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I- Project Description

[.1- Introduction

Mobile robots are subject to research in many universities. Tdrerévowever
only a few concentrating on fast mobile robots. On of this fast autonomabit¢e robots
was built by Joerg Wolf in the University of Plymouth. It was his BEng fyeal project.
More details about the construction and component of the robot can be foul in
report: "Fast Autonomous Mobile Robot Platform, BEng final yeaesidi [1]. This
report presents studies and improvements that were made sinfiestth@oject was
completed. Improvements include reaction time and motion control.

[.2- Aim of project

Originally it was made to use as a carrier, which should beammony with
humans. The robot platform shouldn’t surprise people, so it has toimezmbugh time
before collisions. The first version of programs that were avrifor the laptop and the
microcontrollers was not especially clever. They were justenta test the motion and
detection functions of the robot, testing whether it can carry out hasttions such as
obstacle detection. Therefore there isn’'t an elaborated program.

This report is also mainly concentrated on software to show howediodian time was
increased and how to improve motion control. But it requires a good compi@mef
the system that is used for the control and links all parts omibigle robot. A good
understanding of what the robot can be perceive around it, is alsopamtant point
before writing a strategy that the carrier can effectively execut

The software in the laptop and in the processing microcontrollers mustproved in
order to avoid obstacles without stopping and make curved trajectiriaddition the
robot must be safe and must have an emergency stop function, iheaserier is very
close to an obstacle.
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[.3- Composition of the robot

The robot is composed of a gear box for front wheels, a rear steeddgle,
seven ultrasonic sensors, two microcontrollers, a power electitmracd for motors, and
a twelve volts battery. All of them are assembled in a robuslicestructure, which
measures 67cm x 40cm at its base frame.

There are two microcontrollers, one for driving functions and omerdading the
ultrasonic sensors. Both are managed by a laptop which is conbycte@OM port to
one of them.

Furthermore an 12C bus link between the two microcontrollers fosvtre ultrasonic
measurements.

/Laptop A

driving reading
functions sensors
commandsequest

- /

Serial Com

Port

(Drive N /I\/Iotors A
System
Microcontroller 9

\_ J \_ J

VY

12C Bus

/Sensors ending bac\k /Ultrasonic\
SYStem measurementse sensors
Microcontroller

- ) (& J

Figure 1: Functional block scheme
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I.4- General description of software

The robot is managed by the laptop, which includes a program in Ggttage.
The program is written with Borland C++ Builder 5 on Window XP Pro.
Owing to send and to check some basic orders or some basic regudstsrobot’s
microcontrollers, HyperTerminal of Windows may be used.
One graphical application was made to display what the ultrasengors perceive. The
graphical library “QT”, which works in C++, was selected to tevrigraphical
visualization of the sensors. This function works, in real time, vthderobot moves, or
after moving it is possible to check what the robot has just seen.
The text editor Programmers Notepad2 was used to write theaontroller program
and the Qt display software. The Qt display software was d¢edhpiith Borland C++
Builder command line compiler.
The microcontrollers’ programs were written in C language. TeAWR compiler was
used for compiling binaries for the two ATMEL Megal6 microcontrelldhe resultant
files were loaded onto the microcontrollers with PonyProg.

II- Description with details of each component

[1.1- Ultrasonic Sensors

[1.L1.1- General description of ultrasonic

Sensors

The ultrasonic sensors have got an emitter and a
receptor to detect an obstacle. They work between 10
centimetres in practise (0 in theory) and 2.6 meters (the
maximum defined value). So at 330meters per second
(speed of sound) the signal takes 7.8 milliseconds to come
back at the longest distance.

NB: See [1] for further information

Figure 2: Picture of an ultrasonic sensor
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[1.2- Characteristics of ultrasonic sensors

The sensors have been tested. Measurements with each sendoedravepeated,
while the robot is fixed and all of the sensors were plugged in, and a@maplugged.
There is no significant difference when the sensors work aloddogether, except for
specific detection like an angle or a human. Moreover all sensors work the agme w

[1.2.1- Graph of repeatability

Each test always was done with series of 250 values. The amaitioih of program
that used to make these measurements is shown in appendix 1. Alreneasts were
saved in a file that call®ummy.fil Then data was imported in Excel. Finally a
histogram-graph was made, it represents how many times ancedisiance was
measured by the sensors. The distances have been grouped inofaheé2 meters. A
test was carried out with several objects as well aslla amgles, a bin, a human. The
way, how the tests were carried out with different obstaclespeaseen in pictures in
appendix 2. All values are in meters. Next a typical histogram is presented:

At 0.31 meters

250

200 +

150
/ \ —e— numbers of measurements
" L\
0 o —~— M 4 > - > * °*
0.321|0.323|0.325|0.327|0.329/0.331|0.333|0.335|0.337|0.339|0.341|0.343|0.345|0.347/0.349
0.319(0.321/0.323|0.325|0.327/0.329|0.331|0.333|0.335|0.337|0.339/0.341|0.343|0.345|0.347

Figure 3: Typical graph of repeatability of ultrasonic sensors

We can see on the example that all values are contained inga chn22
centimetres between 0.321 and 0.343, but the large majority of valcerstied between
0.335 and 0.341. That is to say, a range of 3 centimetres around thestaatealiof
errors, which is enough short and sharp to avoid something.

The quality of ultrasonic sensors measurements depends of theesufrfalostacles. For
instance, the maximum distance to have a percentage of faiksiraments under 50%
is 75centimetres for a bin(see picture in appendix 2) or 45 ostinéisnfor a human,
whereas the theoretic maximum distance of the sensors is &€snmkhe perfect object
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would have a straight surface perpendicular of the ultrasomealsilike a wall. That's
why the above histogram is not the same for all obstacles. And for a human it theks ra
like Figure 4:

2 different groups of ]
values, probably the two
les J At 0.33 meters

60 -
50 A
w0l N\ \
[ X _A
30 L —e— numbers of measurements
ol ] \ / \
o J/ \v/ \
0 \’_‘\ © oo o—o
0.34{0.35/0.36/0.37|0.38/ 0.39| 0.40/ 0.41| 0.42| 0.43|0.44| 0.45|0.46| 0.47|0.48| 0.49|0.50| 0.51|0.52
0.33/0.34/0.35/0.36|0.37|0.38| 0.39/ 0.40| 0.41| 0.42|0.43| 0.44|0.45| 0.46|0.47| 0.48|0.49| 0.50|0.51
Figure 4: Human typical graph of repeatability of utrasonic sensors
Here we can observe two ranges where the sensor detects aneolstdakt each
measurement is different for the same obstacle, and sometimees &re more
perturbations, and sometimes less.
Figure 5 shows false values before the distance measured. Iroaddei graph is not
complete, short distances have been removed.
At 1.20 meters - wood board
120 -
100 -
80
60 - —e— numbers of measurements
40
20 ° o A / \
0 ———*—

1.192/1.194/1.196|1.198|1.200| 1.202|1.204|1.206/1.208|1.210|1.212|1.214|1.216|1.218/1.220

1.190/1.192|1.194/1.196|1.198|1.200|1.202|1.204/1.206|1.208|1.210|1.212|1.214|1.216/1.218

Figure 5: graph with perturbations in front of a wood board
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Moreover we have observed that motors can sometimes perturb the sehsorshe

wheel direction is changed or when the robot starts, and much timgpesissetting up
the sensors.

Nevertheless, when the sensors are correctly set up, the sermsurengents are well,
although distances at which the robot can properly detect a hgn@n.iThe robot can
see a human after 60cm even though there is more false valugsred with small
distances.

[1.2.2- Percentage of detection failure in front
of a human

For the emergency stop test, we have chosen to detect obstables wirasonic
sensors instead of just the front sensor, because it's more high perforhi@recgou can
compare how the robot sees a human, when it uses only one sensorttardetecen it
uses a combination of three sensors. The percentage of failameasured with the
minimum distance #ln.

-with one sensor, the minimum distance of the sensor measurgabtedgdnsor
-with three sensors, the minimum distance is the minimum of the three sensors:
Omin = Min(sensorl;sensor2; sensor3)

% fail

Percentage of fail - Spreaded legs

120

100
80 -
60 —&— One sensor - spreaded legs

—m— three sensors - spreaded legs
40
20 / //
0 é“/./‘

0.3 0.4 0.5 0.6 0.7 0.8

distances (m)

Figure 6: Graph of percentage of failure for a huma

-10 -
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[1.2.3- Tests with rectangular boxes

We measured how the robot can see the rectangular boxes that supjtitibes
in the main hall.
It came to our attention that the robot can see an obstacle likectia@gular boxes with
a minimum of two sensors. If we cover one of the two sensors ¢hegipe an object,
none of them can see the object. That proves there is reflectwwadmetwo sensors to
see the boxes. It works no matter if there are two or three of them.

Boxe

(2)

Example of the
trajectory of
ultrasonic signal

Figure 7: Scheme of how the robot sees rectangulboxes (two sensors)

-11 -
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Considering angle (1) between the two front sensors and the digédhé robot
observes, and distance (2) between the robot and the obstacle, the safppdriisitions
can be correctly perceived at a maximum of 40cm and 30°.

So the robot can observe the boxes, but not in all situations, and theumadistance is
small. However the robot can see the boxes.

It works also with 3 sensors in front an angle of the box at tine saaximum distance.
If we hide the centre sensor, none of them see anything. The sigeflected on the
side of the box and never comes back. So the sensors indicated 2.64m, the maximum.

Box

Example of the
trajectory of
ultrasonic signal

Figure 8: Scheme of how the robot sees rectangulboxes (three sensors)

Finally despite the robot can't perfectly see the boxes, by using akitisers at the same
time, the robot can detect boxes in several situations if italse$ his sensors but not
too far.

-12 -
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[1.3- Front wheels - Gear box

. The front wheels are driven by a 12V
- motor and a gear box each, like the picture
shows

Figure 9: Picture of front gear box

[I.4- Rear wheels — Steering

At the rear of the robot, a steering
servo can be seen. A potentiometer
indicates the position of the wheels that is
managed by the drive system
microcontroller. A motor with a gearbox
turns the wheels via a pulley-belt system.

Figure 10: Picture of rear steering system

-13 -
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[1.5- Microcontrollers

The two microcontrollers are ATMEL Megal6, mounted on a specificdbtize
UOP — ATMega 16 Developer Board [2]. They work at 16 MHz witlexsernal crystal
on the PCB. There are two plugs on the Atmel board; one for smoial port
communication, and one to download the soft into microcontroller.

Microcontroller

- W _.-,\ﬁ;.eaegrg?-'llf-;

Software |

Download
Pluc

External
Clock
16 Mhz
Crystal

Serial Com
Port Plug

Figure 11: Pictures of ATMEL Megal6 microcontroller

[1.5.1- Drive System Microcontroller

The drive system microcontroller manages the direction andptbedsof the
robot’'s wheels, the angle that the backward steering wheelsthalee In addition the
ultrasonic measurements are forwarded from laptop serial contoptré 12C bus link.
This microcontroller receives a 4 bits packet from the Laptopsiwbontains all of the
precedent information.

-14 -
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[1.5.2- Sensors System Microcontroller

The sensors system microcontroller is linked to the drive systEmocontroller
by an 12C bus. There is also an internal loop that takes measurements of eadewadithe
sensors every 34 milliseconds (nearly 30 kHz) and these one atkisawmicrocontroller
memory. When a request is received from the laptop through thecgemgort and 12C
bus, the microcontroller sends the latest data that it has starddei® are two loops.
The microcontroller controls measurement and the laptop only request data.

Ultrasonic
Sensors System Loop 1 Sensors

Microcontroller

Loop 2

Laptop

Figure 12: Scheme of microcontroller controlled mesurements

- 15 -
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[1.5.3- Format of the packets that be send

The communication between the laptop and the microcontrollers curventkg
with a new packet format that contains all information of th&t Strategy in a single
packet. Therefore it is more compact than the first versmaor(tierstand the first packet
format see reference [1]). In addition one loop of program is goirg shorter period.
About saving time, more details are presented in the section “Delays”.

In fact the laptop software always utilizes the simple reqolesensors measurements.
That is to say just send the letter ‘U’ to ask measurementaube it's a very short
command that forgot less time the robot to thing than the entirgpaeket. However the
old separated commands are not used any more.

The new packet sent by the laptop through the serial com pamisased of 5 bytes as
it is shown next (Figure 13):

CSSb3]

—

X

‘C’ indicates a
compact packet

including all Steering
control Angle
information

MSB 8bits LSB
Left Motor Speed (a7 T T T 1T 1T T 1
Right Motor Speed \

1 Left Motor Clockwise

_ 0 Left Motor Anticlockwise
1 Send Nothing Back

0 Send Ultrasonic measurements 1 Right Motor Clockwise
0 Right Motor Anticlockwise

Figure 13: structure of the packet V 2.0

-16 -
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[1.6- Software

Firstly, we worked on Windows and the original program was ewrith Linux-
gcc, we had to convert some instructions of the microcontrolleragatdd program from
Linux to Windows.

[1.6.1- Conversion of the microcontroller
program from Linux to Window

To convert the program of microcontroller, WinAVR compiler is neeedpen,
modify and recompile the file.
The following modifications have to do:

=inp(x) change all by =X
BV change all by _BV (bit shifting command)
Put the correct path of AVR/twi.h  (header file)

[1.6.2- Conversion of the laptop program from
Linux to Window

For the program of the laptop, the main difference between Linux\andow is
in “Com Port” management. The instructions to open and to manage the PGudin
management had also to change.

On Linux:

Opening
if (fds=open("/dev/ttyUSB0",0_RDWR| O_NONBLOCK| O_NDELAY)) =H0)
printf(“failed to open USB Serial Port\n");
exit(-1);
}

Reading
r = read(fds, &c, sizeof(c));

Writing
write(fds,&ostr,));

-17 -
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On Windows:

Opening:
HPort = CreateFile (Com, GENERIC_READ | GENERIC_WRITE, 0, NULL,

OPEN_EXISTING, NULL, (DWORD)NULL); //,FILE_FLAG_OVERLAPPED,MLL);
if (HPort = INVALID_HANDLE_VALUE)

{
if (SetupComm (HPort, LOW_RX_BUFF_SIZE, LOW_TX_BUFF_SIZE) 3
setmem (&dcb, sizeof (dcb), 0);
if (BuildCommDCB ("38400,N,8,1", &dcb))
{
SetCommState (HPort, &dcb);
/[Thread = new COMThread (HPort, AppHandle, MsgID, Data);
}
}
lelse
{
printf(“failed to open Serial Port\n");
}
Reading:

r = read(fds, &c, sizeof(c));

Writing:

\'4

write(fds,&ostr,j);

The instructions which make the program sleep changed also. Momw/és in
microseconds on Linux and the other is in milliseconds on Windows.

usleep(time*1000)  -->for Linux
sleep(time)  -->for Windows

-18 -
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[1.6.3- Strategy used to program the laptop

In order to make the robot avoiding walls a general motion strategy is outlined:
A robot approaching the wall should reflect its motion in the angéeapproaching. Just
like a ball bouncing of a wall. The implementation of this idea requires the robot to know
- The orientation of the wall
- The distance to the wall
The vector based method uses to determine these values.

The method requires sensors in pairs. We put the sensor 0 with teath,12 4 with 5,
and 5 with 6. We decide to keep the sensor 3 only for emergency stop.

3

30°

Figure 14: Sensors position

-19 -
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We take the vector we have calculated and we do a translatiols ettior at the

centre of the half circle. This vector gives a new way to dbhetrto avoid an obstacle.
Then the coordinates have sent to another function to apply the movement.

Y/

Obstacle

sensor?

V1 sensorl

Fi = — = = =

A

x1=sensor2*cos(60°)
x2=sensorl*cos(30°)

v1=sensorl*cos(60°)
vZ2=sensorZ*cos(30°)

x=sensorl+*cos(30)-sensorZ+*cos(60)
v=sensorZ2+*cos(30)-sensorl*cos(60)

Figure 15: Method with the vector

-20 -
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[1.6.4- Detail of laptop software

The software in the laptop is composed of a C source code filedcal

“HeadRobo.cpp” and a header file called “HeadRobo.h”. The source codarittas in
order to be compiled as well as in Linux and in Windows, but we have tested in
Linux. That's why you can see sometimes:

#ifdef BORLAND

#endif

Source code

The program contains an initial function that opens the serial “Com Port”.

#ifdef BORLAND
void RobCom_Init(void) /[ initialisation of the communicationw@sn the robo
and the PC
{
DCB dcb;
char packet[10];
HPort = CreateFile (Com, GENERIC_READ | GENERIC_WRITE, QLL
OPEN_EXISTING, NULL, (DWORD)NULL); //,FILE_FLAG_OVERLAPPED,NLL);
if (HPort != INVALID_HANDLE_VALUE)

{
if (SetupComm (HPort, LOW_RX_BUFF_SIZE, LOW_TX_BUFF_SIZE) 3
{
setmem (&dcb, sizeof (dcb), 0);
if (BuildCommDCB ("38400,N,8,1", &dcb))
{
SetCommState (HPort, &dcb);
/[Thread = new COMThread (HPort, AppHandle, MsgID, Data);
}
}
lelse
{
printf(“failed to open Serial Port\n");
}

/I Initialize Microcontroller and Variables
strncpy(packet,"LDA",3);  transmit(packet,3);
strncpy(packet,"RDA",3);  transmit(packet,3);

}

t

\'4

0)

#endif

-21 -
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This function convert a value from degree to a value counter betwaen @55 and
return the value to VectorSend().

unsigned char steering(int degree)  // verify angle
{
unsigned char casted=0;
unsigned char icasted;
int value;
value = degree; Il scale it down to -90 to 90
value = value + 128; / move it O to 255
value = value;//(STEERING_CENTRE - 18);

if(value < 32){
value = 32;
printf("Lower Limit \n");
}
if(value > 210){
value = 210;
printf("Upper Limit \n");
}
casted = value;
return casted,;

-22.-
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This function sends the final packet (see section 11.5.3) witthalinformation, speed,
angle to the robot by the serial com port connection.

void transmit(char *istr, int length) [ltransmission to the robot
{ /l Encode ESC sequence + brackets and send
char ostr[20];
inti,j;
for(i=0;i<20;i++){ ostr[i]="X"; } /I Debug
ostr[0]=""
=1
for(i=0;i<length;i++)
{
if(istr[i]=="]")
ostr[j++]=27; I ESC [ rather than just [
ostr[j++]=";
else if(istr[i]=="")
{
ostr[j++]=27, / ESC ] rather than just ]
ostr[j++]=""
}else
{
ostr[j++]=istr[i]; //just copy byte by byte
}
}
ostr[j++]=T;
ostr[j]="\n’;

j=strlen(ostr);
/1#ifdef BORLAND
WriteFile (HPort, ostr, j, &Written, NULL );
Sleep(WAIT_STATE);
I1#endif
#ifdef LINUX
write(fds,&ostr,));
usleep(WAIT_STATE*1000);
#endif

}
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This function requests and writes the sensors data in a variable and in a table.

void sensor()

{

/lrequest and write data of sensors information

intr, num_of rec_bytes;

/*

*/

/*

*/

- request sensor data
- write data into variables
- vectorSend

Il Request Sensor information

1K
/l printf("sync...");
Itwhile (read(fds, &c, sizeof(c))!=-1)

/[ any rubbish

strncpy(outgoing_packet,"U",1); transmit(outgoing_packet,1);
/Iwrite(fds,&outgoing_packet,3);
r=0;
num_of _rec_bytes=0;
do{

#ifdef LINUX

r = read(fds, &c, sizeof(c));
#endif

#ifdef BORLAND
ULONG BytesRead=1,;
r = ReadFile (HPort, &c, BytesRead, &BytesRead, NULL);
Iprintf("%c \n",c);
#endif
if (r!=-1){
packet[num_of rec_bytes]=c;
if((packet[0]'="T)&&(num_of_rec_bytes==0)){
packet[1]=c;
packet[0]="T";
num_of _rec_bytes++;
}
if(isprint(c){
printf("%2X (%3d) %c\n", c,c,c);
}else{
printf("%2X (%3d) \n", c,c);
}
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num_of_rec_bytes++;
}
/lc=0;
twhile (num_of_rec_bytes<23);
printf("sensors: ");
/I Packet format : MSB first
/0123456 7 89 1011121314151617 1819202122
II[NGGGGsO0s0s1sls2s2s3s3s4s4s58556S86s7S7]

for(int i=0 ; i < Amount_of_Sensors; i++)
{
Sensor]i].x=0.00;
unsigned int MSB = packet[i*2 + 6];
MSB=MSB<<S§;
double runtime = (double)MSB + (double)packet[i*2 + 7];
Sensor|[i].y = runtime / 509.0909;  //484
printf("%3.3If *,Sensor]i].y);
tab[i]=Sensorf[i].y;
gevt(Sensorli].y, sig, str); /I

grafic program
fwrite(";", 1, 1, stream); //
}

printf("\n");

fwrite(str, sig , 1, stream); // use to copy the valulks sensors for tk
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This function calculates the coordinates of the vector the robot needs to turn.

void CalculVector(int Sensorl, int Sensor2)

{
double M, x, y;
tab[Sensor2]=tab[Sensor2]+0.160;
tab[Sensorl]=tab[Sensor1]+0.160;
x=tab[Sensor2]*cos(30)-tab[Sensorl]*cos(60); /I calculaténeofvector the

sSensors can see

y=tab[Sensorl]*cos(30)-tab[Sensor2]*cos(60); // coordinate of x and y on &

[IM=(atan(x/y)*180)/M_PI; dlculate of the angle of the vector
>degree

[printf("X=%lf Y=%lIf speed=%d angle=%lf \n",x ,y ,speed,M);

x=(x - 0.200); /Il less 10 degree

y=(y + 0.200); I

[Iprintf("X=%If Y=%If speed=%d angle=%lf \n",x ,y ,speed,M);
if(Sensorl==0 | Sensorl==1 | Sensorl==2)
{

}

VectorSend(X, y, speed); // send the vector and the speed
wheels=0;
obs=1;

x=-X; [/l inverse x when the obstacle is at left

L plan
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This function is the emergency stop.

void stop() Il safety stop

{
if(tab[3] < limStop[3] | tab[2] < limStop[2] | tab[4] < lim4])  // With the 3
sensors
{ //'in front of the robot.
int nbSens=0;
nbSens=minValue(2, 3, 4); /I Calculate of the minimure bakweer
the 3 sensors.
if(verif(nbSens, limStop[nbSens])) // Verification of the valuease the
sensors send back a wrong value

{ Il send back a wrong value.
VectorSend(0,-1,30); /] safety stop
wheels=0;
obs=0;

STOP=1;

Iprintf("STOP \n");
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This function calculates the minimum value of 3 sensors to detemwingh sensor
perceives an obstacle.

int minValue(int num1, int num2, int num3) // find the min value between 3 values
{

double tmp=10;

tmp=min(min(tab[num1], tab[num2]),tab[num3]); I/ with 3 valusss two timeg
the function min().

int i;

for(i=0; tmp!=tabl[i]; i++); /I this loop is used tod which sensor has the mijn
value

return i;
}
int minValue(int num1, int num2) /ffind the min value between 2 values
{

double tmp=10;

tmp=min(tab[num1], tab[numZ2]);

int i;

for(i=0; tmp!=tabl[i]; i++); /I this loop is used tod which sensor has the min
value

return i;
}

This function sends to the robot a vector to go straight.

void WheelsStraight() /l function to put the robot in a straight direction

{
VectorSend(0,1,speed);

wheels=1;
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This function is used to detect an obstacle or to say tebwe to go straight if it
does not see an obstacle.

void obstacle() /I function use to detect an obstacle or not
{ I/l we use the sensors two by two to be able to calculate an angle
int nbSens=0;
if(obs==1|STOP==1){}
else
{

if((tab[1] < limTurn[1] && tab[0] < limTurn[0]) | (tab[1] <mTurn[l] &&
tab[2] < limTurn[2])) // test detect obstacle

{
if(tab[O]<tab[2])
{
/lint nbSens=0;
nbSens=minValue(0, 1); //test
if(verif(nbSens, limTurn[nbSens])){angle(1, 0);}
lelse
{
/lint nbSens=0;
nbSens=minValue(1, 2);
if(verif(nbSens, limTurn[nbSens])){angle(2, 1);}
}
}

else if(tab[0] > limTurn[0] && tab[1] < limTurn[1] && tab[2} limTurn[2]) //
test only for the sensor 1

{ /I sometimes it is the only to see
something

}

if((tab[4] < limTurn[4] && tab[5] < limTurn[5]) | (tab[5] <mMTurn[5] &&
tab[6] < limTurn[6]))
{

if(verif(1, limTurn[1])){VectorSend(-0.4,0.8,speed);wheels=0;0bs=1}}

if(tab[4]<tab[6])

{
/lint nbSens=0;
nbSens=minValue(4, 5);

if(verif(nbSens, limTurn[nbSens])){angle(4, 5);wheels=0;0bs=1;}
}
else
{
/lint nbSens=0;
nbSens=minValue(5, 6);
if(verif(nbSens, limTurn[nbSens])){angle(5, 6);}
}
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}
else if(tab[4] > limTurn[4] && tab[5] < limTurn[5] && tab[6] #fmTurn[6])//
test only for the sensor 1

{ /I somatimmdise only to see
something
if(verif(5, limTurn[5])){VectorSend(0.4,0.8,speed);} // send an angle of
40 degrees
}
}

if(tab[1] > limTurn[1] && tab[2] > limTurn[2] && tab[3] > limTurn[3] // test to
put back the wheels straight
&& tab[4] > limTurn[4] && tab[5] > limTurn[5] && wheels==0)
{
WheelsStraight();
0bs=0;
}
if(tab[3] > limStop[3] && tab[2] > limStop[2] && tab[4] > lirStop[4] &&

This function verifies if the sensors have send a wrong information.

bool verif(int num, double lim) // function of verification in cabey have had some
wrong values
{ if(valeurOld[num] < lim)
return true;
} };eturn false;
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This function initialises the communication port.

void Port() // initialisation of the port by Init()

{
char PortCom[5]="COM";
gets(NbCom);
strcat(PortCom,NbCom);
StrCopy(Com,PortCom);

}

void Init() /I program of initialisation by the user

{

p u tS (' Tkkkkkkkkhkkkhkkkhkkkhkhkkkhkkhkkhkkhkkkhkkkkkhkkkkkkkhkkhkkkhkkkhkkkhkkkhkkkkkkkkhkkhkkhkkkkkkkkkk

*******") .
’

puts("* Welcome to the initialisation program for the Fast Autonomous Robot

p u tS (' Tkkkkkkkkhkkkhkkkhkkkhkhkkkhkkhkkhkkhkkkhkkkkkkkkkkkkhkkkhkkkhkkkhkkkhkkkhkkkkkkkkhkkhkkhkkkkkkkkkk

*******") .
’

puts("\nEnter the number of your port of communication:(0-->9)\n");
puts("example: COM: 0 or 1 or 2 ...\t Then type <enter>\n");

do
{
printf("\nPortCom=");
Port();
puts("\nAccept port? Type Yor N: ");
gets(accept);

twhile(accept[0]'="Y");
printf("\nPortCom=%s\n",Com);
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This function initialises the speed.

void Init2() /I program of initialisation for the speed by the user

{

puts("\nChoose the speed :\n");

puts("\tbetween 150-->1 m/s\n\tand 200-->1,5 m/s\n");
printf("speed=");

scanf("%d",&speed);

Sleep(2500);

}

void main(void *arg) // main program

{
Init(); /l function initialisation for the port
printf("RobCom init..");
RobCom_Init(); /l function verify the open port

printf("Done\n™);

Vector2D Sensor[10];

Init2(); /l function initialisation for the speed

stream = fopen("DUMMY .FIL", "w"); // use to copy the values
fwrite(" ", 1, 1, stream); /I of the sensors for the grafic program.

WheelsStraight();

for(int i=0;i<25;i++) /l'loop use to avoid the disruption when the motors st:

{

sensor();

}
printf("beginning \n");

while('kbhit()) // touch the keyboard to quit the program
{
sensor(); /I call function who get back the sensors data
stop(); /I call safety stop function
obstacle(); /I call function uses to detect obstacle
for(int i=0;i<7;i++)
{
valeurOld[i]=tabl[i]; // record of the old value to do the test of wrong
}
}
#ifdef LINUX
close(fds);

art.

value
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#endif

#ifdef BORLAND

/l'closure! HPort; I/l need closure or not
fclose(stream); /I end of copy value
VectorSend(0,-1,30); Il stopping of the robot
#endif

/Ipthread_mutex_lock(&odat_lock);
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[I.7- Delays

We have changed the program to use vectors to move the robot. This
program allows saving time. More over, we have changed the prograne in t
microcontrollers to send all the data to the robot in only one pémksaving time
again. Since the start of the project we have succeed in saving about 50 ms.

The delay (WAIT-STATE), that we can changed, must be 30 ms @& asor
shown in picture 5. With this delay the time to the robot can thinkcisided
between 77 ms (with the youngest sensors data) and 111 ms eitbldest
sensors data).

The maximum speed of the robot on a carpet (1.71m/s) and on a smooth
ground (about 2m/s) is more than the speed of a human (about 1m/s).

[1.7.1- Delay between each sensor pulse

Figure 16: Delay beetwen each sensor pulse

Ts: Delay between two sensor pulses (Sampling period Ts).
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[1.7.2- Delay data PC in and out when the robot
doesn’t see an obstacle

PC out

PCin

Figure 17: Delay data PC in and out when the robodloesn’t see an obstacle

Tu: delay between each request of data sensors.

Td: time taken to request sensor data (“U”).

Tsd: time taken for a packet with sensor data.

Tws: delay between two transmit, we have called that WAIT-STATE.
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[1.7.3- Delay PC in and out when the sensors
see an obstacle

SH LIV Sa =k o0

TR Y
-\-—L — — ‘L-"

’ y v s ]
l B B
;:

)

Figure 18: Delay PC in and out when the sensors saa obstacle

The program sends a request to the uC to receive sensor data cohtinuous
and after receiving data the program in the laptop analyses themmasts. If
one of the values is inferior at the limit imposed by us the progioes a test of
verification between the before value recorded and the new valee b iss an
error of the sensors or not.

We have put this verification because sometimes the sensors send erroneous
values. However the erroneous values are very unlikely happen suvelyeSshis
system is therefore more robust and mistaken movements of the robot ard.avoide

A verified measurement is analysed by the program in the lapip t
driving data is transmitted to move or stop the robot.

If it's an error the program erases the wrong value and doesn’t take count of
this value.
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[1.7.4- Delay between PC sending data and
motion of the robot

/

Driving data. il

PC out

Verification.

Motor

Figure 19: Delay between PC sending data and motiaf the robot

Tm: delay between the request of moving is sending to the robot amedheing to
stop.
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[1.7.5- Delay is at maximum when an obstacle
Is detected by the sensors and that the robot begin s to move.

81 ms

e

U
3 9 2 £
g4 Sk &
03 © g
0 A R = )

Figure 20: Delay is at maximum when an obstacle detected by the sensors and that the robot begins
to move
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The report contains two parts, the first is on the different speeds of the robot
we have calculated and the second is on the different delays of the robot signal an
the program in the laptop.

The delay can be different with a more complicated program, it will increase.

[1.8- Speed of the robot

The speed tests have been made on fitted carpet on a distance of 4.40
meters. We did several measurements of time on the same distanée tarma
average, and then calculate the speed in meters per second. We measesdd the
speed with several values out of the 255 coded speeds that are available in the
program.

Coded Speed Times Average Speed

4.9 secon
53s
48s
43s

=
Q

483s 0.91m/s

=
(6]

4.00 s
3.45s
3.50s
3.47s

3.60s 1.22m/s

3.20s
3.00s
3.15s

3.11s 1.41m/s

255 2.35s
245s
237s
245s

2.40 s 1.83 m/s

J
j
J

Figure 21: Speed of the robot on carpet- Values
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18
16
14

= 08 /

0.6
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02
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0 50 100 150 200 250 300

Speed 0->255

Figure 22: Speed of the robot on a carpet - Graph

We have made one other test on a smooth ground and we have found other values
of speed. The test has been done on a distance of 6.50 meters. Oftlseurse
distance to stop for the robot has increased.

Coded Speed Times Average Speed
150 6 secon }

6.3s 6.15s 1.07 m/s
200 42s

45s } 435s 1.5 m/s
250 3.10s }

3.20s 3.15s 2.06 m/s

Figure 23: Speed of the robot on a smooth groundValues
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[1.9- Distance needed by the robot to think and
respond:

The distance in which the robot stops depends of many parameters:
- The delay to transmit data to the robot (>30 ms).

- The age of the sensors data: 0<...<34 ms (the maximum age of the sensors
data).

- The speed.
An increase of delay leads to instability.

Here it takes 15 ms between each transmission of data to the robot.

As one can see, on the chronogram below, with these values, the robot has a
delay maximum of 75 ms to know that it must stop if we put the oldest data
sensors. But the Wait-State must be 30 ms, otherwise the verificabioespr

would take the same sample again instead of a new sample. So now the delay
maximum is 81 ms + 30 ms 111 ms

So the robot needs to think a distance of:

At 091 m/s 10.1cm
1.22m/s 13.5cm
1.41m/s 15.65cr on a carpet.
1.83m/s 20.3cm

At 1.07m/s 11.9cm

1.5m/s 16.65cm on a smooth ground.
2.06 m/s 22.86cm

And with the youngest sensors data, the deldy is1s. So the robot needs
to think a distance of:

At 091 m/s 7.1cm
1.22m/s 9.4cm
1.41m/s 10.86cr on a carpet.
1.83m/s 14.1cm

At 1.07m/s 8.2cm
1.5 m/s 11.55 cm
2.06 m/s 15.86cm

on a smooth ground.
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The mechanical stop distance Dm depends of many parameter@reéhat
explained in the Report about Ultrasonic Sensors on Mobile Robot.

According to speed and our parameters, if we want the robabpoastco
cm of a person we just have to add the distance to stop at the different speeds.

50 cm + 10.1 or 11.9 cm + DmStop Distance< 50 cm + 20.3 or 22.86 cm +
Dm

[1.10- Emergency stop tests of the robot

In this section, the capacity of the robot to stop, in front of a @radl human, in
order to avoid a crash, is explained. These tests were used to define distamze to st
These measurements are made with the new version of the protocol to trarshaisteat
to the microcontroller. Furthermore the program sends data to tnecamtroller only if
the robot must stop. Consequently the reaction is the most fast.

-In front of a wall

In these tests, the robot must stop if it detects an obstaictenirof it at less than 1
meter.

Three tests are done at the PWM speed of 150(=0.91m/s), 200(=1.41m/s), and
250(=1.68m/s).

(a PWM of 255 corresponds to 100% (12V on the motors) )

Here have the averages of ten measurements showing threeeita robot needed
to stop.

Distance from obstacle - distance for de-acceleration
At 150: 74.7cm = ------- > 25.3cm to stop
At 200: 66.3cm  -------- > 33.7cm to stop
At 250: 48.7cm  -------- > 51.3cm to stop

-In front of a human

In front of a human the probability of failure of detection drap2% at less than
50cm (see section 11.3.2)
However, after doing many tests, | determined it is better taheudistance to stop at
70cm in order for the robot to stop just in front of you at the maxinspeed of
PWM=200.
In fact the robot stops at nearly 30cm. At the speed of PWM=20@hitileng distance
of the robot is almost 17cm, and 25cm to stop after sending the order.

70 - 17 - 25 = 28cm ----> the distance measured is verified.
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ll- Performances and limits
The software is blocked while the robot turns (except for the stop function)

I11.1- Sensors

We have decided to put some limits to the sensors to determine if the robot must
stop or turn. As the sensors are limited to 2.6 meters, we have decided to put 1.2 meters
distance to turn it is enough for it before hitting the wall and for the stop we have put 0.7
meters as the minimum distance needed by the robot to stop in front of something.

double limTurn[7]={1.200,1.200,1.200,1.200,1.200,1.200,1.200}; // value limit to turn
double limStop[7]={0.700,0.700,0.700,0.700,0.700,0.700,0.700};  // value limit to stop

The sensors are not easy to set (see manual). Later we need to chaggeadtiise s
to have sensors which can see more far.

[11.2- Gear box

One of the two gearboxes had problems. An axle with slack, blockedaHhzoge
sometimes, because of that the robot turns a little when he mowestiaight direction
and was very noisy.
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IV- Technical Elements

IV.1- HyperTerminal

The HyperTerminal of Windows can be employed to test some ba&rsar some
basic requests. It needs to create a new connection at 38400 Taenlensure the
HyperTerminal is connected. Finally you just have to type camimaes. For
instance, type a “U” between brackets to request measurements.

& robot - HyperTerminal

File Edit Miew Call Transfer Help

Oz & & DH

[U]*z7CEEESLEE] _

Figure 24: HyperTerminal

IV.2- Data visualization - Test software

About sensor visualization, we used the Qt library in a C++ apiplicaQt is a
graphical library in oriented object programming, with the priricgizantage to work as
well in Linux as in Windows.

The graphical window with the seven sensors was made to checlnguoessm real
time, or to verify what the robot observed during its work.

The next snapshot is for verify what the robot observed duringpits. W real time,
there is any buttons and any cursor.
Black lines correspond to the distance how far an obstacle is detected by the. Séresor
three buttons are to stop the application, to restart it, to make a pause, and to change the
speed which data are diplayed.
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Figure 25: Sensors visualization

To record measurement and then to display, the next lines need to put in the program
used to control the robot:

stream = fopen("DUMMY.FIL", "w"); //open the file to record on it

fwrite(" ", 1, 1, stream); /lwrite a space at the beginning of the fihtto i
[-.]

gevt(Sensor[3].y, sig, str); //gcevt(tmp , sig, str); //convert meatite string

fwrite(str, sig , 1, stream); //write data in the file

fwrite(";", 1, 1, stream); /lwrite a semicolon to separate data

[..]

fclose(stream); /lclose the file
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IV.2.1- Functional scheme of laptop software

Figure 26: Functional scheme of software laptop
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IV.2.2- Diagram of laptop software

Figure 27: Diagram of software laptop
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IV.2.3- Manuel of the robot

First part : Put down the laptop and connect it.
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Second part Start and turn off the robot.

1/ The button start the power supply for the motor.

Pull up the red button to start push it to stop fa the motor.

If the power works the red led must light up on thepower supply (12V)
(1).
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When you have pulled up the red button, after put swch on, the
direction wheels should put it straight. To test ifthe motor's power
works well, push the direction wheels a little on a&ide, you should hear
a long noise.
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2/ The switch start the power supply (5V) for the ntrocontrollers.

Put the switch on to start and off to shutdow the microcontrollers.

If the power works,
the green led on the
two

microcontroller’s
board must light up.
Board on the top (3)
and below the orange
plate (2).

Warning: To move the robot the red button must be pull and the switch on.
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Third part : Program.

1/ Find the communication port:

On the desktop, click right on My
Computer and click on Properties.

1-Click on Hardware.

2-Click on Device
Manager.

3-Click on
Ports(COM&LPT).

4-The number is here.
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2/ Using the program.

Launch the *.EXE.
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Fourth parts: Setting up of ultrasonic sensors

The gain of each sensor can be increased or decreased bgraal ipbtentiometer.
If the set-up is not calibrated the sensor falsely reportsvalldles or maximum values
while it measured something between them. In order to have goodrereasts in all
situations, the potentiometer has to be set up correctly:

-Firstly decrease at the minimum. Check measurements are null.
-Then increase the gain just until something can be perceived by the sensor.
-Finally turn a few more in order not to have sometimes null values.

A graphical application can be used (see section IV-Technical Elements)smie mode

of the program can be used as well, providing the switch of therpeletronics is
turned off.
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Fifth parts: Recharge the battery.

Remove the battery.
And connect it at a charger.

WARNING !l : Don’t inverse the polarity, put the red pliers

onthe  and the black pliers on the
And remove the small plastic caps.
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a) Appendix 1: Tests of sensors source code
(recording data version)

“Main function”
void main(void *arg)

{
int MaxSpeed=64,missed=0;
char outgoing_packet[40];
unsigned char packet[40],c;
inti, r, num_of rec_bytes;
printf("RobCom init..");
RobCom_Init();
printf("Done\n");
stream = fopen("DUMMY.FIL", "w");
fwrite(" ", 1, 1, stream);
for(int J=0;J<250;J++){
strncpy(outgoing_packet,"U",1); transmit(outgoing_packet,1);
r=0;
num_of rec_bytes=0;
missed=0;
do{
#ifdef LINUX
r = read(fds, &c, sizeof(c));
#endif
#ifdef BORLAND
ULONG BytesRead=1,;
r = ReadFile (HPort, &c, BytesRead, &BytesRead, NULL);
Iprintf("%c \n",c);
#endif
if (r'=-1){
packet[num_of rec_bytes]=c;
if((packet[0]'=T)&&(num_of rec_bytes==0)){
packet[1]=c;
packet[0]="T";
num_of _rec_bytes++;
}
[* if(isprint(c){
printf("%2X (%3d) %c\n", c,c,c);
}else{
printf("%2X (%3d) \n", c,c);
}
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*/
num_of_rec_bytes++;
}
//c=0;
}while (num_of _rec_bytes<23);
printf("%d ", J);
printf("sensors: ");
for(i=0 ; i < Amount_of_Sensors; i++){
Sensor|i].x =0.0; I/l Here should be the sensor input
unsigned int MSB = packet[i*2 + 6];
MSB=MSB<<S§;
double runtime = (double)MSB + (double)packet[i*2 + 7];
Sensor|i].y = runtime / 509.0909;  //484
printf("%3.3If ",Sensor]i].y);
}
printf("\n");
/ltmp= min(min ( Sensor[2].y, Sensor[3].y),Sensor[4].y);
gevt(Sensor[3].y, sig, str); //gcvt(tmp , sig, str);
fwrite(str, sig , 1, stream);
fwrite(";", 1, 1, stream);
}
#ifdef LINUX
close(fds);
#endif
#ifdef BORLAND
fclose(stream);
#endif
}
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b) Appendix 2: Pictures of the way, how the tests
of sensors were carried out with different

obstacles
The interior of angle The wood board
The bin in its large side The bin in its narrow side
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c) Appendix 3: Drive system microcontroller
source code(updated file for the new protocol)

“Sercom.c”

#include <string.h>
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/signal.h>
#include <inttypes.h>
#include "drive.h"
#include "i2c.h"

static void NextTx (void);

static void StoreRxed(unsigned char RxC);

void Commsinitialise(void);

volatile void CommsSend (volatile char *Data,int TxLen);

extern volatile char PacketReady;
extern volatile uint8_t registers[23];

extern volatile char txt[10];

extern volatile uint8_t LeftSpeed , RightSpeed,;
extern volatile unsigned char LMotorDir , RMotorDir;
extern volatile int LEncoderSpeed,REncoderSpeed,;
extern volatile int Theta_in,SteeringFeedback;

char TxBuff [23];
unsigned char RxBuff [10];
volatile char Buffl [10];

int TxBytes = 0,
TxNext = 0,
RxPtrl = 0;

static void NextTx (void)

{
if (TxBytes > 0)

UDR = TxBuff[TxNext];

TxBytes--;
TxNext++;
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}
static void StoreRxed(unsigned char RxC)
{
if (RxPtrl < sizeof (RxBuff))
RxBUff[RxPtrl++] = RxC;
}
SIGNAL(SIG_UART_TRANS)
{
NextTx();
}
SIGNAL(SIG_UART_RECV)
{
unsigned char RxC,Dreg;i;
RxC = UDR,;
switch (RxC)
{
case |-
if(RXBUff[RxPtr1-1]'=27){ /[ no ESC in front -> Packet start
RxPtrl = O;
StoreRxed(RxC);
telse{
RxBUff[RxPtr1-1]="" /I overwrite ESC with [ and do not
increase the counter
}
break;
case -
if(RXBUff[RxPtr1-1]'=27){ /[ no ESC in front -> Packet End
StoreRxed(RxC);

if((RxBuff[1]=="L")&&(RxBuUff[2]=="G"){
Itxt[0]="";txt[1]=" "ixt[2]=" ";txt[3]=" ";txtd]="\n";txt[5]="\r";
/litoa(LEncoderSpeed,txt,10);
Itxt[4]="\r';txt[5]="\n";
txt[O]=LEncoderSpeed;
CommsSend (txt, 1);
}
if((RxBuff[1]=='"R")&&(RxBuff[2]=="G")){
IItxt[0]="";txt[1]=" "txt[2]=" ";txt[3]=" ";txt[d]="\n";txt[S]="\r";
/litoa(REncoderSpeed,txt,10);
Itxt[4]="\r';txt[5]="\n";
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txt[0]=REncoderSpeed,;
CommsSend (txt, 1);

}
if((RxBuff[1]=="L")&&(RxBuff[2]=="S"){ LeftSpeed =
RxBuUff[3]; }
if((RxBuff[1]=="L")&&(RxBuff[2]=="D")){
if(RxBUff[3]=="C") { LMotorDir = L_CW; }
else{ LMotorDir =
L ACW;}
}
if((RxBuff[1]=="R")&&(RxBuff[2]=='S")){ RightSpeed =
RxBuff[3]; }
if((RxBuff[1]=="R")&&(RxBuff[2]=="D"){
if(RxBUff[3]=="C") { RMotorDir = R_CW,; }
else{ RMotorDir = R_ACW;}
}
If(RxBuff[1]=="C"|{ /l Compact packet
LeftSpeed = RxBuff[2];
RightSpeed = RxBuUff[3];
if(RxBuff[4]&0x01) { LMotorDir = L_CW; }
else{ LMotorDir =
L ACW;}
if(RxBuff[4]&0x02) { RMotorDir = R_CW; }
else{ RMotorDir =
R_ACW:}

if(RxBuff[4]&0x04) {
PacketReady=1,; Il
Request UltraSonics

}

Theta_in = (int)RxBuff[5]; // always positive between O-
255

if(Theta_in < MIN_ANGLE){
Theta_in = MIN_ANGLE;
}

if(Theta_in > MAX_ANGLE)X
Theta_in = MAX_ANGLE;
}

}

if((((RxBuff[1]=="L")||(RxBuff[1]=='R"))&&(RxBuff[2]!'='G")) || (RxBuff[1]=="C"))
{ /I Motor values have changed
txt[0]='O";
if( LeftSpeed <= VOLTAGE_LIMIT)
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LMOTOR_PWM = LeftSpeed;
lelse{
LMOTOR_PWM = VOLTAGE_LIMIT;
I txt[0]="L";
}
if( RightSpeed <= VOLTAGE_LIMIT)
RMOTOR_PWM = RightSpeed;

lelse{
RMOTOR_PWM = VOLTAGE_LIMIT;
I txt[0]="L";
}
if(LMotorDir==L_CW){
PORTD&=~0x40; /Irelay LDIR (logic O,
relay released)
lelse{
PORTDI|=0x40; /Irelay LDIR (logic 1,
relay pulled)
}
if(RMotorDir==R_CW){
PORTD&=~0x80; /lrelay RDIR (logic O
, relay released)
}else{
PORTDI|=0x80; /lrelay RDIR (logic 1
, relay pulled)
}
I txt[1]="\n";txt[2]="\r";
I CommsSend (txt, 3);
}
if(RxBuff[1]=="S"){
Theta_in = (int)RxBuff[2]; // always positive between O-
255
if(Theta_in < MIN_ANGLE){
Theta_in = MIN_ANGLE;
}
if(Theta_in > MAX_ANGLE)X
Theta_in = MAX_ANGLE;
}
I txt[0]=" ";txt[1]=" ;txt[2]=" txt[3]="";txt[4]="\n";txt[5]="\r";
/litoa(Theta_in,txt,10);
I txt[0]="";
/litoa(SteeringFeedback,txt+1,10);
1 itoa(Theta_in,txt+1,10);
Itxt[4]="\r';txt[5]="\n";
I CommsSend (txt, 5);
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}
if(RxBuff[1]=="U"}{

PacketReady=1; I/l Request UltraSonics
}

telse{ /[ ESC was in front of closed
bracket: NO packet end yet
RxBuUff[RxPtr1-1]=""; /I overwrite ESC with [ and do not
increase the counter

}

break;

default:
StoreRxed(RxC);
break;

void Commsinitialise(void) /I Currently at 38400,n,8,1
{

/l UBRRL :at 16MHz: 103 for 9600 , 51 for 19200 (U2X =0),25 for 38400
/l UBRRL :at 1MHz: 12 for 9600 (U2X=1)
/l UBRRL :at 1MHz: 12 for 4800 (U2X=0)
UBRRH = 0;
UBRRL = (unsigned char)25;
I/JUCSRA = (1 << U2X);
UCSRB = (1 << RXEN) | (1 << RXCIE) | (1 << TXCIE) | (1 << TXEMgnable
UCSRC = (1 << URSEL) | (1 << USBS) | (3 << UCSZ0); /18bit,no
parity,1Stopbit,async
PacketReady=0;
}

volatile void CommsSend (volatile char *Data, int TxLen)

{
int i;
while (TxBytes > 0);
/it (TxLen > sizeof (TxBuff)) TxLen = sizeof(TxBuff);

for(i=0;i<TxLen;i++){
TxBuff[i] = Datali;
}
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TxNext = 0;
TxBytes = TxLen;
NextTx();

}
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d) Appendix 4: Sensors visualisation source code

“Main.cpp”

#include "Icdrange.h”

#include <qgslider.h>
#include <glcdnumber.h>

LCDRange::LCDRange( QWidget *parent, const char *name )
: QVBox( parent, name )
{

QLCDNumber *lcd = new QLCDNumber( 4, this, "lcd" );
slider = new QSlider( Horizontal, this, "slider" );
slider->setRange( 0, 1000 );
slider->setValue( 0 );
connect( slider, SIGNAL(valueChanged(int)),
lcd, SLOT(display(int)) );
connect( slider, SIGNAL(valueChanged(int)),
SIGNAL(valueChanged(int)) );

setFocusProxy( slider );

}

int LCDRange::value() const

{

return slider->value();

}

void LCDRange::setValue( int value )

{

slider->setValue( value );

}

void LCDRange::setRange( int minVal, int maxVal )

*if ( minVal < 0 || maxVal > 99 || minVal > maxVal ) {
gwWarning( "LCDRange::setRange(%d,%d)\n"
"\tRange must be 0..99\n"
"\tand minVal must not be greater than maxVal",
minVal, maxVal );
return;
¥
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slider->setRange( minVal, maxVal );

}

“Main.h”

#ifndef MYWIDGET
#define MYWIDGET

#include <QWidget.h>
#include "Graph.h"
#include <qtimer.h>

class MyWidget: public QWidget

{
Q_OBJECT
public:
MyWidget( QWidget *parent=0, const char *name=0 );
Graph *graph;
QTimer *timer;
int delay;

public slots:
void timerDone();
void setdelay(int val){delay = val;emit delayChanged( val );};
void PauseTimer();
void Restart();
signals:
delayChanged(int);
3

#endif /IMYWIDGET_H

“Graph.cpp”

#include <qgpainter.h>
#include <qgpixmap.h>
#include <qtimer.h>
#include "Graph.h"
#include "Global.h"
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extern Global* global;

Graph::Graph( QWidget *parent, const char *name )
- QWidget( parent, name )
{

LengthO = Lengthl = Length2 = Length3 = Length4 = Length5 = Length6 = 0.1;
setPalette( QPalette( QColor( 250, 250, 200) ) );
}

void Graph::paintEvent( QPaintEvent *e )
{
QRect updateR = e->rect();
QPainter p( this);
LengthO = global->ValglobalF(0);
Lengthl = global->ValglobalF(1);
Length2 = global->ValglobalF(2);
Length3 = global->ValglobalF(3);
Length4 = global->ValglobalF(4);
Length5 = global->ValglobalF(5);
Length6 = global->ValglobalF(6);

paintLengthOblic( &p );
paintCircle( &p );
paintLengthO( &p );
paintLength3( &p );
paintLength6( &p );

}

void Graph::paintCircle( QPainter *p )
{

QRect cr = CircleRect();

QPixmap pix( cr.size() );

pix.fill( this, cr.topLeft() );

QPainter tmp( &pix );

tmp.setBrush( blue );

tmp.setPen( NoPen );

tmp.translate( 0, pix.height() - 1);

tmp.drawPie( QRect(0, -52, 74, 52), 0, 180*16 );
tmp.end();

p->drawPixmap( cr.topLeft(), pix );
Ip->drawRect(cr); /T

}

void Graph::paintLengthO( QPainter *p )
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QRect cr = LengthRect0();
QPixmap pix( cr.size() );
pix.fill( this, cr.topLeft() );
QPainter tmp( &pix );
tmp.setBrush( black );
tmp.setPen( NoPen );
tmp.translate( 0, pix.height() - 1);

tmp.drawRect(QRect (469-Length0*180,-10,Length0*180,10) );

tmp.end();

p->drawPixmap( cr.topLeft(), pix );
[Ip->drawRect(cr); /I
QString s = "Length0 =" + QString::number( LengthO );

p->drawText( 50, 520, s );
}

void Graph::paintLength3( QPainter *p )
{
QRect cr = LengthRect3();
QPixmap pix( cr.size() );
pix.fill( this, cr.topLeft() );
QPainter tmp( &pix );
tmp.setBrush( black );
tmp.setPen( NoPen );
tmp.translate( 0, pix.height() - 1);
tmp.drawRect( QRect (0,-Length3*180,10,Length3*180) );
tmp.end();

p->drawPixmap( cr.topLeft(), pix );
Ip->drawRect(cr); /TN
QString s = "Length3 =" + QString::number( Length3 );

p->drawText( 520, 50, s );

void Graph::paintLengthOblic( QPainter *p )
{
QRect RLeft = LengthRectLeft();
QPixmap pixLeft( RLeft.size() );
pixLeft.fill( this, RLeft.topLeft() );

QPainter tmpLeft( &pixLeft );
tmpLeft.setBrush( black );
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tmpLeft.setPen( NoPen);
tmpLeft.translate( pixLeft.width()-1, pixLeft.height() - 1 );
tmpLeft.rotate( -120 );
tmpLeft.drawRect( QRect(27 , -9, Length2*180, 10) );
tmpLeft.rotate( -30 );
tmpLeft.drawRect( QRect(27 , -9, Length1*180, 10) );
tmpLeft.end();
U e
QRect RRigth = LengthRectRigth();
QPixmap pixRigth( RRigth.size() );
pixRigth.fill( this, RRigth.topLeft() );

QPainter tmpRigth( &pixRigth);

tmpRigth.setBrush( black );

tmpRigth.setPen( NoPen );

tmpRigth.translate( 0, pixRigth.height() - 1 );

tmpRigth.rotate( -30 );

tmpRigth.drawRect( QRect(27 , 0, Length5*180, 10) );
tmpRigth.rotate( -30 );

tmpRigth.drawRect( QRect(27 , 0, Length4*180, 10) );

tmpRigth.end();

U L e

p->drawPixmap( RLeft.topLeft(), pixLeft);
//p->drawRect(RLeft);
p->drawPixmap( RRigth.topLeft(), pixRigth );
//p->drawRect(RRigth);

QString s = "Length5 =" + QString::number( Length5 );

p->drawText( 850, 400, s );
QString T = "Length4 =" + QString::number( Length4 );

p->drawText( 750, 170, T );
QString U = "Lengthl =" + QString::number( Lengthl );

p->drawText( 100, 400, U );
QString V = "Length2 =" + QString::number( Length2 );

p->drawText( 150, 170, V);
}

void Graph::paintLength6( QPainter *p )

{
QRect cr = LengthRect6();

QPixmap pix( cr.size() );
pix.fill( this, cr.topLeft() );
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QPainter tmp( &pix );
tmp.setBrush( black );
tmp.setPen( NoPen );
tmp.translate( 0, pix.height() - 1);
tmp.drawRect( QRect (0,-10,Length6*180,10) );
tmp.end();

p->drawPixmap( cr.topLeft(), pix );
QString s = "Length6 =" + QString::number( Length6 );

p->drawText( 890, 520, s );

Ip->drawRect(cr);//HTTTHHHHTHITTTTTTTIITTTN
}

QRect Graph::CircleRect() const

{
QRect r(469, height() - 27, 74, 53);
returnr;

}

QRect Graph::LengthRect0() const

{
QRect r(0, height() - 10, 469, 10);
returnr;
}

QRect Graph::LengthRectLeft() const

{
QRect r(37, height()-430, 469, 430);
return r;

}

QRect Graph::LengthRect3() const

{
QRect r(501, height()-496, 10, 469);
return r;

}

QRect Graph::LengthRectRigth() const

{
QRect r(506, height()-430, 469, 430);
return r;

}

QRect Graph::LengthRect6() const
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{
QRect r(543, height() - 10, 469, 10);
return r;
}
QSizePolicy Graph::sizePolicy() const
{

return QSizePolicy( QSizePolicy::Expanding, QSizePolicy::Exparying
}

“Graph.h”

#ifndef GRAPH_H
#define GRAPH_H

#include <qwidget.h>

class Graph : public QWidget
{
Q_OBJECT
public:
Graph( QWidget *parent=0, const char *name=0 );

QSizePolicy sizePolicy() const;

protected:
void paintEvent( QPaintEvent * );

private:
void paintCircle( QPainter * ),

void paintLengthO( QPainter *);

void paintLengthl( QPainter *);

void paintLength2( QPainter *);
void paintLength3( QPainter *);
void paintLength4( QPainter *);
void paintLength5( QPainter *);
void paintLength6( QPainter *);
void paintLengthOblic( QPainter *);
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QRect CircleRect() const;

QRect LengthRect0() const;

QRect LengthRectLeft() const;
QRect LengthRect3() const;
QRect LengthRectRigth() const;
QRect LengthRect6() const;

double LengthO;

double Lengthl;

double Length2;
double Length3;
double Length4;
double Lengthb;
double Length6;

|5

#endif // GRAPH_H

“lcdrange.cpp”

#include "Icdrange.h”

#include <qgslider.h>
#include <glcdnumber.h>

LCDRange::LCDRange( QWidget *parent, const char *name )
: QVBox( parent, name )
{

QLCDNumber *lcd = new QLCDNumber( 4, this, "lcd" );
slider = new QSlider( Horizontal, this, "slider" );
slider->setRange( 0, 1000 );
slider->setValue( 0 );
connect( slider, SIGNAL(valueChanged(int)),
lcd, SLOT(display(int)) );
connect( slider, SIGNAL(valueChanged(int)),
SIGNAL(valueChanged(int)) );

setFocusProxy( slider );
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int LCDRange::value() const

{

return slider->value();

}

void LCDRange::setValue( int value )

{

slider->setValue( value );

}

void LCDRange::setRange( int minVal, int maxVal )

*if ( minVal < 0 || maxVal > 99 || minVal > maxVal ) {
gWarning( "LCDRange::setRange(%d,%d)\n"
"\tRange must be 0..99\n"
"\tand minVal must not be greater than maxVal",
minVal, maxVal );
return;
)
slider->setRange( minVal, maxVal );

}

“lcdrange.h”

#ifndef LCDRANGE_H
#define LCDRANGE_H

#include <qvbox.h>

class QSlider;

class LCDRange : public QVBox

{
Q OBJECT

public:
LCDRange( QWidget *parent=0, const char *name=0 );
int value() const;

public slots:
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void setValue( int);
void setRange( int minVal, int maxVal );

signals:
void valueChanged( int );

private:

QSlider *slider;
%

#endif /LCDRANGE_H

“Global.cpp”

#include <qgapplication.h>
#include <qtimer.h>
#include "Global.h"

Global::Global( const char *name )

{
cpt = 0;
ouverture = 0;

}
Global* global = new Global("global®);

“Global.h”

#ifndef GLOBAL_H
#define GLOBAL_H

#include <StdlO.h>

class Global

{
public:
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Global( const char *name );

double Valglobal[8];

double ValglobalF(int indice){return Valglobal[indice];};
bool ouverture;

double cpt;

FILE * stream,;

#endif

“ReadFile.cpp”

#include "ReadFile.h"
#include <stdlib.h>

void readFile(void)

{
char str[7];
for(int i=0; i<7;i++)
{
fread(str, 7, 1, global->stream);
global->Valglobal[i] = atof(str);
}
}
“ReadFile.h”

#ifndef READFILE_H
#define READFILE_H

#include "Global.h"
extern Global* global;
void readFile(void);

#endif
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e) Appendix 5: Laptop source code

“HeadRobo.cpp”

#include "HeadRobo.h"
#pragma argsused

#ifdef BORLAND
void RobCom_Init(void) // initialisation of the communication between the robot
and the PC
{

DCB dcb;

char packet[10];

HPort = CreateFile (Com, GENERIC_READ | GENERIC_WRITE, 0, NULL,
OPEN_EXISTING, NULL, (DWORD)NULL); //,FILE_FLAG_OVERLAPPED ULL);

if (HPort = INVALID_HANDLE_VALUE)

{
if (SetupComm (HPort, LOW_RX_BUFF_SIZE, LOW_TX_BUFF_SIZE) > 0)
setmem (&dcb, sizeof (dcb), 0);
if (BuildCommDCB ("38400,N,8,1", &dcb))
{
SetCommState (HPort, &dcb);
/[Thread = new COMThread (HPort, AppHandle, MsgID, Data);
}
}
lelse
{
printf(“failed to open Serial Port\n");
}

/I Initialize Microcontroller and Variables
strncpy(packet,"LDA",3);  transmit(packet,3);
strncpy(packet,"RDA",3);  transmit(packet,3);

}
#endif

#ifdef LINUX
void RobCom_Init(){
char packet[10];
int i;
struct termios options;

if ((fds=open("/devittyUSB0",0_RDWR| O_NONBLOCK| O_NDELAY))
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printf(“failed to open USB Serial Port\n");
exit(-1);
}

fentl(fds, F_SETFL, FNDELAY); [* Configure port reading */

/* Get the current options for the port */
tcgetattr(fds, &options);
cfsetispeed(&options, B19200); [* Set the baud rates */
cfsetospeed(&options, B19200);

/* Enable the receiver and set local mode */
options.c_cflag |= (CLOCAL | CREAD);
options.c_cflag &= ~PARENB; /* Mask the character size to 8 bits, no parity */
options.c_cflag &= ~CSTOPB;
options.c_cflag &= ~CSIZE;
options.c_cflag |= CS8; [* Select 8 data bits */
options.c_cflag &= ~CRTSCTS; /* Disable hardware flow control */

/* Enable data to be processed as raw input */

options.c_lflag &= ~(ICANON | ECHO | ISIG);

tcsetattr(fds, TCSANOW, &options);

/I Initialize Microcontroller and Variables
strncpy(packet,"LDA",3);  transmit(packet,3);
strncpy(packet,"RDA",3);  transmit(packet,3);

}
#endif

unsigned char steering(int degree)  // verify angle

{

unsigned char casted=0;
unsigned char icasted;

int value;
value = degree; /l scale it down to -90 to 90
value = value + 128; / move it O to 255

value = value;//(STEERING_CENTRE - 18);

if(value < 32){
value = 32;
printf("Lower Limit \n");

}
if(value > 210){
value = 210;
printf("Upper Limit \n");
}
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casted = value;
return casted;

}
Jf~m e e e
void transmit(char *istr, int length) [ltransmission to the robot
{ /l Encode ESC sequence + brackets and send
char ostr[20];
intij;
for(i=0;i<20;i++){ ostr[i]="X"; } // Debug
ostr[0]="T};
=1
for(i=0;i<length;i++)
if(istr[i]=="]")
ostr[j++]=27; /[ ESC [ rather than just [
ostr[j++]="";
}else if(istr[i]==T)
{
ostr[j++]=27, / ESC ] rather than just ]
ostr[j++]=17;
lelse
{
ostr[j++]=istr[i]; // just copy byte by byte
}
}
ostr[j++]=T;
ostr[j]="n’;

j=strlen(ostr);
/[#ifdef BORLAND
WriteFile (HPort, ostr, j, &Written, NULL );
Sleep(WAIT_STATE);
I[#endif
#ifdef LINUX
write(fds,&ostr,));
usleep(WAIT_STATE*1000);
#endif

void VectorSend(double CurrentX,double CurrentY ,int MaxSpeed)
direction and speed to the robot

{
double V,Vin; // demanded Velocity of vehicle

double Rd; // radius from centre rotation to centre of vehicle

double Fx , Fy; // resulting steering vector

/I transmit

double omega,omega_in; /l demanded angular velocity of vehicle
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double theta_s; // resultant stering angle
double VI,Vr; /I Left and Right motor speed
int Vlc,Vrc;

char packet[10];

if((MaxSpeed==200)&&(CurrentX!=0)&&(CurrentY!=1)){MaxSpeed=150;} @/ t
slow down in the bends when the robot goes fast
Vin = Current;
omega_in = CurrentX;
Vr =Vin + omega_in;
VI =Vin - omega_in;
V = (Vr + VI)/2.0;
omega = (Vr - VI)/L2R;
iflomega == 0.0){
Rd = 20000; // Forward only

telsef
Rd =V /omega;
}
[lprintf("V= %lf,0 = %lf , Rd = %If\n" , V,omega,Rd);
Fx =D2S - 0;
Fy= 0 -Rd,
if(V < 0){
if( VI > Vr){
theta_s = atan2( Fy,Fx) + M_PI/2;
telse{
theta_s = atan2( Fy,Fx) - M_PI/2;
}
}else{
if( VI > Vr){
theta_s = atan2( Fy,Fx) - M_PI/2;
telse{
theta_s = atan2( Fy,Fx) + M_PI/2;
}
}

if( fabs(VI - Vr)<0.02) { theta_ s =0; } Il ignore less than 1 degree
theta_s = -theta_s; /I Invert sign for back as front

I printf("VI = %lf , Vr = %If , ts = %If \n",VI,Vr,theta_s * 180.0/M_PI);
Vrc = (int)fabs(Vr * (double)MaxSpeed);
Vic = (int)fabs(VI * (double)MaxSpeed);
theta_s =theta_s * 180.0/M_PI, I/l rad -> deg
I printf("Vilc = %i , Vrc = %i , ts = %lf \n",VIc,Vrc,theta_s);
packet[0]="C";
packet[1]=ViIc;
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packet[2]=Vrc;
packet[3]=0x80;

if(Vr >=0)
{
I printf("Right forward\n");
lIstrncpy(packet,"RDA",3); transmit(packet,3);

lelse

{
I printf("Right backward\n");

IIstrncpy(packet,"RDC",3); transmit(packet,3);
packet[3] |= 0x02;

}
if(VI >= 0)
{
I printf("Left forward\n");
lIstrncpy(packet,"LDA",3); transmit(packet,3);
lelse

{
I printf("Left backward\n™);

IIstrncpy(packet,"LDC",3); transmit(packet,3);
packet[3] |= 0x01;
}

[lprintf("Angle VectorSend= %lf \n",theta_s);

if(theta_s > 0){
packet[4] = steering((int)theta_s);
I printf("right %lf - %d\n",theta_s,(unsigned char)packet[1]);
}else if(theta_s <= 0){
packet[4] = steering((int)theta_s);
I printf("left %lf - %d\n",theta_s,(unsigned char)packet[1]);
telsef
I printf("Centre X\n");
packet[4] = steering((int)theta_s);
}

transmit(packet,5);
[lprintf("Velocity Sent\n");

void sensor() /lrequest and write data of sensors information

{
int r, num_of_rec_bytes;
/*
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- request sensor data
- write data into variables
- vectorSend
*/
/l Request Sensor information

1K
I printf("sync...");
Itwhile (read(fds, &c, sizeof(c))!=-1)

I/ any rubbish

strncpy(outgoing_packet,"U",1); transmit(outgoing_packet,1);
/Iwrite(fds,&outgoing_packet,3);
r=0;
num_of rec_bytes=0;
dof

#ifdef LINUX

r = read(fds, &c, sizeof(c));
#endif

#ifdef BORLAND
ULONG BytesRead=1;
r = ReadFile (HPort, &c, BytesRead, &BytesRead, NULL);
Iprintf("%c \n",c);
#endif
if (r!=-1){
packet[num_of rec_bytes]=c;
if((packet[0]'="T)&&(num_of rec_bytes==0)){
packet[1]=c;
packet[0]=T';
num_of rec_bytes++;
}
I* if(isprint(c){
printf("%2X (%3d) %c\n", c,c,c);
lelse{
printf("%2X (%3d) \n", c,c);
}

num_of_rec_bytes++;
}
//c=0;
}while (num_of _rec_bytes<23);
printf("sensors: ");
I/l Packet format : MSB first
//10123456 789 1011121314151617 1819202122

*/
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I[NGGGGsOs0slsls2s2s3s3s4s4s585s5686sS7S7]

for(int i=0 ; i < Amount_of_Sensors; i++)
{
Sensor]i].x=0.00;
unsigned int MSB = packet[i*2 + 6];
MSB=MSB<<S8;
double runtime = (double)MSB + (double)packet[i*2 + 7];
Sensor[i].y = runtime / 509.0909;  //484
printf("%3.3If ",Sensorli].y);
tab[i]=Sensorf[i].y;
gevt(Sensor[i].y, sig, str); //
fwrite(str, sig , 1, stream); // use to copy the values fo the sensors for the
grafic program
fwrite(";", 1, 1, stream); //

}
printf("\n");
}
Jm e s
void angle(int Sensorl, int Sensor2)
{
double M, x, y;

tab[Sensor2]=tab[Sensor2]+0.160;

tab[Sensorl]=tab[Sensor1]+0.160;

x=tab[Sensor2]*cos(30)-tab[Sensorl]*cos(60); // calculate of the vector the
sSensors can see

y=tab[Sensorl]*cos(30)-tab[Sensor2]*cos(60); // coordinate of x and y on a plan

[IM=(atan(x/y)*180)/M_PI; /I calculate of the angle of the vector --
>degree

[printf("X=%lf Y=%lIf speed=%d angle=%lf \n",x ,y ,speed,M);

x=(x - 0.200); /' less 10 degree

y=(y + 0.200); I

[printf("X=%lf Y=%lIf speed=%d angle=%If \n",x ,y ,speed,M);
if(Sensorl==0 | Sensorl==1 | Sensorl==2)

{
x=-X; [/ inverse x when the obstacle is at left
}
VectorSend(X, y, speed); // send the vector and the speed
wheels=0;
obs=1,
}
o m e s
void stop() /] safety stop
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if(tab[3] < limStop[3] | tab[2] < limStop[2] | tab[4] < limStop[4]) // Wihe 3
Sensors
{ //'in front of the robot.
int nbSens=0;
nbSens=minValue(2, 3, 4); /I Calculate of the minimum value between
the 3 sensors.
if(verif(nbSens, limStop[nbSens])) // Verification of the value in case the
sensors send back a wrong value

{ /Il send back a wrong value.
VectorSend(0,-1,30); /] safety stop
wheels=0;
obs=0;

STOP=1;
lprintf("STOP \n");
}
}
}
e

int minValue(int num1, int num2, int num3) // find the min value between 3 values

double tmp=10;
tmp=min(min(tab[num1], tab[num2]),tab[num3]); // with 3 values use two times
the function min().

int i;
for(i=0; tmp!=tabl[i]; i++); /I this loop is used to find which sensor has the min
value
return i;
}
int minValue(int num1, int num2) /[find the min value between 2 values
{

double tmp=10;
tmp=min(tab[num1], tab[numZ2]);

int i;
for(i=0; tmp!=tabl[i]; i++); /I this loop is used to find which sensor has the min
value
return i;
}
Jfrm e e e e
void WheelsStraight() /l function to put the robot in a straight direction
{
VectorSend(0,1,speed);
wheels=1,
}
Jfrm e e e e
void obstacle() /I function use to detect an obstacle or not
{ I/l we use the sensors two by two to be able to calculate an angle
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int nbSens=0;
if(obs==1|STOP==1){}
else

{

if((tab[1] < limTurn[1] && tab[0] < limTurn[0]) | (tab[1] < limTurn[1] &&
tab[2] < limTurn[2])) // test detect obstacle

if(tab[0]<tab[2])
{

//int nbSens=0;

nbSens=minValue(0, 1); // test

if(verif(nbSens, limTurn[nbSens])){angle(1, 0);}
}else
{

/lint nbSens=0;

nbSens=minValue(1, 2);

if(verif(nbSens, limTurn[nbSens])){angle(2, 1);}
}

}

else if(tab[0] > limTurn[0] && tab[1] < limTurn[1] && tab[2] > limTurn[2]) //
test only for the sensor 1

{ /l sometimes it is the only to see
something

}

if((tab[4] < limTurn[4] && tab[5] < limTurn[5]) | (tab[5] < limTurn[5] &&
tab[6] < lImTurn[6]))

if(verif(1, limTurn[1])){VectorSend(-0.4,0.8,speed);wheels=0;0bs=1;}

{
if(tab[4]<tab[6])
{
/lint nbSens=0;
nbSens=minValue(4, 5);
if(verif(nbSens, limTurn[nbSens])){angle(4, 5);wheels=0;0bs=1;}
}
else
/lint nbSens=0;
nbSens=minValue(5, 6);
if(verif(nbSens, limTurn[nbSens])){angle(5, 6);}
}
}

else if(tab[4] > limTurn[4] && tab[5] < limTurn[5] && tab[6] > limTurn[6])//
test only for the sensor 1

{ I/l sometimes it is the only to see
something
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if(verif(5, limTurn[5])){VectorSend(0.4,0.8,speed);} // send an angle of
40 degrees

}

}
if(tab[1] > limTurn[1] && tab[2] > limTurn[2] && tab[3] > limTurn[3] //test to

put back the wheels straight
&& tab[4] > limTurn[4] && tab[5] > limTurn[5] && wheels==0)
{
WheelsStraight();
obs=0;
}
if(tab[3] > limStop[3] && tab[2] > limStop[2] && tab[4] > limStop[4] &&

bool verif(int num, double lim) // function of verification in case they have had some
wrong values

{
if(valeurOld[num] < lim)
{
return true;
}
return false;
}
[~ e
void Port() // initialisation of the port by Init()
{
char PortCom[5]="COM";
gets(NbCom));
strcat(PortCom,NbCom);
StrCopy(Com,PortCom);
}
[~ e
void Init() Il program of initialisation by the user
{

p u tS (' Tkkkkkkkkhkkkhkkkhkkkhkhkkkhkkhkkhkkhkkkhkkkhkkkkkhkkkkhkkhkkkhkkhkkkhkkkkkkkkkkhkkhkkhkkkkkkkkkk

*******") .
’

puts("* Welcome to the initialisation program for the Fast Autonomous Robot. *");

p u tS (' Tkkkkkkkkhkkkhkkkhkkkhkhkkkhkkhkkhkkkhkkkhkkkhkkkhkkkhkkkkhkkhkkkhkkkhkkkhkkkhkkkkkkkkhkkhkkhkkkkkkkkkk

*******") .
’
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puts("\nEnter the number of your port of communication:(0-->9)\n");
puts("example: COM: 0 or 1 or 2 ...\t Then type <enter>\n");

do
{
printf("\nPortCom=");
Port();
puts("\nAccept port? Type Yor N: ");
gets(accept);

twhile(accept[0]'="Y");
printf("\nPortCom=%s\n",Com);

}
void Init2() Il program of initialisation for the speed by the user
{
puts("\nChoose the speed :\n");
puts("\tbetween 150-->1 m/s\n\tand 200-->1,5 m/s\n");
printf("speed=");
scanf("%d",&speed);
puts("\n\t***TO QUIT THE PROGRAM TOUCH THE KEYBOARD!!I***\n"y,
Sleep(2500);
}
[ m e e e -
void main(void *arg) /l main program
{
Init(); /l function initialisation for the port
printf("RobCom init..");
RobCom_Init(); /l function verify the open port

printf("Done\n");

Vector2D Sensor[10];

Init2(); // function initialisation for the speed
stream = fopen("DUMMY.FIL", "w"); // use to copy the values
fwrite(" ", 1, 1, stream); I of the sensors for the grafic program.
WheelsStraight();
for(int i=0;i<25;i++) /l'loop use to avoid the disruption when the motors start.
{ sensor();
}[f)rintf("beginning \n");
}/vhile(!kbhit()) // touch the keyboard to quit the program
sensor(); / call function who get back the sensors data
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stop(); /I call safety stop function
obstacle(); /I call function uses to detect obstacle
for(int i=0;i<7;i++)
{
valeurOld[i]=tabli]; // record of the old value to do the test of wrong value
}
}
#ifdef LINUX
close(fds);
#endif
#ifdef BORLAND
/l'closure! HPort; I/l need closure or not
fclose(stream); /I end of copy value
VectorSend(0,-1,30); /I stopping of the robot
#endif
/Ipthread_mutex_lock(&odat_lock);
}
“HeadRobo.h”

#pragma hdrstop

#ifndef HEADROBO_H
#define HEADROBO_H

#include <StdIO.h>
#include <vcl.h>
#include <Classes.hpp>
#include <Controls.hpp>
#include <StdCtrls.hpp>
#include <Forms.hpp>

#include <ExtCtrls.hpp>
#include <math.h>
#include <io.h>
#include <dos.h>
#include <conio.h>
#include <stdlib.h>
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#define LOW_RX_BUFF_SIZE 1200 // These are the sizes for the low level
#define LOW_TX_BUFF_SIZE 1200 // windows buffers.

#defineL2R 0.450 /* distance between left and right wheel */

#define D2S 0.430 /* distance between drive and steering wheels */
#define STEERING_CENTRE 128 /* Setting when the wheels are
straight */

#define WAIT_STATE 35 [* wait for the power electronics + comms to

process the command*/
#define Amount_of Sensors 7

#define BORLAND
[I#define LINUX

#ifdef BORLAND

HANDLE HPort;

double valeurOld[7]={2.640,2.640,2.640,2.640,2.640,2.640,2.640}; // table to record the
old value

double limTurn[7]={1.200,1.200,1.200,1.200,1.200,1.200,1.200}; // value limit to turn
double limStop[7]={0.700,0.700,0.700,0.700,0.700,0.700,0.700}; // value limit to stop
char outgoing_packet[40];

unsigned char packet[40],c;

double tab[8], angle3=0.000;

int wheels=0;

int sensors=0;

int speed=0;

int obs=0;

int STOP=0;

unsigned char numCom[4];

char Com|[3];

char NbCom|[2];

char accept[1];

#endif

#ifdef LINUX
int fds;
#endif

ULONG Written = 0;
FILE *stream,;

int sig=6;

char str[6];

struct Vector2D
{
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double x;
double vy;

|8

Vector2D Sensor[10];

unsigned char steering(int);

void transmit(char *istr, int length);

void VectorSend(double CurrentX,double CurrentY ,int MaxSpeed);
void mov(double X);

void obstacle(void);

void sensor(void);

void stop(void);

void WheelsStraight(void);

bool verif(int num, double lim);

void angle(int Sensorl, int Sensor2);

int minValue(int num1, int num2, int num3);
int minValue(int num1, int num2);

void Init(void);

void Init2(void);

void Port(void);

#endif /HEADROBO_H
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