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Chapter 1

Intr oduction

Thisprojectwasrunningasa4thyearprojectin computersciencestudiesattheUniver-
sity of Applied Sciencesin Dresden(Hochschulefür Technik undWirtschaft Dresden
(FH) [1], Germany). Theobjective of this project,led by Prof. HeinoIwe [2], wasto
improvetheroboticsfacillities in this faculty.

1.1 The Project

The aim of the Projectwas to implementa robot-simulator(EasyBot),a tool based
on LightVision3D that shouldbe able to simulateall kinds of robots(existing and
imaginable). Other taskswere to develop an interfacethat can be usedwith a real
Kheperarobotaswell aswith thesimulator, andseveralcontrolunits for theKhepera
robotandsimulator.
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8 CHAPTER1. INTRODUCTION

1.2 LightV ision3D(LV3D)

LightVision3D[3] is a3D-viewerand-modeller, designedfor beginnersandadvanced
userslike3D-designersand-engineers,runningin aWindows9xor WindowsNTenvi-
ronment.To getit workingit is necessaryto havetheInternetExplorer(v.4.0or higher)
installed.

Features:

� objects:

– mathematicalobjects(sphere,plane)

– mesh-objects� describedby vertexesandtriangles� deformableusingamagnettool

– group-objects� lights (pointlight,spotlight)� cameras� materials,textures� drag&dropto assigntexturesor materialsto objects

LightVision3Dis easyto use.Help canbeobtainedusingtheright 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 ?

1. Installation
Unzip thelv3d_easybot.zipto a directoryon yourharddisc.

2. StartLightVision3D
StartLightVision3Dwith adoubleclickon LV3D.exe

3. Loada scene
Loada robot-sceneout of the“roboter”-directory(e.g.khepera1_scene8.lvs)

4. StartEasybot
Call Easybotfrom the“Funktionen/Robotersimulation/Easybot”-menu. Easybot
presentsall theavailablerobotsin a list.

5. Selectthenavigationmodule
For eachrobot you want to use, load a control-DLL. This can be doneby a
doubleclickon thenameof therobotin thelist.

If DLLs are not visible in the filedialog, changethe option of the Windows-
Explorerthathidesspecialfiles. Thiscanbedoneby callingtheExplorer, choos-
ing “View/options”,andselecting“show all files”. Now restartLightVision3D
andstartoverat point3.

6. Danger!robotswalking!
Now, having assignedsomeDLLs to the robots,you canpressthe play-button
“ � ” to seetherobotsin action.
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1.4 The Khepera Robot

Kheperahasoriginally beendesignedas a researchand teachingtool in the frame-
work of a SwissResearchPriority Program.It wasdevelopedat “Ecole polytechnique
fédéraledeLausanne”in Swizerland.Therearetwo modesto usethis robot. You can
eithercontrolit via aseriallink, or downloadacompiledprogram,to let therobotwork
autonomously.

1.5 Contact the HTW -Khepera-Team

Prof. HeinoIwe
www.htw-dresden.de/iwe/
iwe@informatik.htw-dresden.de

HTW-Dresden
Friedrich-List-Platz1
D - 01069Dresden
FB Informatik

Tel.: +493514620
Fax.: +49351462.21.85

EasyBot- Team:

www.htw-dresden.de/iwe/easybot/easybot.html



Chapter 2

EasyBot- the Simulator

2.1 Intr oduction

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

EasyBotis anextensionfor LightVision3Dto manipulaterobot-objects.Robot-objects
containsensors,built of triangles,named“sensor.. . ”. All group-objects,containing
suchsensor-objects,arerecognizedasrobots,which canbecontrolledby a DLL. The
controlmustbeinheritedfrom theinterfacedescribedbelow.

2.2 The User Interface

The numberedregionsin figure 2.1 containcontrolsto managefollowing aspectsof
simulation:

1. List of availablerobotsin thescene,thatcanbecontrolled.With a double-click
youcanopenafile-dialogto chooseaDLL.

2. Someoptions:

“r obot camera” Switchesthe3D-outputof LV3D toarobotrelatedview. Within
thecombo-boxyoucanchoosethedirectionof therobotcamera.

“f ollow landscape” Letstherobotsfollow thelandscapewhile moving around.
This enablestherobotsto operatein non-flatenvironments.However this
doesnot work with stepsandsteeprises.

“show track” Showsthetrackof therobotfor thelastsimulatedsteps.

“savepositions” Savessomedataof eachsimulation-stepfor lateranalysis.

11



12 CHAPTER2. EASYBOT - THE SIMULATOR

Figure2.1: EasyBotUserInterface

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

4. With theleft buttonyoucanloadacontrol-DLL for theselectedrobot.Theother
oneopensaconfigurationdialogfor thecurrentrobot,if implementedwithin the
control-DLL.

5. Simulationcontrol:

# stopsthesimulation.

� startsthesimulation.

��� executesonesimulationstep.

6. The“interval” is thetime-baseof thesimulation.This is theminimumtime be-
tweenthe startsof two simulationsteps. LV3D ignoresthis value, if it needs
moretime to updatethedisplay. The“updateafterstep”-valuedefinesthenum-
berof stepsbetweentwo displayupdates.
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2.3 Example for Writing a Control-DLL for EasyBot

This chapterwantsto explain, how to write a DLL, which controlsa robot in Easy-
Bot. The robot,we want control, is a Kheperawith a K213-extension.The interface
explainedhere,is thebasicinterfaceof EasyBot.

EasyBotprovidesa generalrobot interface. Basingon this interface,it is possibleto
write interfacesfor realrobots.Laterin thisdocumentwedescribetheinterfacefor the
Kheperarobot(see3.1).

2.3.1 The DevelopmentEnvir onment

The developmentenvironmentis Microsoft Visual Studio5.0/6.0. We suppose,you
canalsouseotherdevelopmentenvironments,thatcanproduceDLL’s.

2.3.2 The Khepera Control Interface

The model of the robot contains8+64 ray-sensors,which representthe sensorsof
the Kheperaand the K213-extension. The first 8 sensorsare the IR-sensorsof the
Khepera.For eachpixel of the K213-one-line-cameraexistsoneray-sensor(that are
the other 64 sensors).The sensorsare organizedin an 72 (8+64) element-arrayof
easybot_ray_info -structures.

Thereactionon thesensor-datais implementedwithin theNavigate() -functionof
your DLL. Possiblereactionsareoperationslike move alongor rotate aroundthe
X,Y andZ-axis.UsuallytheKheperaonly rotatesaroundtheY-axis,andmovesalong
theZ-axis.
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2.3.3 The Interface

Theexamplebelow performsa line trackingalgorithmasdescribedlater(see4.2).

Your controll-DLL mustinherit the interfaceDLL_Interface_Easybot . All ab-
stractfunctionshave to beimplemented.

class DLL_Interface_Easybot
{
public:

virtual char* __cdecl GetName()=0;
virtual char* __cdecl GetVersion()=0;
virtual char* __cdecl GetAuthor()=0;
virtual char* __cdecl GetDescription()=0;

virtual void __cdecl SetEasybotInfo
(Easybot_Interfaces *p)=0;

virtual void __cdecl SetRayInfo(easybot_ray_info *p,
long highest_index)=0;

virtual void __cdecl SetObjectInfo
(easybot_object_info *p)=0;

virtual void __cdecl SetMessageFrom(char *pfrom_robot,
char *pmessage)=0;

virtual int __cdecl GetMessageFor(char **ppto_robot,
char **ppmessage)=0;

virtual void __cdecl Navigate()=0;

virtual float __cdecl GetMoveX()=0;
virtual float __cdecl GetMoveY()=0;
virtual float __cdecl GetMoveZ()=0;
virtual float __cdecl GetRotationX()=0;
virtual float __cdecl GetRotationY()=0;
virtual float __cdecl GetRotationZ()=0;

virtual void __cdecl OpenDialog()=0;
virtual void __cdecl SetStartStop(int onoff)=0;
virtual void __cdecl Destroy()=0;

};
#endif

Thecall-convention__cdecl is usedto becompatiblewith BorlandDelphi.

ThemethodsGetName() , GetVersion() , GetAuthor() , GetDescription() ,
SetEasybotInfo() ,SetRayInfo() andSetObjectInfo() areexecutedonce,
whentheobjectis constructed.Destroy() is called,whentheuserclosesEasyBot.
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Function Description

GetName returnsthenameof your DLL

GetVersion returnsaVersion-Info

GetAuthor returnsthedeveloperof theDLL

GetDescription returnswhatyourDLL does

SetEasybotInfo EasyBotcalls this methodof your class.As parameteryou

getanobjectof theclassEasybot_Interfaces . It can

beusedto accessall controlscurrentlyin useby Easybot.

SetRayInfo EasyBotcalls this methodof your class.As parameteryou

get an array of easybot_ray_info -structures. They

containthesensor-information.

SetObjectInfo EasyBotcalls this methodof your class.As parameteryou

getanelementof thetypeeasybot_object_info , that

containsinformationaboutyour robot.

SetMessageFrom This method is triggered, when another robot

pfrom_robot sends you a message pmessage .

GetMessageFor EasyBot calls this method of your class just the same

as Navigate() . EasyBot wants to know the robot

(**ppto_robot ), thatreceivesthemessage(**ppmes-

sage ). Thereturn-valuetellsEasyBot,whetheryouhavea

messageor not. This methodis calledagain,if it doesnot

return0.

Navigate This methodcontainsthecontrolof therobot. WhenEasy-

Bot executesit, all thesensor- andobject-datahasbeenset

into the structures.It hasto calculatethe next step,using

this data.Youmayusetheoperations“move” and“rotate”.

GetMoveX, GetMoveY, GetMoveZ EasyBotcallsthis methodsof your class,to gettherelative

movementsof therobotin world-coordinates.

GetRotationX,GetRotationY, GetRotationZ EasyBotcallsthismethodsof yourclass,to gettherotation

of the robot aroundthe X, Y andZ-axis (in degree)in the

object-coordinatesystem.

OpenDialog If your control has its own dialog to interact with the

user, that is the placeto implementit. It can be usedto

parametrizethecontrol.

SetStartStop You get the information,that the simulationhasstartedor

stopped.(1=start,0=stop)

Destroy Youshoulddestroy your reservedresources,e.g.yourmod-

elessdialog.
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Thestructures:

struct easybot_ray_info
{

float ray_length; // length of ray
float ray_max_length; // max possible length of ray
float ray_sx; // start-point (X,Y,Z)
float ray_sy;
float ray_sz;
float ray_ex; // end-point (X,Y,Z)
float ray_ey;
float ray_ez;
char* obj_name; // name of object hit by ray
char* mat_name; // name of material hit by ray
float mat_clr_r; // red-value of material

// (diffus component)
float mat_clr_g; // green-value (0.0 .. 1.0)
float mat_clr_b; // blue-value (0.0 .. 1.0)
float lgh_bright; // brightness in ray direction

// on start-point
float lgh_r; // light-red-value on start-point
float lgh_g; // light-green-value (0.0 .. 1.0)
float lgh_b; // light-blue-value (0.0 .. 1.0)

};

The structureeasybot_ray_info provides information abouta single ray. The
meaningof eachelementis describedin thecomments.Theinformationfor thelights
(lgh_* ) is notcurrentlyusedtransferred.Theray_max_length is neitherset,nor
usedby EasyBot.This datais freeto beusedfor adjustingtheray.

struct easybot_object_info
{

float obj_pos_x; // position of the object in the
float obj_pos_y; // world (X,Y,Z)
float obj_pos_z;
float obj_rot_x; // rotation around the object-axis
float obj_rot_y; // rotation-order: y,x,z
float obj_rot_z; // y .. up, x .. right, z .. to you
float obj_go_x; // direction the robot looks (goes)
float obj_go_y;
float obj_go_z;
char* obj_name; // name of the robot

};

Thestructureeasybot_object_info providesinformationaboutthe robot. The
meaningof eachelementis describedin thecomments.All elementsareread-only!
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2.3.4 Lets build the DLL

Now wewantto developanown control-DLL.

1. Start the wizard, that constructs the framework for the DLL. Select
“File/New”, choosethe“MFC . . . (.dll)” frame-type,andgiveit theproject-name
“DLL_Khepera_K213_1”.

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

2. Now we define the external functions of our DLL. Thereforewe open the
DLL_Khepera_K213_1.def file, andwrite the nameof the external func-
tion GetEasybotInterface into this file. GetEasybotInterface is
thefunction,thatcallsEasyBot,to getanDLL_Easybot_Interface -object.

; DLL_Khepera_K213_1.def : declares module parametres for the DLL.

LIBRARY "DLL_Khepera_K213_1"

DESCRIPTION ’DLL_Khepera_K213_1 Windows Dynamic Link Li-
brary’

EXPORTS
; explicite exports can be inserted here

GetEasybotInterface
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3. DefinetheexternalfunctionGetEasybotInterface in thefile
DLL_Khepera_K213_1.cpp at thebottomof this file.

#include "Easybot_Khepera_K213_1.h"

DLL_Interface_Easybot* GetEasybotInterface()
{

Easybot_Khepera_K213_1 *p;
p=new Easybot_Khepera_K213_1;
return p;

}

This functionreturnsapointerto anobjectof our class.

4. DefinetheclassEasybot_Khepera_K213_1 , thatinheritsthe
DLL_Easybot_Interface . Save this file 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 "Dlg_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_lNumberRays;
int m_message,m_need_input,

m_last_speed,m_last_step,
m_last_rot;

int m_rechtwinklig,m_dlg_open;
CDlg_K213 *m_pdlg;
easybot_ray_info *pRays;
easybot_object_info *pObject;
Easybot_Interfaces *pIntfs;

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 SetRayInfo(easybot_ray_info *p,
long highest_index)

{pRays=p;m_lNumberRays=highest_index+1 ;}
void __cdecl SetObjectInfo(easybot_object_info *p)

{pObject=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 weaddthecontentsof 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 lr_g \

+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)

{
// don’t want to receive a messages

}

int Easybot_Khepera_K213_1::GetMessageF or
(char **ppto_robot, char **ppmessage)

{
return 0; // no messages

}

void Easybot_Khepera_K213_1::Navigate()
{

float z_intens,y_intens,max_intens,old_y;
int see;

max_intens=1; //scope of the sensors
z_intens=0.1f; //move forward if no input
y_intens=0; //don’t rotate if no input
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// 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);
}
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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);
}

// 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 ((!see && m_rechtwinklig) || !m_rechtwinklig)

// if option "rechtwinklige Ecken ausfahren"
// active move forward along the line even
// if there are other lines to be seen

{
PIXEL_ROTATION(8+0 , 4);
// ignore non-central input, as long as there
// 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) // if there is a line as non-central input,
// 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)
// robot left a line
{

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

z_intens=0.1;
m_last_step+=1.0;

}
else

// we are at the end of the line, look for
// another line by rotating +/- 90 degree

{
if (m_last_rot<90.0)

// look (rotate) left
{

z_intens=0;
y_intens=4;
m_last_rot+=4.0;

}
else
{

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

{
z_intens=0;
y_intens=-4;
m_last_rot+=4.0;

}



24 CHAPTER2. EASYBOT - THE SIMULATOR

else
// rotate back and go ahead

{
if (m_last_rot<360.0)

// rotate back to
// original direction

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

}
else

m_need_input=0;
// there was no line

}
}

}
}

}

// Z-Richtung holen
m_fmovex=pObject->obj_go_x;
m_fmovey=pObject->obj_go_y;
m_fmovez=pObject->obj_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; // send another message
}

float Easybot_Khepera_K213_1::GetMoveX()
{

return m_fmovex;
}

float Easybot_Khepera_K213_1::GetMoveY()
{

return m_fmovey;
}
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float Easybot_Khepera_K213_1::GetMoveZ( )
{

return m_fmovez;
}

float Easybot_Khepera_K213_1::GetRotati onX()
{

return m_frotx;
}

float Easybot_Khepera_K213_1::GetRotati onY()
{

return m_froty;
}

float Easybot_Khepera_K213_1::GetRotati onZ()
{

return m_frotz;
}

void Easybot_Khepera_K213_1::OpenDialo g()
{

if (m_dlg_open==0)
{

if (!m_pdlg) m_pdlg=new CDlg_K213;
m_pdlg->pRays=pRays;
m_pdlg->m_popen=&m_dlg_open;
m_pdlg->m_prechtwinklig=&m_rechtwin klig;
m_pdlg->Create(IDD_DLG_K213);
m_pdlg->ShowWindow(SW_SHOW);
m_dlg_open=1;

}
}

Thisis thegeneralwayto defineacontrol-DLL.Thespecialtaskis notexplained
here.

You canstarttestingthefunctionalityusingemptymethods.Lateryou canadd
functionalitystepby step.
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2.4 Manual for DLL_Khepera_Rayinfo1.dll

2.4.1 What’s This ? – Description

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

Figure2.2: Dialogsof theEasybot-Rayinfo

This is acontrol-DLL for EasyBot.It displayssomeinformationaboutKhepera-robots
(mostof themaboutdistancesandnamesof objects).Theinformationis visualizedby
adialog-panel.Thereis a circlewith 8 groupsof sensor-relatedtextboxesandbitmaps
to beseen.In themiddleof thecirclearethename-andcontroller-info of theKhepera.

The sensor-relatedgroup displaysthe datareceived by the correspondingsensorof
theKhepera-robotin thesimulationprogram.On top in this groupis a bitmapwhich
visualizesthe proximity to an object in the simulatorworld. The more barsof the
box arelit theclosertheobjectis. Below thesebitmapsaretwo textboxes.Theupper
oneindicateseitherdataof sensor-outputlike therealKheperawould receive (means
numbersrangingfrom 0 up to 1024,0 is far), or datafrom the simulatorusing the
lengthof a vector. Actually the maximumlengthis 1.5 units1. If anobjectis further
away it is no more recognizedby the sensor. In caseof simulateddata1.0e6units
indicatethatthereis noobjectin therangeof thesensor. A valueof 1.5is farawayand
0.0 meanstheobjectis hit. Thelower textbox containsthenameof theobject“seen”
by thesensor.

1a unit in LV3D is approx.10centimetres(cm)
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Therearetwo othertextboxesin thecentreof thecircle. Onelabeled“Name:” contains
thenameof theKhepera-robot.Theotheronelabeled“Controller” displaysthename
of therobot-navigation-module(DLL).

2.4.2 What can I do ? – Usage

To getto thepanel:

1. startLV3D

2. loador createascenewith Khepera-robots

3. createanobject(simplestis a triangle)

4. renameit to “Sensor”� objectproperties[click rightmousebuttonontheobjectin theobjectbrowser]� “umbenennen...”

5. make it invisible� objectproperties� “Darstellung”� uncheck“aktiv”

6. starttherobot-simulator� menu“Funktionen”� “Robotersimulation”� “EasyBot”

7. Loadthepropernavigation-modulesfor theKhepera-robotsandprobablyother
moving objectsandloadthe“DLL_Khepera_Rayinfo1.dll”for theinvisibleob-
ject (supposedly“Sensor”).

8. “opendialog” for “Sensor”andyoufinally getthepanel.

Theuppersectionof thedialog-panelcontainsacheckboxandtwo buttons.Thebutton
named“Next” switchesto thenext robotthathasacontroll_DLL assignedto displayits
sensor-data.Reachingthebottomof thelist it continuesontop. Thispanelis especially
designedfor Khepera-robotswith their typical 8-sensor-configuration.Sensor-datais
only displayedfor theserobots. Otherrobotslike doors,rotatingdoors,stand-alone
sensorsandsoon will only have their namesandcontroll_DLL displayed(Thepanel
doesnotfit their sensor-data).

Thebutton“Close” will closetheRayinfo-Dialog-panel.
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Thecheckboxlabeled“userealdata” is setby default. Thatmeansthepaneldisplays
thesensor-datain therangefrom 0 upto 1024like therealKhepera-sensors.An output
of 1024meanstheobjectis directly in front of thesensor.

If this checkboxis uncheckedit displayssimulateddata.This is thedistancebetween
the sensorandan object(the lengthof the planenormalhitting an object) in LV3D-
distanceunits. 0.0unitsmeancontactwith theobject,1.5unitsarethemaximum,but
theobjectis still noticedand1.0e6unitsmeanthereis nothingin sensor-range.

2.4.3 How doesit work ? – Realization

This is a control-DLL for Easybot,that displaysdataaboutother connectedrobot-
controllers.Therearetwo dialog-panelsimplementedto achievethis.

To export the Rayinfo-Interface to EasyBot, it has to be declared in the file
DLL_Khepera_Rayinfo1.defin sectionEXPORTS.

File DLL_Khepera_Rayinfo.def:

; DLL_Khepera_Rayinfo1.def : declares modul-parameters for the DLL.

LIBRARY "DLL_Khepera_Rayinfo1"
DESCRIPTION ’DLL_Khepera_Rayinfo1 Windows Dynamic Link Li-
brary’

EXPORTS
; Explicit exports can go here

GetEasybotInterface

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

DLL_Interface_Easybot* GetEasybotInterface()
{

Easybot_Rayinfo *p;
p=new Easybot_Rayinfo;
return p;

}

This functioncreatesa new Easybot_Rayinfo-object.Theclassis definedin the files
Easybot_Rayinfo.handEasybot_Rayinfo.cpp:

// Easybot_Rayinfo.h
// Headerfile for Rayinfo-Easybot
// Marko Hassler - htw3566
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#ifndef EASYBOT_RAYINFO
#define EASYBOT_RAYINFO

#include "../include/easybot_interface.h"
#include "Dlg_Rayinfo.h"
#include "Dlg_Small_Rayinfo.h"

class Easybot_Rayinfo:public DLL_Interface_Easybot
{

int m_dlg_state;
// state-variable - this is a global
// variable to sync to dialogs

int n, count; // simple counter
long m_lNumberRays; // for SetRayInfo()
long curr_num_rays; // holds the number

// of rays of current easybot
CDlg_Rayinfo *m_pdlg; // large Dialog
CDlg_Small_Rayinfo *m_pdlgsm; // small Dialog
easybot_ray_info *pRays; // rayinfo ray(s) := none
easybot_object_info *pObject; // rayinfo object
Easybot_Interfaces *pIntfs; // rayinfo interface

easybot_ray_info *pCurrRays; // current rays
easybot_object_info *pCurrObject; // current object
DLL_Interface_Easybot *pCurrDLL; // current DLL_Interface
DLL_Interface_Easybot *pTry; // test DLL_Interface

CString sensor_test; // test-string for khepera-names

// the arrays allow indexed processing
CStatic *m_bild[8]; // Array of pointer to CStatic-controls
CString *m_hit[8]; // Array of pointer to CString-objects
CString *m_sensor[8]; // Array of pointer to Cstring-

objects

CStatic *m_bildsm[8]; // Array of pointer to CStatic-
controls

CString *m_sensorsm[8]; // 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 SetInterfaceInfo(Easybot_Interfaces *p)
{pIntfs=p;}

void __cdecl SetRayInfo(easybot_ray_info *p,
long highest_index)

{pRays=p;m_lNumberRays=highest_index+ 1;}
void __cdecl SetObjectInfo(easybot_object_info *p)

{pObject=p;}

void __cdecl SetMessageFrom(char *pfrom_robot,
char *pmessage){}

// get messages from other robots - no message
int __cdecl GetMessageFor(char **ppto_robot,

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

void __cdecl Navigate();
// next navigation step - most important

double __cdecl GetMoveX(){return 0.0;}
// relative move in X (world-coords) -none-

double __cdecl GetMoveY(){return 0.0;}
// relative move in Y (world-coords) -none-

double __cdecl GetMoveZ(){return 0.0;}
// relative move in Z (world-coords) -none-

double __cdecl GetRotationX(){return 0.0;}
// rotation around X-axis in degree -none-

double __cdecl GetRotationY(){return 0.0;}
// rotation around Y-axis in degree -none-

double __cdecl GetRotationZ(){return 0.0;}
// rotation around Z-axis in degree -none-

void __cdecl OpenDialog(); // dito

void __cdecl SetStartStop(int onoff){}
// not used

void __cdecl Destroy(){delete this;}
// destroy Easybot-object
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};

#endif

// Easybot_Rayinfo.cpp
// Sourcefile for Rayinfo-Easybot
// 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; // state variable
count=1; // process first robot in the beginning

}

Easybot_Rayinfo::~Easybot_Rayinfo ()
{

// cleanup the dialogs
if (m_pdlg)

m_pdlg->DestroyWindow();
if (m_pdlgsm)

m_pdlgsm->DestroyWindow();
}

void Easybot_Rayinfo::Navigate()
{

if (m_dlg_state==0)
return; // 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_pdlgsm->ShowWindow(SW_SHOW); // show small dialog

}

if (m_dlg_state==3) // "switch to big" was pressed ?
{

m_pdlgsm->ShowWindow(SW_HIDE); // hide small dialog
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m_pdlg->ShowWindow(SW_SHOW); // show large dialog
m_dlg_state=1;

// reset state variable to "normal" condition
}

// get proper robot data:
if (m_pdlg->m_next || m_pdlgsm->m_next) // next button

// pressed ? - then take next Khepera-robot in list
{

count=0; // 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) // go to current robot
{

if (pTry==pCurrDLL)
break;

pTry=pIntfs->GetNextInterface();
}

if ( (pCurrDLL = pIntfs->GetNextInterface()) == 0 )
// no more robots?

count=1; // take first robot
else // take next robot in the list
{

// assign corresponding infos
pCurrObject = pIntfs->GetObjectInfo();
pCurrRays = pIntfs->GetRayInfo();
curr_num_rays = pIntfs->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 != 8)

) // while no Khepera
{

if ((pCurrDLL=pIntfs->GetNextInterface( )) == 0)
// no more robots?

{
count=1; // take the first robot
break; // leave while loop
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}
// take this robot,
// it is the next available Khepera

pCurrObject = pIntfs->GetObjectInfo();
pCurrRays = pIntfs->GetRayInfo();
curr_num_rays = pIntfs->GetNumberOfRays();
sensor_test=pCurrObject->obj_name;

} // endwhile
} // endelse next robot

m_pdlg->m_next=0; // reset next buttons
m_pdlgsm->m_next=0;

}

if (count) // first robot in the list
{

// first interface and corresponding infos
pCurrDLL = pIntfs->GetFirstInterface();
pCurrObject = pIntfs->GetObjectInfo();
pCurrRays = pIntfs->GetRayInfo();
curr_num_rays = pIntfs->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 != 8)

) // while this is no Khepera
{

if ((pCurrDLL=pIntfs->GetNextInterface() ) == 0)
// no other robot ?

{
// fill 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++)
{

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

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

}
m_pdlg->UpdateData(false);
m_pdlgsm->UpdateData(false);
return; // failure, nothing to display,

// request user for DLLs
}

// take this robot,
// it is the first Khepera in the list

pCurrObject = pIntfs->GetObjectInfo();
pCurrRays = pIntfs->GetRayInfo();
curr_num_rays = pIntfs->GetNumberOfRays();
sensor_test=pCurrObject->obj_name;

} // endwhile
} // endif first robot

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

// 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");
// m_pdlg->m_leftmotor.Format("%i",
// pCurrObject->left_motor_speed);
// or calculated data for the speed of left motor

// dummy, see directly below
m_pdlg->m_rightmotor.Format("on");
// m_pdlg->m_rightmotor.Format("%i",
// pCurrObject->right_motor_speed);
// or calculated data for the speed of right motor

// display ray-related information (length of ray,
// 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++) // 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_pdlgsm->bm_sm[pCurrRays[n].ray_le ngth< =1.5?

10-(int)floor(pCurrRays[n].ray_length/ 1.5*1 0+.5) :0]);

// sensor info textboxes
if (m_pdlg->m_modeldata) // fill 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 // fill 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);

// object-hit-textboxes, this is only for large dialog
m_hit[n]->Format("%s",

pCurrRays[n].ray_length<=1.5?
pCurrRays[n].obj_name:"");

} // endfor sensor groups

m_pdlg->UpdateData(false); // Force Update of dialog
m_pdlgsm->UpdateData(false); // dito for small dialog

}

void Easybot_Rayinfo::OpenDialog()
// if "Open Dialog"-button is pressed
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{
if (m_dlg_state==0) // only act, when dialogs are off
{

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

m_pdlg=new CDlg_Rayinfo; // allocate large dialog

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

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

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

// fill array of pointers to CStatics
// for easier handling with for(;;)-loops

m_bild[0]=&m_pdlg->m_bildS0;
m_bild[1]=&m_pdlg->m_bildS1;
m_bild[2]=&m_pdlg->m_bildS2;
m_bild[3]=&m_pdlg->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_pdlg->m_bildS7;

// do the same with array of pointers to CStrings
m_sensor[0]=&m_pdlg->m_sensor0;
m_sensor[1]=&m_pdlg->m_sensor1;
m_sensor[2]=&m_pdlg->m_sensor2;
m_sensor[3]=&m_pdlg->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_pdlg->m_hitobject0;
m_hit[1]=&m_pdlg->m_hitobject1;
m_hit[2]=&m_pdlg->m_hitobject2;
m_hit[3]=&m_pdlg->m_hitobject3;
m_hit[4]=&m_pdlg->m_hitobject4;
m_hit[5]=&m_pdlg->m_hitobject5;
m_hit[6]=&m_pdlg->m_hitobject6;
m_hit[7]=&m_pdlg->m_hitobject7;

if (m_pdlgsm)
// is there already an small-dialog-object ?
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m_pdlgsm->DestroyWindow(); // trash it

// allocate small dialog
m_pdlgsm=new CDlg_Small_Rayinfo;

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

// create modeless dialog
m_pdlgsm->Create(IDD_SMALLRAY_DLG);

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

// fill arrays for handling with for(;;)-loops
m_bildsm[0]=&m_pdlgsm->m_smbildS0;
m_bildsm[1]=&m_pdlgsm->m_smbildS1;
m_bildsm[2]=&m_pdlgsm->m_smbildS2;
m_bildsm[3]=&m_pdlgsm->m_smbildS3;
m_bildsm[4]=&m_pdlgsm->m_smbildS4;
m_bildsm[5]=&m_pdlgsm->m_smbildS5;
m_bildsm[6]=&m_pdlgsm->m_smbildS6;
m_bildsm[7]=&m_pdlgsm->m_smbildS7;
m_sensorsm[0]=&m_pdlgsm->m_smsensor0;
m_sensorsm[1]=&m_pdlgsm->m_smsensor1;
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;

// state variable is set to: dialogs open,
// large is shown, small is hidden

m_dlg_state=1;
}

}

Thecontrol-DLL describedabove,getsdataaboutothercontrolledobjects.This data
is shown on a dialogpanel.Thesourcecodefor thelargepanel:

#ifndef AFX_DLG_RAYINFO_H__INCLUDED_
#define AFX_DLG_RAYINFO_H__INCLUDED_

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

/////////////////////////////////// ///// ///// ////// //

class CDlg_Rayinfo : public CDialog
{
// Konstruktion
public:

CDlg_Rayinfo(CWnd* pParent = NULL);

int *m_popen; // (large) dialog open ?
int m_next; // next-button pressed ?

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

//{{AFX_DATA(CDlg_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;
CString m_hitobject0;
CString m_hitobject1;
CString m_hitobject2;
CString m_hitobject3;
CString m_hitobject4;
CString m_hitobject5;
CString m_hitobject6;
CString m_hitobject7;
CString m_name;
CString m_steuerung;
CString m_sensor0;
CString m_sensor1;
CString m_sensor2;
CString m_sensor3;
CString m_sensor4;
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CString m_sensor5;
CString m_sensor6;
CString m_sensor7;
BOOL m_modeldata;
CString m_leftmotor;
CString m_rightmotor;
//}}AFX_DATA

//{{AFX_VIRTUAL(CDlg_Rayinfo)
protected:
virtual void DoDataExchange(CDataExchange* pDX);
//}}AFX_VIRTUAL

// Implementation
protected:

//{{AFX_MSG(CDlg_Rayinfo)
virtual void OnCancel();
afx_msg void OnCheckModeldata();
afx_msg void OnNaechster();
virtual BOOL OnInitDialog();
afx_msg void OnSwitchSmall();
//}}AFX_MSG
DECLARE_MESSAGE_MAP()

};

//{{AFX_INSERT_LOCATION}}

#endif // AFX_DLG_RAYINFO_H__INCLUDED_

// Dlg_Rayinfo.cpp
// 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

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

{
//{{AFX_DATA_INIT(CDlg_Rayinfo)
m_x = _T("");
m_y = _T("");
m_z = _T("");
m_hitobject0 = _T("");
m_hitobject1 = _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_sensor1 = _T("");
m_sensor2 = _T("");
m_sensor3 = _T("");
m_sensor4 = _T("");
m_sensor5 = _T("");
m_sensor6 = _T("");
m_sensor7 = _T("");
m_modeldata = FALSE;
m_leftmotor = _T("");
m_rightmotor = _T("");
//}}AFX_DATA_INIT
m_popen=0; // set state-variable to 0
m_next=0; // initialize next-button to not-pressed
// "use real data" is checked, values from 0..1024
m_modeldata=TRUE;

}

void CDlg_Rayinfo::DoDataExchange(CDataE xchan ge* pDX)
{

CDialog::DoDataExchange(pDX);
//{{AFX_DATA_MAP(CDlg_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_S0, m_bildS0);
DDX_Text(pDX, IDC_X, m_x);
DDX_Text(pDX, IDC_Y, m_y);
DDX_Text(pDX, IDC_Z, m_z);
DDX_Text(pDX, IDC_HIT0, m_hitobject0);
DDX_Text(pDX, IDC_HIT1, m_hitobject1);
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_SENSOR0, m_sensor0);
DDX_Text(pDX, IDC_SENSOR1, m_sensor1);
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_SENSOR6, m_sensor6);
DDX_Text(pDX, IDC_SENSOR7, m_sensor7);
DDX_Check(pDX, IDC_CHECK_MODELDATA,m_modeldata);
DDX_Text(pDX, IDC_LEFTMOTOR, m_leftmotor);
DDX_Text(pDX, IDC_RIGHTMOTOR, m_rightmotor);
//}}AFX_DATA_MAP

}

BEGIN_MESSAGE_MAP(CDlg_Rayinfo, CDialog)
//{{AFX_MSG_MAP(CDlg_Rayinfo)
ON_BN_CLICKED(IDC_CHECK_MODELDATA,OnCheckModeldata)
ON_BN_CLICKED(IDC_NAECHSTER,OnNaechster)
ON_BN_CLICKED(IDC_SWITCHSMALL, OnSwitchSmall)
//}}AFX_MSG_MAP

END_MESSAGE_MAP()

///////////////////////////////// ///// ////// ///// ///// ////// //

void CDlg_Rayinfo::OnCancel()
{

*m_popen=0; // set state variable to 0 -> dialogs are closed
DestroyWindow(); // dito -> cleanup for modeless dialogs



42 CHAPTER2. EASYBOT - THE SIMULATOR

}

BOOL CDlg_Rayinfo::OnInitDialog()
{

CDialog::OnInitDialog();

// create and fill an array of bitmaps
// for easier processing (indexing)
int bmp[11] = { IDB_LARGE0, IDB_LARGE1, IDB_LARGE2,

IDB_LARGE3, IDB_LARGE4, IDB_LARGE5,
IDB_LARGE6, IDB_LARGE7, IDB_LARGE8,
IDB_LARGE9, IDB_LARGE10 };

for (int n=0;n<11;n++)
{

bm[n]=::LoadBitmap(AfxGetResourceH andle (),
MAKEINTRESOURCE(bmp[n]));

}

return TRUE;
}

void CDlg_Rayinfo::OnCheckModeldata()
{

UpdateData(true);
// check/uncheck the box, switch variable m_modeldata

}

void CDlg_Rayinfo::OnNaechster()
{

m_next=1;
// next button was pressed,
// processed in Navigate() of Easybot

}

void CDlg_Rayinfo::OnSwitchSmall()
{

*m_popen=2;
// set state variable to 2 -> close large dialog
// and open small dialog in Navigate() of Easybot

}

And herefor thesmallpanel:

#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

// Dlg_Small_Rayinfo.h :
// Header-Datei for Small Rayinfo Dialog
// Marko Hassler - htw3566

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

///////////////////////////////// ///// ////// ///// ///// /////
// Dialogfeld CDlg_Small_Rayinfo

class CDlg_Small_Rayinfo : public CDialog
{
// Konstruktion
public:

CDlg_Small_Rayinfo(CWnd* pParent = NULL);

int *m_popen; // (small) dialog open ?
int m_next; // next-button pressed ?

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

//{{AFX_DATA(CDlg_Small_Rayinfo)
enum { IDD = IDD_SMALLRAY_DLG};
CStatic m_smbildS7;
CStatic m_smbildS6;
CStatic m_smbildS5;
CStatic m_smbildS4;
CStatic m_smbildS3;
CStatic m_smbildS2;
CStatic m_smbildS0;
CStatic m_smbildS1;
CString m_smname;
CString m_smsensor0;
CString m_smsensor1;
CString m_smsensor2;
CString m_smsensor3;
CString m_smsensor4;
CString m_smsensor5;
CString m_smsensor6;
CString m_smsensor7;
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//}}AFX_DATA

//{{AFX_VIRTUAL(CDlg_Small_Rayinfo)
protected:
virtual void DoDataExchange(CDataExchange* pDX);
//}}AFX_VIRTUAL

// Implementation
protected:

//{{AFX_MSG(CDlg_Small_Rayinfo)
afx_msg void OnSwitchbig();
virtual BOOL OnInitDialog();
afx_msg void OnNaechster1();
afx_msg void OnCancel1();
//}}AFX_MSG
DECLARE_MESSAGE_MAP()

};

//{{AFX_INSERT_LOCATION}}

#endif // AFX_DLG_SMALL_RAYINFO_H__INCLUDED_

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

#include "stdafx.h"
#include "Dlg_Small_Rayinfo.h"

#ifdef _DEBUG
#define new DEBUG_NEW
#undef THIS_FILE
static char THIS_FILE[] = __FILE__;
#endif

/////////////////////////////////// ///// ///// ////// ///// //

CDlg_Small_Rayinfo::CDlg_Small_Rayi nfo(C Wnd* pParent)
: CDialog(CDlg_Small_Rayinfo::IDD, pParent)

{
//{{AFX_DATA_INIT(CDlg_Small_Rayinfo)
m_smname = _T("");
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m_smsensor0 = _T("");
m_smsensor1 = _T("");
m_smsensor2 = _T("");
m_smsensor3 = _T("");
m_smsensor4 = _T("");
m_smsensor5 = _T("");
m_smsensor6 = _T("");
m_smsensor7 = _T("");
//}}AFX_DATA_INIT
m_popen=0; // set state-variable to 0
m_next=0; // initialize next-button to not-pressed

}

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

CDialog::DoDataExchange(pDX);
//{{AFX_DATA_MAP(CDlg_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_S0, m_smbildS0);
DDX_Control(pDX, IDC_SMA_S1, m_smbildS1);
DDX_Text(pDX, IDC_NAMESM, m_smname);
DDX_Text(pDX, IDC_SENSORSM0, m_smsensor0);
DDX_Text(pDX, IDC_SENSORSM1, m_smsensor1);
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_SENSORSM6, m_smsensor6);
DDX_Text(pDX, IDC_SENSORSM7, m_smsensor7);
//}}AFX_DATA_MAP

}

BEGIN_MESSAGE_MAP(CDlg_Small_Rayi nfo, CDialog)
//{{AFX_MSG_MAP(CDlg_Small_Rayinfo)
ON_BN_CLICKED(IDC_SWITCHBIG, OnSwitchbig)
ON_BN_CLICKED(IDC_NAECHSTER1,OnNaechster1)
ON_BN_CLICKED(IDCANCEL1, OnCancel1)
//}}AFX_MSG_MAP

END_MESSAGE_MAP()
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/////////////////////////////////// ///// ///// ////// /////

void CDlg_Small_Rayinfo::OnCancel1()
{

// set state variable to 0 -> dialogs are closed
*m_popen=0;
// dito -> cleanup for modeless dialogs
DestroyWindow();

}

BOOL CDlg_Small_Rayinfo::OnInitDialog()
{

CDialog::OnInitDialog();

// create and fill an array of bitmaps
// for easier processing (indexing)
int bmp_sm[11] = { IDB_SMALL0, IDB_SMALL1, IDB_SMALL2,

IDB_SMALL3, IDB_SMALL4, IDB_SMALL5,
IDB_SMALL6, IDB_SMALL7, IDB_SMALL8,
IDB_SMALL9, IDB_SMALL10 };

for (int n=0;n<11;n++)
{

bm_sm[n]=::LoadBitmap(AfxGetResour ceHandle(),
MAKEINTRESOURCE(bmp_sm[n]));

}

return TRUE;
}

void CDlg_Small_Rayinfo::OnNaechster1()
{

m_next=1;
// next button was pressed, processed
// in Navigate() of Easybot

}

void CDlg_Small_Rayinfo::OnSwitchbig()
{

*m_popen=3;
// set state variable to 3 -> close small dialog
// and open large dialog in Navigate() of Easybot

}
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The datais acquiredin the Navigate() -Routineof the Rayinfo-object.The visu-
alizationmodeof theRayinfo-objectis managedby a variable(m_dialog_state ),
thatcanhavethesefour states:

� State0 - Bothdialogsareclosed.� State1 - Bothdialogsarecreated.Thelargeoneis shown, thesmall is hidden.� State2 - “switch to small”-button hasbeenpressed.When Navigate() is
executedthe next time, the large dialog will be hiddenand the small will be
shown.� State3 - “switch to big”-buttonhasbeenpressed.At thenext executionof the
Navigate() routineof Easybot_Rayinfothesmalldialogwill behiddenand
thelargewill beshown again.Thenthem_dialog_state variableis resetto
state1 to avoid unnecessarycallsof ShowWindow() .

The reasonfor usingarraysin the programwasto structurethe sourcecodewith the
help of for(...) loopsand indices. As thereare8 similar sensorgroupswith 3
elementseach(for the large dialog) it would be harderto readsuchcodeif it were
writtenstraightforward.Thecountingof thesensorsbeginson theleft with number0,
continuesclockwiseandendswith 7 at theleft back-sensor. This numberingwasdone
equallyastherealKhepera-robot-sensorsarenumbered.Thedatais updatedeachtime
Navigate() is calledby EasyBot.Thenthebitmapsandthestringsof thetextboxes
aresetaccordingto thecurrentvaluesof themonitoredrobot.

2.4.4 What’s left to do ? – Future Plans

TheRayinfo-panelshouldbeintegratedin theEasyBot-dialogto avoid thecomplicated
connectionprocessof theRayinfo-modulewith virtual dummysensors.Thentherewill
bejusta checkboxto activatethis panel.

Themotorspeedscouldbeshown in thetwo textboxeswhich arealreadyintegratedin
thepanel.Thetextboxesareconnectedwith theRayinfo_Easybot.What is left to do,
is to providethis informationandlink it.
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2.5 Programming of ExtensionModuleswith Delphi

TheEasybotinterfacewasdesignedto beableto write extensionmodulesin any lan-
guage,whichsupportC-stylefunctioncalls.Soyou canalsowrite themin Delphi.

Why shouldonewantto useDelphi?Thereareseveralreasons.Oneis almosteveryone
whostartsto learnaprogramminglanguagestartswith Pascal,exceptmaybecomputer
sciencestudentswhich startwith C. Another importantaspectis, how easyyou can
build agraphicalinterfacefor yourprogram,andhereis Delphimucheasierthanusing
theMFC.

SoDelphi is idealfor writing modulesby beginnersor if youwantto testanew control
algorithm,which needsagraphicalinterface.

2.5.1 The EasyBotInterface in Delphi

Now we have to translateall datatypesto Pascal,which is relatively easybecausefor
everyC++datatypethereis acorrespondingonein Delphi. Forchar-pointerwehavein
Delphi thespecialtypePChar. To make it easierwe alsodefinedatatypesfor pointers
to someimportanttypeslike easybot_object_infoandsoon. In additionwe needfor
easybot_ray_infoan array type, becausethe parameterof the function SetRayInfo()
wasspeciallydesignedto becompatiblewith Delphi (which internallyusesa pointer
to thearrayandthehighestindex).

Theotheraspectis thatall functionshave to bevirtual andusethecalling convention
cdecl. Thisguaranteesthatthereis acompatiblevtablein theobject.

An otherpointwhich is to consideris thefunctionDestroy(), whichshouldberenamed
becauseDelphiusesthisnamefor destructors.Sowechangethisto DestroyInterface().

And now let ushavea look at thecode(file: UDLL_Interface_Easybot.pas).

unit UDLL_Interface_Easybot;

interface

type
easybot_ray_info=RECORD

ray_length:double; // ray length between start and end
ray_max_length:double; // max possible length of the ray
ray_sx:double; // start-point (X,Y,Z)
ray_sy:double;
ray_sz:double;
ray_ex:double; // end-point (X,Y,Z)
ray_ey:double;
ray_ez:double;
obj_name:PChar; // name of object hit by ray
mat_name:PChar; // name of material hit by ray
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mat_clr_r:double; // diffuse red-value of material
mat_clr_g:double; // green-value (0.0 .. 1.0)
mat_clr_b:double; // blue-value (0.0 .. 1.0)
lgh_bright:double; // brightness at start-point
lgh_r:double; // light-red-value at start-point
lgh_g:double; // light-green-value (0.0 .. 1.0)
lgh_b:double; // light-blue-value (0.0 .. 1.0)

end;

// a pointer to a record
Peasybot_ray_info=^easybot_ray_info;

// an array of records
Aeasybot_ray_info= array of easybot_ray_info;

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

end;

// a pointer to this record
Peasybot_object_info=^easybot_object _info;

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

Easybot_Interfaces=class; // forward declaration

// the interface
DLL_Interface_Easybot=class
public

// name of your robot-navigation-module
function GetName():PChar;

virtual;cdecl;abstract;

// version
function GetVersion():PChar;

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

virtual;cdecl;abstract;

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

virtual;cdecl;abstract;

// get info about other interfaces in use
procedure SetEasybotInfo(p:Easybot_Interfaces);

virtual;cdecl;abstract;

// get info about the sensor-rays
procedure SetRayInfo(p: Aeasybot_ray_info);

virtual;cdecl;abstract;

// get info about the robot
procedure SetObjectInfo(p:Peasybot_object_info) ;

virtual;cdecl;abstract;

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

virtual;cdecl;abstract;

// send messages to other robots
//(return 1: valid message, 0: no more messages)
function GetMessageFor(ppto_robot,

ppmessage:PPChar):integer;
virtual;cdecl;abstract;

// next navigation step
procedure Navigate();

virtual;cdecl;abstract;

// relative move in world-coordinates
function GetMoveX():double;

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

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

virtual;cdecl;abstract;

// 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;

// open a dialog for options and status-info
procedure OpenDialog();

virtual;cdecl;abstract;

// signals start(1) or stopp(0) of the simulator
procedure SetStartStop(onoff:integer);

virtual;cdecl;abstract;

// interface is no longer needed, it can be destroyed
procedure DestroyInterface();

virtual;cdecl;abstract;
end;

Easybot_Interfaces=class
public

function GetFirstInterface():DLL_Interface_Ea sybot ;
virtual;cdecl;abstract;

function GetNextInterface():DLL_Interface_Eas ybot;
virtual;cdecl;abstract;

function GetNumberOfInterfaces():longint;
virtual;cdecl;abstract;

function GetNumberOfRobots():longint;
virtual;cdecl;abstract;

function GetFirstRobotInfo():Peasybot_object_ info;
virtual;cdecl;abstract;

function GetNextRobotInfo():Peasybot_object_i nfo;
virtual;cdecl;abstract;

end;

implementation

end.

As youhaveseenit is astraightforwardtranslationof thecorrespondingC headerfiles.
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2.5.2 A BasicModule

Now aswehavegottheinterfacedefinition,let usmakeafirst try to createanextension
module.

The Delphi Unit

We will createanown classwhich usesthe interfaceasbasisclass,sowe have to im-
plementall theseabstractfunctionsof theinterface.We will usethesimplestpossible
implementation,which makesno importantthingsat all. Theonly partswhich areim-
portantherearethevectorsm_fmoveandm_frot. Both vectorsareusedasresultsfor
thesimulator, soany child classhasonly to setthesevectorsandnot to reimplement
all theseGet-functions.

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

Let ushave look at thecode(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;



2.5. EXTENSIONMODULESWITH DELPHI 53

procedure SetEasybotInfo(p:Easybot_Interfaces );ove rride;
procedure SetRayInfo(p: Aeasybot_ray_info);override;
procedure SetObjectInfo(p:Peasybot_object_inf o);ov erride ;

procedure SetMessageFrom(pfrom_robot,
pmessage:PChar);override;

function GetMessageFor(ppto_robot,
ppmessage:PPChar):integer;overrid e;

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;
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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.SetRayInfo(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;



2.5. EXTENSIONMODULESWITH DELPHI 55

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 couldseethereis neithera navigationalgoritmbuilt in nor any otherspeciali-
sationasmessagetransferor dialogfunctions.Thiscanbedoneby child classes.

The Project File

Now wehave to createa appropriateprojectfile to geta Windows-DLL.

To achieve this you have to changethemoduletypefrom programto library ( seefirst
line of code) andyou have to specifywhich function you want to export. We only
needto export herea function calledGetEasybotInterface. In this function you only
needto createaninstanceof yournavigationobjectandreturnareferenceto 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 _Easy bot;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 havecreatedourfirst DLL (donot forgetto compile).Let’s testit.

After you have load it, you shouldseenameand descriptionof our module in the
dialog.Becausewe havenot built-in any navigationtherobotshouldnot move.

Other Important CodePieces

MessageTransfer

You cansendmessagefrom 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 yousendmessages(GetMessageFor) thememoryareawhere
your messageis in, is valid till thenext call of GetMessageFor. A goodideawould be
to createtwo membervariablesfor it, whichwill besetright beforeyousendamessage
andstayunchangedtill yousendanext message.



2.5. EXTENSIONMODULESWITH DELPHI 57

OpenDialog

To usea graphicalinterfacefor your moduleyou cancreateit asnormalDelphi form.
And openit in thefunctionOpenDialog.

procedure Easybot_Basis.OpenDialog();
begin

Dialog.Create();
end;

However it would bemoreappropriateto storea referenceto thedialog in a member
variable,soyou cancloseanddestroy it, if your moduleis going to beend. And you
donot openevery time anew dialog,insteadyoucouldmaketheexistingonevisible.

The EasyBot_InterfacesObject

At themomentthispartof theinterfaceis notworkingbecauseof differencesin built-in
interfaceandours,but becauseweneedavtable,it is probablythatthebuilt-in interface
is goingto changeto abstractvirtual definitionsin C++ too.

2.5.3 MovementControlled by WheelSpeeds

After thissimplemodule,let usextendit to functionalitywhich is essential,if wewant
to useit for simulatingKheperas.Kheperasarecontrolledby thespeedof theirwheels,
but the simulatorwantsa movementvector in world coordinates,so we have to do
somecomputationento getit.

How the Computation Works.

Theprincipleis fairly easyandshouldbeknown to everyone,whoeverusedodometry
with thekhepera.It is possibleto calculatefrom thewheelspeeds(or bettertheir pro-
portions)andthedistancebetweenthewheelsa radiuswhich describesthemovement
abouta certainpoint. Theanglecanbecalculatedby theway on this circle, which is
dependenton thetimestepandthespeedof theroboton this circle (theaverageof the
wheelspeeds).

Soit shouldbeeasyto understandif havea look at thecode.

An otheraspectis that the simulatoruses3D coordinatesanda robot couldmove up
a rise, this would meanthat we have to turn all robot local coordinatesinto world
coordinates.Againsuchacomputationis astandardalgorithm,whichconsistsof mul-
tiplicationsof rotationmatricesandvectors.
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And the Code

In theNavigatefunctionis thecomputationdone.To work with matricesandvectors,
weneedsomeadditionalfunctionstoo.

(file: UEasybot_Khepera)

unit UEasybot_Khepera;

interface

uses
UEasybot_Basis;

const
deltaX=0.455; // distance between wheels in units

// ( 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; // simulation time step in seconds
v:array[0..1]of double;
// -1..1 velocity of wheel relative to
// 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
SysUtils, // Exception
Math;
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// using MessageDlg from unit Dialogs would result
// in 250 kB more in file size
function MessageBox(HWnd: Integer;

Text, Caption: PChar;
Flags: Integer):Integer;

stdcall;
external ’user32.dll’ name ’MessageBoxA’;

procedure setVector(var v:Vector;
values:array of double);

var i:integer;
begin

for i:=0 to high(v) do
if i<=high(values) then v[i]:=values[i]

else v[i]:=0.0;
end;

procedure setMatrix(var v:Matrix;
values:array of double);

var i,j,k:integer;
begin

k:=0;
for i:=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 v[i][j]:=0.0;

inc(k);
end;

end;

procedure MultMatMat(var m1,m2,m3:Matrix);
var

i,j,k:integer;
sum:double;

begin
for i:=0 to 2 do

for j:=0 to 2 do
begin

sum:=0.0;
for k:=0 to 2 do

sum:=sum+m1[i][k]*m2[k][j];
m3[i][j]:=sum;

end;
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end;

procedure MultMatVec(var m1:Matrix;
var v1,v2:Vector);

var
i,j:integer;
sum:double;

begin
for i:=0 to 2 do
begin

sum:=0.0;
for j:=0 to 2 do

sum:=sum+m1[i][j]*v1[j];
v2[i]:=sum;

end;
end;

constructor Easybot_Khepera.Create();
begin

deltaT:=0.05; // 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;

// matrices for calculations
rotY,rotX,rotZ,result1,result2:Ma trix;
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// radius and turning angle
r,alpha:double;

begin

try // we dont’t want to crash if something goes wrong

// matrices for rotations
setMatrix(rotY,
[

cos(DegToRad(pObject^.obj_rot_y)),
0,
sin(DegToRad(pObject^.obj_rot_y)),

0,1,0,

-sin(DegToRad(pObject^.obj_rot_y)),
0,
cos(DegToRad(pObject^.obj_rot_y))

]);
setMatrix(rotX,
[

1,0,0,

0,
cos(DegToRad(pObject^.obj_rot_x)),
-sin(DegToRad(pObject^.obj_rot_x)),

0,
sin(DegToRad(pObject^.obj_rot_x)),
cos(DegToRad(pObject^.obj_rot_x))

]);
setMatrix(rotZ,
[

cos(DegToRad(pObject^.obj_rot_z)),
-sin(DegToRad(pObject^.obj_rot_z)),
0,

sin(DegToRad(pObject^.obj_rot_z)),
cos(DegToRad(pObject^.obj_rot_z)),
0,

0,0,1
]);

// no movement as default
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setVector(locale_vector,[0.0,0.0,0.0 ]);

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

// movement in locale coordinates
if v[0]=v[1] then
begin // straight movement

// forward distance (Z)
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[0]))*del taX;
alpha:=deltaT*(v[1]-v[0])*vmax/del taX;
// sideward distance (X)
locale_vector[0]:=((1.0-cos(alpha) )*r);
// forward distance (Y)
locale_vector[2]:=(sin(alpha)*r);
// turn about own Y-axis
m_frot[1]:=RadToDeg(alpha);

end;

// compute world coordinates from locale coordinates
MultMatMat(rotY,rotX,result1);
MultMatMat(result1,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 setting the appropriatevaluesin the array v. In the
constructoraresomeexamplevaluesset,so if you try this module,the robot should
turn left.

By changingthevalueof deltaTyou cancontrol thelengthof thesimulatedtime span
(only concerningthemoveddistance).
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2.5.4 A Simple Example

Onthisbasiswecannow build upandstartcreatecontrolmoduleswithoutgreatefforts
for low level computations.

Whatyoustill haveto do, is to calculatesensorvaluesfrom thelengthfield youfind in
theRaysarrayandto translatewheelcontrolcommandsin the-1 to 1 areaof thebasis
module.Also you have to beawarepossiblecollisionswith otherobjects(walls,.. . ),
becausethesimulatorignoresany collisions.

And now to complete,ashortexamplewhichshowswhatis left to do to getnavigation
module.

Its Task

Thisexampledoesnot implementaseriouscontrolalgorithm,it simplysteerstherobot
usingtwo sensorsto avoid walls.

And the CompleteCode

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

(file: UEasybot_Khepera_Ex.pas)

unit UEasybot_Khepera_Ex;

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



64 CHAPTER2. EASYBOT - THE SIMULATOR

// no initialization necessary
end;

procedure Easybot_Khepera_Ex.Navigate();
begin

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

end;

end.

(file: delphi_khepera_ex.dpr)

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

There is a free PascalCompiler (www.freepascal.org), which is also able to create
Windows-DLL’s. This compilershouldalsobeableto usethesemodules,becauseit
hasaDelphicompatibilitymode(but it wasnot testedyet). However, a drawbackis, it
doesnot offer facilitieslikeDelphi concerningthebuilding of graphicalinterfaces.



Chapter 3

Interface Design

3.1 Concepts

Our main intention in the interfacedesignwas, to build up a commoninterfacefor
all kinds of using. That meanswe intendedto createan interfacewhich allows, the
programmerof a robot control unit, to generateonemodulethat canbe eitherused
within therobotsimulator, control therealrobotvia theseriallink, or usedon thereal
robotaftercompilinganddownloadingon it.
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3.2 Realization

To realizesuchaninterfacewehadto generatea commonstructurefor all threecases.

Whenwe built up thestructure,we did not wantto decreasethevarietyof abilitiesthe
Kheperarobot has. Otherwisewe had to copewith the differencesthe robot hasin
usingit via serialport, andby downloadinga compiledprogrammto therobot. These
problemswe solved building up the interfacein a way that providesall possibilities
of theseriallink communication.We ignoredtheadditionalcapabilitiesgivenby the
bios (whendownloadinga program).Fromour point of view, thesecapabilitieswere
not necessaryfor a commonusageof therobot,asthey canmodify theschedulingand
internalbehaviour of it. Thegeneralschedulingandbehaviour of therobotshouldbe
OK in themostcasesof usage.

3.2.1 The Interface

Theheaderfile containsthegeneralinterfaceof theseriallink, asthey aredesribedin
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,long ki,long 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 s* 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);

};
#endif

3.2.2 Simulation ”sim_command”

EasyBot,the robotSimulator, is controlledby a DLL. To beableto useour interface
weimplementedsim_command . It containstheconversionbetweenEasyBot’sDLL-
internalstructures(seeChapter2.3) andour interface.

This implementationis responsiblefor the completebehaviour of the robot simula-
tion. Thatmeans,we setthespeedfor eachwheel,whencontrol functionis triggered.
sim_command hasto computethe position and orientationof the robot. It could
be extendedto simulatea real environment, including collision detection,friction,
dynamics. . .

As EasyBotdoes,it worksonly in aWindowsenvironment.
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3.2.3 Serial Communication ”net_command”

The serial link protocol is basedon plain text strings. Commandsare represented
by a singlecharacter, followed by their parameters.Resultsaresentbackasstrings
aswell. The implementationinsidehereconvertsour interfaceto thesecommands.
Thecommunicationworkssynchronously, thatmeansaftersendinga commandto 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,is that you do not use
the robot-internalcommands,but our net_commandinterface. This implementation
convertsthesecommandsto the Kheperasystemcalls. The final versionneedsto be
compiled(seeChapter5.1) anddownloadedasdescribedin Chapter6.1.

3.3 Usage

3.3.1 Implementation Issues

Theuserof our interfacehasto implementthreefunctions:� void ConstructData(CNetCommand *nc);� void ControlFunction(CNetCommand *nc);� void DestructData(CNetCommand *nc);

Thedescriptionof thesefunctionscanbefoundlaterin thismanual(see4.1).

Whenthecontrolroutinesfor therobotarecompletethey justneedto becompiledand
linkedagainstthelibrary dependingon thespecialcaseof usage.This allows to testa
controlmoduleusingthesimulatorbeforetrying it on therealrobot.

3.3.2 GeneratingCode

Windowsbased“sim_command”

To connectourcontroll to EasyBotweneedaDLL. ThisDLL is preparedwith alibrary
thatcanbeboundto yourcontrol-module.Thereforeyou useourMakefile by calling

nmake control= control-name

in the DLL_SimCom-directory. The contol-namehasto be given with its extension
(usually .cpp ). The outputfile canbe found in the Release -subdirectorynamed
DLL_SimCom.dll . TheMakefile usestheCompilerwhich is partof theMicrosoft
DeveloperStudio.
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Linux based“bios_command” and “net_command”

After extractingtheKheperainterface(Khepera.tgz)you just copy your C++-control-
file into themaindirectoryof it (directoryKhepera).

Assumingyourfile hasthenamemycontrol.cpp you justcall

make mycontrol

andmakeautomagicallycreatestwo executablefiles(serial_mycontrol andqse-
rial_mycontrol ). Theserial_mycontrol simplyconnectstheKheperawith
thecontrol via its serialconnection.Theqserial_mycontrol works similary to
serial_mycontrol . Additionally it showsthestateof therobotusingtheQt-GUI-
toolkit. With this control you canseesensor-valuesandwheel-speeds.Hereyou can
startandstopthe robot. Whenyou stopthe robot, the wheelspeedsareset to zero.
The sensorvaluesare still displayed. The robot is stoppedaswell whenyou leave
the program.TheQt-frontendof your control dependson imagesstoredin the img -
subdirectoryof its destinationpath.Thatswhy you needto copy this directoryaswell
if youwantto moveyourcompiledprogram.

In laterreleasesit will beableto alsocreateexecutableswhichcanbedownloadedinto
therobotsRAM (“bios_command” ).
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Chapter 4

Examples

4.1 A SimpleControl Module

In this sectionwe try to describehow to programa control module that matches
our interfacefor all threeusagesof the Khepera(simulator, serial link modeandau-
tonomous).The taskof thecontrolleris to move without hitting a wall in first place,
andto demonstratebasicideasof programmingsucha module.

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

Herethesourcecodeof oursmallexample:

#include "control.h"

// 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)
{

// generate your data structure here and pass
// 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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}

//this function is running in an endless loop

void ControlFunction(CNetCommand *nc)
{

long l_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);

l_speed=r_speed=0;
l_speed=(9*(1024-sens.right_10)

+7*(1024-sens.right_45))*max_speed/ 16400;
r_speed=(9*(1024-sens.left_10)

+7*(1024-sens.left_45))*max_speed/1 6400;
nc->Set_speed(l_speed,r_speed);

}

void DestructData(CNetCommand *nc)
{

int * status;

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

}

Eachfunction containsa parameterof the CNetCommand-type. This is the classto
communicatewith the robot. Thereareall commandsavailableyou canusefor the
serial link communication. Thesecommandsare portedfor the usagein the other
modes.This commandsaredescribedin theKheperaUserManual(App. A) [4]. The
exactdefinitionof the interfacecanbe obtainedfrom thenet_command.h header-
file.

For your own purposesyou probablyneedyour own variables.Causedby theinternal
usageof multithreading,thesevariablescan not be globally defined. Inside of the
CNetCommand-classexists a possibility to storeuserdata. To usethis you needto
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handover onestructurecontainingall your permanentvariables.Local variablescan
beusedasusual.

For a controlmoduleyouneedto implementthreefunctions:

void ConstructData(CNetCommand *nc)
Insidethis function youshave to create(malloc(...) or new(...) ) and
initialize (if necessary)yourdatastructure.After generationyoucall:
nc->SetData((void*) pStructure);

void ControlFunction(CNetCommand *nc)
This function is runningin a loop, triggeredby externalevents. It containsone
stepof control.Whenacessingthefunctionyouneedto call
pStructure = ( Structure-type*) nc->GetData();
to getbackyour data.Now you canmanipulatetherobotandyour data,before
thefunctionhasto return.

void DestructData(CNetCommand *nc)
Finally this function needsto destroy your datastructureusing free(...)
or delete(...) . Thereforeyou needto get your datastructureas in 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 this line. Therearerealsystemsusing
thismethod.For examplethereareautonomoustransportrobotsin car-manufacturing.

4.2.2 Hardware

Thereare several extensionturretsfor the Kheperarobot. One of them, the K213-
extension,is a 1-line-camera.It scans64 pixelson thegroundin front of therobot,in
a distanceof approximately15cm. Thecamerareturnsgrey-scalevalues.

Furtherinformationcanbefoundin theK213-manual[6].

4.2.3 Algorithm

Thealgorithmanalyzesthe wholescan-lineto find the lightestpositionon it. This is
consideredasthe centreof the line. The aim is to keepthe line in the middle of the
scan-line.Themoretheline movesout of thecentreof view, themoretherobothasto
rotate.

The algorithmanalyzesthe brightnessat certainpoints in the scan-line. If thereare
pointson theleft side,whicharebrighterthanafixedlevel, they causearotationto the



4.2. LINE TRACKING 75

left. Themorea scannedpoint variesfrom thecentre,thehigheris theangleto rotate.
Left (negative) andright (positive) anglesareadded,andmultiple lines canresult in
zero.

With a specialoption (“rechtwinklige Ecken ausfahren”) this line-algorithmprefers
straightlines. This meansif thereis a white point in the centreof the scan-line,it
ignoresall otherinput. Whenthecentrepointgetslost, therobotkeepson walking for
a while. After a timeoutit is assumed,that the robothasreachedthe endof the line.
Now it rotatesto find anew line. This is doneby looking90degreesto theleft, thento
theright. If it did not find anything, therobotcontinueswalkingstraightforward.

4.2.4 Comments

Thesourcecodeis to befoundin thesectionthatdescribeshow to createacontrol-DLL
(see2.3). In additionthiscontrolcontainscodeto avoid collisions.
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4.3 Orientation in a Maze

4.3.1 Task

Oneof the mostimportantcapacitiesof a robotshouldbe that it canfind its way out
of a foreignareaandreturnto thebase.Someof theseareasareorganizedlikeamaze,
for instanceif the robot exploresa cave or similar. Also a roadsystemis sometimes
likea maze.Sowe decidedthatweuseamazeto developbasicorientationroutines.

4.3.2 Theory

To develop orientationroutinesfor a robot we have to take into considerationthat
the robot only hasits eight distancesensors. It doesn’t have absolutecoordinates.
Calculatingrelative coordinatesusingthe wheelmovementis very difficult andalso
not precisebecauseyoudon’t have informationaboutaltitudeandfriction.

Our ideawas that if you have a mazewithout internal loopsyou find a way out by
following a wall. Using a mazewith loops like blocks in a road systemis nearly
impossiblewithout coordinates.

4.3.3 Traditional Program

Thefirst stepfor therobotis to look for a wall. If its sensordoesn’t seeone,therobot
startsmoving straighton till it seesoneandturns,until this wall is on its right side.
Thenit trys to follow this wall. We decidedthattherobotshouldusetheright wall. If
thesensorson theright don’t seethewall any moretherobot turnsright. If thereis a
wall on the right sidebut nonein front of the robot it movesstraightahead.If there
arewalls on theright sideandin front of therobottherobt turnsleft till it findsa way
straighton.
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Of course,it is alsopossibleto go alonga left wall but we hadto decidefor oneof
thesepossibilities.

There’sa sampleflow diagramfor ouralgorithm:

� ����� � � � ����� � � � � no

yes

wall contact? goahead

�
line up� �

goahead� ����� � � � ����� � � � � no

yes

wall on right? turn right

	���� � � � ����� � � � � no

yes

wall ahead?

�
turn left

4.3.4 Neural Network

While runningthealgorithmin the simulatorwe recordedthe input dataandthecal-
culatedoutputto thewheelsinto a file andtried to teachseveralneuralnetworkswith
this datain the Stuttgartneuralnetwork simulator[7]. We got the bestresultswith
a network with oneinput layer with 8 neurons(for the eight sensors),a hiddenlayer
with 3 neuronsandtwo outputneuronsfor thewheels.Thebestlearningmethodwas
rprop. With snns2cit’s easyto make a C-file from thenetwork anduseit in therobot
simulator.

In a secondstepwe prunedthenetwork. About 40%of theconnectionsweredeleted
during the pruningprocess,andalsooneof the sensorswasn’t usedanymore. This
network wasmuchfasterthantheold oneandranasgoodastheunprunednetwork.
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4.3.5 PossibleImpr ovements

At the momentour algorithmandalsothe network madethe robotsmovementvery
crude.A smoothermovementwouldbebetter. Therobotalsohasproblemrecognising
small interferences,andknocksitself on sharpcorners.

Anotherimprovementcouldbethe usageof geneticalgorithmsandtrain it in several
networks.Thereit wouldbepossibleto teachtherobotto avoid loopsandfind a faster
wayout of themaze.
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4.4 GeneticAlgorithms

4.4.1 “Sur viving”

Aim was,to usea geneticalgorithmto control robots.What’s to do? Certainlyit has
to survive. Thereforewe needa geneticalgorithmfor surviving, moreexactly for not-
driving-through-walls. How cana robotcontrolwork with geneticalgorithm?Not at
all – exceptweuseaneuralnetwork aswell.

The neuralnetwork usesthe sensorvaluesandactualspeedsas input andcomputes
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 and2 outputneurons.This givesus 20 weightsto adjust.
Thereforeeachindividualof thegeneticalgorithmhas20characteristics(genes).

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 causesthat all robotswill
probablyturn aroundtheir axis,sincebothmotorsarenot operatingequally. To avoid
themturning forever, a maximal life spanhasto be determined(here2000). If they
driveagainsta wall before,of coursetheir lifetime is over.

Sincethe20 individualswouldobstructthemselvesmutually, we let themlearnoneby
one.

Let thefirst generation“rotate”, or whatever it does.Whathappens?Weprobablyhave
20 robots,which hadto bestoppedall from theoutside(maximumlifetime reached).
How canwe decide,which werestrongeror weaker individuals?Certainlywe do not
takejust thelifetime, but alsothewaythey did asabenchmarkfor thestrength(fitness)
of a genome.We usedthis formula:

fitness
 bee-line� way � � lifetime
2000 
 1�

Bee-lineis intuitive. Theway is the accumulateddistancethe robotmoved. If it just
rotates,it doesnotcoverany distance.To avoid thelifetime carryingtoomuchweight,
wescaledit to a rangebetween1 and2! Thisshouldgiveusa fair evaluation.

Let’sgobackto ourpopulation.Thefirst generationwaslively rotatingandeachrobot
coveredtherebymoreor lessdistance.We determinethefitnessof theindividualsand
selectthebestfor reproduction.To givestrong“parents”achance,just theweakerhalf
of theparentgenerationis replaced.Thestrongermaylive on. That they do not make
the same“mistakes” like in the passedgeneration,we mutategenomeslightly. The
productionof the“children” takesplaceby theprincipleof ranking.All individualsare
sortedaccordingto their fitness.Thechanceto reproducedependson their rank. The
new individualsaregeneratedby crossoverfollowedby amutation.In thiswayweget
10new individualsand10 from thepreviousgenerationwith smallmodifications.
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Now we start all over again. All may turn around,but the better they run straight
forward and runaunaroundthe walls, the higher is their fitnessand their chanceto
reproduce.

To testthis theoryandalgorithmweuseEasyBot.It offerstheadvantagethatwedonot
have to resetby hand.Theprogramdoesit. Now we cantrain thealgorithmwithout a
permanentcontrol.Additionally thenumberof brokenrobots,which crashedagainsta
wall, is substantiallysmaller.

We usedtheusualmazeof FrancescoMondadato train:

If thealgorithmgeneratesa robotthatsurvivesin themaze,it meansthis individual is
a strongone.We supposethereis a strongrobot,thatrunsaroundthecenterpiece.In
this case,it is possiblethat therobotreturnsto its startingpoint whentheir lifetime is
over (timeout,2000).This robotgetsin troubleduringthebee-linerating. In extreme
casesthis is evenzero.Thereforeits betterto amendtheformulaa little:

fitness
�� bee-line
 0 � 01��� way � � lifetime
2000 
 1�

By thismodificationevensuchrobotshaveachancenot to getlost. Well, thisproblem
representsnot actuallya largeobstacle.In thestage,in which it generatesa robot that
orbits themaze,thereis probablyanotheronewhich doesit aswell. Additionally the
probabilityis verysmallanyway.



4.4. GENETICALGORITHMS 81

4.4.2 Let’s try

In the last chapterwe said, all robotswould turn around. That’s not true. Most of
themdo, but surprisingly, in thefirst generationweresomegoodindividualstoo. The
algorithmworks,but in the first generation,mostof robotsdrove backwards. It took
somegenerations,to get all robotsto drive forward. Anotherproblemwas,after 20
generationstherewere20 strongindividuals,which all drove into onecorner. There
thelife-time of themexpired.Thisbehaviour causedall new individualsto driveto this
corneraswell. To avoid this,we shouldchangethealgorithma little bit. For example
wecouldextendthelife time,drivea little bit fasteror mutatemoreof thegenes.

However, we werehappy, that it worked and that the robotsreally “ran” aroundthe
walls. Currentlywe havea basisto experimentwith robotsandwalls andsurviving or
whateveryou want.

4.4.3 Summary

Finally we have a population,which goeson in the evolution. It is controlledby a
geneticalgorithm,which generatesa quitestableandevenly strongpopulationaftera
certainnumberof generations.Eachindividual is controlledby its genome.This is
usedasweightsfor aneuralnetwork, wherethe8 sensors(quasieyes)of therobotand
its previousspeedsareusedasinput,andit suppliesdirectly thenew speeds.
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4.5 GeneticAlgorithm for Training a Neural Network

Important: Thismodulewasdevelopedto playaroundwith thesimulatorandgenetic
algorithms,donot take it too seriously.

Here we presentan exampleplugin which usesa geneticalgorithm to train neural
network. Thenetwork is amulti layerfeedwardnetwork whichhasahiddenlayerwith
threeneurons.Theinputsarethevaluesof theproximity sensorsandthecurrentspeed
of thewheels(in thissenseit is morea recurrentnetwork). Theoutputneuronscontrol
directly thewheels.

Thegeneticalgorithmis usedto adjusttheweightof this network. They arestoredas
gray-codedfix-point numbers(-128.0,127.0).

All individualswill be testedwith the samestart conditions(position0,0,0)and the
bestwill usedasparentsfor the next generation(this is a kind of elitism). The new
individualswill createdby crossovereachwith eachotherandthemutatedparentindi-
viduals.However, if thechildrenarenot betterthantheir parents,thechildrenwill not
survive their parents,but theparentscanonly survivea certainnumberof generations.

Thefitnessfunctionis definedastheproductof thelengthof theway, which therobot
moved in forwarddirection,the maximumdistancethe robot reachedfrom its origin
andoneplusits lifetime in stepsdividedby 1000.

f itness
 way_length � max_distance_to_origin ��� 1 
 l i f etime
1000

�
If therobotcomesto closeto a wall (0.05units),it dies.(This is consideredasa crash
into thewall, however you couldalsoseethewalls asa kind of electricfence,where
robotgetsa deadlyelectricshock.A realrobotwouldstopat wall, still trying to move
into thewall).

To usethiscontrolleryoucanopenthefollowing dialog:

In theupperleft corneryoucanseewhich individual is currentactive. At theright you
canseesomestatisticsaboutthelastgeneration.In themiddlepartaretheparameters
for the creationprocedureof new individualsaswell assomeentrieswhich control
the algorithmaswhole, which meanshow many individualssurvive asparentstheir
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lifetime andthe maximumruntimeof eachindividual (the numbermeanssimulation
steps).

To startthealgorithmyou have to startthesimulatorin theusualway. It is possibleto
speedup thealgorithmby enterassteptime 0 millisecondsin themainpanel.(How-
ever, yougetthennoscreenupdates,andyoushouldavoid everythingwhich forcesthe
programto redraw the3D-image,becausethereis a serioussynchronisationproblem
in this specialcasein thecurrentLV3D version.Thisproblemcandestroy theinternal
geometryof the robot. So the bestis, you make the main window so small that you
cannotthe3D-imagesoit will alsonevergetredraw events).

If youactivatethebutton‘Show Individuals’yougeta panellike this:

Thispanelshows thegenesof eachindividualascoloredstrings.It is only intendedto
show, how individualsaresimilar or different. After somegenerationit shows some-
thing like thefollowing picture,whichmeanstheindividualsarenow muchmoresim-
ilar thanthey wereat thestart.

To try this exampleyou shouldusetheenvironmentslabyrinth*.lvsor ObstacleAvoid-
ance.lvs.The latteroneis modelledafteranexperimentwhich wasoriginally carried
outby FrancescoMondadaandhadalsoageneticalgorithmasresearchsubject.
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Chapter 5

CodeGenerationUsing the
Cross-Compiler

5.1 Khepera and the GCC-Compiler

TheKheperarobothasthepossibilityto actin severalmodes:

serial thecommandscomevia aseriallink andareinterpretedby thebiosof therobot,
thewholelogic residesoutsidetherobotin thecomputerit is connectedto

download the programfor the robot is crosscompiledanddownloadedto the robots
RAM whereit executes– therobotcontrolsitself

rom theprogramis crosscompiledandburnedinto anEPROM which is thenplugged
into therobot– thisway theprogram“survives” resets

Kheperaitself hasanM68020processorwhichcanbetargettedby gccusingthem68k
processormodel.ThemostcommonOSonthatclassof processorswasSunOSversion
2 and3 — soit seemsto belogical to usethismodelastarget-hostto configurethegcc
ascross-compiler.

The K-Teamdeliveresa standardlibgcc.aandsomeincludesfor the compiler to be
ableto compileC-Programsfor it. All the C examplesandour trials with C worked
finewith this configuration.But wehadproblemswith C++.

Thatfar theKheperaCross-Compilermanual[5] describestheprocessof creatingthe
compilerquitewell. Sowe leave it to you to follow their steps.
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5.1.1 Triple tr ouble

Even if you compilegcc with the option ”LANGUAGES=CC++” it won’t correctly
link sourceswhich usecertainC++ features(like classeswith destructorsandvirtual
methods). If you test the binary with sun2-nmyou will detectthreesymbolswith
the type prefix “U” insteadof “T” or “D”. Thesesymbolsare _terminate_Fv ,
___eh_pc and___throw .

Justredefiningthesesymbolsenclosedin extern "C" { } didn’t helpanything:
they have to do their job.

SadlytheKheperaTeam– which developedthis library deliveredwith therobot– left
us alonewith this problem. The answerto our e-mail is still outstanding.Although
libgcc is partof a GNU GPL’ed programthey don’t seemto like theGPL paragraphs
which statethatyouhave to deliversourceswith GPL’ed programs.

Accordingto our explorationstheKheperalibgcc.acontainstheseparts:

bios.o theoneandonly realKheperaobjectfile, it providesthefunctionswhichcontrol
theKheperahardware.

libgcc1.a thebasiclibgccfunctionswhichsatisfyall needsof aC CompilerandaC++
compilerwhich doesn’t compileC++ sources.

libc partsof thelibc like thesymbolsfrom string.handsoon.

Thereseemto betwo waysof solvingtheproblemof themissingsymbols.

Completion of Kheperaslibgcc: It shouldbepossibleto compilea libgcc.afor the
new compiler(call make libgcc.a in the gccsourcedirectory),thenextractwith
ar the objectfiles, which containthe neededsymbolsandincludethemto Khepera’s
libgcc.a.Otherlibraries“needed”by thelinker couldbereplacedby a simpledummy
DLL, whichcouldbemadethis way:

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

Build a new libgcc/libc: This is muchmorecomplicated.Youwouldhaveto build a
new libgcc, libc, libm andlibstdc++for Kheperaandthenextendthe libgcc by bios.o
which you may extract from the old Kheperalibgcc. The tricky part is to drive the
library makefileswild enoughto crosscompileinsteadof just compiling for the host
system– I guessthis requiressomehackinginsidethemakefilesandsometricks with
thecompilerbinaries.

Sadlywedid not have timeenoughto goeitherof theseways.
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Tools

6.1 Khepera Upload Tools

Thesetools are designedto uploadcross-compiledprogramsto the Kheperarobot.
Theseprogramsusuallyhavetheextension.s28 . TheKheperahasto bein download
mode(seeKheperaUserManual[4]) connectedto a serialport. Whentheprogramis
on therobot,it canbedisconnected.TheKheperarobotworksautonomously.

6.1.1 KhUpload for LINUX

OntheLINUX platformKhUploadis acommandline tool. Thefile name,portnumber
andspeedof transmissionarepassedasparametersto theprogram.

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

<port> containsthefile-descriptorof theLinux specialfile for theserialport. This is
/dev/ttyS0 for COM1, /dev/ttyS1 for COM2. . .

<file> standsfor thecrosscompiledverionof yourcontrol.s28 usingbios_command .

<speed>can be usedto set the speedfor the transmission. The default speedis
38400[bd]. Alternatively youcanchangeto 9600or 19200.
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6.1.2 KhUpload for Windows NT4

Figure6.1: Main dialogof theKhUploadprogram.

To uploada programyou first needto connectthe serialport. Thereforeyou have to
selectportnumberandspeedbeforeclicking on the“Connect”–button. In themoment
theprogramis connectedto the serialport the “Upload”–buttonbecomesenabled.If
youusethisbuttonthefile opendialogappears.

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

Insidethefile opendialogyou canselects28–files.If you selectsucha file theupload
startsimmediately. The progressof the uploadis shown in the progressbar in the
middleof themaindialog.



Chapter 7

Futur eExtensions

7.1 Interfaces

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

As descibedwithin the compilersectionthe problemsin cross-compilingneedto be
solved.

Anotherthing to do is to transferall toolsto bothplatforms(WindowsNTandLinux).

Finally it is probaly necessaryto syncronizethe behaviour of all three interfaces
(bios_command , net_command andsim_command ). Thereforeit is probably
necessaryto fiddlearoundwith timebases,speedsandotherfunny stuff.

7.2 Simulator

A physical model (“real world” with gravity and friction) in the LV3D_easybot-
environmentcouldbeimplemented.ThenthesimulatedKhepera-robotscouldslip on
thegroundwithout theirwheelsturning.Thenthewheelswouldslow down themotors
accordingto thefriction-factorof thematerialthey aremoving on.

A collision detection preventsthe robot from going throughwalls or otherobjects.
Anothergoodfeaturewould besimulationof theobjectdynamics.

At theEindhovenUniversityof Technology(Netherlands)1 aretwo packagesavailable
whichcouldbeusedto do this job.

1www.tue.nl
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Thefirst oneis SOLID2 by Gino vandenBergenwhich realizesa collision detection,
andtheotheris DYNAMO3 by BartBarenburg whichcanhandledynamicsof objects.
Thereyou canalsofind somelinks to relatedpages.

The Ar chitecture of the simulatorhasto be thoughtover. In it’s currentstateit
seemsneitherto beveryconsistent,noreveneasyto extend.

2www.win.tue.nl/cs/tt/gino/solid/
3www.win.tue.nl/~bartb/dynamo/



Chapter 8

Conclusion

Theprojectwasoriginallyplannedto producecontolsfor examiningtheKheperarobot.
Thereforewe got a simulator(EasyBot)andtherealrobot. Thefirst stepto do should
be to try a control usingEasyBotbeforeporting it to the robot. After a few testswe
foundout, that theporting from EasyBotto the realKheperarobotmeantto designa
completelydifferentprogram.Thiswascausedby majordifferencesbetweenEasyBot
andtherealrobot.

Thereforeour mainobjectivechangedto build up commoninterfacesto haveonecon-
trol for all kindsof using. We intendedto generatea roboticsprogramminginterface,
which allows to developa control that is testableindependendlyfrom the real robot.
After testingon thesimulator, it shouldwork similary on therealrobot.

Theprojectwassuccessfullyin away thatwedesignedastructureto programaKhep-
erarobotin a fairly easyway. Thecontroljustneedto bewrittenonceto beexecutable
onthesimulator, online(via theserialconnection)anddirectlyontherobot.Dueto the
lack of time we werenot ableto implementthewhole functionality for thesimulator.
Causedby usingC++, therearestill problemswith thecrosscompiler, which doesnot
work properly.

Thesecondaryaimwasto generateasetof tools,whicharenecessaryto work with the
robot(serialcommunication,download. . . ). Whenwewrotethesetoolswedecidedto
havetoolsfor Linux andWindowsNT.

We produceda few controlsto demonstrate,how to usethesimulator. Someof them
doesnot fit to our interface. Thesecontrolswere necessaryto find advantagesand
disadvantagesof thesimulatorandour interface.

After providing thisinterfaceandthesetools,now its timeto write controlsto usethem.

Havea lot of fun !
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Appendix A

Dir ectory Structur e

If thereis a zip -file in a directory, theextractedcontentof this file is alsoprovidedin
asubdirectoryof thesamename.In mostcasesyoushouldusethezip -file.

Khepera/

Documentation/ containsthis documentation

EasyBot/

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

Khepera/ commonKheperainterfaceasdescribedin chapter3
bioscom/ implementationfor crosscompilation

(doesnot work yet) – seesection5.1
examples/
img / imagesneededfor runningqserial_.. .
include/ header-files for thecommoninterface
netcom/ serialport implementation

commport.unx / Linux communicationon serialport
commport.nt / WindowsNT4communicationon serialport

(doesnot work yet).
qtdir / Qt-frontendfor serialcommunicationonLinux

simcom/ implementationfor thesimulator
commport.nt / dummyserialport for theinterface
DLL_SimCom / Programminginterfacefor a control-DLL

seesection3.3.2
LIB_SimCom / sourcestogenerateanew libraryusedin DLL_SimCom

src/ sourcesfor writing aDLL asdescribedin section2.3
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Khepera/ continued

EasyBot/

extensions/ extensionsfor thesimulator

RayInfo/ theRayInfo-Controlasdescribedin section2.4

include/ header-files for EasyBot-controls

release/ precompiledcontrolsfor EasyBot

worlds / LV3D-scenesfor robotsimulation

External / programsandtoolsfrom externalsources

Doc/ Documentationof theKheperaTeam(Lausanne)

Examples/
Papers/ scientificpapersabouttheKheperarobotandalgorithmsfor it

Tools/
Webots/ Webotsrobotsimulator

LV3D / the3D-viewerLightVision3D

Tools/

upload/
Linux / theKheperaUploadtool for Linux asdescribedin section6.1.1

WinNT4 / the KheperaUploadtool for Windows NT 4 asdescribed
in section6.1.2

Presentations/

Paderborn / our materialfor the“First internationalKheperaWorkshop”
in Paderborn,10th/ 11thDecember1999.
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