny, olutk efolw)

g S8l Welvitel golm 2 Ahgd 5 9k

)
WM_TIMERS] ZA$+= 29 FY7F 18.3 o2& 1/18.3 =, ¢F 55 ms

YEo HEE b delx dEeie] golne] ¢t HaAZE (Aol

Ims ©]a, 10ms ©Jfe] o|HE AAAZLS 7HA= EBrolw oWl Es= CPU
92 Wol 2Ry "ol A4
Tl Awstd e rte] elolmE HA ARZEAO]l 1ms®E, 11 ©]38ke
2~

e HYsedE PUnyd 499

Al

B4 weld Agad etk oy

CPUS Aol FoMA™A Imse F2 31 Azte]l 5 Wil or, CPUE 1ms

ok BE BYe 2AY & QY] MEe] WES 0] AFAelt 54
99 AZe Z337] QaAE Fenioe] BolmE Agae 2 £
.

0

QueryPerformanceFrequency 8 QueryPerformanceCounter ©] & 7
7

gt Bl Welr|tle] Bolm e wRS wekahwAl FUsA A
W5 AE fEE 5 AZAT B aab BovFYng P4
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4. Map Module

RoboIPC2 A XX %E (Map Module) S ZH2 AdsAo ARE Tugs
wEoln, Weol JrE AAstr] kel 7 MY ERIEE Zte FE2A wds
ey Aw= npe

olgate] Aow Arg }
7] 2ol Jbsdtel AgRAIA G 2R A/F wom HAASH] gols
=
=

ke

% ek AAE ) dolEE 2% 3-11004 5 2 A7 AR
Heol weh wEPaA Agehs o] shsstel Wels) 23] gHgo] 7}
AL g AT F Q] Wil 23] §4UE FAlshylel Azt

g 7771 |
e AR
CANER S E:

FEALCIIRDTE
X v

A I [ [T
R T [0 (800
[ (i

Fig. 3—11 Expression of Map Data
(Left: Normal Block, Right: Transparent Block)

AL WelA e AAdelHE AlE#HIA s7]9a AANRES ALREdA
TS FRAMAS WANHSFE Wolgol A FHH, o] Al7]e] AlA e APr
7b AMEA A o] A AlEHOlA AN AFH R o] Fo]A] 7]
witel] AbEAE TR A = AL AAE AR AT 2 avE =4
T At I¥ 3-12& ALREEY AR AR 58 et
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Fig. 3—12 Data Flow Diagram of Map Module

il

Lo =) s B

458

el

HE

A 2

—_—

X

Hr
)

—_—

X

k!

ojy
700

A HoTE g =

7}

gl

ESER

o AFHY xy ¢ 249 x, vy 281

2=
=1

N

[TeRiphippiopipiipyiopie)ip iy}

Fig. 3—13 Structure of Map File
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Al 4 @ Kinematics Module

F& AgATL 2RTEES D-Hatehe Jug g

rlr

7 dmhe

A5
AL S o] gkl 4 B2 #AHEY 2R JHE WUEo Ue EEOH,
o

oMl 2Rt Ao AT, F=52 F4E, =3 3z

ol HE = A ZE o Folty, 1Y 3-14% AAl 2RO VTFEHA FFRE IHA

B 9E D-Hseh ek o] §alol TR 5AHFE 22 wolrt

AT

Fig. 3—14 5—Dof Robot Manipulator (Left:Real, Right:Simulator)

rr
=
dlo
B
US)
|o
=
=)
BN
rO
[
e

st 719l JointE ¥&3H7] Y%t Joint—DHE
2 9% D-Hutetu g el gtA ot o] sHE A 83FH OpenGL3lAde] ©HA

=°] FAA Aot

void CGLRobotObj::Joint_DH (float a, float d, float dl,
float alpha, float g, float gmin, float gmax)

int mode = 0;
float dd = d — d1, qv = (float) (5.0¥xD2R);
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A5 Hd =299 AT

AbgAE g e [pCetelBelg s EalA 2RI FAlo] 7hsstr] wiel
AZE AEol Aol 2EE 2sta AbgAE @8] IPCE ol g3t 7t
JE F2 woj e +5HE S YeFAU, AAvolEE dojes oz 4
7] wZe] AREAbE IPCAHIAE o] &3te] 238 AEE & F 9lE
EZS AWE AFsta, AWE o] ¥ES Few she 2RI v
AEstol AlEH A el AAA ZRe] A lo] wAYsA ot

AHEAHE AR W FERE Jhste] 2R ¥As U

Aom, AAAA L FES oS AHESHA okl
AEAE s B 4 dom, AA sdEdols Abgste] A
2 Hup AxEoldA 2XE9] HeolEE
v wpolel = glom g tiw 1o QlojM i HEH o)ttt

EN
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)
L.
ou

ZRS 457 Ao Ay ojof st FRoE TREZO] P ojof i}
o= AMEAZE dateE diE Qo & 4 lon, A TrEF oF 59, 5

FEY S 7N ol 2L [PC_MOBILEARM_XXXX ez, 2HF e
5 73 goleyol ¥ Z R 24X [PC_PEOPLEBOT_XXXXEHE = 723}t
of A 4 ek Zh7he] RS FY Az FoEo] JlorR C++ Andyd
el 2R AAE WY A7, i Z2HE gler AAE Ad9sta, W
ARE 7= dlolE mds EEE AAs F, 2] ¥R E HliFH e
AP YaEdo] e elA AAlel 2ol Al frh

Zkzbe]l RRE AYER Folrbe REINS @A4A4e g% AMES 7HE
T doerm oo dolxl =R A HelH, AAHIH & tiAEHo]

Bae] AFE & A Ao
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= KR o) = o St kA = o]lM
T Armes 7HAIL Qe ol FERS Alojste AR ZRIORT dN-oln, o]
= o =2 o Y
ol g3l 7h7tel ZoIES) S §Ao R 5 Ik,
#= Simulation Test Program =1
—IPC Connect —arm Control Test Field
Address | 127.0.0,1 Joint #1 Yelocity 1]
Joint #2 Yelocity 1]
U] |} =X e I Disconnect Jaint #3 velocity ]
—Data Init Field i i eleEliny u
Obs ] Basex ] Joint #5 Yelocity [1]
ObsYy 8] BaseY 8] Send Joint Carmmand!
ObsZ 1] Bases 1] — -
Joint 1 Joint 2 —Data Acquisition Field ot | e
| 0 I 1 Obs X [ 1,000 I 0,000 I 0,000
Joint 3 Joint 4 Obs v 1,000 Jdoint 3 Jaoint 4
I a | 1] obs Z [ Dooo [ 0000 [ o000
Joint 5 X Jdoint 5
r— o Init Data | Get Obs Position| Get Joint Data o
I 0, ooo
—Base Control Test Field — Elastic Band Test
Tw 0 =% [Oooo 2 [ooom Goalx 0
Send Crmd| Stop Base
O | P v 0000 e [Oo00 Goaly T
— Constant Wiew Field Goal= u
KC1 0.4 KA1 0.6 MR Wel J1 0.1 Ji[ D J2] O
K2 0.4 KRz [N Ml Vel J2 0,1 J3 1] Ja 1]
K3 0.4 ER3 0,6 FA e Wel J3 0,1 JE | 1] Mode |
K4 0.4 KR4 0.6 M= el 4 0.1 Set Goal P
KCS 0.4 KRS 0.E MAK Vel 15 0.1 st lanal Fose |
K.CE 0.4 KFE 0.6 Pl A T 0.1 ~Method
(P =1Y] 0.1 & Orignal « Reduce
Do 0.5 cJ1 0.5 « FRearrange « Dynamic
Do2 05 Caz e Update | :
o3 oE cJa 0.5 —&lgorism test
Dod 05 4 05 Constant File Load | Path File Load |
DO5 0% CJ5 0.5
DOE 05 CJE 05 Save | Test!! |

Fig. 3—15 Example of User Program
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A 4 A RobolIPCe A&

=%l A4= RobolPC Al EHOIHE o] &ato] ¥ 744 23S A|&stil o]
A AzE 2ol Elastic Band/Strip, Q1AL 7A1E o] &3t F=33], #olA
2NN AlEEOIA § WA duEES A Este] Btk o)A A
G Fe] A= AA stEdofel o] ste] FAAIA Hokow, A 9o
Thg 7EA A ek Zduny ek skar F2Algkel A i

= mwolld AlEdeldE A&t otdieh 2 Ads T8k ®okth

£
=
ofo

ot
o
2
r o
ol
)
do,
X

2 A8

1. Nomad Super Scout IIZ %7 ZLHAAE
AR FE3]9 AlEE el A

2. Pioneer PeopleBotZ7} SickLMS#¢|# AAE Atgste] AdiAE
o] &3t 3¥ duYFE HLA AlEH A

3. ATRVS} Hlo] 9} ¥-2td 5-Dof 2R%e] Elastic Strip3]3] ¢irg]
o|-gsto] =AE 3]¥et= AlEEIA

o[
o

Zzte] w el AHgE A FQ LIS gy P

Nomad Super Scout II
[PC_NOMAD_POSITION_QUERY
[PC_NOMAD_VELOCITY_COMMAND
[PC_NOMAD_STOP_COMMAND
[PC_NOMAD_GET_SENSOR_COMMAND
[PC_NOMAD_RETURN_SENSOR_COMMAND

Pioneer PeopleBot
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[PC_PIONEER_POSITION_QUERY
IPC_PIONEER_VELOCITY_COMMAND
IPC_PIONEER_STOP_COMMAND

ATRV
IPC_ATRV_POSITION_QUERY
IPC_ATRV_VELOCITY_COMMAND
IPC_ATRV_STOP_COMMAND

Xavier

CTR_POSITION_QUERY
CTR_SETVELOCITY_COMMAND
CTR_STOP_COMMAND

SiskLMS
[PC_SICK_GET_SENSOR_COMMAND
[PC_SICK_RETURN_SENSOR_COMMAND

5Dof Robot Manipulator

SIM_ARM_SET_JOINT_DATA_COMMAND
SIM_ARM_GET_JOINT_DATA_COMMAND
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Al 1 A Nomad Super Scout IIZ o] &3 A3

1. Nomad Super Scout II

Nomadic TechnologiesAFellA #12d Nomad Super Scout II ©]%
2R 16719 253X 6718 WH A9AZ A E] AT olF
2R e FEEY WA 2 Ao Fae)] wate] g A 3
F oA B2 a5 wpAel ofAW (Ackerman) WA P E7) FE o owpbA

18

hul

o

[35,36,37] AWEFTLE HA) [38]7 ST FE dA [39,40,41], a3 &
A% AU Sol AH A A7 YA uAY o 22| g
= 7F g xAe % ¥2oln, Nomad Super Scout 1I 9A] 2719
A 7R Adgrsnd e Hof QoA 29 Aeug At

Sk A w AEgFS AW Thsetns Azt
o] 9o, ANRES Polaroid 6008 =2 Apgste] zhzh 10w]EH

A7 =45 A & 5 vk 29 4-12 219 ¥ s o

P
dlo
)
l.i
>
g
e
\\]
\\]

Fig. 4—1 Nomad Super Scout II (Left:Real, Right:Simulator)
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o3t sy duF TN W WEy WA Fo ¥ duHF T
ol 71 wIMAH SR 7]Eo] FHi= Khatib? AFHNA LdugEFS
AL AlA HkTh

Bg 9AE 2R AyS WA= ke 9 (force field)olth &2
H AAE ot 2k
Unrt (0, (1) (), P,) = U (p; (8),p (£)) + U, (p; (), P,) (6)

o] 7] <l A]

{%n(dl(t)%)’ if d,(t)<e }

jo

0, if d,(t)>e (e>0) g
Ug (p]- (t),P, aJ C“p] ng||2 (8)

Ue(p;(8),p, ()= p, ()0 18 ZollEol o8 p,(¢)ell e 24
jooll HEe M= AFA A U,(p,(t),P,) = p,t)el 93
o 2% ool P, WFOR Y wgAIE ATl 4 (7)
A e & FellEel o) Ho] B A Aele Welolth 7t A
AW U p,(t)p, (1) 7 F O W Ao dake XA Hol, 2R
b FelERYE F 9 W XeARE 9 e ARt g (=
77t Ae3 Ade BANE AT AAAY 7%

7
Golth, ol sk QAT AA olate] =R j o TheH 2 TEY]
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) VU t(p;(t),po(t),ng) 9
- v U, 0).P,)
F,(p;(t), P, )

Hel ekow £, (p(t)p,(t),P,;) & F,.(p;t)&E Fo1x %7]% T}
Folm 2N HE Folp(t).p,(t)= 2% j ¢ Zolze]l M2 717k
A ggow olFsAY, 22 j 9k ZelE Ateld At /AW
SRR aRlan Pyl IR F (p(t),P)) = 2Rl Pyl 7hke]
2% Aoprh Wt F,,(p, ()l od 23X j & AolEe sk

A BE 9R P olESAR. el Bt F,, (1) 7 232

o

&5 SUS Mol BF £,(,0) 2718 me Fastel 2Rg
o] A1 71}
Sk, 7SR A%

Ao QAEHAAAE Agatel AR 274 W§Y F7) A AR

TV, .= TV

TVnin = req = max> "Vmin— — TV

min



W AE Al aEE A9 2RO A7 $EF Folu, WL 5
A &mel U@ 27k A2 A9 mel A&el AW & A Bt
AAKEet ARFES] WAE v 4 1D o2 xdwn

tvmax
_/61 - TV ax ( 2 ° rvreq_ rvmax)7 rvrcq> 0
qu: tvlnax tvmax’ Tvreq 0 (11)
/81 ) (/62 . T/Ureq+ T/Umax)’ Tvreq< 0
AZIN By, By delH, p & BRe) H FEo] gt A3 H
o Mg Agae, g AA%E WE AP Frold BT A8
A ER FHEY 14 EE ol YmE AYath 4 AD A%
A7 £% tu, = e A (12)F wEstolof g,
0= t0,0q= 0.y (12)
2 (D ~ 4 (12)¢] HFoRFE dofxl Alzp tof 2Rl 275
= 3 EE () B2 AN EE p ()] dF EE F7] AL v
S o A (13)3 o] et
T, 0q(t) = v (t—1) ot ()~ to(t—1)

rare(l(t) At I tar@q(t) - At (13)
TQpyin = rareqé TQpax TQpin = = TGpax (14)
tamin = tarcq = tamax’ tamin = —ta

max

_6‘]_



Az ) 2ol Fold £E @Ee A9 4 A9 AEE AR

] (15) 3} o] Arte

EN
)
o
r\j
I
_O|L
rlr
N

N

i
-z
)
Ev)
tlo
>

ro(t)= rv(t—l)—l—ramq-At, (15)

 deMe 4 AEE AF
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4

7}2 Nomad Super Scout [[ZFe] A &3lo] AeS sttt 29
= 98 AFE WS a9 4-29 Zor, 2o ARy HxAF
a8l AFAfgAe FAEgd dEvEHES ® 4-13 ZHh Super
Scout Ilefl&= F 16719 =23 AAE 7HA 3 AT AFA s 25

AN
o] AL = ALt glorE, Aol 8/ S utuolEuke oarg

Table 4—1 Parameters of Case 1

ZUAH 5 EAH
X 0 4
Y 0 3
6 0 Don't Care
e 1
7 10000
¢ 0.005

1% 4-2% Super Scout 119 33 AHES = X213 gy}
7 3pdolt), ¢S50 9HS 2Eol HAAR FAHol= TAEZEO 3HS
Sl

B, €159 a9 23] dudss A8A7A 5217

rr
Ll
)
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EZol xg 73 3t BEo|t AlEYoAHAZEZ 18 A= GUI %
T MErE ZRAn GA ARTbe R s 7RG
2% 27 HOIE HE
X [0 v [0 Theta [§ Set Position Data
f?nj: = Ay [0.03 Goll Stop
HMHOIE 5 — m—
114 o 031
072 - o 031
057 [
% HOIH =S
Robot X [ 032 Robot¥ [ 005  Robote [ 1885 Get Data
UIBHYH LT HH
sl F eoalv[ 3 mmaa |[inoo | swmn |
Fig. 4—2 Screen Shots of Simulation Program (Left:Host, Right:Client)
% 4-32 P FHg 25 ol sHAS Holgn, 2ol ofd A
E webA olFstdeA & oAtk FESA A Y 2R 57
Be] ooy Fue ARV @i Vet Anz F4

% 9l

Fig. 4—3 Path of Nomad Super Scout II
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Al 2 A PeopleBot® Sick# oA AAZE o] &3 A

1. Pioneer PeopleBot

Pioneer I+ Ab1-& HAFE S o3 a8 A4 44 EEs £3%
THE g ol 2R A|AHO| o] Ao AIARLE- Al el EE A
ooty FAZMALE S-Sttt Pioneerl @] who]A =7
FLASH-ROM¥} 32K DRAMe] W7 20MHz Simens 88C166 wlo]=
g A Aol ol Alejm] ARgAEe] FA Aol HA of whet o] XA
¥ ool ARAEEYRE AojsAY gHe BHely SFFAE o] &3
A FdAe] AAEE 7H5EEtE Pioneer 19 UlF &% tfo]oj 13e 71

& 4—4of YERf AT

C 1 i e n t

A ™y

; Communications
Server Client ‘
[ Information Command Serial TCP/IP

Local Fine
Communcation W
Packets

Server Interface

Velocity& Angle Position Sonar& [/O
Controls Integration Schedules

[ FID l [ /o ]
Control Control

Encoder Sonar
Courti .

Robot Speific
Functions

Fig. 4—4 Client—server control architecture
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AA B =FoM AMEE & F3 ZHE A]AHEIQl Pioneer1 9] 9

Yuh F2E 19 4-59 2,
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for Onboard Computer & ries

Rear Sonar Front Sonar

=000

) D
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b‘o i * % 4 4

Fig. 4—5 Shape of Pioneer PeopleBot
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2. SICK LMS200

™o SICKjike] LMS—-200 deolA #<elx] 3l (LASER range
finder) & R9th LMS—200& RS—422/232 E4 walo =z 9K 7]7]

of IFHol~ Hol AlA Alo] ¥, A& Holy s& wesch 2 A
FolA AlEHelAF HolA AE LMS—-200 #@olA @A sl
ZA, T AR ® 4-20] HojH},
Fig. 4—=7 SICK LMS—200 Laser Range Finder
(Left:Real, Right:Simulation)
Table 4—2 Main specification of SICK LMS—200
Technical data of LMS 200
Range 80, 10 [m]
Scanning angle max. 180¢
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 3XPNP; typ. 24VDC
Laser protection class 1 (eye safe)
Operating ambient temperature 0 .. +50TC
Enclosure rating P65
Dimensions 155X210X156 mm3
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Fig. 4—10 Pioneer on Goal Point
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1. Elastic Strip
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Fig. 4—12 Bullwinkle (Left:Real, Right:Simulation)
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2. HlojA9 FFAH

ol Ao HolAnt FAXHE AAgsle] AL 738l

o}, Ao AleE A9l Exelx w Ado] AlLd ASFEe #
4—49} 4-5°) YeES At}
Table 4—4 Starting and Goal Point of the Robot
Init Pos Goal Pos Comment
Robot 0, 0, 0 (3,0, 0
Arm ©,0,0, 0 0 ©, 0,0, 0, 0 Don't move
Obstacle (1.5, -0.2, 0) Don't Care Move
Table 4—5 Constant Values of Case 2
Kc Kr Max Vel DO CJ Comment
Robot tv.0.1, 01| 0.8 0.5
Arm JO
04 | 06
Arm J1 0.2 0.5 0.5
Arm J2
Arm J3 0 0 0 0 Dont Use
Arm J4 0.4 0.6 0.2 0.5 0.5
¥ 4-15 oA HSaFLS 2Ro] FWety] Ao Hix AA7HA A
de) AzE WEY FmFo)l HEHA e AFold $FaYe %
aglFol A guo] wo|avt wetrto 3 o AEIE ofEel o F
A WgtE o] = AElolth FellEo]l A el wo]Av} oo &
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Fig. 4—15 Obstacle's Influence on Base Path (Left:Inital, Right:Changed)
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Table 4—6 Starting and Goal Position of Robot Manipulator

Init Position Goal Position Comment

Robot 0, 0, O 0, 0, O Don't move

Arm (=50, 0, 0, 0, 0) (50,—30,40,—40, 0) degree

Obstacle (0.87,—0.2,0.580) Don't Care Move
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Fig. 4—16 Obstacle's Influence on Manipulator Path (Left:Inital, Right:Changed)
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Table 4—7 Starting and Goal Point on Case 3

Init Position Goal Position

Robot (0, 0, 0) (3, 0, 0)

Arm (=40, 20, —10, 0, 0) (40, —20, 10, 0, 0)
Obstaclel (2.5, 0.1, 0.75) Don't Care/Moving
Obstacle?2 (0.66, 0.56, 0) Don't Care/Moving
Obstacle3 (1.470, —0.620, 0) Don't Care/Moving
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(c)

Fig. 4—18 Obstacle Avoidance of Bullwinkle in Real Invironment
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1 SimRobot : OpenGL
1 RobolIPC : OpenGL
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Table 4—8 Comparation with Other Simulator
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IPC_RETURN_TYPE IPC_listen
(unsigned int timeoutMSecs)
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IPC_RETURN_TYPE IPC_listenClear
(unsigned int timeoutMSecs)
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IPC_RETURN_TYPE IPC_listenWait
(unsigned int timeoutMSecs)
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IPC_RETURN_TYPE IPC_handleMessage
(unsigned int timeoutMSecs)
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IPC_RETURN_TYPE IPC_dispatch (void)
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while (IPC_listen IPC_ZWAIT_FOREVER) != IPC_Error)
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void IPC_perror
(const char *msg)
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IPC_RETURN_TYPE IPC_setMsgQueuelLength
(char *msgName, int queueLength)
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IPC_RETURN_TYPE IPC_setMsgPriority
(char *msgName, int priority)
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IPC_RETURN_TYPE IPC_subscribeConnect
(CONNECT_HANDLE_TYPE handler, void #*clientData)
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IPC_RETURN_TYPE IPC_subscribeDisconnect
(CONNECT_HANDLE_TYPE handler, void #*clientData)
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IPC_RETURN_TYPE IPC_unsubscribeConnect
(CONNECT_HANDLE_TYPE handler)
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IPC_RETURN_TYPE IPC_subscribeHandlerChange
((const char *msgName, CHANGE_HANDLE_TYPE handler, void *clientData)
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IPC_RETURN_TYPE IPC_unsubscribeHandlerChange
(const char *msgName, CHANGE_HANDLE_TYPE handler)
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int IPC_numHandlers

(const char *msgName)
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IPC_RETURN_TYPE IPC_marshall

(FORMATTER_PTR formatter, void =#dataptr, IPC_VARCONTENT_PTR
varcontent);
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IPC_RETURN_TYPE IPC_unmarshall
(FORMATTER_PTR formatter, BYTE_ARRAY byteArray, void **dataHandle);
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IPC_RETURN_TYPE IPC_unmarshallData
(FORMATTER_PTR formatter, BYTE_ARRAY byteArray, void *datallandle, int dataSize);
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void IPC_freeByteArray

(BYTE_ARRAY byteArray);
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IPC_RETURN_TYPE IPC_freeData
(FORMATTER_PTR formatter, void *dataptr);
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IPC_RETURN_TYPE IPC_publishData
(const char *msgName, void *dataptr);
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[PC_RETURN_TYPE IPC_respond

(MSG_INSTANCE msglnstance, const char *msgName, unsigned int length, BYTE_ARRAY content);
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IPC_RETURN_TYPE IPC_respondData
(MSG_INSTANCE msglnstance, const char *msgName, void *dataptr);
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IPC_RETURN_TYPE IPC_queryNotifyData
(const char *msgName, void *dataptr, HANDLER_TYPE handler, void *clientData);
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IPC_RETURN_TYPE IPC_queryResponseData

(const char *msgName, void *dataptr, void **replyData, unsigned int timeoutMsecs);

_94_



- b s A BlaEs g4 vkl w48

IPC_RETURN_TYPE IPC_printData
(FORMATTER_PTR formatter, FILE #stream, void *dataptr);
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IPC_RETURN_TYPE IPC_readData
(FORMATTER_PTR formatter, FILE #stream, void **dataHandle);
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IPC_RETURN_TYPE IPC_queryNotify
(const char *msgName, unsigned int length, BYTE_ARRAY content, HANDLER_TYPE

handler, void *clientData);
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IPC_RETURN_TYPE IPC_queryResponse
(const char *msgName, unsigned int length, BYTE_ARRAY content, BYTE_ARRAY

xreplyHandle, unsigned int timeoutMsecs);
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[PC_RETURN_TYPE IPC_respondVC

(MSG_INSTANCE  msglnstance, const char #*msgName, IPC_VARCONTENT_PTR
varcontent) ;
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IPC_RETURN_TYPE IPC_queryNotifyVC
(const char *msgName, IPC_VARCONTENT_PTR varcontent, HANDLER_TYPE handler

void *clientData);
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IPC_RETURN_TYPE IPC_queryResponseVC

(const char *msgName, IPC_VARCONTENT _PTR varcontent, BYTE_ARRAY #replyHandle,

unsigned int timeoutMsecs);
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