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Chapter 1

Intr oduction

Thisprojectwasrunningasa4thyearprojectin computersciencestudiesattheUniver-
sity of Applied Sciencesn Dresden(Hochsdulefir Technik und Wirtschaft Dresden
(FH) [1], Germaly). The objective of this project,led by Prof. Heino lwe [2], wasto
improve theroboticsfacillities in this faculty.

1.1 The Project

The aim of the Projectwasto implementa robot-simulator(EasyBot),a tool based
on LightVision3D that should be able to simulateall kinds of robots (existing and
imaginable). Othertaskswere to develop an interfacethat can be usedwith a real
Kheperarobotaswell aswith the simulator andseveral control unitsfor the Khepera
robotandsimulator



8 CHAPTERI1. INTRODUCTION
1.2 LightVision3D(LV3D)

LightVision3D[3] is a 3D-viewerand-modeller designedor beginnersandadvanced
userdik e 3D-designersind-engineerstunningin a Windows9xor WindowsNT ervi-
ronment.To getit workingit is necessaro havetheInternetExplorer(v.4.00r higher)
installed.

Features:

e objects:

— mathematicabbjects(sphereplane)
— mesh-objects

x describedy vertexesandtriangles
x deformableusinga magnetool

— group-objects

lights (pointlight, spotlight)

cameras

materialstextures

drag& dropto assigntexturesor materialsto objects

LightVision3Dis easyto use.Help canbe obtainedusingthe right mousebutton. For
further information (in German)aboutLightVision3D select“Hilfe/Hilfe” from the
menu.
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1.3 How to run the robotswithin LV3D ?
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1. Installation
Unzipthelv3d_easybot.zipo adirectoryon your harddisc.

2. StartLightVision3D
StartLightVision3Dwith adoubleclickon LV3D.exe

3. Loadascene
Loadarobot-scen®ut of the“roboter”-directory(e.g.kheperal_scene8.lvs)

4. StartEasybot
Call Easyboffrom the “Funktionen/Robotersimulation/Easytienenu Easybot
presentsall theavailablerobotsin alist.

5. Selectthe navigationmodule
For eachrobot you want to use, load a control-DLL. This canbe doneby a
doubleclickon the nameof therobotin thelist.

If DLLs are not visible in the filedialog, changethe option of the Windows-
Explorerthathidesspecialffiles. Thiscanbedoneby calling the Explorer, choos-
ing “View/options”, andselecting‘show all files”. Now restartLightVision3D
andstartoveratpoint 3.

6. Danger!robotswalking!
Now, having assignedsomeDLLs to the robots,you canpressthe play-tutton
“>" to seetherobotsin action.
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1.4 The Khepera Robot

CHAPTER1. INTRODUCTION

Kheperahasoriginally beendesignedas a researchand teachingtool in the frame-
work of a SwissResearchPriority Program.It wasdevelopedat “Ecole polytechnique
fédéralede Lausanne’in Swizerland.Therearetwo modesto usethisrobot. You can
eithercontrolit via aseriallink, or downloadacompiledprogram o let therobotwork

autonomously

1.5 Contactthe HTW-Khepera-Team

Prof. Heinolwe
www.htw-dresden.deayve/
iwe@informatik.htw-dresden.de

HTW-Dresden
Friedrich-List-PlatzL
D - 01069Dresden
FB Informatik

Tel.: +493514620
Fax.: +49351462.21.85

EasyBot- Team:

www.htw-dresden.deive/easybot/easybot.html



Chapter 2

EasyBot- the Simulator

2.1 Intr oduction

EasyBotis a robot-simulator It canbe usedfor scientific researchin the field of
robotics,to developalgorithmsfor robotnavigation.

EasyBotis anextensionfor LightVision3Dto manipulataobot-objectsRobot-objects
containsensorshuilt of triangles,named“sensor..”. All group-objectscontaining
suchsensobjects,arerecognizedasrobots,which canbe controlledby aDLL. The

controlmustbeinheritedfrom theinterfacedescribedelow.

2.2 The UserlInterface

The numberedegionsin figure 2.1 containcontrolsto managefollowing aspectsof
simulation:

1. List of availablerobotsin the scenethatcanbe controlled. With a double-click
you canopenafile-dialogto choosea DLL.

2. Someoptions:
“r obotcamera” Switcheshe3D-outputof LV3D to arobotrelatedview. Within

thecombo-boxyou canchoosethe directionof therobotcamera.

“f ollow landscape” Letstherobotsfollow thelandscapevhile moving around.
This enableghe robotsto operatein non-flatervironments.However this
doesnotwork with stepsandsteeprises.

“show track” Shawsthetrackof therobotfor thelastsimulatedsteps.
“save positions” Savessomedataof eachsimulation-stefor lateranalysis.

11
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Figure2.1: EasyBotUserInterface

3. Displays(about-)informationof thecontrol-DLL.

4. With theleft buttonyou canloadacontrol-DLL for theselectedobot. Theother
oneopensa configuratiordialogfor the currentrobot,if implementedvithin the
control-DLL.

5. Simulationcontrol:

# | stopsthesimulation.

> startsthe simulation.

>|| executemnesimulationstep.

6. The“interval” is the time-baseof the simulation. This is the minimumtime be-
tweenthe startsof two simulationsteps. LV3D ignoresthis value, if it needs
moretime to updatethedisplay The “updateafter step”’-valuedefinesthe num-
berof stepshetweertwo displayupdates.
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2.3 Examplefor Writing a Control-DLL for EasyBot

This chapterwantsto explain, how to write a DLL, which controlsa robotin Easy-
Bot. Therobot, we wantcontrol,is a Kheperawith a K213-extension. The interface
explainedhere,is the basicinterfaceof EasyBot.

EasyBotprovidesa generalrobotinterface. Basingon this interface,it is possibleto
write interfacedor realrobots.Laterin this documentve describeheinterfacefor the
Kheperarobot(see3.1).

2.3.1 The DevelopmentEnvironment

The developmenternvironmentis Microsoft Visual Studio5.0/6.0. We supposeyou
canalsouseotherdevelopmentervironmentsthatcanproduceDLL’s.

2.3.2 The Khepera Control Interface

The model of the robot contains8+64 ray-sensorswhich representhe sensorsof
the Kheperaand the K213-extension. The first 8 sensorsare the IR-sensorsf the
Khepera.For eachpixel of the K213-one-line-cameraxists oneray-sensofthat are
the other 64 sensors). The sensorsare organizedin an 72 (8+64) element-arrayof
easybot_ray_info -structures.

Thereactionon the sensordatais implementedwithin the Navigate()  -functionof
your DLL. Possiblereactionsare operationdike move alongor rotate  aroundthe
X,Y andZ-axis. Usuallythe Kheperaonly rotatesaroundthe Y-axis,andmovesalong
theZ-axis.
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2.3.3 The Interface

Theexamplebelow performsaline trackingalgorithmasdescribedater (see4.?2).

Your controll-DLL mustinherit theinterfaceDLL_Interface_Easybot . All ab-
stractfunctionshave to beimplemented.

class DLL_Interface_Easybot

{

public:
virtual
virtual
virtual
virtual

virtual
virtual

virtual

virtual

virtual

virtual

virtual
virtual
virtual
virtual
virtual
virtual

virtual
virtual
virtual
J3
#endif

Thecall-corvention__cdecl

char*
char*
char*
char*

void

void

void

void

int

void

float
float
float
float
float
float

void
void
void

__cdecl
__cdecl
__cdecl
__cdecl

__cdecl
__cdecl

__cdecl

__cdecl

__cdecl

__cdecl

__cdecl
__cdecl
__cdecl
__cdecl
__cdecl
__cdecl

__cdecl
__cdecl
__cdecl

GetName()=0;
GetVersion()=0;
GetAuthor()=0;
GetDescription()=0;

SetEasybotinfo
(Easybot_Interfaces *n)=0;
SetRaylInfo(easybot_ray_info *p,
long highest_index)=0;
SetObijectinfo
(easybot_object_info *p)=0;

SetMessageFrom(char  *pfrom_robot,
char *pmessage)=0;
GetMessageFor(char **ppto_robot,
char **ppmessage)=0;

Navigate()=0;

GetMoveX()=0;
GetMoveY()=0;
GetMoveZ()=0;
GetRotationX()=0;
GetRotationY()=0;
GetRotationZ()=0;

OpenDialog()=0;
SetStartStop(int onoff)=0;
Destroy()=0;

is usedto be compatiblewith BorlandDelphi.

ThemethodGetName() , GetVersion() ,GetAuthor() , GetDescription() ,
SetEasybotInfo()
whenthe objectis constructedDestroy() s called,whentheuserclosestEasyBot.

, SetRaylInfo()

andSetObjectinfo() areexecutednce,
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Function Description

GetName returnsthe nameof your DLL
Get\ersion returnsa Version-Info
GetAuthor returnsthe developerof theDLL

GetDescription

SetEasybotinfo

SetRaylInfo

SetObjectinfo

SetMessageFrom

GetMessagedt

Navigate

GetMoveX, GetMoveY, GetMoveZ

GetRotationX GetRotationYGetRotationZ

OpenDialog

SetStartStop

Destrgy

returnswhatyour DLL does

EasyBotcallsthis methodof your class.As parameteyou
getanobjectof the classEasybot_Interfaces It can
beusedto accessll controlscurrentlyin useby Easybot.

EasyBotcallsthis methodof your class.As parameteyou
get an array of easybot_ray_info -structures. They
containthe sensoiinformation.

EasyBotcallsthis methodof your class.As parameteyou
getanelemenbf thetypeeasybot_object_info ,that
containgnformationaboutyour robot.

This method is triggered, when another robot
pfrom_robot sends you a message pmessage .

EasyBot calls this method of your class just the same
as Navigate() EasyBot wants to know the robot
(**ppto_robot ), thatrecevesthemessagé*ppmes-
sage ). Thereturn-aluetells EasyBotwhetheryou have a
message@r not. This methodis calledagain,if it doesnot
return0.

This methodcontainsthe control of therobot. WhenEasy-
Bot executest, all the sensor andobject-datehasbeenset
into the structures.It hasto calculatethe next step,using
this data. You may usethe operationsmove” and“rotate”.

EasyBotcallsthis methodsof your class,to gettherelatve
movementsof therobotin world-coordinates.

EasyBotcallsthis method=f your class to gettherotation
of therobotaroundthe X, Y andZ-axis (in degree)in the
object-coordinatsystem.

If your control hasits own dialog to interact with the
user thatis the placeto implementit. It canbe usedto
parametrizéhe control.

You getthe information, that the simulationhasstartedor
stopped(1=start,0=stop)

Youshoulddestry yourreseredresourcese.g.your mod-
elessdialog.
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Thestructures:

struct  easybot_ray_info

{
float ray_length;
float ray_max_length
float ray_sx;
float ray_sy;
float ray_sz,
float ray_ex;
float ray_ey;
float ray_ez,
char* obj_name;
char* mat_name;
float mat_clr_r;
float mat_clr_g;
float mat_clr_b;
float Igh_bright;
float Igh_r;
float lgh_g;
float Igh_b;

h

The structureeasybot_ray_info

CHAPTERZ2. EASYBOT - THE SIMULATOR

/I length of ray

/I max possible length of ray
/I start-point (X,Y,2)

/I end-point X,Y,2)

/I name of object hit by ray

/I name of material hit by ray
/I red-value of material

/I (diffus component)

/[ green-value (0.0 1.0)

/I blue-value (0.0 1.0)

/I brightness in ray direction

/[ on start-point

/I light-red-value on start-point
/I light-green-value (0.0 1.0)
/I light-blue-value (0.0 1.0)

providesinformation abouta singleray. The

meaningof eachelementis describedn the commentsTheinformationfor thelights

(Igh_* )is notcurrentlyusedtransferredTheray_max_length

is neitherset,nor

usedby EasyBot.This datais freeto be usedfor adjustingtheray.

struct  easybot_object_info

{
float obj_pos_x;
float obj_pos_y;
float obj_pos_z;
float obj_rot_x;
float obj_rot_y;
float obj_rot_z;
float obj_go_x;
float obj_go_y;
float obj_go_z;
char* obj_name;

h

The structureeasybot_object_info

I
I

I
I
I
I

I

position of the object in the
world  (X,Y,2)

rotation around the object-axis
rotation-order: Y, X,z

y .. up, X .. right, z .. to you
direction the robot looks (goes)
name of the robot

providesinformationaboutthe robot. The

meaningof eachelemenis describedn the commentsAll elementsareread-only!
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2.3.4 Letsbuild the DLL
Now we wantto developanown control-DLL.
1. Start the wizard, that constructs the framework for the DLL. Select

“File/New”, choosghe“MFC ...(.dll)" frame-typeandgiveit theproject-name
“DLL_Khepera_K213_1".

ey
Datsen | Frofkte | Atetsbereiche | Andere Dokumerte |
ddinssstent fir Devotude Projskinane:
ssistert | 34P Emeierungen DL Eesbot k2131
i s
e Prad

0\ dev EasybotLL_Easybol_ . |

Datenbankprojskt

[ Dienstprogramm-Projekt
- TMaketle & NeusnAbeisbersich ststellan
ML ActiveX Steusrelement Assistert € Hinaifigen 2 skt drbtsbereich
|57] MF C-Anwendungs Assistent dll] ™ Abhérgigket vore
P C-nmendungs dssistent exe) 3
| =] win32 Dynamic-Link Library

] wira4
[%] winz2-Bibiiothek (statische) Plattformen:

[ \win32-Konsolenanwendung Vwnz
EEa—
ebhechen

After “OK” we selectthetypeof theDLL, asextension-DLL.

- schritt 1 von 1
“elche Art von DLL wollen Sie erstellen?
€ StandardDLL mit verkniipfter MFC-Eibliothek

© StandardDLL, gemeins, MFC-DLL verwendend
o MFCDLL fru mit and, MFCAnw.f

“Welche Features sollen in lhrer DLL enthalten sein?

™ Automatisierung
I Windows Sockels
Sallen Kommentare in Quellcodedateien erzeugt

& Ja, bitts
© Nein, danke

<guiick | weieo | [Fefgstelen]  Abrechen

2. Now we define the external functions of our DLL. Thereforewe openthe
DLL_Khepera_K213_1.def file, andwrite the nameof the externalfunc-
tion GetEasybotlnterface into this file. GetEasybotinterface is
thefunction,thatcallsEasyBotto getanDLL_Easybot_Interface -object.
DLL_Khepera_K213_1.def : declares module parametres for the

LIBRARY "DLL_Khepera_K213_1"

DESCRIPTION ’'DLL_Khepera_K213 1  Windows Dynamic Link Li-
brary’

EXPORTS
; explicite exports can be inserted here
GetEasybotinterface

DLL.
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3. Definetheexternalfunction GetEasybotinterface in thefile
DLL_Khepera_K213 1.cpp atthebottomof thisfile.

#include  "Easybot_Khepera_K213_1.h"

DLL_Interface_Easybot* GetEasybotinterface()

{
Easybot_Khepera_K213 1  *p;
p=new Easybot_Khepera_K213_1,
return  p;

}

This functionreturnsa pointerto anobjectof our class.

4. DefinetheclassEasybot_Khepera_K213 1 ,thatinheritsthe
DLL_Easybot_Interface . Savethisfile as
Easybot_Khepera_K213_1.h  ,andaddit to theproject.

#ifndef ~EASYBOT_KHEPERA_K213_1
#define EASYBOT_KHEPERA_K213 1

#include  "../include/easybot_interface.h"
#include  "DIg_K213.h"

class Easybot Khepera K213 1
:public DLL_Interface_Easybot

{
float m_fmovex,m_fmovey,m_fmovez,
m_frotx,m_froty,m_frotz;
long m_INumberRays;
int m_message,m_need_input,
m_last_speed,m_last_step,
m_last_rot;
int m_rechtwinklig,m_dlg_open;
CDlg_K213 *m_pdIg;
easybot_ray_info *pRays;
easybot_object_info *pObject;
Easybot_Interfaces *plntfs;
public:

Easybot_Khepera_K213_1();
~Easybot_Khepera_K213_1();

char* _ cdecl GetName()
{return "Easybot Khepera K213 1"}
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char* _ cdecl GetVersion()
{return "1.0"}

char* _ cdecl GetAuthor()
{return "Oliver Michel";}

char* _ cdecl GetDescription()

{return

"navigation of a khepera with a K213 vision turret";}

void _ cdecl SetEasybotinfo(Easybot Interfaces *p)
{pintfs=p;}

void _ cdecl SetRaylInfo(easybot ray info *p,

long highest_index)

{pRays=p;m_INumberRays=highest_index+1 i}

void cdecl SetObjectinfo(easybot_object info *p)

50bject=p;}

void _ cdecl SetMessageFrom(char  *pfrom_robot,
char *pmessage);
int __cdecl GetMessageFor(char **ppto_robot,

char **ppmessage);

void __ cdecl Navigate();

float _ cdecl GetMoveX();

float _ cdecl GetMoveY();

float _ cdecl GetMoveZ();

float _ cdecl GetRotationX();

float _ cdecl GetRotationY();

float _ cdecl GetRotationZ();

void _ cdecl OpenDialog();

void _ cdecl SetStartStop(int onoff){}

void _ cdecl Destroy(){delete this;}
¥
#endif

5. Now weaddthecontent®f thefunctionsin Easybot_Khepera_K213 1.cpp
#include  "Easybot_Khepera_K213 1.h"

#define  PIXEL_ROTATION(A,B) if \
if ((pRays[A].mat_clr_r+pRays[A].mat_c Ir_L \
+pRays[A].mat_clr_b)>2.6) \
{y_intens+=B;see=1;}
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Easybot_Khepera_K213_1::Easybot_Kheper a K213 1()
{
m_fmovex=m_fmovey=m_fmovez=0;
m_frotx=m_froty=m_frotz=0;
m_message=1,;
m_need_input=0;
m_rechtwinklig=0;

m_pdlg=0;
m_dlg_open=0;
}
Easybot_Khepera_K213_1::~Easybot_Khepe ra_K2 13 _1()
{
if (m_dlg_open)
m_pdlg->DestroyWindow();
}
void Easybot_Khepera K213 1::SetMessageF rom
(char  *pfrom_robot, char *pmessage)
{
/I don't want to receive a messages
}
int Easybot_Khepera K213 1::GetMessageF or
(char  **ppto_robot, char **ppmessage)
{
return  O; /I no messages
}
void Easybot_Khepera_K213_1::Navigate()
{
float z_intens,y_intens,max_intens,old_y;
int see;
max_intens=1,; /lscope of the sensors
z_intens=0.1f; //move forward if no input

y_intens=0; /ldon’t rotate if no input
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/I sensors of the base Khepera

if (pRays[0].ray_length<max_intens
&& pRays[0].ray_length>0)

{
z_intens-=0.1f*((max_intens
-pRays[0].ray_length)/max_intens);
y_intens-=2*((max_intens
-pRays[0].ray_length)/max_intens);
}

if (pRays[1].ray_length<max_intens
&& pRays[1].ray_length>0)

z_intens-=0.1f*((max_intens
-pRays[1].ray_length)/max_intens);
y_intens-=2*((max_intens
-pRays[1].ray_length)/max_intens);
}

if (pRays[2].ray_length<max_intens
&& pRays[2].ray_length>0)

{
z_intens-=0.1f*((max_intens
-pRays[2].ray_length)/max_intens);
y_intens-=2*((max_intens
-pRays[2].ray_length)/max_intens);
}

if (pRays[3].ray_length<max_intens
&& pRays[3].ray_length>0)

z_intens-=0.1f*((max_intens
-pRays[3].ray_length)/max_intens);
y_intens+=2*((max_intens
-pRays[3].ray_length)/max_intens);
}

if (pRays[4].ray_length<max_intens
&& pRays[4].ray_length>0)
{
z_intens-=0.1f*((max_intens
-pRays[4].ray_length)/max_intens);
y_intens+=2*((max_intens
-pRays[4].ray_length)/max_intens);

21
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if (pRays[5].ray_length<max_intens
&& pRays[5].ray_length>0)

Z_intens-=0.1f*((max_intens
-pRays[5].ray_length)/max_intens);
y_intens+=2*((max_intens
-pRays[5].ray_length)/max_intens);
}

if (pRays[6].ray_length<max_intens
&& pRays[6].ray_length>0)
{
z_intens+=0.1f*((max_intens
-pRays[6].ray_length)/max_intens);
y_intens-=0.5f*((max_intens
-pRays[6].ray_length)/max_intens);
}

if (pRays[7].ray_length<max_intens
&& pRays[7].ray_length>0)

z_intens+=0.1f*((max_intens
-pRays[7].ray_length)/max_intens);
y_intens+=0.5f*((max_intens
-pRays[7].ray_length)/max_intens);
}

/I K213 vision turret
see=0;

PIXEL_ROTATION(8+30, 0.05);

PIXEL_ROTATION(8+32,-0.05);

PIXEL_ROTATION(8+23, 0.5);

PIXEL_ROTATION(8+39,-0.5);

if ((lsee  && m_rechtwinklig) [| !'m_rechtwinklig)
/l if option ‘"rechtwinklige Ecken ausfahren”
/I active move forward along the line even
/[ if there are other lines to be seen

{
PIXEL_ROTATION(8+0 , 4):
/I ignore  non-central input, as long as there
/I is a central input

PIXEL_ROTATION(8+4 , 3);
PIXEL_ROTATION(8+7 , 2);
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PIXEL_ROTATION(8+15, 1);
PIXEL_ROTATION(8+47,-1);
PIXEL_ROTATION(8+55,-2);
PIXEL_ROTATION(8+59,-3);
PIXEL_ROTATION(8+63,-4);

}
if (see) /I if there is a line as non-central input,
/I rotate the robot to get it central
{
m_need_input=1;
m_last_speed=z_intens;
m_last_step=0.0;
m_last_rot=0.0;
}
else
{

if (m_need_input)

/I robot left a line

{
/I move further for the length of view radius
if (m_last_step<14.0)

{
Z_intens=0.1,
m_last_step+=1.0;
}
else
/I we are at the end of the line, look for
/I another line by rotating +/- 90 degree
{

if (m_last_rot<90.0)
/I look (rotate) left

{
Z_intens=0;
y_intens=4;
m_last_rot+=4.0;

}

else

{

if (m_last_rot<270.0)
/I look (rotate) right
{

z_intens=0;
y_intens=-4;
m_last_rot+=4.0;
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else
/I rotate back and go ahead
{
if (m_last_rot<360.0)
/I rotate  back to
/I original direction
{
Z_intens=0;
y_intens=4;
m_last_rot+=4.0;
}
else
m_need_input=0;
/l there was no line
}

Z-Richtung  holen

m_fmovex=pObject->0bj_go_x;
m_fmovey=pObject->0bj_go_y;
m_fmovez=pObject->0bj_go_z;

m_fmovex*=z_intens;
m_fmovey*=z_intens;
m_fmovez*=z_intens;

m_froty=y_intens;

if (m_dlg_open)
m_pdlg->ShowK213();

m_message=1; /I send another
}
float Easybot_Khepera_K213_1::GetMoveX()
{

return  m_fmovex;
}
float Easybot_Khepera_K213 1::GetMoveY()
{

return  m_fmovey;

}

message
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float Easybot_Khepera_K213_1::GetMoveZ(
{
return  m_fmovez;
}
float Easybot_Khepera_K213_1::GetRotati
{
return  m_frotx;
}
float Easybot_Khepera_K213_1::GetRotati
{
return  m_froty;
}
float Easybot_Khepera_K213_1::GetRotati
{
return  m_frotz;
}
void Easybot_Khepera_K213_1::OpenDialo
{
if (m_dlg_open==0)
{
if  (!Im_pdig) m_pdig=new CDIg_K213;
m_pdlg->pRays=pRays;
m_pdlg->m_popen=&m_dlg_open;
m_pdlg->m_prechtwinklig=&m_rechtwin
m_pdIlg->Create(IDD_DLG_K213);
m_pdIlg->ShowWindow(SW_SHOW);
m_dlg_open=1,;
}
}

)

onX()

onY()

onZ()

a0

klig;

Thisisthegeneralvayto defineacontrol-DLL. Thespecialtaskis notexplained

here.

You canstarttestingthe functionality usingemptymethods.Later you canadd

functionality stepby step.
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2.4 Manual for DLL_Khepera_Rayinfol.dll

2.4.1 What's This ? — Description

Khepera-H ayinfo
v use real data

Khepera-Rayinfo

Fhepera_1

Controller:

Easpbot_Kheperai

Khepera 1

oA
=T

awitch to I:uigl

(a) Big Dialog Panel(standard) (b) SmallDialog Panel

Pastion: #3277 v 003 Z[1.37

Figure2.2: Dialogsof the Easybot-Rayinfo

Thisis acontrol-DLL for EasyBot.It displayssomeinformationaboutKhepera-robots
(mostof themaboutdistancesandnamesof objects).Theinformationis visualizedby
adialog-panel.Thereis acircle with 8 groupsof sensoirelatedtextboxesandbitmaps
to beseen.In themiddle of the circle arethe name-andcontrollerinfo of theKhepera.

The sensoirelatedgroup displaysthe datareceved by the correspondingsensorof

the Khepera-robotn the simulationprogram.On top in this groupis a bitmapwhich

visualizesthe proximity to an objectin the simulatorworld. The more barsof the
box arelit the closerthe objectis. Below thesebitmapsaretwo textboxes. The upper
oneindicateseitherdataof sensotoutputlike the real Kheperawould receive (means
numbersrangingfrom O up to 1024, 0 is far), or datafrom the simulatorusingthe

lengthof avector Actually the maximumlengthis 1.5 units'. If anobjectis further
away it is no morerecognizedby the sensor In caseof simulateddata1.0e6units

indicatethatthereis no objectin therangeof thesensorA valueof 1.5is farawayand

0.0 meanghe objectis hit. Thelower textbox containsthe nameof the object“seen”

by thesensor

launitin LV3D is approx.10 centimetres(cm)
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Therearetwo othertextboxesin thecentreof thecircle. Onelabeled‘Name:” contains
the nameof the Khepera-robotThe otheronelabeled‘Controller” displaysthe name
of therobot-narigation-modile (DLL).

2.4.2 What canl do ? —Usage
To getto thepanel:

1. startLV3D

2. loador createa scenewith Khepera-robots
3. createanobject(simplestis atriangle)

4. renamet to “Sensor”

e objectpropertiegclick right mousebuttonontheobjectin theobjectbrowser]
e “umbenennen..

5. makeit invisible

e objectproperties
e “Darstellung”
e unchecKaktiv”

6. starttherobot-simulator

¢ menu“Funktionen”
e “Robotersimulation”
e “EasyBot”

7. Loadthe propernavigation-modulegor the Khepera-robotandprobablyother
moving objectsandloadthe“DLL_Khepera_Rayinfol.dlI'for theinvisible ob-
ject (supposedlySensor”).

8. “opendialog” for “Sensor’andyou finally getthe panel.

Theuppersectionof thedialog-panetontainsacheckboxandtwo buttons.Thebutton
named'Next” switchego thenext robotthathasacontroll_DLL assignedo displayits
sensoidata.Reachinghebottomof thelist it continuesontop. Thispanelis especially
designedor Khepera-robotsvith their typical 8-sensoiconfiguration. Sensoatais
only displayedfor theserobots. Otherrobotslike doors,rotating doors,stand-alone
sensorandsoonwill only have their namesandcontroll_DLL displayed(The panel
doesnotfit their sensordata).

Thebutton“Close” will closethe Rayinfo-Dialog-panel.
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The checkboxabeled‘usereal data”is setby default. Thatmeanghe paneldisplays
thesensordatain therangefrom 0 upto 1024lik e therealKhepera-sensorgin output
of 1024meangheobjectis directly in front of the sensor

If this checkboxis unchecledit displayssimulateddata. This is the distancebetween
the sensorandan object (the length of the planenormalhitting an object)in LV3D-
distanceunits. 0.0 units meancontactwith the object,1.5 unitsarethe maximum,but
theobjectis still noticedand1.0e6units meanthereis nothingin sensorange.

2.4.3 How doesit work ? —Realization

This is a control-DLL for Easybot,that displaysdataaboutother connectedobot-
controllers.Therearetwo dialog-panel$mplementedo achiese this.

To export the Rayinfo-Interfice to EasyBot, it has to be declaredin the file
DLL_Khepera_Rayinfol.dgh sectionEXPORTS.

File DLL_Khepera_Rayinfo.def

; DLL_Khepera_Rayinfol.def : declares  modul-parameters for the

LIBRARY "DLL_Khepera_Rayinfol"
DESCRIPTION 'DLL_Khepera_Rayinfol Windows Dynamic Link Li-
brary’

EXPORTS
;  Explicit exports can go here
GetEasybotinterface

This declarationis necessaryo link the control-DLL to EasyBot. The function is
definedasfollows:

DLL_Interface Easybot* GetEasybotinterface()
{

Easybot_Rayinfo *p;

p=new Easybot Rayinfo;

return  p;

}

This function createsa new Easybot_Rayinfo-objectThe classis definedin thefiles
Easybot_Rayinfo.landEasybot_Rayinfo.cpp:

/I Easybot_Rayinfo.h
/I Headerfile for Rayinfo-Easybot
/[ Marko Hassler - htw3566

DLL.
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#ifndef ~ EASYBOT_RAYINFO
#define EASYBOT_RAYINFO
#include  "../include/easybot_interface.h"
#include  "DIlg_Rayinfo.h"
#include  "Dlg_Small_Rayinfo.h"
class Easybot_Rayinfo:public DLL_Interface_Easybot
{
int m_dlg_state;
/I state-variable - this is a global
/I variable to sync to dialogs
int n, count; // simple counter
long m_INumberRays; // for SetRaylnfo()
long curr_num_rays; /' holds the number
/I of rays of current easybot
CDIg_Rayinfo *m_pdlg; // large Dialog
CDIg_Small_Rayinfo *m_pdlgsm; // small Dialog
easybot_ray_info *pRays; /I rayinfo ray(s) := none
easybot_object_info *pObject; /I rayinfo object
Easybot_Interfaces *plntfs; /I rayinfo interface
easybot_ray_info *pCurrRays; // current  rays
easybot_object_info *pCurrObject; I/l current  object
DLL_Interface_Easybot *nCurrDLL; //  current  DLL_Interface
DLL_Interface_Easybot *»Try; /| test DLL_Interface
CString sensor_test; /I test-string for khepera-names
/I the arrays allow indexed processing
CStatic *m_bild[8]; /I Array of pointer to CStatic-controls
Cstring *m_hit[8]; /I Array of pointer to CString-objects
CsString *m_sensor[8]; /I Array of pointer to Cstring-
objects
CStatic *m_bildsm[8]; /I Array of pointer to CStatic-
controls
CString *m_sensorsm|8]; /I Array of pointer to Cstring-
objects
public:

Easybot_Rayinfo();
~Easybot_Rayinfo();
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char* __cdecl GetName(){return "Easybot Rayinfo";}
char* __cdecl GetVersion(){return "1.0"}

char* __cdecl GetAuthor(){return "Marko Hassler";}
char* __cdecl GetDescription()

{return "display of information from sensors";}

void __cdecl  SetInterfacelnfo(Easybot_Interfaces *p)
{pIntfs=p;}
void __cdecl SetRaylnfo(easybot_ray_info *p,
long highest_index)
{pRays=p;m_INumberRays=highest_index+ 1}
void __cdecl SetObjectinfo(easybot_object_info *p)
{pObject=p;}
void __cdecl SetMessageFrom(char  *pfrom_robot,
char *pmessage){}
/I get messages from other robots - no message
int __cdecl GetMessageFor(char **ppto_robot,

char **ppmessage)
{return 0;}
/I send messages to other robots
/I (return 1: valid message, 0: no more messages)

void __cdecl Navigate();

/I next navigation step - most important
double  _ cdecl GetMoveX(){return 0.0;}

/I relative move in X (world-coords) -none-
double _ cdecl GetMoveY(){return 0.0;}

Il relative move in Y (world-coords) -none-
double _ cdecl GetMoveZ(){return 0.0;}

Il relative move in Z (world-coords) -none-
double  _ cdecl GetRotationX(){return 0.0;}

/I rotation around X-axis in degree -none-
double  _ cdecl GetRotationY(){return 0.0;}

/I rotation around Y-axis in degree -none-
double _ cdecl GetRotationZ(){return 0.0;}

/I rotation around Z-axis in degree -none-
void __cdecl OpenDialog(); 1 dito
void __cdecl SetStartStop(int onoff){}

I not used

void __cdecl Destroy(){delete this;}
I destroy  Easybot-object
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3
#endif

/I Easybot_Rayinfo.cpp
/I Sourcefile for Rayinfo-Easybot
/I Marko Hassler - htw3566

#include  "StdAfx.h"
#include  "Easybot_Rayinfo.h"
#include <math.h>

Easybot_Rayinfo::Easybot_Rayinfo( )
{
m_pdlg=0; // no large dialog, yet
m_pdlgsm=0; // no small dialog too
m_dlg_state=0; /I state variable
count=1; // process first robot in the beginning

}
Easybot_Rayinfo::~Easybot_Rayinfo 0
{
/I cleanup the dialogs
if  (m_pdig)
m_pdlg->DestroyWindow();
if  (m_pdigsm)
m_pdlgsm->DestroyWindow();
}
void Easybot_Rayinfo::Navigate()
{

if (m_dlg_state==0)
return; /I no dialog open, so do nothing

if (m_dlg_state==2) /[ “"switch to small" was pressed *?
m_pdlg->ShowWindow(SW_HIDE); // hide large dialog
m_pdigsm->ShowWindow(SW_SHOW); // show small dialog

if (m_dlg_state==3) /[ “"switch to big" was pressed *?

m_pdigsm->ShowWindow(SW_HIDE); // hide small dialog
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m_pdlg->ShowWindow(SW_SHOW); // show large dialog
m_dlg_state=1;
/I reset state variable to "normal®  condition

get proper robot data:

(m_pdig->m_next || m_pdlgsm->m_next) // next button
/I pressed ? - then take next Khepera-robot in list
count=0; /I deactivate the routine  for first robot
/* Pointer to Interface is local for this Easybot.
So it has to be reset each time navigate is
called. Luckily, we know which robot is current
because of data saved in pCurrDLL.
*/
pTry=pIntfs->GetFirstinterface();
while(pTry) /I go to current robot
{
if (pTry==pCurrDLL)
break;
pTry=pIntfs->GetNextinterface();
}
if ( (pCurrDLL = plintfs->GetNextinterface()) == 0)
/I no more robots?
count=1; /I take first robot
else /[ take next robot in the list
{
/I assign corresponding infos
pCurrObject = plintfs->GetObjectinfo();
pCurrRays = plintfs->GetRaylInfo();
curr_num_rays = plintfs->GetNumberOfRays();

sensor_test=pCurrObject->obj_name;

while  ( (sensor_test.Find("Khepera") == -1)
&& (sensor_test.Find("khepera") == -1)
&& (sensor_test.Find("K213") == -1)
&& (curr_num_rays 1= 8)

) /I while no Khepera

if  ((pCurrDLL=pIntfs->GetNextInterface( ) == 0)
/' no more robots?
{
count=1; /I  take the first robot
break; /I leave while loop
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}

/[ take this robot,

/[ it is the next available Khepera
pCurrObject = plIntfs->GetObjectinfo();
pCurrRays = plintfs->GetRaylnfo();
curr_num_rays = plntfs->GetNumberOfRays();
sensor_test=pCurrObject->0bj_name,;

} /I endwhile
} /I endelse next robot
m_pdlg->m_next=0; /I reset next buttons
m_pdigsm->m_next=0;
(count) /I first robot in the list
Il first interface and corresponding infos
pCurrDLL = plntfs->GetFirstinterface();
pCurrObject = plintfs->GetObjectinfo();
pCurrRays = plintfs->GetRaylInfo();
curr_num_rays = plintfs->GetNumberOfRays();
sensor_test=pCurrObject->obj_name;
while  ( (sensor_test.Find("Khepera") == -1)
&& (sensor_test.Find("khepera") = -1)
&& (sensor_test.Find("K213") == -1)
&& (curr_num_rays 1= 8)
) /I while this is no Khepera
{
if  ((pCurrDLL=pIntfs->GetNextInterface() ) == 0)
/I no other robot *?
{

/il in dummy data
m_pdlg->m_name.Format("no robot");
m_pdlgsm->m_smname.Format("no robot");
m_pdlg->m_steuerung.Format("assign controller DLL");
m_pdlg->m_leftmotor.Format("off");
m_pdlg->m_rightmotor.Format("off");
for (n=0;n<8;n++)

{
/I Bitmaps
m_bild[n]->SetBitmap(m_pdlg->bm[0] );
m_bildsm[n]->SetBitmap(m_pdigsm->b m_sm][0]);

/I object info textboxes
m_sensor[n]->Format("inactive");
m_sensorsm[n]->Format("off");
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/I sensor info testboxes
m_hit[n]->Format("inactive");

m_pdlg->UpdateData(false);

m_pdlgsm->UpdateData(false);

return; /I failure, nothing to display,
/I request user for DLLs

}
/Il take this robot,
/I it is the first Khepera in the list
pCurrObject = plintfs->GetObjectinfo();
pCurrRays = plintfs->GetRaylInfo();
curr_num_rays = plintfs->GetNumberOfRays();
sensor_test=pCurrObject->0bj_name;
} /I endwhile

} /1 endif first robot

/Inow fill the Dialog:
/I set appropriate steuerungs-name
m_pdlg->m_steuerung.Format("%s", pCurrDLL->GetName()  );

I object-related information ( Name, Pos)
m_pdlg->m_name.Format("%s", pCurrObject->obj_name);
m_pdlgsm->m_smname.Format("%s", pCurrObject->obj_name);
m_pdlg->m_x.Format("%.3g", pCurrObject->obj_pos_X);
m_pdlg->m_y.Format("%.3g", pCurrObject->obj_pos_y);
m_pdlg->m_z.Format("%.3g", pCurrObject->obj_pos_z);

/[ dummy, data still needed
m_pdlg->m_leftmotor.Format("on");

/I m_pdlg->m_leftmotor.Format("%:i",

1 pCurrObject->left_motor_speed);
/[ or calculated data for the speed of left motor

/I dummy, see directly below
m_pdlg->m_rightmotor.Format("on");

/[ m_pdlg->m_rightmotor.Format("%i",

I pCurrObject->right_motor_speed);
/I or calculated data for the speed of right motor

/[ display ray-related information (length  of ray,
/I object hit) of sensor groups
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/*
short notice
all  calculations for the sensors were done, assuming
that the largest range of the sensors is 1.5 LV3D-units
(by now one unit := 10 centimetres)
*/
for (n=0;n<8;n++) /l do this for all 8 sensor groups
{
/[ Bitmaps for large and small dialog
m_bild[n]->SetBitmap(
m_pdlg->bm[pCurrRays[n].ray_length< =1.5?
10-(int)floor(pCurrRays[n].ray_length/ 1.5*1 0+.5) :0));
m_bildsm[n]->SetBitmap(
m_pdigsm->bm_sm[pCurrRays[n].ray_le ngth< =1.57?
10-(int)floor(pCurrRays[n].ray_length/ 1.5*1 0+.5) :0));
I/l sensor info textboxes
if (m_pdlg->m_modeldata) i Aill in Khepera data
m_sensor[n]->Format("%i",
pCurrRays[n].ray_length<=1.5?
1024-(int)floor(pCurrRays[n].ray_le ngth/ 1.5*1 024+.5 ):0);
else i Aill in  simulator data
m_sensor[n]->Format("%.3g",
pCurrRays[n].ray_length<=1.5?
pCurrRays[n].ray_length:1e6);
m_sensorsm[n]->Format("%i",
pCurrRays[n].ray_length<=1.5?
1024-(int)floor(pCurrRays[n].ray_le ngth/ 1.5*1 024+.5 ):0);
/I object-hit-textboxes, this is only for large dialog
m_hit[n]->Format("%s",
pCurrRays[n].ray_length<=1.5?
pCurrRays[n].obj_name:"");
} /I endfor sensor groups
m_pdlg->UpdateData(false); /I Force Update of dialog
m_pdlgsm->UpdateData(false); /[ dito for small dialog
}
void Easybot_Rayinfo::OpenDialog()
/[l if "Open Dialog"-button is pressed



CHAPTERZ2. EASYBOT - THE SIMULATOR

(m_dlg_state==0) /I only act, when dialogs are off

if (m_pdlg) [/ is there already an large-dialog-object
m_pdlg->DestroyWindow(); /I trash it

m_pdlg=new CDIg_Rayinfo; /I allocate large  dialog

/[l bind pointer to state variable
m_pdlg->m_popen=&m_dlg_state;

I/l create modeless dialog
m_pdlg->Create(IDD_RAYINFO_DLG);

/I show large dialog window
m_pdlg->ShowWindow(SW_SHOW);

i Aill array of pointers to CStatics
/I for easier handling with for(;;)-loops
m_bild[0]=&m_pdlg->m_bildSO0;
m_bild[1]=&m_pdlg->m_bildS1;
m_bild[2]=&m_pdIg->m_bildS2;
m_bild[3]=&m_pdIlg->m_bildS3;
m_bild[4]=&m_pdlg->m_bildS4;
m_bild[5]=&m_pdlg->m_bildS5;
m_bild[6]=&m_pdlg->m_bildS6;
m_bild[7]=&m_pdIg->m_bildS7;

/I do the same with array of pointers to CStrings
m_sensor[0]=&m_pdIlg->m_sensor0;
m_sensor[1]=&m_pdlg->m_sensor1;
m_sensor[2]=&m_pdig->m_sensor2;
m_sensor[3]=&m_pdig->m_sensor3;
m_sensor[4]=&m_pdlg->m_sensor4;
m_sensor[5]=&m_pdlg->m_sensor5;
m_sensor[6]=&m_pdlg->m_sensor6;
m_sensor[7]=&m_pdlg->m_sensor7;
m_hit[0]=&m_pdIg->m_ hitobjectO;
m_hit[1]=&m_pdIg->m_ hitobjectl;
m_hit[2]=&m_pdIg->m_hitobject?2;
m_hit[3]=&m_pdIg->m_hitobject3;
m_hit[4]=&m_pdIg->m_hitobject4;
m_hit[5]=&m_pdIg->m_ hitobject5;
m_hit[6]=&m_pdIg->m_ hitobject6;
m_hit[7]=&m_pdlg->m_ hitobject7;

if  (m_pdigsm)
I/l is there already an small-dialog-object ?

?
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m_pdlgsm->DestroyWindow(); /I trash it

/I allocate small dialog
m_pdigsm=new CDIg_Small_Rayinfo;

/I bind this pointer to state variable too
m_pdlgsm->m_popen=&m_dlg_state;

/I create modeless dialog
m_pdigsm->Create(IDD_SMALLRAY_DLG);

/I hide this small dialog window at first
m_pdlgsm->ShowWindow(SW_HIDE);

I Aill arrays for handling with for(;;)-loops
m_bildsm[0]=&m_pdigsm->m_smbildSO0;
m_bildsm[1]=&m_pdigsm->m_smbildS1;
m_bildsm[2]=&m_pdigsm->m_smbildS2;
m_bildsm[3]=&m_pdigsm->m_smbildS3;
m_bildsm[4]=&m_pdigsm->m_smbildS4;
m_bildsm[5]=&m_pdigsm->m_smbildS5;
m_bildsm[6]=&m_pdIigsm->m_smbildS6;
m_bildsm[7]=&m_pdigsm->m_smbildS7;
m_sensorsm[0]=&m_pdlgsm->m_smsensor0;
m_sensorsm[1]=&m_pdlgsm->m_smsensorl;
m_sensorsm[2]=&m_pdlgsm->m_smsensor2;
m_sensorsm[3]=&m_pdlgsm->m_smsensor3;
m_sensorsm[4]=&m_pdlgsm->m_smsensor4;
m_sensorsm[5]=&m_pdlgsm->m_smsensor5;
m_sensorsm[6]=&m_pdlgsm->m_smsensor6;
m_sensorsm[7]=&m_pdlgsm->m_smsensor7,

/I state variable is set to: dialogs open,
/I large is shown, small is hidden
m_dlg_state=1;

}

The control-DLL describedabove, getsdataaboutothercontrolledobjects. This data
is shovn on a dialogpanel.The sourcecodefor thelargepanel:

#ifndef ~ AFX_DLG_RAYINFO_H__INCLUDED_
#define  AFX_DLG_RAYINFO_H__ INCLUDED_

/I Dlg_Rayinfo.h
/I Header-File for Rayinfo-Dialog
/I Marko Hassler - htw3566
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#include "resource.h"
#include "StdAfx.h"

W [/l I
class CDlg_Rayinfo : public CbDialog
{
/I Konstruktion
public:
CDIg_Rayinfo(CWnd*  pParent = NULL);
int *m_popen; /I (large) dialog open ?
int m_next; // next-button pressed ?

HBITMAP  bm[11]; // Bitmaps for values from 0..10

[{{AFX_DATA(CDIg_Rayinfo)

enum { IDD = IDD_RAYINFO DLG };
CStatic  m_bildS7;

CStatic  m_bildS6;

CStatic  m_bildS5;

CStatic  m_bildS4;

CStatic  m_bildS3;

CStatic  m_bildS2;

CStatic  m_bildS1;

CStatic  m_bildS0;

CString  m_x;
CString  m_y;
CString m_z;

CsString m_hitobjectO;
CString  m_hitobject1;
CString  m_hitobject?2;
CString  m_hitobject3;
CsString  m_hitobject4;
CsString m_hitobject5;
CString  m_hitobject6;
CString  m_hitobject7;
CString  m_name;
CString m_steuerung;
CString  m_sensor0;
CString m_sensorl;
CString  m_sensor2;
CString m_sensor3;
CString m_sensor4;
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CString  m_sensorb;
CString  m_sensor6;
CString  m_sensor7;
BOOL m_modeldata;
CString m_leftmotor;
CString  m_rightmotor;
IAFX_DATA

I{{AFX_VIRTUAL(CDIg_Rayinfo)

protected:

virtual void DoDataExchange(CDataExchange* pDX);
IMAFX_VIRTUAL

/I Implementation
protected:

II{[{AFX_MSG(CDIg_Rayinfo)

virtual void OnCancel();
afx_msg void OnCheckModeldata();
afx_msg void OnNaechster();
virtual BOOL OnlnitDialog();
afx_msg void OnSwitchSmall();
IMAFX_MSG
DECLARE_MESSAGE_MAP()

k

IF{AFX_INSERT_LOCATION}}

#endif // AFX_DLG_RAYINFO_H__ INCLUDED _

/I Dlg_Rayinfo.cpp
/I Implementation file for Rayinfo-Dialog
/[ Marko Hassler - htw3566

#include  "stdafx.h"
#include  "Dlg_Rayinfo.h"

#ifdef _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static  char THIS_FILE[] = _ FILE_;
#endif

I et i

I

39
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CDIg_Rayinfo::CDIg_Rayinfo(CWnd* pParent /*=NULL*/)
CDialog(CDlg_Rayinfo::IDD, pParent)

{

I{{AFX_DATA_INIT(CDIg_Rayinfo)

m_x = _T(");

m_y = _T(");

m_z = _T(");

m_hitobject0 = T

m_hitobjectl = T

m_hitobject2 = _T();

m_hitobject3 = _T();

m_hitobject4 = T

m_ hitobject5 = T

m_ hitobject6 = T

m_hitobject7 = _T();

m_name = _T(");

m_steuerung = _T(™);

m_sensor0 = _T(");

m_sensorl = _T(");

m_sensor2 = _T(™);

m_sensor3 = _T(™);

m_sensord = _T(™);

m_sensor5 = _T(");

m_sensoré = _T(");

m_sensor7 = _T("™);

m_modeldata = FALSE;

m_leftmotor = _T();

m_rightmotor = _T();

INAFX_DATA_INIT

m_popen=0; // set state-variable to O

m_next=0; // initialize next-button to not-pressed

/I "use real data" is checked, values from 0..1024
m_modeldata=TRUE;

void CDlg_Rayinfo::DoDataExchange(CDataE xchan ge* pDX)
{
CDialog::DoDataExchange(pDX);
I{{AFX_DATA_MAP(CDIg_Rayinfo)
DDX_Control(pDX, IDC_GRA_S7, m_bildS7);
DDX_Control(pDX, IDC_GRA_S6, m_bildS6);
DDX_Control(pDX, IDC_GRA_S5, m_bildS5);
DDX_Control(pDX, IDC_GRA_S4, m_bildS4);
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DDX_Control(pDX, IDC_GRA_S3, m_bildS3);
DDX_Control(pDX, IDC_GRA_S2, m_bildS2);
DDX_Control(pDX, IDC_GRA_S1, m_bildS1);
DDX_Control(pDX,  IDC_GRA_SO0, m_bildS0);
DDX_Text(pDX, IDC_X, m_Xx);

DDX_Text(pDX, IDC_Y, m_y);

DDX_Text(pDX, IDC_Z, m_z);

DDX_Text(pDX, IDC_HITO, m_hitobject0);
DDX_Text(pDX, IDC_HIT1, m_hitobjectl);
DDX_Text(pDX, IDC_HIT2, m_hitobject2);
DDX_Text(pDX, IDC_HIT3, m_hitobject3);
DDX_Text(pDX, IDC_HIT4, m_hitobject4);
DDX_Text(pDX, IDC_HIT5, m_hitobject5);
DDX_Text(pDX, IDC_HIT6, m_hitobject6);
DDX_Text(pDX, IDC_HIT7, m_hitobject7);
DDX_Text(pDX, IDC_NAME, m_name);
DDX_Text(pDX, IDC_STEUERUNG, m_steuerung);
DDX_Text(pDX, IDC_SENSORO, m_sensor0);
DDX_Text(pDX, IDC_SENSOR1, m_sensorl);
DDX_Text(pDX, IDC_SENSOR2, m_sensor2);
DDX_Text(pDX, IDC_SENSOR3, m_sensor3);
DDX_Text(pDX, IDC_SENSOR4, m_sensor4);
DDX_Text(pDX, IDC_SENSOR5, m_sensor5);
DDX_Text(pDX, IDC_SENSORG6, m_sensor6);
DDX_Text(pDX, IDC_SENSOR7, m_sensor7);
DDX_Check(pDX, IDC_CHECK_MODELDATAmM_modeldata);
DDX_Text(pDX, IDC_LEFTMOTOR, m_leftmotor);
DDX_Text(pDX, IDC_RIGHTMOTOR, m_rightmotor);
IMAFX_DATA_MAP

BEGIN_MESSAGE_MAP(CDIg_Rayinfo, CDialog)
I{{AFX_MSG_MAP(CDIg_Rayinfo)
ON_BN_CLICKED(IDC_CHECK_MODELDATAOnCheckModeldata)
ON_BN_CLICKED(IDC_NAECHSTER,OnNaechster)
ON_BN_CLICKED(IDC_SWITCHSMALL, OnSwitchSmall)
IMAFX_MSG_MAP

END_MESSAGE_MAP()

I L VT VI UV |

void CDlg_Rayinfo::OnCancel()
{

*m_popen=0; // set state variable to 0 -> dialogs are closed
DestroyWindow(); /[ dito -> cleanup for modeless dialogs
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}
BOOL CDIg_Rayinfo::OnlnitDialog()
{
CDialog::OnlinitDialog();
/[ create and fill an array of bitmaps
/[ for easier processing (indexing)
int  bmp[11] = { IDB_LARGEO, IDB_LARGE1, IDB_LARGE2,
IDB_LARGE3, IDB_LARGE4, IDB_LARGES5,
IDB_LARGES6, IDB_LARGE7, IDB_LARGES,
IDB_LARGEY, IDB_LARGELO0 };
for (int n=0;n<l1l;n++)
{
bm[n]=::LoadBitmap(AfxGetResourceH andle (),
MAKEINTRESOURCE(bmp[n]));
}
return TRUE;
}
void CDlg_Rayinfo::OnCheckModeldata()
{
UpdateData(true);
/I check/luncheck  the box, switch variable m_modeldata
}
void CDlg_Rayinfo::OnNaechster()
{
m_next=1,;
/I next button was pressed,
/I processed in Navigate() of Easybot
}
void CDlg_Rayinfo::OnSwitchSmall()
{
*m_popen=2;
/I set state variable to 2 -> close large dialog
/I and open small dialog in Navigate() of Easybot
}

And herefor the smallpanel:

#ifndef ~ AFX_DLG_SMALL_RAYINFO_H__INCLUDED_
#define  AFX_DLG_SMALL_RAYINFO_H__INCLUDED_
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#if _MSC_VER> 1000
#pragma once
#endif // _MSC_VER> 1000

/l Dlg_Small_Rayinfo.h
/I Header-Datei for Small Rayinfo Dialog
/[ Marko Hassler - htw3566

#include "resource.h"
#include "StdAfx.h"

T (/T /I 1/}
/I Dialogfeld CDlg_Small_Rayinfo
class CDIlg_Small_Rayinfo . public CbDialog
{
/I Konstruktion
public:
CDIg_Small_Rayinfo(CWnd* pParent = NULL);
int *m_popen; /I (small) dialog open ?
int m_next; /[ next-button pressed ?

HBITMAP bm_sm[11]; // Bitmaps for values from 0..10

II{{AFX_DATA(CDIg_Small_Rayinfo)
enum { IDD = IDD_SMALLRAY_DLG};
CStatic  m_smbildS7;

CStatic m_smbildS6;

CStatic  m_smbildS5;

CStatic  m_smbildS4;

CStatic  m_smbildSs;

CStatic  m_smbildS2;

CStatic m_smbildSO;

CStatic  m_smbildS1;

CString m_smname;

CString  m_smsensor0;

CString  m_smsensorl;

CString m_smsensor2;

CString m_smsensor3;

CString m_smsensor4;

CString  m_smsensor5;

CString  m_smsensor6;

CString m_smsensor7;
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IMAFX_DATA

I{{AFX_VIRTUAL(CDIg_Small_Rayinfo)

protected:

virtual void DoDataExchange(CDataExchange* pDX);
IMAFX_VIRTUAL

/I Implementation
protected:

II{{AFX_MSG(CDIg_Small_Rayinfo)
afx_msg void OnSwitchbig();
virtual BOOL OninitDialog();
afx_msg void OnNaechsterl();
afx_msg void OnCancell();
IMAFX_MSG
DECLARE_MESSAGE_MAP()

3

I{AFX_INSERT_LOCATION}}

#endif // AFX_DLG_SMALL_RAYINFO_H__ INCLUDED

/I Dlg_Small_Rayinfo.cpp:
/I Implementation file  for Small-Rayinfo-Dialog
/[ Marko Hassler - htw3566

#include  "stdafx.h"
#include  "DIg_Small_Rayinfo.h"

#ifdef _DEBUG
#define new DEBUG_NEW
#undef THIS_FILE

static char THIS_FILE[] = _ FILE_;

#endif

W [/l i i

CDIg_Small_Rayinfo::CDIg_Small_Rayi nfo(C Wnd* pParent)
CDialog(CDIlg_Small_Rayinfo::1DD, pParent)

I{{AFX_DATA_INIT(CDIg_Small_Rayinfo)
m_smname= _T(");

1
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m_smsensorQ
m_smsensorl
m_smsensor2
m_smsensor3
m_smsensor4
m_smsensor5
m_smsensor6 _TC);

m_smsensor7 _TC);

IMAFX_DATA_INIT

m_popen=0; // set state-variable to O

m_next=0; // initialize next-button to not-pressed

T
T
T
T,
_Te;
T

void CDlg_Small_Rayinfo::DoDataExchang e(CDat aExch ange* pDX)

{
CDialog::DoDataExchange(pDX);
I{{AFX_DATA_MAP(CDIg_Small_Rayinfo )
DDX_Control(pDX, IDC_SMA_S7, m_smbildS7);
DDX_Control(pDX,  IDC_SMA_S6, m_smbildS6);
DDX_Control(pDX,  IDC_SMA_S5, m_smbildS5);
DDX_Control(pDX, IDC_SMA_S4, m_smbildS4);
DDX_Control(pDX, IDC_SMA_S3, m_smbildS3);
DDX_Control(pDX, IDC_SMA_S2, m_smbildS2);
DDX_Control(pDX,  IDC_SMA_SO0, m_smbildS0);
DDX_Control(pDX, IDC_SMA_S1, m_smbildS1);
DDX_Text(pDX, IDC_NAMESM, m_smname);
DDX_Text(pDX, IDC_SENSORSMO, m_smsensor0);
DDX_Text(pDX, IDC_SENSORSM1, m_smsensorl);
DDX_Text(pDX, IDC_SENSORSM2, m_smsensor2);
DDX_Text(pDX, IDC_SENSORSM3, m_smsensor3);
DDX_Text(pDX, IDC_SENSORSM4, m_smsensor4);
DDX_Text(pDX, IDC_SENSORSM5, m_smsensor5);
DDX_Text(pDX, IDC_SENSORSM®6, m_smsensor6);
DDX_Text(pDX, IDC_SENSORSM7, m_smsensor7);
IMAFX_DATA_MAP

BEGIN_MESSAGE_MAP(CDIg_Small_Rayi nfo, CDialog)
I{{AFX_MSG_MAP(CDIg_Small_Rayinfo)
ON_BN_CLICKED(IDC_SWITCHBIG, OnSwitchbig)
ON_BN_CLICKED(IDC_NAECHSTER1,0nNaechsterl)
ON_BN_CLICKED(IDCANCEL1, OnCancell)
IMAFX_MSG_MAP

END_MESSAGE_MAP()
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I i i 1
void CDIlg_Small_Rayinfo::OnCancell()
{
/I set state variable to 0 -> dialogs are closed
*m_popen=0;
/[ dito -> cleanup for modeless dialogs
DestroyWindow();
}
BOOL CDIg_Small_Rayinfo::OnlnitDialog()
{
CDialog::OnlinitDialog();
/[ create and fill an array of bitmaps
/[ for easier processing (indexing)
int  bmp_sm[11] = { IDB_SMALLO, IDB_SMALL1, IDB_SMALL2,
IDB_SMALL3, IDB_SMALL4, IDB_SMALLS5,
IDB_SMALLG6, IDB_SMALL7, IDB_SMALLS,
IDB_SMALLY, IDB_SMALL10 };
for (int  n=0;n<1l;n++)
bm_sm[n]=::LoadBitmap(AfxGetResour ceHandle(),
MAKEINTRESOURCE(bmp_sm[n]));
}
return  TRUE;
}
void CDIlg_Small_Rayinfo::OnNaechsterl()
{
m_next=1,;
/I next button was pressed, processed
/I in Navigate() of Easybot
}
void CDlg_Small_Rayinfo::OnSwitchbig()
{

*m_popen=3;
/I set state variable to 3 -> close small dialog
/I and open large dialog in Navigate() of Easybot
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The datais acquiredin the Navigate()  -Routineof the Rayinfo-object. The visu-
alizationmodeof the Rayinfo-objectis managedy avariable(m_dialog_state ),
thatcanhave thesefour states:

e State0O - Both dialogsareclosed.
e Statel - Bothdialogsarecreated.Thelargeoneis shovn, thesmallis hidden.

e State2 - “switch to small”-button hasbeenpressed. When Navigate()  is
executedthe next time, the large dialog will be hiddenand the small will be
shown.

e State3 - “switch to big”"-button hasbeenpressed At the next executionof the
Navigate()  routineof Easybot_Rayinfahe smalldialogwill be hiddenand
thelargewill beshovn again. Thenthem_dialog_state variableis resetto
statel to avoid unnecessargalls of ShowWindow() .

Thereasonfor usingarraysin the programwasto structurethe sourcecodewith the
help of for(...) loops andindices. As thereare 8 similar sensorgroupswith 3
elementseach(for the large dialog) it would be harderto readsuchcodeif it were
written straightforward. The countingof the sensordeginson theleft with numberO,
continuesclockwiseandendswith 7 attheleft back-sensorThis numberingwasdone
equallyastherealKhepera-robot-sensoessenumberedThedatais updateceachtime
Navigate() is calledby EasyBot.Thenthebitmapsandthe stringsof thetextboxes
aresetaccordingo the currentvaluesof the monitoredrobot.

2.4.4 What'sleft to do ? — Future Plans

TheRayinfo-panekhouldbeintegratedn the EasyBot-dialogo avoid thecomplicated
connectiorproces®f theRayinfo-modulewith virtual dummysensorsThentherewill
bejustacheckboxto activatethis panel.

Themotorspeedsouldbe shovn in thetwo textboxeswhich arealreadyintegratedin
the panel. The textboxesareconnectedvith the Rayinfo_EasybotWhatis left to do,
is to provide this informationandlink it.
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2.5 Programming of ExtensionModuleswith Delphi

The Easybotinterfacewasdesignedo be ableto write extensionmodulesin ary lan-
guage which supportC-stylefunctioncalls. Soyou canalsowrite themin Delphi.

Why shouldonewantto useDelphi? ThereareseseralreasonsOneis almosteveryone
who startsto learna programminganguagestartswith Pascal exceptmaybecomputer
sciencestudentswhich startwith C. Anotherimportantaspects, how easyyou can
build agraphicalinterfacefor your programandhereis Delphimucheasietthanusing
theMFC.

SoDelphiis idealfor writing modulesby beginnersor if youwantto testanew control
algorithm,which needsa graphicalinterface.

2.5.1 The EasyBotInterface in Delphi

Now we have to translateall datatypesto Pascalwhichis relatively easybecausdor
every C++datatypethereis acorrespondingnein Delphi. For charpointerwe havein
Delphithe specialtype PChar To make it easiemwe alsodefinedatatypesfor pointers
to someimportanttypeslike easybot_object_infandsoon. In additionwe needfor
easybot_ray_infan arraytype, becausehe parametemf the function SetRaylnfo()
wasspeciallydesignedo be compatiblewith Delphi (which internally usesa pointer
to thearrayandthe highestindex).

The otheraspecis thatall functionshave to be virtual andusethe calling corvention
cdecl This guaranteethatthereis a compatiblevtablein the object.

An otherpointwhichis to consideris thefunctionDestioy(), which shouldberenamed
becaus®elphiuseghis namefor destructorsSowe changehisto Destioylnterface()

And now let ushave alook atthecode(file: UDLL_Interface_Easybot.pas).

unit UDLL_Interface Easybot;

interface

type

easybot_ray _info=RECORD
ray_length:double; /I ray length between start and end
ray_max_length:double; /I max possible length of the ray
ray_sx:double; /I start-point X,Y,2)

ray_sy:double;

ray_sz:double;

ray_ex:double; /Il end-point  (X,Y,2)
ray_ey:double;

ray_ez:double;

obj_name:PChar; /I name of object hit by ray
mat_name:PChar; /I name of material hit by ray
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mat_clr_r:double; /I diffuse red-value of material
mat_clr_g:double; /[ green-value (0.0 .. 1.0
mat_clr_b:double; /I blue-value (0.0 .. 1.0
Igh_bright:double; /I brightness at start-point
Igh_r:double; /I light-red-value at start-point
Igh_g:double; /I light-green-value (.o .. 1.0
Igh_b:double; /I light-blue-value (.o .. 1.0
end;

/I a pointer to a record
Peasybot_ray_info="easybot_ray_info;

/I an array of records
Aeasybot_ray_info= array of easybot ray info;

easybot_object_info=RECORD

obj_pos_x:double; /I position of object in world
obj_pos_y:double; I (X,Y,2)
obj_pos_z:double;
obj_rot_x:double; /I rotation values around object-axis
obj_rot_y:double; /I rotation-order: Y, X,Z
obj_rot_z:double; /I axisses:  y..up, X..right, z.to you
obj_go_x:double; /I direction the robot looks
obj_go_y:double; /I (is equal to the z-axis)
obj_go_z:double;
obj_name:PChar; /I name of the robot

end;

/I a pointer to this record
Peasybot_object_info="easybot_object _info;

/I a pointer to a PChar-String ( in C char* )
PPChar="PChar;

Easybot_Interfaces=class; /I forward declaration

/I the interface
DLL_Interface_Easybot=class
public
/I name of your robot-navigation-module
function GetName():PChar;
virtual;cdecl;abstract;

/I version
function GetVersion():PChar;
virtual;cdecl;abstract;
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/I you
function GetAuthor():PChar;
virtual;cdecl;abstract;

/I get a description about your robot-navigation-module
function GetDescription():PChar;
virtual;cdecl;abstract;

/I get info about other interfaces in use
procedure  SetEasybotinfo(p:Easybot_Interfaces);
virtual;cdecl;abstract;

/I get info about the sensor-rays
procedure  SetRaylnfo(p: Aeasybot_ray_info);
virtual;cdecl;abstract;

/I get info about the robot
procedure  SetObjectinfo(p:Peasybot_object_info) ;
virtual;cdecl;abstract;

/I get messages from other robots
procedure  SetMessageFrom(pfrom_robot,pmessage:P Char) ;
virtual;cdecl;abstract;

/I send messages to other robots
/l(return 1: valid message, 0: no more messages)
function GetMessageFor(ppto_robot,
ppmessage:PPChar):integer;
virtual;cdecl;abstract;

/I next navigation step
procedure  Navigate();
virtual;cdecl;abstract;

/I relative move in world-coordinates

function GetMoveX():double;
virtual;cdecl;abstract;

function GetMoveY():double;
virtual;cdecl;abstract;

function GetMoveZ():double;
virtual;cdecl;abstract;

/I rotation around axis in degrees
function GetRotationX():double;
virtual;cdecl;abstract;
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function GetRotationY():double;
virtual;cdecl;abstract;

function GetRotationZ():double;
virtual;cdecl;abstract;

/I open a dialog for options and status-info

procedure  OpenDialog();
virtual;cdecl;abstract;

/I signals  start(1) or stopp(0) of the simulator

procedure  SetStartStop(onoff:integer);
virtual;cdecl;abstract;

/I interface is no longer needed, it can be destroyed

procedure  Destroylnterface();
virtual;cdecl;abstract;
end;

Easybot_Interfaces=class
public
function GetFirstinterface():DLL_Interface_Ea
virtual;cdecl;abstract;
function GetNextinterface():DLL_Interface_Eas
virtual;cdecl;abstract;
function GetNumberOfinterfaces():longint;
virtual;cdecl;abstract;

function GetNumberOfRobots():longint;
virtual;cdecl;abstract;
function GetFirstRobotInfo():Peasybot_object
virtual;cdecl;abstract;
function GetNextRobotInfo():Peasybot_object _i
virtual;cdecl;abstract;
end;

implementation

end.

sybot ;

ybot;

info;

nfo;

51

Asyouhave seerit is astraightforwardtranslatiorof thecorresponding headefiles.
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2.5.2 A BasicModule

Now aswe have gottheinterfacedefinition,let usmake afirst try to createanextension
module.

The Delphi Unit

We will createan own classwhich usesthe interfaceasbasisclass,sowe have to im-
plementall theseabstracfunctionsof theinterface.We will usethe simplestpossible
implementationwhich makesno importantthingsatall. Theonly partswhich areim-
portantherearethe vectorsm_fmaeandm_fiot. Both vectorsare usedasresultsfor
the simulator soary child classhasonly to setthesevectorsandnot to reimplement
all theseGet-functions.

We alsosave the referencedor theray_info, object_infoandinterfacesin own vari-
ables,which canbe usedby child classes.(Raysis an Array, pObjectis a pointer,
Interfaceds a objectreference).

Letushave look atthe code(file: UEasybot_Basis.pas).
unit UEasybot_Basis;
interface

uses
UDLL_Interface_Easybot;

type
Vector=array[0..2] of double;
Easybot_Basis=class(DLL _Interface _easy bot)
protected

m_fmove,m_frot:Vector;

Rays: Aeasybot_ray_info;
pObject:Peasybot_object_info;
Interfaces:Easybot_Interfaces;

public
constructor Create();
function GetName():PChar;override;
function GetVersion():PChar;override;

function GetAuthor():PChar;override;
function GetDescription():PChar;override;
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procedure  SetEasybotinfo(p:Easybot_Interfaces );ove rride;
procedure  SetRaylInfo(p: Aeasybot_ray_info);override;
procedure  SetObjectinfo(p:Peasybot_object_inf 0);ov erride

procedure  SetMessageFrom(pfrom_robot,
pmessage:PChar);override;
function GetMessageFor(ppto_robot,

ppmessage:PPChar):integer;overrid

procedure  Navigate();override;

function GetMoveX():double;override;
function GetMoveY/():double;override;
function GetMoveZ():double;override;
function GetRotationX():double;override;
function GetRotationY():double;override;
function GetRotationZ():double;override;

procedure  OpenDialog();override;
procedure  SetStartStop(onoff:integer);overrid e;

procedure  Destroyinterface();override;
end;

implementation

constructor Easybot_Basis.Create();
begin

m_fmove[0]:=0;

m_fmove[1]:=0;

m_fmove[2]:=0;

m_frot[0]:=0;

m_frot[1]:=0;

m_frot[2]:=0;
end;

function Easybot_Basis.GetName():PChar;
begin Result:=’Easybot Basis module’;  end;

function Easybot_Basis.GetVersion():PChar;
begin Result:="1.0’; end;

function Easybot_Basis.GetAuthor():PChar;
begin Result:=’René Liebscher’; end;

53
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function Easybot_Basis.GetDescription():PChar ;

begin Result:=’"Delphi Easybot Basis module’; end;

procedure  Easybot Basis.SetEasybotinfo(p:Easy bot In terfa ces);
begin Interfaces:=p; end;

procedure  Easybot_Basis.SetRaylnfo(p: Aeasybot_ray_info);

begin Rays:=p; end,

procedure  Easybot_Basis.SetObjectinfo(p:Peasy bot_ob ject info);
begin pObject:=p; end;

procedure  Easybot Basis.SetMessageFrom(pfrom_ robot,
pmessage:PChar);

begin end;

function Easybot_Basis.GetMessageFor(ppto_rob ot,
ppmessage:PPChar):integer;

begin result:=0; end;

procedure  Easybot_Basis.Navigate();
begin end;

function Easybot_Basis.GetMoveX():double;
begin Result:=m_fmove[0]; end;

function Easybot_Basis.GetMoveY/():double;
begin Result:=m_fmove[1]; end;

function Easybot_Basis.GetMoveZ():double;
begin Result:=m_fmove[2]; end;

function Easybot_Basis.GetRotationX():double;
begin Result:=m_frot[0]; end;

function Easybot_Basis.GetRotationY():double;
begin Result:=m_frot[1]; end;

function Easybot_Basis.GetRotationZ():double;
begin Result:=m_frot[2]; end;
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procedure  Easybot_Basis.OpenDialog();

begin end;
procedure  Easybot_Basis.SetStartStop(onoff:i ntege r);
begin end;
procedure  Easybot_Basis.DestroyInterface();
begin
self.Free;
end;
end.

As you could seethereis neithera navigationalgoritm built in nor any otherspeciali-
sationasmessagéransferor dialogfunctions.This canbe doneby child classes.

The Project File

Now we have to createa appropriateprojectfile to geta Windows-DLL.

To achieve this you have to changethe moduletype from programto library ( seefirst
line of code) andyou have to specify which function you wantto export. We only
needto export herea function called GetEasybotinterfaceln this function you only
needto createaninstanceof your navigationobjectandreturnareferenceo it (in C++
it would bea pointer).

(file: delphi_basis.dpr)

library delphi_basis;

uses
UDLL_Interface_Easybot in 'UDLL_Interface_Easybot.pas’,
UEasybot_Basis in 'UEasybot Basis.pas’;

function GetEasybotinterface():DLL_Interface _Easybot;c decl;

var
p:Easybot_Basis;

begin

p:=Easybot_Basis.Create();
Result:=(p as DLL_Interface_Easybot);
end;

exports
GetEasybotinterface;

begin
end.
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Now we have createdour first DLL (do notforgetto compile).Let’s testit.

After you have load it, you shouldseenameand descriptionof our modulein the
dialog. Becausave have not built-in any navigationtherobotshouldnot move.

Other Important Code Pieces

MessageTlransfer

You can sendmessagdrom one robot to an other To usethis featureyou have to
overridethefollowing functionsasfollows:

procedure  Easybot Basis.SetMessageFrom(pfrom_ robot,
pmessage:PChar);

begin

DoSomethingWithString(string(pfro m_rob ot));

DoSomethingWithString(string(pmes sage) );

end;

function Easybot_Basis.GetMessageFor(ppto_rob ot,
ppmessage:PPChar):integer;

const

to_robot="Khepera_1’;

hello="hello’;

begin

if MessageToSend() then

begin

ppto_robot™:=PChar(to_robot);
ppmessage”™:=PChar(hello);

result:=1;
end
else result:=0;

end;

It is veryimportantthatif you sendmessagefGetMessagesdr) thememoryareawhere
your messagés in, is valid till the next call of GetMessagesdt. A goodideawould be
to creatdwo membeariabledor it, whichwill besetright beforeyousendamessage
andstayunchangedill you sendanext message.
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OpenDialog

To usea graphicalinterfacefor your moduleyou cancreateit asnormalDelphiform.
And openit in thefunctionOpenDialog.

procedure  Easybot Basis.OpenDialog();
begin

Dialog.Create();

end;

However it would be moreappropriateo storea referenceo the dialogin a member
variable,soyou cancloseanddestry it, if your moduleis goingto beend. And you
donotopeneverytime anew dialog,insteadyou could make the existing onevisible.

The EasyBot_InterfacesObject

At themomentthis partof theinterfaceis notworking becausef differencesn built-in
interfaceandours,but becaus@ve needavtable,it is probablythatthebuilt-in interface
is goingto changeto abstracwirtual definitionsin C++too.

2.5.3 MovementControlled by Wheel Speeds

After this simplemodule let usextendit to functionalitywhichis essentialif we want
to useit for simulatingkheperasKheperasarecontrolledby the speedf theirwheels,
but the simulatorwantsa movementvectorin world coordinatesso we have to do
somecomputationeno getit.

How the Computation Works.

Theprincipleis fairly easyandshouldbe known to everyone who ever usedodometry
with thekheperallt is possibleto calculatefrom the wheelspeedgor bettertheir pro-
portions)andthe distancebetweerthe wheelsa radiuswhich describeghe movement
abouta certainpoint. The anglecanbe calculatedby the way on this circle, which is
dependentn thetime stepandthe speedf theroboton this circle (the averageof the
wheelspeeds).

Soit shouldbe easyto understandf have alook atthecode.

An otheraspects thatthe simulatoruses3D coordinatesanda robot could move up
a rise, this would meanthat we have to turn all robot local coordinatesinto world
coordinatesAgain sucha computatioris a standardalgorithm,which consistof mul-
tiplicationsof rotationmatricesandvectors.
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And the Code

In the Navigatefunctionis the computatiordone. To work with matricesandvectors,
we needsomeadditionalfunctionstoo.

(file: UEasybot_Khepera)
unit UEasybot_Khepera;
interface

uses
UEasybot_Basis;

const
deltaX=0.455; /I distance  between wheels in units
/I ( 1 unit=" 0.1 meter )
vmax=10.0; // maximum velocity in units per second
type
Matrix=array[0..2] of array[0..2] of double;
Easybot_Khepera=class(Easybot_Bas is)
public
deltaT:double; /I simulation time step in seconds
v:array[0..1]of double;
/[ -1.1  velocity of wheel relative to
1 maximum velocity

constructor Create();
function GetName():PChar;override;
function GetVersion():PChar;override;
function GetAuthor():PChar;override;
function GetDescription():PChar;override;
procedure  Navigate();override;
end;
implementation
uses

SysuUtils, /I Exception
Math;
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/I using MessageDlg from unit Dialogs would
/[ in 250 kB more in file size
function MessageBox(HWnd: Integer;
Text, Caption: PChar;
Flags: Integer):Integer;

stdcall;
external ‘user32.dIl name 'MessageBoxA’;
procedure  setVector(var v:Vector;
values:array of double);
var iinteger;
begin
for ii=0 to high(v) do
if i<=high(values) then v[i]:=values]i]
else VJ[i]:=0.0;
end;
procedure  setMatrix(var v:Matrix;
values:array of double);
var ijk:integer;
begin
k:=0;

for ii=0 to high(v) do
for j:=0 to high(v[i]) do
begin
if  k<=high(values) then V[i][j]:=values[K]
else VJi][j]:=0.0;
inc(k);
end,;
end;

procedure  MultMatMat(var m1,m2,m3:Matrix);
var
i,j,k:integer;
sum:double;
begin
for =0 to 2 do
for =0 to 2 do
begin
sum:=0.0;
for k=0 to 2 do
sum:=sum+m21[i][kK]I*m2[K][j];
m3l[i][j]:=sum;
end;
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end;

procedure  MultMatVec(var m21:Matrix;
var vi,v2:Vector);
var
i,jsinteger;
sum:double;
begin
for =0 to 2 do
begin
sum:=0.0;
for =0 to 2 do
sum:=sum+m21[i][j]*v1[j];
v2[i]:=sum;
end;
end;

constructor Easybot_Khepera.Create();
begin

deltaT:=0.05; /I 50ms time step
v[0]:=0.1;

v[1]:=0.2;

end;

function Easybot_Khepera.GetName():PChar;
begin Result:=’Easybot Khepera basis module’; end;

function Easybot_Khepera.GetVersion():PChar;

begin Result:='1.0’; end;

function Easybot_Khepera.GetAuthor():PChar;

begin Result:=’René Liebscher’; end;

function Easybot_Khepera.GetDescription():PCh ar;

begin Result:=’Delphi Easybot Khepera basis module’; end;

procedure  Easybot_Khepera.Navigate();
var

/[ movement in locale coordinates
locale_vector:Vector;

/I matrices for calculations
rotY,rotX,rotZ,resultl,result2:Ma trix;



2.5. EXTENSIONMODULES WITH DELPHI

1

radius and turning angle

r,alpha:double;

begin

try

1

/I we dont't want to crash if

matrices for rotations

setMatrix(rotY,

[

cos(DegToRad(pObject™.obj_rot_y)),
01
sin(DegToRad(pObject”.obj_rot_y)),

0,1,0,
-sin(DegToRad(pObject”.obj_rot_y)),

01
cos(DegToRad(pObject™.obj_rot_y))

D;

setMatrix(rotX,

[

1,0,0,

01
cos(DegToRad(pObject™.obj_rot_x)),
-sin(DegToRad(pObject”.obj_rot_x)),

01
sin(DegToRad(pObject”.obj_rot_x)),
cos(DegToRad(pObject™.obj_rot_x))

D;

setMatrix(rotZ,

[

cos(DegToRad(pObject™.obj_rot_z)),
-sin(DegToRad(pObject”.obj_rot_2z)),
01

sin(DegToRad(pObject”.obj_rot_z)),
cos(DegToRad(pObject™.obj_rot_z)),
01

0,01

)k

1

no movement as default

something

goes

wrong
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setVector(locale_vector,[0.0,0.0,0.0 D;

/I no turn as default
setVector(m_frot,[0.0,0.0,0.0]);

/I movement in locale coordinates

if  v[0]=v[1] then

begin // straight movement

/Il forward distance (2)
locale_vector[2]:=v[0]*vmax*deltaT ;

m_frot[1]:=0; /[ no turn

end

else

begin

r:=(v[0]+v[1])/(2*(v[1]-v[O]))*del taX;
alpha:=deltaT*(v[1]-v[0])*vmax/del taX;
/I sideward distance (X)
locale_vector[0]:=((1.0-cos(alpha) )*1);

/[ forward distance (Y)
locale_vector[2]:=(sin(alpha)*r);
/I turn about own Y-axis
m_frot[1]:=RadToDeg(alpha);
end;

/I compute world coordinates from locale coordinates
MultMatMat(rotY,rotX,resultl);
MultMatMat(resultl,rotZ,result2);

MultMatVec(result2,locale_vector,m_f move) ;
except
{ ignore errors e.g. EZeroDivide,EOverflow,EMathError }
on E: Exception do MessageBox(0,PChar(E.Message),NIL ,16);
end;
end;
end.

Now we control our robot by settingthe appropriatevaluesin the arrayv. In the
constructorare someexamplevaluesset, soif you try this module,the robot should
turnleft.

By changingthe valueof deltaTyou cancontrolthelengthof the simulatedtime span
(only concerninghe moveddistance).
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2.5.4 A Simple Example
Onthisbasiswe cannow build up andstartcreatecontrolmoduleswithoutgreatefforts
for low level computations.

Whatyou still haveto do, is to calculatesensowaluesfrom thelengthfield youfind in
the Raysarrayandto translatevheelcontrolcommandsn the-1 to 1 areaof the basis
module. Also you have to be aware possiblecollisionswith otherobjects(walls,...),
becausehe simulatorignoresary collisions.

And now to complete ashortexamplewhich shovs whatis left to do to getnavigation
module.

Its Task

Thisexampledoesnotimplementaseriouscontrolalgorithm,it simply steergherobot
usingtwo sensorgo avoid walls.

And the Complete Code

As you canseenow, it is muchlessto programasif you would have to implementthe
completeinterfacefor yourself.

(file: UEasybot_Khepera_Ex.pas)
unit UEasybot_Khepera_EXx;
interface

uses
UEasybot_Khepera;

type
Easybot_Khepera_Ex=class(Easybot_K hepera )
public
constructor Create();
procedure  Navigate();override;
end;

implementation

uses
Math;

constructor Easybot_Khepera_Ex.Create();
begin
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/Il no initialization necessary
end;

procedure  Easybot Khepera_ Ex.Navigate();

begin

/I simple algorithm, which uses only 2 sensors
/I (front left, front  right) to avoid walls
v[0]:=min(Rays[4].ray_length,1)*0 A,
v[1]:=min(Rays[1].ray_length,1)*0 A,

inherited Navigate();

end;

end.

(file: delphi_khepera »edpr)

library delphi_khepera_ex;

uses
UDLL_Interface_Easybot in 'UDLL_Interface_Easybot.pas’,
UEasybot_Khepera_Ex in ’'UEasybot Khepera ex.pas’;

function GetEasybotinterface():DLL_Interface Easybo t;cde cl;

var
p:Easybot_Khepera_EX;

begin

p:=Easybot_Khepera_Ex.Create();
Result:=(p as DLL_Interface_Easybot);
end;

exports
GetEasybotinterface;

begin
end.

2.5.5 Other PascalCompilers

Thereis a free PascalCompiler (www.freepascal.@), which is also able to create
Windows-DLL's. This compilershouldalsobe ableto usethesemodules,becauset
hasa Delphi compatibilitymode(but it wasnottestedyet). However, a drawvbackis, it
doesnot offer facilitieslik e Delphi concerninghe building of graphicalinterfaces.



Chapter 3

Interface Design

3.1 Concepts

Our mainintentionin the interfacedesignwas, to build up a commoninterfacefor
all kinds of using. That meanswe intendedto createan interfacewhich allows, the
programmerof a robot control unit, to generateone modulethat can be either used
within therobotsimulator controltherealrobotvia the seriallink, or usedon thereal
robotaftercompilinganddownloadingonit.

control
module

Interface

Iy Jt I
v h

upload to the EasyBot the
real robot

real robot via

serial link robot simulator

65



66 CHAPTER3. INTERFACEDESIGN
3.2 Realization

To realizesuchaninterfacewe hadto generatea commonstructurefor all threecases.

Whenwe built up the structure we did notwantto decrease¢he variety of abilitiesthe
Kheperarobot has. Otherwisewe hadto copewith the differenceghe robot hasin
usingit via serialport, andby downloadinga compiledprogrammto therobot. These
problemswe solved building up the interfacein a way that providesall possibilities
of the seriallink communication.We ignoredthe additionalcapabilitiesgiven by the
bios (whendownloadinga program). From our point of view, thesecapabilitieswere
not necessarjor acommonusageof therobot,asthey canmodify the schedulingand
internalbehaiour of it. The generalschedulingandbehaiour of the robotshouldbe
OK in themostcaseof usage.

3.2.1 The Interface

The headeffile containsthe generalinterfaceof the seriallink, asthey aredesribedn
theKheperaUserManual[4].

#ifndef _NET_COMMAND_H_
#define _NET_COMMAND_H_

#include  "commport.h"

typedef struct _sensors {
long left 90;
long left_45;
long left_10;
long right_10;
long right_45;
long right_90;

long back_right;
long back_left;
} sensors;

class CNetCommand
{
public:
CNetCommand();
~CNetCommand();
void SetCom(CCommPort *com);
bool Configure(long kp,Jong  kilong kd);
bool Read_software_version(float* bios_version,
float* protocol_version);
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bool Set_a_position_to_be_reached(long left,
long right);
bool Set_speed(long left,long right);
bool Read_speed(long* left,long* right);
bool Configure the position_PID_contro ller( long kp,
long ki, long kd);
bool Set_position_to_the_position_coun ter(l ong left,
long right);
bool Read_position(long* left,long* right);
bool Read_AD_input(long channel_no,long* analog_value);
bool Configure _the speed_profile_contr oller
(long max_speed_left, long acc_left,
long max_speed_right, long acc_right);
bool Read_the status of the motion_con troll  er(

long* T_left, long* M_left, long * E_left,
long* T_right, long* M_right, long* E_right);

bool Change LED_state(long led_no,long action_no);
bool Read_proximity_sensors(sensors* sensor);
bool Read_ambient_light_sensors(sensor Ss* sensor);
bool Set PWM(long left, long right);
bool Send a message to_an_extension_tu rret(
long turret_ID, char* command,char* response);
bool Read_a byte on_the_ extension_bus( long rel_addr,
long* data);
bool Write_a byte on_the_extension_bus (long data,
long rel_addr);
private:
CCommPort  *com;
char buf[1024];
bool Read_string(char *retstr);
h
#endif

3.2.2 Simulation "sim_command”

EasyBot,therobot Simulator is controlledby a DLL. To be ableto useour interface
weimplementedsim_command. It containghecorversionbetweerEasyBots DLL-
internalstructuregseeChapter2.3) andour interface.

This implementatioris responsiblefor the completebehaiour of the robot simula-
tion. Thatmeanswe setthe speedor eachwheel,whencontrolfunctionis triggered.
sim_command hasto computethe position and orientationof the robot. It could
be extendedto simulatea real ervironment, including collision detection,friction,
dynamics...

As EasyBotdoes,it worksonly in aWindows ervironment.
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3.2.3 Serial Communication "net_command”

The serial link protocolis basedon plain text strings. Commandsare represented
by a single characterfollowed by their parameters Resultsare sentback as strings
aswell. The implementationinside herecorvertsour interfaceto thesecommands.
The communicatiorworks synchronouslythatmeansafter sendinga commando the
robot,theinterfacewaitsfor ananswer

3.2.4 Download to Khepera"bios_command”

To useKheperainternal systemcalls, you can compile your own C-controlsto run

directly on the robot. Our intention of this implementation,s that you do not use
the robot-internalcommandsput our net_commandnterface. This implementation
convertsthesecommandso the Kheperasystemcalls. The final versionneedsto be

compiled(seeChapters.1) anddownloadedasdescribedn Chapter6. 1.

3.3 Usage

3.3.1 Implementation Issues

Theuserof ourinterfacehasto implementthreefunctions:

e void ConstructData(CNetCommand *nc);
e void ControlFunction(CNetCommand *nc);

e void DestructData(CNetCommand *nc);

Thedescriptionof thesefunctionscanbe foundlaterin this manual(see4.1).

Whenthecontrolroutinesfor therobotarecompletethey just needto becompiledand
linkedagainsthelibrary dependingn the specialcaseof usage.This allows to testa
controlmoduleusingthe simulatorbeforetrying it ontherealrobot.

3.3.2 Generating Code
Windows based“sim_command”

To connecburcontrollto EasyBotweneedaDLL. ThisDLL is preparedvith alibrary
thatcanbeboundto your control-module Thereforeyou useour Makefile by calling

nmake control= contmol-name

in the DLL_SimComdirectory The contol-namehasto be given with its extension
(usually.cpp ). The outputfile canbe foundin the Release -subdirectorynamed
DLL_SimCom.dll . The Makefile usesthe Compilerwhich is part of the Microsoft
DeveloperStudio.
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Linux based"bios_command” and “net_command”

Sl Khepera serial _______ [ENEEDS

After extractingthe Kheperainterface(Khepera.tgzyou just copy your C++-control-
file into the maindirectoryof it (directoryKhepera).

Assumingyour file hasthenamemycontrol.cpp  youjustcall
make mycontrol

andmake automagicallycreatedwo executabldiles(serial_mycontrol andgse-
rial_mycontrol ). Theserial_mycontrol simply connectghe Kheperawith
the control via its serialconnection.The gserial_mycontrol works similary to
serial_mycontrol . Additionally it shovsthestateof therobotusingthe Qt-GUI-
toolkit. With this controlyou canseesensovaluesandwheel-speedsHereyou can
startand stop the robot. Whenyou stopthe robot, the wheel speedsare setto zero.
The sensorvaluesare still displayed. The robot is stoppedaswell whenyou leave
the program. The Qt-frontendof your control dependn imagesstoredin theimg -
subdirectonyof its destinatiorpath. Thatswhy you needto copy this directoryaswell
if youwantto move your compiledprogram.

In laterreleased will beableto alsocreateexecutablesvhich canbedownloadednto
therobotsRAM (“bios_command” ).
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Chapter 4

Examples

4.1 A Simple Control Module

In this sectionwe try to describehow to programa control module that matches
our interfacefor all threeusageof the Khepera(simulator seriallink modeandau-
tonomous).The taskof the controlleris to move without hitting awall in first place,
andto demonstratdasicideasof programmingsucha module.

Firstly you have to includethe control.h headeffile that containsthe declaration
of thevariablesandfunctionsto implementfor a controlmodule.

Herethe sourcecodeof our smallexample:

#include "control.h"

/I these values (PortNumber and Speed) have to be defined
/' here, even if you do not want to change/use them

int  PortNumber=1;

int  PortSpeed=9600;

void ConstructData(CNetCommand *nc)

{

/I generate your data structure here and pass
/I a pointer to the SetData function;

int * status;
status = new int;
*status=0;
nc->SetData(status);

nc->Configure_the speed_profile_con trolle  r(60, 10,60 ,10);
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}

[lthis function is running in an endless
void ControlFunction(CNetCommand *nc)

{

I

I

}

long |_speed,r_speed;
long max_speed=50;
Sensors  sens;

int  * status;

access the data structure

status = (int*) nc->GetData();
just to (academically) use status
if (*status==0) *status=1;

nc->Read_proximity sensors(&sens);

|_speed=r_speed=0;
|_speed=(9*(1024-sens.right_10)
+7*(1024-sens.right_45))*max_speed/
r_speed=(9*(1024-sens.left_10)
+7*(1024-sens.left_45))*max_speed/1
nc->Set_speed(l_speed,r_speed);

void DestructData(CNetCommand *nc)

{

int * status;

status = (int*) nc->GetData();
nc->SetData(NULL);
delete  status;

CHAPTER4. EXAMPLES

16400;

6400;

Eachfunction containsa parameteof the CNetCommandtype. This is the classto
communicatewith therobot. Thereare all commandsavailable you canusefor the
serial link communication. Thesecommandsare portedfor the usagein the other
modes.This commandsaredescribedn the KheperaUserManual(App. A) [4]. The
exactdefinition of the interfacecanbe obtainedfrom thenet_ command.h header

file.

For your own purposes/ou probablyneedyour own variables.Causedy theinternal
usageof multithreading,thesevariablescan not be globally defined. Inside of the
CNetCommandclassexists a possibility to storeuserdata. To usethis you needto
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handover onestructurecontainingall your permanent/ariables.Local variablescan
beusedasusual.

For a controlmoduleyou needto implementthreefunctions:

void

void

void

ConstructData(CNetCommand *nc)
Insidethis function youshave to create(malloc(...) ornew(..) ) and
initialize (if necessaryyour datastructure After generatioryou call:
nc->SetData((void*) pStructue);

ControlFunction(CNetCommand *nc)

This functionis runningin aloop, triggeredby externalevents. It containsone
stepof control. Whenacessinghe functionyou needto call

pStructue = ( Structue-typé) nc->GetData();

to getbackyour data. Now you canmanipulatethe robotandyour data,before
thefunctionhasto return.

DestructData(CNetCommand *nc)
Finally this function needsto destry your datastructureusing free(...)
or delete(...) . Thereforeyou needto get your datastructureasin the
ControlFunction , andwrite aNULL-pointerbackasin ConstructData
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4.2 Line tracking

4.2.1 Task

An interestingtaskfor a robot could be to find a target. Thereis a white line on the
groundto helptherobot. Therobothasto follow thisline. Therearerealsystemsising
this method.For examplethereareautonomousransportobotsin carmanufcturing.

4.2.2 Hardware

Thereare several extensionturretsfor the Kheperarobot. One of them, the K213-
extension,is a 1-line-cameralt scans4 pixelson the groundin front of the robot,in
adistanceof approximatelyl 5cm. The camerareturnsgrey-scalevalues.

Furtherinformationcanbefoundin the K213-manua[6].

4.2.3 Algorithm

The algorithmanalyzeghe whole scan-lineto find the lightestpositiononit. Thisis
consideredasthe centreof theline. Theaim is to keeptheline in the middle of the
scan-line.Themoretheline movesout of the centreof view, themoretherobothasto
rotate.

The algorithm analyzeghe brightnessat certainpointsin the scan-line. If thereare
pointsontheleft side,which arebrighterthanafixedlevel, they causearotationto the
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left. Themorea scannedoint variesfrom the centre the higheris theangleto rotate.
Left (negative) andright (positive) anglesare added,and multiple lines canresultin
zero.

With a specialoption (“rechtwinklige Ecken ausghren”) this line-algorithmprefers
straightlines. This meansif thereis a white point in the centreof the scan-line,it

ignoresall otherinput. Whenthe centrepoint getslost, the robotkeepson walking for

awhile. After atimeoutit is assumedthatthe robothasreachedhe endof theline.

Now it rotatego find anew line. Thisis doneby looking 90 degreedo theleft, thento

theright. If it did notfind arnything, therobotcontinueswvalking straightforward.

4.2.4 Comments

Thesourcecodeis to befoundin thesectionthatdescribesiow to createacontrol-DLL
(see2.3). In additionthis control containscodeto avoid collisions.



76 CHAPTER4. EXAMPLES

4.3 Orientation in a Maze

4.3.1 Task

Oneof the mostimportantcapacitiesof a robotshouldbe thatit canfind its way out
of aforeignareaandreturnto the base.Someof theseareasareorganizedike amaze,
for instanceif the robot exploresa cave or similar. Also a roadsystemis sometimes
like amaze.Sowe decidedthatwe usea mazeto developbasicorientationroutines.

4.3.2 Theory

To develop orientationroutinesfor a robot we have to take into consideratiorthat
the robot only hasits eight distancesensors. It doesnt have absolutecoordinates.
Calculatingrelative coordinatesusing the wheelmovementis very difficult and also
not precisebecausgou don’t have informationaboutaltitudeandfriction.

Our ideawasthatif you have a mazewithout internalloopsyou find a way out by
following a wall. Using a mazewith loops like blocksin a road systemis nearly
impossiblewithout coordinates.

4.3.3 Traditional Program

Thefirst stepfor therobotis to look for awall. If its sensordoesnt seeone,therobot
startsmoving straighton till it seesoneandturns,until this wall is on its right side.
Thenit trys to follow this wall. We decidedthatthe robotshouldusetheright wall. If
the sensorsn theright don't seethe wall any moretherobotturnsright. If thereis a
wall on theright sidebut nonein front of the robotit movesstraightahead.If there
arewalls on theright sideandin front of therobottherobt turnsleft till it findsaway
straighton.
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Of course,it is alsopossibleto go alonga left wall but we hadto decidefor one of
thesepossibilities.

Theresasampleflow diagramfor our algorithm:

| <

wall contact?

goahead

goahead

l<
>

wall onright?

yes

turnright

no

wall ahead?

turnleft

]

4.3.4 Neural Network

While runningthe algorithmin the simulatorwe recordecdthe input dataandthe cal-
culatedoutputto the wheelsinto afile andtried to teachseveral neuralnetworks with
this datain the Stuttgartneuralnetwork simulator[7]. We got the bestresultswith
a network with oneinput layerwith 8 neurong(for the eight sensors)a hiddenlayer
with 3 neuronsandtwo outputneurongor the wheels.The bestlearningmethodwas
rprop. With snns2dt’s easyto make a C-file from the network anduseit in the robot
simulator

In a secondstepwe prunedthe network. About 40% of the connectionsveredeleted
during the pruning processand also one of the sensorsvasnt usedarymore. This
network wasmuchfasterthanthe old oneandranasgoodasthe unprunechetwork.
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4.3.5 Possiblelmpr ovements

At the momentour algorithm and also the network madethe robotsmovementvery
crude.A smoothemovementwould bebetter Therobotalsohasproblemrecognising
smallinterferencesandknocksitself on sharpcorners.

Anotherimprovementcould be the usageof geneticalgorithmsandtrainit in several
networks. Thereit would be possibleto teachtherobotto avoid loopsandfind afaster
way out of themaze.
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4.4 GeneticAlgorithms

4.4.1 “Surviving”

Aim was,to usea geneticalgorithmto controlrobots. What's to do? Certainlyit has
to survive. Thereforewe needa geneticalgorithmfor surviving, moreexactly for not-
driving-through-valls. How cana robot controlwork with geneticalgorithm? Not at
all — exceptwe useaneuralnetwork aswell.

The neuralnetwork usesthe sensorvaluesand actualspeedsasinput and computes
the new wheelspeeds.The neuralnetwork works without hiddenlayers,to keepthe
exampleassimpleaspossible. To get somegeneticstuff in there,the weightsof the
network aresetby geneticalgorithms!

Thoughwe have 10 input and 2 outputneurons. This givesus 20 weightsto adjust.
Thereforeeachindividual of the geneticalgorithmhas20 characteristicégenes).

Now we createa uniform basisfor all individuals. They startall in the sameplace
with the sameview. Eachpopulationconsistsof 20 individuals. Let’s startthemand
look how long they survive. Surviving is definedby not driving againsta wall. At
the beginning, the weightsare initialized randomly This causeghatall robotswill

probablyturn aroundtheir axis, sinceboth motorsarenot operatingequally To avoid
themturning forever, a maximallife spanhasto be determinedhere2000). If they
drive againstawall before,of coursetheir lifetime is over.

Sincethe 20 individualswould obstructthemselesmutually, we let themlearnoneby
one.

Letthefirst generatiorirotate”, or whateverit does.Whathappens®Ve probablyhave
20 robots,which hadto be stoppedall from the outside(maximumlifetime reached).
How canwe decide which werestrongeror wealer individuals? Certainlywe do not
takejustthelifetime, but alsotheway they did asabenchmarKor the strength(fitness)
of agenomeWe usedthis formula:

fitness= bee-line way- (|Ifet|me 1)

2000

Bee-lineis intuitive. The way is the accumulatedlistancethe robot moved. If it just
rotatesjt doesnot coverary distance.To avoid thelifetime carryingtoo muchweight,
we scaledt to arangebetweenl and2! This shouldgive usafair evaluation.

Let’'sgo backto our population.Thefirst generatiorwaslively rotatingandeachrobot
coveredtherebymoreor lessdistance We determinehe fitnessof theindividualsand
selectthebestfor reproduction.To give strong“parents”a chancejustthewealer half
of the parentgeneratioris replaced.The strongemaylive on. Thatthey do not make
the same“mistakes” like in the passedyenerationwe mutategenomeslightly. The
productionof the“children” takesplaceby theprinciple of ranking.All individualsare
sortedaccordingto their fithess. The chanceto reproducedepend®n their rank. The
new individualsaregeneratedby crossoverfollowedby a mutation.In thisway we get
10new individualsand10 from the previousgeneratiorwith smallmodifications.



80 CHAPTER4. EXAMPLES

Now we startall over again. All may turn around,but the betterthey run straight
forward and runaunaroundhe walls, the higher is their fithessand their chanceto
reproduce.

To testthistheoryandalgorithmwe useEasyBot.It offerstheadvantagehatwe donot
have to resetby hand.The programdoesit. Now we cantrain the algorithmwithout a
permanentontrol. Additionally the numberof brokenrobots,which crashedgainsta
wall, is substantiallysmaller

We usedthe usualmazeof Francescdondadato train:

If thealgorithmgenerates robotthatsurvivesin the maze,it meanghis individual is
astrongone. We supposéhereis a strongrobot, thatrunsaroundthe centerpiece.In
this casejt is possiblethatthe robotreturnsto its startingpoint whentheir lifetime is
over (timeout,2000). This robotgetsin troubleduring the bee-linerating. In extreme
caseshisis evenzero. Thereforeits betterto amendhe formulaa little:
fit _ (bee-li 0.01 lifetime 1
itness= (bee-linet+ 0. )-Way-( 2000 )

By this modificationevensuchrobotshave a chancenotto getlost. Well, this problem
representsiot actuallya large obstacle.In the stagejn which it generates robotthat
orbitsthe maze thereis probablyanotheronewhich doesit aswell. Additionally the
probabilityis very smallanyway.
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442 Let'stry

Khepera Surviving
actual individual: I 16 generation 2
input nos426[  0094es]  onser | oovesz|  oovesa|  otsema|  nseeas[  nodesr  output anszs0[  noosz7

: oeeez0| 015524 n1zaed|  -nsesas[  oeseva[  ozems|  oeses  04e3es o4i0s] 012878

weighls vizers|  0msa[  orzoss|  ossmo|  ozeme[  omnss|  asmsr|  omm ng34za|  og0rse

air line dist. 029888  lifetime I 221 way compl 1.60045 fitness 0.53120

poston [ 02902[  oooom| -oo7oss
all individuals fitress and rank;
1 1.83486 I 253249 FERT 1.22843 P 053120 3
2 2E1797 67 229394 1 12 259279 1B 97 0,00000 1
3 229334 11 g 229334 113 229334 118 332875 18
4 356530 199 0.05018 2 14 1.43603 5 13 173271 7
5 18110 5 10 220728 n 15 378417 0 2 153785 6

In the last chapterwe said, all robotswould turn around. That's not true. Most of
themdo, but surprisingly in thefirst generatiorweresomegoodindividualstoo. The
algorithmworks, but in the first generationmostof robotsdrove backwards. It took
somegenerationsto getall robotsto drive forward. Anotherproblemwas, after 20
generationgherewere 20 strongindividuals, which all drove into onecorner There
thelife-time of themexpired. Thisbehaiour causedll new individualsto driveto this
corneraswell. To avoid this, we shouldchangethe algorithmalittle bit. For example
we couldextendthelife time, drive alittle bit fasteror mutatemoreof thegenes.

However, we were happy, thatit worked andthat the robotsreally “ran” aroundthe
walls. Currentlywe have a basisto experimentwith robotsandwalls andsurviving or
whatereryou want.

4.4.3 Summary

Finally we have a population,which goeson in the evolution. It is controlledby a
geneticalgorithm,which generates quite stableandevenly strongpopulationaftera
certainnumberof generations.Eachindividual is controlledby its genome. This is
usedasweightsfor aneuralnetwork, wherethe 8 sensorgquasieyes)of therobotand
its previousspeedsreusedasinput, andit suppliesdirectly the new speeds.
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4.5 GeneticAlgorithm for Training a Neural Network

Important: This modulewasdevelopedto play aroundwith the simulatorandgenetic
algorithms,do nottake it too seriously

Here we presentan example plugin which usesa geneticalgorithmto train neural
network. Thenetwork is amulti layerfeedwardnetwork which hasa hiddenlayerwith

threeneurons Theinputsarethevaluesof the proximity sensorandthe currentspeed
of thewheels(in this sensaét is morearecurrentnetwork). Theoutputneuronsontrol
directlythewheels.

The geneticalgorithmis usedto adjustthe weight of this network. They arestoredas
gray-codedix-point numbergq-128.0,127.0).

All individualswill be testedwith the samestartconditions(position0,0,0) andthe
bestwill usedasparentsfor the next generation(this is a kind of elitism). The new
individualswill createdcby cross@ereachwith eachotherandthe mutatedparentindi-
viduals.However, if thechildrenarenot betterthantheir parentsthe childrenwill not
survive their parentsput the parentscanonly survive a certainnumberof generations.

Thefitnessfunctionis definedasthe productof thelengthof theway, whichtherobot
moved in forward direction, the maximumdistancethe robot reachedrom its origin
andoneplusits lifetime in stepsdividedby 1000.

| _ - lifeti
fitness= way lengh-max distance to_origin - (1+ %’)

If therobotcomesto closeto awall (0.05units),it dies.(Thisis consideredisacrash
into the wall, however you could alsoseethe walls asa kind of electricfence,where
robotgetsa deadlyelectricshock.A realrobotwould stopatwall, still trying to move
into thewall).

To usethis controlleryou canopenthefollowing dialog:

Genetic Algorithm Control Panel [ x|

i Current Generation [~ Last Generation

Generation: 7 Average:  2321.583 3298770

Individual 5 SDew: 1371.787 156,523

Run: 1 Mainum; 3583281

[¥ Fing on Generatian Complatiort [ Better Half of Al “77 )
Crossover: 0,500 Mo, of Individuals: 4 Rurs 1
Crozsover/Mutation: 0,002 | max Lifetime: 3 max Runtime: | 1500

hutation: 0.020 Zopl] (Feser

HesetA\Hndlwdua\sI MulaleAH\ndlwdua\sl Showlnd\vldua\sl Kll\CurrentInd\wdual!l

Load in one \ndlwdua\l Laoadin Al Ind\vldua\sl Save Best \nd\vldua\l

In theupperleft corneryou canseewhich individualis currentactive. At theright you
canseesomestatisticsaboutthelastgenerationln themiddle partarethe parameters
for the creationprocedureof new individualsaswell as someentrieswhich control
the algorithm aswhole, which meanshow mary individuals survive as parentstheir
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lifetime andthe maximumruntime of eachindividual (the numbermeanssimulation
steps).

To startthe algorithmyou have to startthe simulatorin the usualway. It is possibleto
speedup the algorithmby enterassteptime 0 millisecondsin the main panel. (How-
ever, you getthenno screerupdatesandyou shouldavoid everythingwhich forcesthe
programto redrav the 3D-image,becausehereis a serioussynchronisatiorproblem
in this specialcasein the currentLV3D version.This problemcandestry theinternal
geometryof the robot. Sothe bestis, you make the main window so small thatyou
cannotthe 3D-imagesoit will alsonevergetredrav events).

If you activatethe button‘Show Individuals’you geta panellik e this:

This panelshowvs the genesf eachindividual ascoloredstrings.It is only intendedo
shav, how individualsaresimilar or different. After somegeneratiorit shovs some-
thing lik e the following picture,which meangheindividualsarenow muchmoresim-
ilar thanthey wereatthestart.

B —

To try this exampleyou shouldusethe ervironmentdabyrinth*.lvs or ObstacleAoid-
ance.lvs.The latter oneis modelledafter an experimentwhich wasoriginally carried
outby FrancescdMondadaandhadalsoa geneticalgorithmasresearctsubject.
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Chapter 5

Code Generation Using the
Cross-Compiler

5.1 Kheperaandthe GCC-Compiler

TheKheperarobothasthe possibilityto actin severalmodes:

serial thecommandgomevia aseriallink andareinterpretedy thebiosof therobot,
thewholelogic residesutsidetherobotin the computeriit is connectedo

download the programfor the robotis crosscompilechind downloadedto the robots
RAM whereit executes- therobotcontrolsitself

rom theprogramis crosscompiledndburnedinto anEPROM whichis thenplugged
into the robot— thisway the program‘“survives”resets

Kheperatself hasanM68020processowhich canbetargettedby gccusingthemé8k
processomodel. ThemostcommonOSonthatclassof processorgrasSunOSversion
2 and3— soit seemdo belogicalto usethis modelastarget-hosto configurethegcc
ascross-compiler

The K-Teamdeliveresa standardibgcc.aand someincludesfor the compilerto be
ableto compile C-Programdor it. All the C examplesandour trials with C worked
fine with this configuration.But we hadproblemswith C++.

Thatfarthe KheperaCross-Compilemanual[5] describeghe procesof creatingthe
compilerquitewell. Sowe leave it to you to follow their steps.
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5.1.1 Triple trouble

Evenif you compilegccwith the option"LANGUAGES=CC++" it won't correctly
link sourceswvhich usecertainC++ featureg(lik e classeswith destructorsandvirtual
methods). If you testthe binary with sun2-nmyou will detectthree symbolswith
the type prefix “U” insteadof “T” or “D”. Thesesymbolsare _terminate_Fv
___eh _pc and___throw .

Justredefiningthesesymbolsenclosedn extern  "C" { } didn’t helparything:
they have to dotheir job.

Sadlythe KheperaTeam— which developedthis library deliveredwith therobot— left
us alonewith this problem. The answerto our e-mailis still outstanding.Although
libgccis partof a GNU GPLed programthey don't seento like the GPL paragraphs
which statethatyou have to deliver sourceswith GPLed programs.

Accordingto our explorationsthe Kheperaibgcc.acontaingheseparts:

bios.o theoneandonly realKheperaobjectfile, it providesthefunctionswhichcontrol
the Kheperahardware.

libgccl.a thebasiclibgcec functionswhich satisfyall needof a C Compileranda C++
compilerwhich doesnt compileC++ sources.

libc partsof thelibc like the symbolsfrom string.handsoon.

Thereseemto betwo waysof solvingthe problemof the missingsymbols.

Completion of Kheperaslibgcc: It shouldbe possibleto compilealibgcc.afor the
newv compiler(call make libgcc.a  in the gcc sourcedirectory),thenextractwith
ar the objectfiles, which containthe neededsymbolsandincludethemto Kheperas
libgcc.a. Otherlibraries“needed”by the linker could be replacedby a simpledummy
DLL, which could bemadethis way:

echo >dummy.c
sun2-gcc  -¢c  dummy.c
sun2-ar rs dummy.a dummy.o

Build anewlibgcc/libc:  Thisis muchmorecomplicated.Youwould have to build a
new libgcc, libc, libm andlibstdc++for Kheperaandthenextendthe libgcc by bios.o
which you may extract from the old Kheperalibgcc. The tricky partis to drive the
library makefileswild enoughto crosscompildnsteadof just compiling for the host
system- | guesghis requiressomehackinginsidethe makefilesand sometricks with
thecompilerbinaries.

Sadlywe did not have time enoughto go eitherof theseways.



Chapter 6

Tools

6.1 Khepera Upload Tools

Thesetools are designedto upload cross-compiledorogramsto the Kheperarobot.
Theseprogramausuallyhave theextension.s28 . The Kheperahasto bein download
mode(seeKheperaUserManual[4]) connectedo a serialport. Whenthe programis
ontherobot,it canbedisconnectedThe Kheperarobotworksautonomously

6.1.1 KhUpload for LINUX

OntheLINUX platformKhUploadis acommandine tool. Thefile name portnumber
andspeedf transmissiorare passedsparameterso the program.

KhUpload <port> <file> [<speed>]

<port> containsthefile-descriptorof the Linux specialfile for the serialport. Thisis
/dev/ttySO  for COM1/devi/ttyS1  for COM2..

<file> standdor thecrosscompiledverionof yourcontrol.s28 usingbios_command .

<speed>can be usedto setthe speedfor the transmission. The default speedis
38400[bd]. Alternatively you canchangeto 96000r 19200.
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6.1.2 KhUpload for Windows NT4

& Khepera upload | x| |
+ COM 1 =/ 9E00
O COM 2 19 200
" COM 3 35400
 COM 4

| plaad E xit

Figure6.1: Main dialogof the KhUploadprogram.

To uploada programyou first needto connectthe serialport. Thereforeyou have to
selectportnumberandspeedbeforeclicking on the “Connect’-hutton. In themoment
the programis connectedo the serialport the “Upload”—button becomesnabled.If
you usethis buttonthefile opendialogappears.

Gffnen 21=]
Suchen in: Iaexamples j gl lg =

Drateiname: I".s28 Oifnen I
Dateityp:  [HewFiles [528) = |

Figure6.2: File OpenDialog of the“KhUpload” program

Insidethefile opendialogyou canselects28—files.If you selectsuchafile theupload
startsimmediately The progressof the uploadis shown in the progressbar in the
middle of themaindialog.
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Futur e Extensions

7.1 Interfaces

Up to now thereis just the conceptandthe core functionality of the commoninter-
facecompleted. Due to the lack of time it wasimpossibleto implementthe whole
functionality of sim_command.

As descibedwithin the compiler sectionthe problemsin cross-compilingheedto be
solved.

Anotherthing to dois to transferall toolsto both platforms(WindowsNT andLinux).

Finally it is probaly necessaryto syncronizethe behaiour of all three interfaces
(bios_command , net command andsim_command). Thereforeit is probably
necessaryo fiddle aroundwith time basesspeedandotherfunny stuff.

7.2 Simulator

A physical model (“real world” with gravity and friction) in the LV3D_easybot-
ervironmentcould beimplemented.Thenthe simulatedkhepera-robotsouldslip on

thegroundwithout theirwheelsturning. Thenthewheelswould slow down themotors
accordingo thefriction-factorof the materialthey aremoving on.

A collision detection preventsthe robotfrom goingthroughwalls or otherobjects.
Anothergoodfeaturewould be simulationof the objectdynamics.

At the EindhovenUniversityof Technology(Netherlands) aretwo packagesvailable
which couldbe usedto do this job.

Lwww.tue.nl
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Thefirst oneis SOLID? by Gino vandenBergenwhich realizesa collision detection,
andtheotheris DYNAMO? by Bart Barenturg which canhandledynamicsof objects.
Thereyou canalsofind somelinks to relatedpages.

The Architecture of the simulatorhasto be thoughtover. In it's currentstateit
seemaeitherto bevery consistentnor eveneasyto extend.

2www.win.tue.nl/cs/tt/gino/solid/
Swww.win.tue.nl/~bartb/dynamo/



Chapter 8

Conclusion

Theprojectwasoriginally plannedo producecontolsfor examiningtheKheperarobot.
Thereforewe got a simulator(EasyBot)andtherealrobot. Thefirst stepto do should
beto try a control using EasyBotbeforeportingit to the robot. After a few testswe
found out, thatthe porting from EasyBotto the real Kheperarobot meantto designa
completelydifferentprogram.This wascausedy majordifferencebetweerEasyBot
andtherealrobot.

Thereforeour mainobjective changedo build up commoninterfaceso have onecon-
trol for all kinds of using. We intendedto generatea roboticsprogrammingnterface,
which allows to develop a control that is testableindependendlyrom the real robot.
After testingon the simulator it shouldwork similary ontherealrobot.

The projectwassuccessfullyn away thatwe designeda structureto programa Khep-
erarobotin afairly easyway. Thecontroljustneedto bewritten onceto beexecutable
onthesimulator online (via theserialconnectionanddirectly ontherobot. Dueto the
lack of time we werenot ableto implementthe whole functionality for the simulator
Causedy usingC++, therearestill problemswith the crosscompiler, which doesnot
work properly

Thesecondanaim wasto generate setof tools,which arenecessaryo work with the
robot(serialcommunicationdownload. . .). Whenwe wrotethesetoolswe decidedo
havetoolsfor Linux andWindowsNT.

We produceda few controlsto demonstratehow to usethe simulator Someof them
doesnot fit to our interface. Thesecontrolswere necessaryo find advantagesand
disadantage®f thesimulatorandourinterface.

After providing thisinterfaceandthesetools,now its time to write controlsto usethem.

Have alot of fun'!
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Appendix A

Dir ectory Structure

If thereis azip -file in adirectory the extractedcontentof this file is alsoprovidedin
asubdirectoryof the samename.In mostcases/ou shouldusethezip -file.

Khepera/

Documentation/ containghis documentation
EasyBot/

controls/ examplecontrolsfor EasyBot
framework / framework for asimpleDLL for EasyBot
interfaces/

Khepera/ commonKheperainterfaceasdescribedn chapter3

bioscom/ implementatiorfor crosscompilation
(doesnotwork yet) — seesection5.1

examples
img/ imagesneededor runninggserial_..
include/ headeffiles for the commoninterface
netcom/ serialportimplementation
commport.unx/ Linux communicatioron serialport

commport.nt/ WindowsNT4communicatioron serialport
(doesnotwork yet).

gtdir / Qt-frontendfor serialcommunicatioron Linux
simcom/ implementatiorfor the simulator
commport.nt/ dummyserialportfor theinterface

DLL_SimCom/ Programmingnterfacefor a control-DLL
seesection3.3.2

LIB_SimCom/ sourcedogenerat@new library usedn DLL_SimCom
src/ sourcedor writing aDLL asdescribedn section2.3
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Khepera/ continued

EasyBot/
extensiond extensiondor the simulator
RayInfo/ the RayInfo-Controlasdescribedn section2.4
include/ headeffiles for EasyBot-controls
releaséd precompiledcontrolsfor EasyBot
worlds/ LV3D-scenedor robotsimulation
External/ programsandtoolsfrom externalsources
Doc/ Documentatiorof the KheperalTeam(Lausanne)
Examples/
Papers/ scientificpapersaaboutthe Kheperarobotandalgorithmsfor it
Tools/
Webots/ Webotsrobotsimulator
LV3D/ the3D-viewer LightVision3D
Tools/
upload/
Linux / theKheperaJploadtoolfor Linux asdescribedn section6.1.1
WinNT4/ the KheperaUploadtool for Windows NT 4 asdescribed
in section6.1.2
Presentationg

Paderborn/ our materialfor the “First internationalkheperaWorkshop”
in Paderborn10th/ 11th December999.
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