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ZBot Prototype V0.1 Report

Objectives

This stage of the ZBot design is intended to provide the designer with more experience in the basics
of Robotic Control. Itis proposed that a autonomous robot should be built simply based on two IR
emitter/receiver pairs to detect obstacles and drive the robots motors accordingly to circumvent the
said obstruction.

Design

The design was made as simple as possible after attempting to create a more complex robot with
insufficient time and resources.

It was therefore decided to create the simplest of all bots and take the project forward from there.
This utilizes the R S & A Zufi&ityBhd eagerness to get something finished. The robot will take the
form of having 1 set of input stimuli (IR pairs) and 1 set of output actuators (motors). This will involve
designing three distinct operational circuits as described in Figure 1:
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Figurel: ZBot Prototype Construction
It can be seen that there are two peripherals attached to the main body of the ZBot that provide the
basic functionality of a robot. The ZBot Mainframe consist of the WA y (1 L LA NIy 2 F G KS OA ND
to be a PIC18F2520 microcontroller programmed in C which holds two PWM modules a high speed
internal oscillator (when used with the internal PLL) and many advanced interrupt functions. The only
particular drawback is that only 3 pins of the 28 pin package have individual assignable interrupts; the
rest of PORTB have agroup WA y (i S NNHzIQG Faizy O K 12 y§3S

Motor Drive

The Motor Drive circuit could have been created with a dedicated FET solution, but with the aim of
this robot being compactness, it was decided that an Integrated solution should be found. The
simpelist, cheapest and most available was to use a simple driver which, with a low driving current
(200mA), is more than enough for a robot of this size. This design was based on a design taken from
(Cook, 2004) and can be seen in Figure 2 below:
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Figure2: Motor Driver Schematic

In this design, MicrochipQ BC4424 was used without the accompanying diodes since this is a
prototype. In a future version it may be advantageous to add these. The resistors are nessecary to stop
the motor from spinning up when there is no control over the signal levels (turn on, etc.). Dependant on
the configuration (1 or 2 motors per chip), these resistors may be tied to ground or +Vdd.

In this prototype only one chip was used, and therefore there was no room for direction control.
This meant that the robot can only go forwards. Again, in future designs two chips should be used to
allow for reverse operation when it gets stuck.

Infra-Red Sensors

The IR sensors were set up in a proximity detection configuration which works by transmitting some
IR light that will bounce off obstacles and be reflected back to a receiver. To make sure that the IR
receivers are not triggered by some sort of other light (sunlight, fluorescent light, etc.) the IRLEDQ & | NB
modulated at 38kHz and there is an internal filter in the IR Receiver. The circuit appears like the concept
drawing in Figure 3:
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Figure3: IR Circuit
This is the proposed IR circuit and it can be seen that there are 3 sets of IR pairs. Each IR LED has a

potentiometer to control the output current of the IR LED and consequently, the distance. There is also
a separate power lead for the IR receivers (TSOP4038), since they draw a significant amount of current
(1.8mA per device). These can then be dynamically controlled to save current. There is then 3 leads for
each Receiver trigger and the (software) modulated IR power wire.

ZBot Mainframe

AWa | A yd NX & Sy 2déscripti6nSf the ZBét thicrocontroller at this time, but the size and
complexity of the code and ancillary circuits will undoubtedly grow. This holds all the software for the
ZBot to correctly decide how to operate when confronted with different scenarios. The software is
based upon a state machine which can be seen in Figure 4 below:
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Figure4: ZBot State Machine
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This is the decision matrix that controls the specific behavior of
the ZBot. It performs different actions dependant on the results
from the IR sensors. This was then transformed into code by using
a switch statement and a state variable.

Two other files where created in software that control the
Motor and the IR functioning. The motor control code was fairly
simple and only comprises of PWM commands. The IR routines
where a little more complicated and a flow diagram of this
software can be seen in Figure 5.

All of the code can be downloaded from www.philwinder.com
or can be viewed in the appendix.

Results

The relative circuits were created on a single prototyping
breadboard and although the circuitry is messy, it works
satisfactorily.

]0.05.2007

Figure6: Final ZBot V0.1 Hardware

Four 1.2V AA batteries were housed in the chassis of the device
which was purchased some time ago from www.active-robots.com
and the breadboard stuck to the top.

The ZBot did react to the presence of walls and objects I
although because the designer only hadtwo IRLEDQ & Ay KA &
only two pairs could be used. Unfortunately this meant that the
ZBot occasionally had a head on bump into a wall.

The most sensitive part of the circuit was the IR pairs since it Figures: Flow Chart for the IR
took quite a bit of tampering to get the IR range set up correctly Functions
and the positioning of the LED and Receiver was imperative to
performance.

Also, because of the volatile nature of motors, a number of bypass capacitors had to be placed
around the power supply and the Motor Driver IC to provide enough current when the motors required
it. If they were not present, the sudden current draw from the motors would cause a voltage drop and
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reset the PIC. Bypass capacitors were also required over the IR Receiver power pins to stop it triggering
in a similar fashion.

Discussion

Using a state machine is a fairly unintelligent way of creating a software brain since it can only react
to preempted events. More advanced techniques do exist that can cope with unknown circumstances
such as Neural Networks or Fuzzy Logic. These may be attempted sometime in the distant future, but
the designer is more interested in the inter-functionality of all the components rather than the Al.

The IR pairs are the most flawed and sensitive part of the circuit so it is imperative to improve the
reliability of this circuit by making a more robust circuit either on a PCB or Stripboard. This will help to
locate the components in the most advantageous position and then be able to be set up properly.

More software must be written to allow the ZBot to also travel backwards to remove itself when
stuck. This means that the extra hardware would have to be prototyped but since the circuits are
essentially identical, most of the work will be in the code.

Future Work (in order of importance)

e Acquire parts for IR circuit.

e Build the IR circuit on Stripboard.

e Improve collision avoidance software.

e Add a second Driver circuit to allow the ZBot to go backwards.
e Build the Driver circuit on a Stripboard.

e Tweak software for best performance.

e Begin next stage of ZBot development.

Phil Winder
www.philwinder.com
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Appendix

Main.c

// Working 11/05/2007 @ 15:32 PM
// by Phil Winder || www.philwinder.com

// DESCRIPTION:
// This is the first ZBot program that acts like a robot in that

// it responds to external stimuli (IR sensors) and acts

// accordingly (turns the robot). At the current time it uses 2

// IR pairs, but this is insufficient for correct operation.

// 1t uses 2 other files, namely the IR and Motor files which

// hold the functions for operating the IR pairs and the drive,

// respectively.

// The speed of the bot can be changed by altering the NormalSpeed
// define but in the future it would be nessecary to implement a

// more sophisticated system.

// The PIC runs off the internal clock and has no power

// optimisations as of yet.

// The program structure is in the form of a state machine which
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// the diagram can be seen on my website.
// NOTES:
// # The two IR's are insufficent for operation and the bot seems
/! to hit walls dependant on where the IR's are placed. In the
/! future it will be nessecary to have at least 3 IR's (left,
// front, right) for a more accurate representation of the
// obsticles
// # The motors sound crap due to the internal cogs whirring
// and there is not much torque so the bot gets stuck quite
// often.
// # Hence another drawback is the inability to move backwards.
/7 In the future two motor drivers will be used.

// # Although, the primary task is to get the IR circuit on some
/! sort of stripboard/PCB, but due to not having the components

/7 I will have to order them in.

// # Finally | will not have a lot of time in the next 4 weeks

// due to exams so | estimate that | can re-start this work on
// approximatly 6/06/07 to get the parts for 11/06/07. But
// by then I will be back to work so | may be able to scrounge
/! afew parts from there.

// VERSION INFORMATION:
// V1.0 @ 11/05/07 - First version. Code taken from inital test program
//

#include <p18f2520.h>
#include <delays.h>
#include <stdlib.h>
#include "motor.c”
#include "IR.c"

// Pre-Processor Directives
#pragma config OSC = INTIO67 // Internal RC with 10
#pragma config FCMEN = OFF
#pragma config IESO = OFF
#pragma config PWRT = OFF
#pragma config BOREN = OFF
#pragma config WDT = OFF
#pragma config MCLRE = ON
#pragma config LPT10SC = OFF
#pragma config PBADEN = OFF
#pragma config STVREN = OFF
#pragma config LVP = OFF
#pragma config XINST = OFF

// Defines
#define NormalSpeed 60

// Function Definitions

// Setup Routines
void Setup_Osc(void)
{

OSCCONDbits.SCS1 = 0; // 00 = Normal Clock source
OSCCONDbits.SCSO = 0;

OSCCONDits.IRCFO = 1; // 111 = 8MHz
OSCCONDbits.IRCF1 = 1;

OSCCONDbits.IRCF2 = 1;

OSCCONDbits.IDLEN = 0; // Device enters Sleep on SLEEP
}

void Setup_Ports(void)

// A/D converter module disabled
ADCONO = OxFC;

// All pins as Digital 1/0

ADCONL1 = OxFF;

// PORTA 0..7 Enabled as Output
TRISA = 0x00;

PORTA = 0x00;

LATA = 0x00;

// PORTB 2.7 Enabled as Output, 0,1 as input
TRISB = 0x03;

PORTB = 0x00;

LATB = 0x00;

// PORTC RC2 = PWM1, RC3 = PWM2. No direction since on one driver
TRISC=0b11111001;

PORTC = 0x00;
LATC = 0x00;
}

// Main Program

void main(void)
unsigned char StateVar = 0;
unsigned int MoveCount = 0, TurnCount = 0;
unsigned char Random;

while (1)
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Delay1KTCYx(40); // Represents a Sleep/Idle Function
switch (StateVar)

{
// -= Initial setup =-
// Only called once at the start of the program, or if something goes wrong

case 0:
Setup_Osc(); // Setup the Oscillator for 8MHz
Setup_Ports(); // Setup Ports
Init PWM(); // Initalise the PWM module.
Stop(); // Make sure the motors are stopped
StateVar = 1; // Firs state.
break;

// -= Start State =- (For future use)

case 1:
StateVar = 2;

// -=Proximity Detection =-

case 2:

switch (Proximity_Detect())// Remember that the TSOP is active low
{

case 0: // Both IR's Detected
LATA=3;
StateVar = 23;
break;

case 1: // Right IR detected
LATA=2;
StateVar = 21;
break;

case 2: // Left IR Detected
LATA=1;
StateVar = 22;
break;

case 3: // No IR's Detected
LATA=0;
StateVar = 3;
break;

default: // Other Cock up.
LATA=0;
Stop();
Delay10KTCYx(200);
break;

break;
// -= Move forward =-
// If no IR detect then move forward.

case 3:
Move_Forward(NormalSpeed);
StateVar = 4;
// -= Anti-Stuck Counter 1 =-
case 4:
MoveCount++;
TurnCount = 0;
StateVar = 6;
break;
// -= Anti-Stuck Counter 2 =-
case 5:
MoveCount = 0;
TurnCount++;
StateVar = 6;
// -= Anti-Stuck State =-
case 6:
if ((MoveCount > 1000) || (TurnCount > 1000) )
{
Stop();
while(1)
{
LATA=1;
Delay10KTCYx(200);
LATA=2;
Delay10KTCYx(200);
}
else
StateVar =1;
break;
// -=Move Left =-
// If Right IR detect
case 21:
Move_Left(30);
StateVar = 5;
break;

// -= Move Right =-
// If Left IR detect

case 22:
Move_Right(30);
StateVar = 5;
break;

// -= Move Back =-
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// If center IR detect (Future)
case 23:
Move_Right(30);
StateVar = 5;
break;
}
}
}
Motor.c

// Working 13/05/2007 @ 18:02 PM
// by Phil Winder || www.philwinder.com

// DESCRIPTION:
// This code provides functions to properly operate the motor.

// Care must be taken when messing with the duty and the period
// values for the PWM. Itis easy to get confused.

// Also bear in mind that if you want to use the driver for one

// motor (ie. forwards and backwards) then make sure to take the
// fact that the duty would be the opposite if direction was

// changed. Eg. If the motor was moving forward with a 75% duty
// then if the direction was changed, the duty would become 25%.

// NOTES:
// # Need to have a Cap on the motor driver or the current sink
// resetsthe PIC.

// VERSION INFORMATION:
//V1.0 @ 10/05/07 - First version. Code taken from inital test program
1/

#include <delays.h>
#include <pwm.h>
#include <timers.h>

// Defines
//#define DEBUG

// Function Definitions

void Init_ PWM(void);

void Move_Forward(unsigned char);
void Move_Right(unsigned char);
void Move_Left(unsigned char);
void Stop(void);

//
//Name: Move Forward
//Usage: Move_Forward(unsigned char Speed)

// Where: Speed = duty cycle in %
//Description: Moves the motors forward with a certain speed.
//

void Move_Forward(unsigned char Speed)
unsigned long Speedlong;

#ifdef DEBUG
LATA=3;
#endif

Speedlong = (unsigned long) (Speed*4.424);

SetDCPWM1(Speedlong); // 212 = 10kHz i.e. 50% Duty.

SetDCPWM2(Speedlong);  // 212 = 10kHz i.e. 50% Duty.
}

//
//Name: Move Right

//Usage: Move_Right(unsigned char Speed)

// Where: Speed = duty cycle in %

//Description: Moves the bot right with a certain speed.

/
void Move_Right(unsigned char Speed)
unsigned long Speedlong;

#ifdef DEBUG
LATA=2;
#endif

Speedlong = (unsigned long) (Speed*4.424);
SetDCPWM1(0); // 0= Stop
SetDCPWM2(Speedlong);  // 212 = 10kHz i.e. 50% Duty.

}

//
//Name: Move Left

//Usage: Move_Left(unsigned char Speed)

// Where: Speed = duty cycle in %
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//Description: Moves the bot Left with a certain speed.
//
void Move_Left(unsigned char Speed)
{

unsigned long Speedlong;
#ifdef DEBUG

LATA=1;
#endif

Speedlong = (unsigned long) (Speed*4.424);

SetDCPWM1(Speedlong); // 212 = 10kHz i.e. 50% Duty.

SetDCPWM2(0); //0=Stop
}

//
//Name: Stop
//Usage: Stop();

//Description: Stops the Bot dead.
/7
void Stop(void)
{
#ifdef DEBUG
ATA=0;
#endif
SetDCPWM1(0); //0=Stop
SetDCPWM2(0); // 0= Stop
}
//

//Name: Initialise PWM Module
//Usage: Init PWM();

//Description: Initialises the PWM module for operation and sets

/7 the duty period to 0 (off).
//

void Init_ PWM(void) // Initalise the PWM module.

{

// Timer Pre/Postscale of 1
OpenTimer2 (TIMER_INT_OFF & T2 PS 1 1 & T2_POST 1 1);

OpenPWML1 (98); // 98 = 5kHz
SetDCPWM1 (0); // Set PWM off
OpenPWM2 (98); // 98 = 5kHz
SetDCPWM2 (0); // Set PWM off

IR.c

// Working 11/05/2007 @ 15:32 PM
// by Phil Winder || www.philwinder.com

// DESCRIPTION:
// This is the first ZBot program that acts like a robot in that

// it responds to external stimuli (IR sensors) and acts

// accordingly (turns the robot). At the current time it uses 2

// IR pairs, but this is insufficient for correct operation.

// 1t uses 2 other files, namely the IR and Motor files which

// hold the functions for operating the IR pairs and the drive,

// respectively.

// The speed of the bot can be changed by altering the NormalSpeed
// define but in the future it would be nessecary to implement a

// more sophisticated system.

// The PIC runs off the internal clock and has no power

// optimisations as of yet.

// The program structure is in the form of a state machine which

// the diagram can be seen on my website.

// NOTES:

// # The two IR's are insufficent for operation and the bot seems

/! to hit walls dependant on where the IR's are placed. In the
/7 future it will be nessecary to have at least 3 IR's (left,

// front, right) for a more accurate representation of the

/! obsticles

// # The motors sound crap due to the internal cogs whirring

// and there is not much torque so the bot gets stuck quite
/1 often.

// # Hence another drawback is the inability to move backwards.

/1 In the future two motor drivers will be used.

// # Although, the primary task is to get the IR circuit on some

/7 sort of stripboard/PCB, but due to not having the components
/1 I will have to order them in.

// # Finally | will not have a lot of time in the next 4 weeks
due to exams so | estimate that | can re-start this work on

/7 approximatly 6/06/07 to get the parts for 11/06/07. But
// by then I will be back to work so | may be able to scrounge
/! afew parts from there.

// VERSION INFORMATION:
// V1.0 @ 11/05/07 - First version. Code taken from inital test program
//

#include <p18f2520.h>



#include <delays.h>
#include <stdlib.h>
#include "motor.c*

#include "IR.c"

// Pre-Processor Directives
#pragma config OSC = INTIO67
#pragma config FCMEN = OFF
#pragma config IESO = OFF
#pragma config PWRT = OFF
#pragma config BOREN = OFF
#pragma config WDT = OFF
#pragma config MCLRE = ON
#pragma config LPT10SC = OFF
#pragma config PBADEN = OFF
#pragma config STVREN = OFF
#pragma config LVP = OFF
#pragma config XINST = OFF

// Defines
#define NormalSpeed 60

// Function Definitions

// Setup Routines
void Setup_Osc(void)

{

OSCCONDits.SCS1 = 0;
OSCCONDits.SCSO = 0;
OSCCONDits.IRCFO = 1;
OSCCONDits.IRCF1 =1;
OSCCONDits.IRCF2 = 1;
OSCCONDits.IDLEN = 0;

}

void Setup_Ports(void)
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// \nternal RC with 10

// 00 = Normal Clock source

// 111 =8MHz

// Device enters Sleep on SLEEP

// A/D converter module disabled

ADCONO = 0xFC;

// All pins as Digital 1/0

ADCONL1 = OxFF;

// PORTA 0.7 Enabled as Output

TRISA = 0x00;
PORTA = 0x00;
LATA = 0x00;

// PORTB 2..7 Enabled as Output, 0,1 as input

TRISB = 0x03;
PORTB = 0x00;
LATB = 0x00;

// PORTC RC2 = PWM1, RC3 = PWM2. No direction since on one driver

TRISC = 0b11111001;

PORTC = 0x00;
LATC = 0x00;
}

// Main Program
void main(void)

{

unsigned char StateVar = 0;

unsigned int MoveCount = 0, TurnCount = 0;

unsigned char Random;

while (1)

{
Delay1KTCYx(40);

// Represents a Sleep/Idle Function

switch (StateVar)

// -=Initial setup =-
// Only called once at the start of the program, or if something goes wrong
case 0:
Setup_Osc(); // Setup the Oscillator for 8MHz
Setup_Ports(); // Setup Ports

Init_PWM(); // Initalise the PWM module.
Stop(); // Make sure the motors are stopped
StateVar = 1; // Firs state.
break;
// -= Start State =- (For future use)
case 1:
StateVar = 2;
// -= Proximity Detection =-
case 2:

switch (Proximity_Detect())// Remember that the TSOP is active low

case 0: // Both IR's Detected
LATA=3;
StateVar = 23;
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break;

case 1: // Right IR detected
LATA=2;
StateVar = 21;
break;

case 2: // Left IR Detected
LATA=1;
StateVar = 22;
break;

case 3: // No IR's Detected
LATA=0;
StateVar = 3;
break;

default: // Other Cock up.
LATA=0;
Stop();
Delay10KTCYx(200);
break;

break;
// -=Move forward =-
// If no IR detect then move forward.

case 3:
Move_Forward(NormalSpeed);
StateVar = 4;
// -= Anti-Stuck Counter 1 =-
case 4:
MoveCount++;
TurnCount = 0;
StateVar = 6;
break;
// -= Anti-Stuck Counter 2 =-
case 5:
MoveCount = 0;
TurnCount++;
StateVar = 6;
// -= Anti-Stuck State =-
case 6:
if ((MoveCount > 1000) || (TurnCount > 1000) )
{
Stop();
while(1)
{
LATA=1;
Delay10KTCYx(200);
LATA=2;
Delay10KTCYx(200);
}
}
else
{
StateVar = 1;
}
break;
// -=Move Left =-
// If Right IR detect
case 21:
Move_Left(30);
StateVar = 5;
break;

// -=Move Right =-

/7 If Left IR detect

case 22:
Move_Right(30);
StateVar = 5;
break;

// -= Move Back =-

// If center IR detect (Future)

case 23:
Move_Right(30);
StateVar = 5;
break;

}
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