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ABSTRACT

The objectives of this project is to make the maze mapper robot to move in the
obstacle area. This robot are divided into three part that is microcontroller, DC motor
and sensor. This robot use PIC microcontroller technology as the brain of the robot to
function, DC motor for the motion or movement so that the robot can move and the
infrared sensor as the detector for the robot to detect the obstacle wall which stop the
robot movement and avoid it from crash those wall. It is important by knowing the
background knowledge of microcontroller in order to understand a complete control
system of the robot function. The schematic circuits for connection for connection of
sensors and motors through PIC microcontroller are designed. Next, interfacing between
PIC (microcontroller chip) and input/output hardware are drawn and integrated.
Soldering process is carried out after the circuit of the electronic components on the strip
board are designed. A program in PIC PBasic language source code to control the maze
mapper robot is then developed. Finally, maze is constructed for the robot to move in
and for the robot to map/ recognize the maze. Sensors that used for the robot are Infrared
transmitters, which will be placed at the front, left, and right side of the robot. These
sensors emit the infrared light, which reflected when it close to the wall. When a wall is
detected, a signal sent back to the phototransistor. The microcontroller reads the signal
from the sensors, and determines the appropriate DC motors. This robot will able to

move in and out of maze automatically with minimum wall contact upon completion.
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ABSTRAK

Objektif projek tahun akhir (PSM) ini ialah mereka bentuk maze mapper robot
dan berfungsi mencari jalan keluar serta mengurangkan kadar pelanggaran robot dengan
dinding maze tersebut apabila ianya masuk ke dalam litar yang mempunyai laluan
berhalangan. Robot ini terbahagi kepada 3 bahagian iaitu mikrokawalan, DC motor dan
peranti penderia (sensor). Robot ini menggunakan technology mikrokawalan PIC
sebagai otak pada robot itu supaya berfungsi, DC motor sebagai pergerakan robot dan
juga peranti penderia infra merah sebagai pengesan supaya robot itu dapat mengesan
kehadiran dinding maze tersebut dimana ianya akan memberhentikan pergerakan robot
dan mengurangkan pelanggaran robot dengan dinding maze. Adalah penting untuk
mengetahui latar belakang ilmu pengetahuan mikrokawalan dalam memahami system
kawalan yang lengkap pada robot tersebut. Litar skematik untuk sambungan antara DC
motor dan peranti penderia infra merah melalui mikrokawalan PIC telah direka.
Seterusnya sambungan antara PIC dan masukan/keluaran hardware telah dilukis dan
disambungkan. Process memateri dilakukan selepas component elektronik pada strip
board direka, dan dilukiskan. Program arahan dalam bahasa PIC PBasic untuk mengawal
pergerakan robot didalam litar telah diprogramkan. Process akhir ialah pembinaan litar
maze dibina untuk pergerakan robot masuk dan keluar disamping mengingati laluan
pada litar tersebut. Peranti penderia infra merah yang digunakan ialah infra merah
transmitter dimana ketiga-tiga penderia tersebut dipasang didepan, kiri dan kanan robot
tersebut. Penderia tersebut mengesan kehadiran dinding maze dan menghantar isyarat ke
mikrokawalan. Mikrokawalan akan membaca isyarat diberikan oleh peranti infra merah
tersebut dan menghantar arahan ke motor. Dengan arahan yang diberikan oleh
mikrokawalan robot ini dapat bergerak masuk dan keluar semasa didalam litar secara
automatic serta mengurangkan perlanggaran dinding maze tersebt.
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CHAPTER 1

INTRODUCTION

1.1. Background

Recently, there have been many breakthroughs in artificial intelligence. Robots
are able to do increasingly complex behaviors without human intervention. One of
the classic examples of testing intelligence is putting a rat in a maze. Our objective
was similar. The robot that I used was a Maze Mapper Robot PIC programmed to

navigate and map an unknown maze.

To do this, I had to make the Maze Mapper Robot detect the walls of the maze
and align itself to them. This allowed it to avoid drifting into the walls when moving
through the maze. Another algorithm allowed the Maze Mapper Robot to map what
it had seen, remember where it was in the maze and choose its next direction. With
these two processes working together within a finite state automation, the Maze

Mapper Robot was able to explore, map, and complete a maze.

The Mobile Navigation using passive infrared detector or Maze Mapper Robot is
a small robot that can find its way through and out of a constructed maze map using
hardware and software interface. This robot similarly like micromouse robot which
many final year student had designed this project by using HC11 microcontroller as
the brain of the robot which is only based on the instruction programming to find its



way out of the map. The problems that always occur in the micromouse robot are
this robot cannot memorize the map in the mapping area and cannot find its way out
in the maze map. For this project, the Maze Mapper Robot are designed by using
PIC18F4550 microcontroller. By using PIC microcontroller on the robot, it is not
only just be able to find its way out in the maze map area based on the instruction
programming but it can memorize the maze map so that when the robot get into the
maze map for the second time, it can memorize which the pathway that it had went

when it figured out how to exit the maze map previously.

Basically, the Maze Mapper robot has to follow the track without any external
help, and has to carry its’ own power source. Almost without exception, these robot
use battery-powered electric motors and light sensitive sensors. This project are
divided into 3 major part generally that are same as the micromouse robot part which
are the microcontroller, IR sensor and DC motor. In analogy of this project, the
sensor will be the eyes of the robot to detect the maze wall, the dc motor as the legs
for the robot’s movement and the microcontroller as the brain of the robot so that the
robot can move functionally and avoid the mobile robot from crash the maze map
wall.

1.2. Objective

The objective of this project is to developed Maze Mapper Robot hardware. The
maze map algorithm written as a computer program will be embedded in a hardware
device which is the microcontroller. This firmware is intended to be used for dc
motor and infrared sensor that needs to operate under Maze Mapper Robot control

system and avoid the robot from crash the maze map wall.



1.3. Scope

The project consists of 4 scopes. The first scope is architecture of the mechanical
hardware robot. The architecture of the mechanical robot is defined as the
mechanical design of the robot that suitable for the maze map. The second scope is
implemented the IR sensor, DC motor on the robot. For this project, three IR sensors
and two DC motors are used as the detector and the movement of the robot. Sensors
will act as the detector when they detect the signal of absence wall and send the
signal to the PIC microcontroller to read the signal that received. The PIC
microcontroller will make the map’s image for the robot based on the type of the
map during execution by using algorithm. DC motors will make movement for the

robot as they receive the signal or information from the microcontroller.

The third scope is develop of the robot electronic hardware. The electronic
circuit of the robot are designed by using the PIC18F4550 microcontroller that acts
as the brain of the robot. The microcontroller will control the sensors and motors
based on the program that made. The fourth scope is develop the firmware of the
robot by using PBasic language. This language will make the robot perform based on
the instruction that had made. The language were made from the map algorithm and
other instruction to control the electronic device such as sensors and motors based on

the control system.

The result of the project is the robot will memorize the map when it move into
the maze map. Usually for the first time the robot will try searching the way out of
the map but when it gets into the map for the second time, it can find its way out
faster than the first time. The performance of the robot which similarly like the
human. The analogy of the similarity for example if a human gets into a new house
and he want to locate where is the bathroom. It will takes time for him to find the



bathroom at the first time. When he find the bathroom, he will memorize the
location/coordinate the place. After that he will find the bathroom for the second
time with less time than the first time he gets into the house. This execution of the
robot is called intelligent control which it memorize the location when it gets into the
maze map. The time will be taken from first and second time to get the different time

when execute.

1.4. Application

Although the designs of this Maze Mapper Robot seem simple at first, its
application can be applied in a search and rescue situation where this small robot can
navigate and search for victim trapped inside a collapsed building or any situation
which the use of rescue dogs in not advisable. With a few sophisticated gadgets
added on the robot, it can transmit a clear digital picture to the search party above so
that they can locate and save the survivors. The design can be upgraded to be an
automatic vacuum cleaner with the abilities to sense and avoid obstacles when
cleaning the floor. Whenever the battery level drop to a minimum state, it can

recharge itself by plugging its’ socket to the power supply without any external help.



1.5. Main Preject

The main idea of this design is to design a two wheel using DC motor robot
which can interact with its surrounding through three IR sensors and a PIC

microcontroller.



CHAPTER 2

LITERATURE REVIEW

2.1. Introduction

Before any development can take place, a research must be carried out on all the
possible components that will go into the Maze Mapper Robot. Most of the research
was done through the websites, books, journals, and articles. Much can be learned
by questioning other candidate which make the similarity of the project such as
micromouse, obstacle robot, and navigation system robot about the features of the
robot about issues they experienced while developing the Maze Mapper Robot. Only
then, issues such as microcontroller, electronic circuit design, wheel & DC motor
implemented, and sensor placement are to be decided. This is perhaps the most

critical design phase, which will affect the rest of the project.



2.2 Microcontroller and features

The Microcontroller is the core of the system. All the other functions
where built around this function and connected to this function. The analogy of
the microcontroller as the brain of the device to function based on the application
which the programmed had applied in the microcontroller. In short, it controls
all the circuitry system. Based on the thesis that taken, it state that anmy
processors are well suited to driving a device such as robotics especially
micromouse provided as long as it is user friendly, has low power consumption,
and a EEPROM memory on chip to drive the robot [1]. In particular, the
microprocessor must be able to control the motors with encoder, drive the sensor
emitters, drive the speed of driver motors and read the sensor results. In this case,
the small, cheap, easy to use which Microchip’s PICs or Motorola’s 68HCI11 is
the best choice to drive the robot. For this project, the Microchip PIC18f4550 is
selected as the microcontroller. This 40-Pin High-Performance has 256 bytes of
data EEPROM memory on the chip. All code that was kept in this EEPROM will
stay put even though the power supply is cut off. With it, the robot can be
switched off until it is ready to go. Erasing EEPROM can be done instantly by
using PICKit. As there are S ports available on the chip, the number of I/O pins is
no longer a constraint. There is abundantly I/O ports for controlling the 5
movement on the mouse in the maze. 3 sensor circuit will take up to 3 output
pins from Port E while 8 output pins from Port D is used for controlling dc
motors and motor driver. The using of PIC microcontroller than the MC68HC11

microcontroller have some advantages and disadvantages which is:



Advantages of Pics:

e Many on-board periferals such as: system clock, ADC, EEPROM, timers,
PWM and comparators.

¢ VERY cheap

+ Easily available

« Easytouse

e Very small models available (Less than 1mm height, although the DIPs that

used to practice are normal DIP size)

Disadvantages:

e No inbuilt FPU (but they can do IEEE floating point, all the C compilers
know the algorithms)

e Not much RAM (can use external though)

e Slow (40MHz for the 18 range, 20MHz for the 16, so more than enough
speed for basic control applications though)



2.3 Motor Controller

Based on the thesis that taken, a motor controller is selected based on its
simplicity and accuracy in controlling the acceleration, speed and position. The
motor must be light, small and uses the energy as minimum as possible [1].
There are 2 methods most popular ways of propelling a maze mapper robot by
using DC motors or stepper motors. Each package has its own advantages and
disadvantages. From the thesis about micromouse project, the micromouse use
stepper motors as the its movement. This kind of motor are heavy and use lot of
power, not always good for speed and will need relatively heavy duty driving
electronics. Compared with DC motors , the motors can be small and light, the
electronics are simple and moderate in power requirements. Most small DC
motors spin at high speeds and low torque, but this situation can be corrected by
using some kind of gear system [1]. Some DC motors use a motor driver to
control the speed. For this project, the robot used the PD3046 DC motor with
encoder and MD30A motor driver which act as the movement of the robot.
Encoder of the DC motor is act as a sensor of the motor. It function to detect the
speed of the rotation motor based on the data signal that received from PIC
microcontroller so that the motor will rotate exactly same with the data from
PIC. The motor driver act as the guidance for the motor to run how much speed
that needed based on the data programming from PIC. The DC motor run with the
various speed from high speed 5:1 gear ratio to lower speed 939:1 gear ratio. The
12V DC motor can run at full speed 5950rpm with below 900 mA rated current. A
common way of controlling DC motors is through an H-Bridge. These can be made

out of discrete components or can be bought in the form of an IC.
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2.4 Infrared Sensor

The two most common ways of detecting the walls within the maze are
infrared sensors and wall feelers [1]. The type of the sensor that commonly used
is infrared sensor. This sensor is being used to detect obstacles or maze map in
three directions that is the front, right and left side of the robot. These sensors
return true/false readings indicating the presence or absence of walls [1]. Below

is the flowchart on how the maze mapper robot works.
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Other article that had been taken from website states that this rar robot
which has been optimized on simulated autonomous agents and implemented on a
mobile robot which learns to navigate within its environment through exploration
using vision such as camera as its main sensor [2]. This project use the visual

detector to detect the object that it want to find with the maze wall surround it.

This robot is able to locate itself accurately and simultaneously, to build a
map of the environment. Algorithms in the article are based on the usage of laser
range finders or sonar sensor. 7his robot use vision-based mobile robot
localization and mapping algorithm, which uses scale-invariant image features
as natural landmarks in unmodified environments [3]. All the statement about
the sensor [2] [3] are using vision system detector as the sensor in the navigation
robot. For this project of maze mapper robot, infrared range detector are is used
as the sensor of the robot. It will detect the presence of the maze wall and
transmit the signal to the microcontroller so that microcontroller will alert the
signal and send the information to the dc motor to change the direction and avoid
the robot to crash the maze wall. The type of the infrared sensor that used is
GP2D120XJOOF SHARP analog output type distance measuring sensor. This

sensor have measuring distance range about 4 to 30 cm

Infrared (IR) sensors are used for obstacle avoidance in mobile robots. /R
sensors have lower cost and faster response time than ultrasonic (US) sensors

[4]. The characteristic of the IR sensor and US sensor are shown below:



IR sensor

US sensor

non-linear

able to measure the robot-obstacle
distance with better precision
from 1 or 2cm to 5-6 meters.

( longer range)

reflected light quality depends on

the surface quality and environment

Small objects can be detected

over longer

light intensity distances
have influences on the precision of | Resistance to external
obstacle avoidance disturbances such

as vibration, infrared radiation,
ambient

noise, and EMI radiation

good as proximity detectors in

robotics

can be used outside in bright
sunlight

the angular resolution is better

less affected by target materials
and surfaces, and not affected by

color

response time is faster

use sound instead of light for

ranging

Table 2.4: Characteristic between IR sensor and US sensor

13
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Ir glowsing

Figure 2.4.3: Maze mapper robot with infrared range detector

2.5 Mechanical and Maze Construction

In order for a robot to operate reliably, its parts have to be mounted to
some type of chassis. This does not have to be an elaborate design. My chassis is
screwed to 2 circular plastic chassis where there will be 1 piece of PIC circuit
strip board mounted on first layer and Motor Driver circuit on the second layer.
This design uses two wheels, one on either side of the robot plus a ball caster
wheel. By slowing down or reversing one of the motors, the robot is able to steer.
Balance is achieved by placing casters front of the chassis. The 5 x 5 maze is

designed which have 2 outer opening; the entry and the exit, and a lot obstacle.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

In this project, there are 3 methodology to complete the Maze Mapper Robot

which is hardware design, and firmware design.

3.1.1 Hardware Design

In hardware design, it will be separate into 2 step that are:
i.  Mechanical Design
ii.  Electronic Circuit Design



3.1.2 Mechanical Design

17

For the mechanical design, the robot must be design depends on the

creativity, and stability. The robot must be have the DC motor placement,

infrared sensor placement and the electronic circuit placement. For this

mechanical design, an AutoCAD 2007 software is used to create the shape of the

robot. This figure is shown of design the mechanical maze mapper robot.
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Figure 3.1.2 (b): Realistic of Maze Mapper Robot

3.1.3 Electronic Circuit Design

For the electronic circuit design, the schematic must be design depends
on the creativity, and well function based on he application that needed . The
schematics must be have the PIC microcontroller, power supply, the voltage
regulator, infrared sensor, motor driver and the dc motor. For this schematic
diagram design, an OrCAD 2008 software is used to design the schematic
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diagram of the robot. This figure is shown of design the electronic circuit maze
mapper robot.
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Figure 3.1.3: Schematic Diagram For Maze Mapper Robot
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3.1.4 Firmware Design

For the programming / firmware of the robot, the PBasic language is used
to make the coding. The Microcode Studio is the assembler software of PIC code
for PBasic language. To make the coding by using the Microcode studio
software, the setting of PIC types is needed so that when the code had assembled
there are no error during the burning progress of the program into the PIC. When
the coding is assembled, there have 4 format file of the coding that is LST, ASM,
HEX, and PBP. To write or erase the programming into the PIC microcontroller
18F4550, the PICKkit is used. These figures shows the Microcode studio software
and PICkit software.
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Figure 3.1.4 (a): Microcode Studio Software



"' PICkit 2 Programmer

Device Configuration
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Figure 3.1.4 (b): PICkit Programmer Software
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3.2 Block Diagram

Based on the block diagram of the system, the hardware design is carried out

as below

INTERFACE
_(PROGRAMMING)

|
[
INTERFACE |
(PROGRAMMING)

Figure 3.2.1: Block diagram of the robot

The hardware design consists of 3 infrared sensor, PIC18F4550
microcontroller and 2 micro DC motor. All the components are implemented in the
maze mapping robot. The sensor detect the presence of the maze wall and transmit
the signal to the microcontroller so that microcontroller will alert the signal and send
the information to the dc motor to change the direction and avoid the robot to crash
the maze wall. The PIC microcontroller also can memorize the pathway which the
sensor send the data of the map path. This microcontroller have advantage than other
microcontroller such as HC11. PIC18F4550 not just only made the instruction for
the robot to make the movement but it can memorize which path that the robot had

went so that when the robot get into the maze map for the second time, it can move
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in the map perfect without figured which path it must go. The firmware that use to
program the robot is the PBasic language.

The infrared sensor that used is GP2D120XJ00F manufactured by SHARP. It
can detect the maze wall with range 4cm until 30cm. For this project, 3 infrared
sensor are used that implemented in the robot. One of the sensor installed at the front
of the robot and the other two sensor are installed at the left and right of the robot.
With installation at the side and front of the robot , it will avoid the maze wall and

minimize the crashing while it try to exit the maze map.

The function of DC motor driver used in the circuit is to allow interface
between the microcontroller and the DC motor. The DC motor that used PD3046 and
it use as the movement of the robot. This speed can be controlled by make a

proeramming in the PIC microcontroller.
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Figure 3.2.2: Example of a maze mapper robot design

3.3 Flow Chart

The flow of the project progress is shown below during the project.
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Figure 3.3: Flow chart of the project
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3.4 Maze Mapper Robot Design

The maze mapper robot are designed based on the graphic in the OrCAD.

Figure 3.4: The maze mapper robot (a) front; (b) side; (c) above; (d) Isometric

27
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CHAPTER 4

RESULT & DISCUSSION

4.1. Introduction

In this project, the result from the execution of maze mapper robot is to find it’s
own way out when the robot in the maze area zone. To get the result, the maze
algorithm of the robot movement is considered. This chapter will explain the result

and the discussion of the project.

4.2 Maze Map Design

In unknown maze map design, it designed with the specification:
i.  Size of map 5 block x 5 block
ii.  Each block have size 40cm x 45¢0
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The unknown maze is designed with variable designed so that the maze mapper
robot can execute in any environment in the maze map. One of the unknowns

maze map is designed below:

Figure 4.1: Unknown maze map
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4.3  PIC18F4550 Microcontroller Programming Analysis

For the PIC18F4550 programming, the PicBasic Pro Compiler (or PBP) it used.
It makes the programming even quicker and easier to program Microchip Technology’s
powerful PICmicro microcontrollers (MCUs). The English-like BASIC language is
much easier to read and write than the quirky Microchip assembly language. PBP has
over 80 commands. Some commands are similar to the PicBasic commands with minor

changes. Decisions were made that we hope improve the language overall.

4.3.1 PicBasic Pro Commands

SELECT CASE command, “SELECT CASE Var”. This command is used to
compare a variable with different values. Case statements are sometimes easier to use
than multiple IF...Then. These statements are used to compare a variable with different
values or ranges of values, and take action based on the value. The variable to be used in
all of the comparisons is specified in the SELECT CASE statement. Each case is
followed by the Statements to be executed if the case is true. Is may be used to specify a
comparison other than equal to. If none of the cases are true, the Statements under the
optional CASE ELSE statement are executed. An END SELECT closes the SELECT

CASE. In this command there are 8 cases are considered which is:
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Case Sensor detection Command

0 none Robot forward & stop

1 Sensorl Robot turn right

2 Sensor 2 Robot go backward

3 Sensor 1 & Sensor 2 Robot turn right & forward

4 Sensor 3 Robot turn left

5 Sensor 1 & Sensor 3 Robot go forward

6 Sensor 2 & Sensor 3 Robot turn left & forward

7 Sensor 1, Sensor 2 & Robot go backward, make
Sensor 3 uturn & forward

Table 4.1: Case of the maze mapper robot

The command of the select case of the robot is shown below:

SELECT CASE Var
CASE Exprl {, Expr...}
Statement...

CASE Expr2 {, Expr...}
Statement...

{CASE ELSE
Statement...}

END SELECT
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4.3.2 Memorize Maze Map

To memorize the map, the robot execute the countnstop instruction. This
instruction will execute the robot to make movement at the starting of each block inside
the map and stop at the end of the each block. The length distance of the each block is
205 distance per cm. While it make the countnstop , the robot will scan & calculate each
block that it had move. This calculation i=0 in this instruction is from starting point of
first block. When the robot move forward & reached at the end of the block, it will
calculate by using formula i=i+1. When the robot move backward & reached at the end
of the block, the robot make the formula i=i-1. This formula is the algorithm of maze &

memorize the unknown map.

4.3.3 Calculation of Countnstop

To calculate the distance of each block, the calculation is shown below:
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size of circumference of a wheel
1 cycle of wheel

size distance in 1 pulse =

. . . 25cm
size distance in 1 pulse = T2

size distance in 1 pulse = 0.22cm

cm _ 0.22¢cm
distance 1
distance 1
= x length of 1 block
cm 0.22cm
distance 1
= x 45cm
cm 022cm
distance

= 205 distance per cm
cm

4.3.4 Initializing Sensor

There are 3 sensors that installed on the robot which 2 sensors are implemented
at the side by side of the robot and the other one sensor is implemented at the front of the
robot.



Figure 4.3.4: Sensors position

Front

Left

Right
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These sensors are analog device. So to initialize the sensor from analog to digital, the
instruction of analog to digital conversion is added. Initializing of the sensors by the

program that shown below:

ADCON1=%00000000

IR1:
ADCIN 0, SENSOR1
IF SENSOR1>26 THEN
status_sensor.0=1 “sensor 1 active
ENDIF

RETURN

IR2:
ADCIN 1,SENSOR2
IF SENSOR2>60 THEN
status_sensor.1=1 ‘sensor 2 active
ENDIF

RETURN

IR3:
ADCIN 2,SENSOR3
IF SENSOR3>26 THEN

status_sensor.2=1 ‘sensor 3 active
ENDIF

RETURN
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4.4  Circuitry Development Analysis

During the project, the most problematic part is when to make the interface
between the sensors, motor driver, dc motor to the PIC circuit. It’s because of the current
for the circuit is quite high cause of the load of the circuit and load from dc motor. To
solve the problem, fuse Samp is used to protect the motor driver rpm and the component
at the circuit board. Then the sensors detection problem because one of the sensor does

not response when an object or obstacle gets near to the sensor.

Sensors

12V
DC motor with encoder 3 y power

supply

Figure 4.4 (a): Circuit of Maze Mapper Robot



Figure 4.4 (b): Circuit of DC Motor Driver
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4.4.1 1R sensor

The sensors range between 0.25V to 2.55V. For this project the minimum
detection with the wall is the 1.18V and the max range detection with the wall is 0.51V.

Figure 4.4.1(a): Wave of Sensor Using Oscilloscope

051V 0.51v

Figure 4.4.1(b): Range Detection of 3 Sensors
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4.5  Flowchart of Maze Map Algorithm

The flow of the maze map algorithm is considered to ensure the robot is exactly
execute same as the instruction. This flowchart is designed first before make the coding
for the algorithm. Figure 4.5 shows the alignment corrective flow chart which is used to
ensure that the robot is moving parallel to the maze to minimize wall contact and according

to the flow path algorithm in Chapter 2
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The path of the maze map algorithm is designed to make the robot is exactly

execute same as the instruction. This path has 6 pattern for the maze mapper robot which

what it should do when it reach at the 6 pattern of path. Maze mapper robot will proceed

according to the path algorithm. In the maze, there are seven possible states the robot

might encounter. For instances in Figure at a T-junction where there are 3 paths to be

chosen, the robot will prioritize to turn left rather than going for the other 3 choices. This

figures below shows the 6 path of the map.

O @O

T junction

@® OO

\ 4

Right junction

OO®

A4

Left junction




O OO

No junction

» Dead End Way
Junction

Figure 4.6: Types of Path Maze Map

» Straight Path

@® OO

O O0O®
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From the figures above, Maze Mapper robot reacts based on the outputs of the
top down wall sensing. The black dot indicates that there is a successful detection of the
reflected infrared light from the wall. In short, it means wall is detected. The white dot
on the other hand tells the PIC microcontroller that there is an opening in the maze
where the reflected light was way beyond the detectors’ sensitivity. In Figure 4.6 (6) the
sensor at the middle detect the wall and the other 2 sensor at side by side of the robot
have no detection so that the robot have reach the T-junction. In this case, it can be said
that the robot is turn right and with the parallel.

For figure 4.6 (2) the 2 sensors of the robot which is sensor left and middle are
detect the wall. The right sensor is open means no detection. This detection will send the
signal to the PIC microcontroller to read the signal then make the instruction for the
motor to make another movement. So the robot will turn 90 ° right and moving forward

parallel with the maze.

For figure 4.6(3), this situation is same but only sensor at the middle and the
right are detect the wall, so the robot will make turn 90 ° left and then make forward
movement. When the robot reach the no junction at figure 4.6(4), all of 3 sensors are not
detect the maze wall. So the signal send to the microcontroller and microcontroller will
read no signal come from the sensor. The robot will stop based on the case which the

robot have reach the objectives and finally get out of maze.

For figure 4.6(5), is the case when the robot had reach dead end path. All 3
sensors are detect and send to the microcontroller as the signal. The processing unit will
readthe signal and make the instruction backward for the motor to move backward until
2 seconds then the robot will make the uturn. The first motor will make spinning
forward and the second motor will make spinning backward.these motor will spin about

180 °. After the robot turn 180 °, it continue move forward.
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In Figure 4.6(6) the 2 sensors are available at the straight path because the wall
are at the side by side of the robot. In this case, it can be said that the robot is moving
parallel and aligned with the maze. This is the ideal case.

In this situation, there is a slight change on the sensor’s detection on the left side
causes by the movement of the robot which is not parallel to the wall anymore. The
robot has skidded to the left and this will prompt the alignment corrective subroutine to
adjust the inconsistency. PIC18F4550 will then react by disabling the right motor and
enabling the left motor until the ideal state is achieved.

In this situation, there is a minor discrepancy on the sensors detection on the
right side causes by the movement of the robot which is not parallel to the wall anymore.
The robot has skidded to the right and this will prompt the alignment corrective
subroutine to adjust the inconsistency. PIC18F4550 will then respond by making the
right motor spin and stopping the left motor until ideal state is achieved.
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CHAPTER 5

CONCLUSION

5.1 Main Conclusion

The aim of this project was to design a prototype Maze Mapper rovot. The robot
itself is finally finished and functional after a very strong ground developed to reach this
objective. Some recommendations on ways to improve and upgrade the performance of
this robot are discussed. The Maze Mapper robot project was a very useful experience
for building a practical device. During the different stages, a lot of problems occurred,
which had to be solved. The construction, testing and improvement of the robot were

very tiring but worthwhile. The microcontroller part was very well executed. Here is the

list of main conclusion.
i The microcontroller works well with the sensor and the motor.
if. The are two power supply, each for PIC18F4550 and motor.
iii. The motor controller works well with the motor driver MD30A.
iv. The IR sensor works the best during the night as it is prone to sunlight.

V. The communication link is set up and downloading of program is successful.
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vi. Microcode studio, MPlab and PIC kit v2.55 are used for software
development.
vii. Infrared sensor must be chosen carefully as not all detectors will go with the
sensor circuit.
viii. Keeping the mass low, smaller circuit diagram and a square base an improve

acceleration and stabilization.

5.2 Problems and Solutions

There were a few problems encounter during the course of this work. The problems
encountered will be discussed by dividing it into two phases, which is during the
progress of PSM 1 and during PSM 2.

5.2.1 Problems Encountered During PSM 1

The first major problem encountered was designing circuit diagram for the
PIC, motor and sensor board using OrCAD. As such, sample of time was spent in
learning the software. Then the designed of the mechanical hardware design was
designed by using AutoCAD. A lot of pressure to make the designed because it make

time to make drawing of mechanical designed.

The second problem was built the mechanical hardware. With no knowledge

in the mechanical design make the robot looks like unsmart.
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Problems Encountered During PSM 2
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This table shows the problem encountered during PSM 2 and the

solution;

Problem

Solution

One of the sensor blow. Can’t detect the

range.

change new sensor

Voltage regulator LM7805 exceed more
than 5v when measured by using

multimeter.

change the voltage regulator

Coding for test sensor and dc motor | make the correction for the
programming not function because some | programming

instruction were wrong

One of the shaft for wheel broken and it | make the new shaft for the wheel

make the robot run unbalanced

The room space for making maze map | search new room bigger

limit

Coding for maze map algorithm were | make the correction for the
wrong and make the robot execute wrong | programming

instruction

Table 5.2.2: Problems Encountered During PSM2
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5.3 Recommendation

As previously stated, there are several improvement that can be made to
the system. Some of the improvement is additional while others is crucial in making
the system stay reliable in the future.

» Make the PID programming to make the robot move straight.
* Put the IR range sensor with width angle range.
» Installation the camera at the robot for another objective of navigation so that

robot can find the image while find its way out.

5.3.1 PID Programming

First recommendation is to make the PID programming to make the robot
move straight and smoothly. This concept will make the reducing error detection in

the PIC during movement.
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53.2 IR Sensor With Angle Range

Second recommendation is the robot can avoid the wall contact accurate
and precisely by using the IR sensor with angle range detection. These sensor can
detect the angle of wall between 125° to 180° although during the turning position.

53.1 Camera installation

The objectives of the robot can be improved by find the object in order to
find its way out of the maze map. By using the camera which installed at the robot, it
can search the object that it captured before and also it can try to find its way out
simultaneously. For the future, this robot not only for the toy competition but it can
be a rescue robot when there have some accident in the building like searching

people which trapped in the building during there have some fire or earthquake.
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5.4 Costing and Commercialization

54.1 Costing

The costs of this project which contains three different parts that is sensory,

processing and output. The table 5.1 shows all components used in this project.

PIC BOARD COMPONENTS
Component Quantity | Unit price (RM) | Amount (RM)
PIC 18F4550 2 23.00 46.00
Crystal 8MHz 2 225 4.50
Voltage Regulator LM 7805 C 2 1.80 3.60
Capacitor 10puF 2 1.00 2.00
Capacitor 100pF 2 1.20 240
Stripboard 2 5.00 5.00
IC Base 40-pin 1 0.70 0.70
Zif Socket 1 20.00 20.00
Fius Soket 1 2.00 2.00
Suiz 1 3.00 3.00
LED 5 0.20 1.00
Resistor 220 ohm 5 0.30 1.50
Total : 91.70




BODY COMPONENTS
Component Quantity | Unit price (RM) | Amount (RM)
Driver Motor MD30A 2 135.00 270.00
Fulhaber D¢ Miromotor with encoder 2 300 600
IR sensor 3 65.00 195.00
Dc Power Supply 1 90.00 90.00
Wheel 2 40.00 80.00
Total: 1235.00
Total cost: 1326.70
Table 5.4.1: Cost of components
5.4.1 Commercialization
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This system has high commercial value by revolutionize the way mobile

robot move and can be applied in new technology for optimum performance.
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MICROCHIP _ PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB

Microcontrollers with nanoVatt Technology

umversal Seral Hus reatures:

+ USB V2.0 Compiiant

Low Speed (1.5 Mbis) and Full Speed (12 Mb/s}

= Supports Control, interrupt, isochronous and Bulk
Transfers

» Supports up to 32 endponts {18 bidirectional)

» 1-Kbyte dual access RAM for USE

On-chip USB transceiver with on-chip voltage

reguiator

interface for off-chip USE transceiver

Streaming Parallel Port {SPP) for USB streaming

transfers (40/44-pin devices oniy}

.

Power-Managed Modes:

Run: CPU on, peripherals on

- idle: CPU off. peripherals on

+ Sleep: CPU of, perpherals off

ide mode currents down to 5.8 pA typical
Sleep mode currents cown to 0.1 pA typeal
Timer! oscilator: 1.1 pA typical, 32 kHz, 2V
Watchdog Timer: 2.1 A typical

Two-Speed Oscilator Startup

Flexible Osciliator Structure:
= Four Crystal modes inciuding High Precision PLL
for USB
- Two Extemad Clock modes, up to 48 MHz
Internad osciliator block:
- B user-selectable frequencies, from
31 kHz to 8 MHz
- Userdunable o compensate for frequency dnit
» Secondary ossillator using Timer @ 32 kHz
Dual osciliator options aliow microcortrofier and
USB module to run at different ciock speeds
= Fail-Safe Clock Monitor
- Afows for safe shutdown ¥ any dock stops

Peripheral Highhights:

Hgh-current sink/source 25 mA/25 mA
Three extemal interrupts
Four Timer modules (Timer( to Timer3)

« Upto 2 Capture/Compare/PWM {CCP) modules:

- Capture is 18-bit, max. resplution 6.25 ns {Tev/18}
- Compare is 168-bit. max. resolution 100 ns (Tev)

- PAM output: PYWM resolution is 1 to 10-bh
Enhanced Capture/CompanePWM (ECCP ) module:
- Multiple output modes

- Selectable polarity

- Programimabie dead trme

- Auto-Shutdown and Auto-Restrt

Enhanced USART module:

- LN bus support

Master Synchronous Serial Port (M55P) module
supporting 3-wire SPI™ (all 4 modes) and 1°C™
Master and Slave modes

10-bit. up to §3-channels Analogo-Digital Converter
modube (AT with programmable acquisition time
Oual analog comparators with mput multiplexng

Special Microcontrolier Features:

« 4 e s

C compiler optimized architecture with optiona
extended instruction set

100.000 erase/write cycle Enhanced Flash
program memory typxal

1.000,000 erase/wrie cycle Data EEPROM
memory typical

Flash/Data EEPROM Retention: > 40 years
Self-programmable under software controt
Priority levels for interrupts

8 x 8 Single-Cycle Hardware Multpler
Extended Watchdog Timer (WDT):

- Programmable period from41 ms to 131s
Programmable Code Protection

+ Single-Supply 5 in-Circuit Serial

Programming™ ({CSP™} via two pins
in-Circut Debug (1ICD) via two pins
Optional dedicated ICOACSP port (44-pin devoes only)

» Wide operating voitage range (2.0V to 5.5V)

Program Memory | Daia Memory | MsSP B ]
woit |coprcee ¥ | nimees
Device | Figen |# smgre-wora| sSRAM ES'ROH] Vo Ll S | 2P | . Imaster] 3 seon
ch) (Pm) o o=
{byter}] metructions | ytes) | [bytee) [2os 3
F‘mcwh% TR T8 | 2048 | 2% 1 24 ] 30 20 No ] ¥ ¥ 1 1121 12
PIC19F2550] 32K 16354 028 | 2% | 28| 10 20 N | Y Y | 1 |2]| 1%
PIC10F; 24K 72288 2048 | 256 | 3| 13 i Yes | Y Y T 12| 1=
PICIBFASE0] 32K 16534 046 | 2% | 3] 13 ) Yee | ¥ Y | 112 =

57




40-Pin PDIP

MOLRIVPPRED e []
V7YY —

RATANY v []
RAZANZANLTCVRLT e ]
RATANIVRET ¢ eeen [}
RAMTOCKECICUTARLY e []
RASANSEEHLVOINCZOUT a—a ]
REDANSCKISPR e[
REVANECIQEPF »—— I
REYANTIOESPF we ]
VDD-—-I:

) P

OECNCLK e[
OSCUCLKORAE i
RCOTIOBOTIICA aa]
RCTICELCCPAIAIOE aa[]
REZEAPIPIA e []

Vaia e[

ROGSPFE a1

ROISPP! +—]

~— RBYXBIPGD

[T w——v RBEXBIZPGC

[T wemew RESXEHPGM

[T «—— RB4ANIUKBIVCSSPP
[T e REVANSCCRIINVGO
FT e REZANBINTZVMO

[T s RBIANIO/INT1ISCIUSCL
[T <w—ee- REGAN12NTI/FLTR/SDVSDA
w L

[T 4 Vns

[T v— RO7SPPTFID

[] ~— RD&SPPAPIC

[] «~— RDESPPLPIR

[T w— RD4SPP4

 e» RCTRXDTEDO
T« RCBTRCX

[T e RCEDAP

[T e RO2O-AR

[T ~— RD3SPP3

[T +— RD2SPP2

W g e b

PIC18F 4455
PICI18F 4550
HEPURRYY BB Y HEEREYEES

Mate 1: RE3 s e avpmate pn for CCP2 mutiplenng.

DG396326-page 2

- - - ———
Preliminary # 2004 Microch(p Technoiogy Inc.

58



59

PIC18F2455/2550/4455/4550

TABLE 1-1: DEVICE FEATURES
Features PIC18F2455 PIC18F2550 PIC1BF4455 PIC18F4550
Operating Frequency DC — 48 MHz DC - 48 MHz DC - 48 MHz DC-48MHz
Program Memory [Bytes) 24578 32768 24578 32768
Program Memory {Instuctions} 12288 16384 12288 18384
Data Memory (Bytes} 2048 2048 2048 2048
Data EEPROM Memory {Bytes) 256 256 256 258
interrupt Soarces 18 19 20 20
/0 Ports Poris A, B, C.{E} | Ports A B.C. (E) |[PortisAB.C.D EfPorisA B, C.D.E
Timers 4 4 4 4
Capture’Compare/PWM Modules 2 2 1 1
|Enhanced Capture! 4] [y} 1 1
Compare/FWH Modules
Serial Communications MS5P, MSSP, MSSP. MSGP,
Enharced USART | Enhanced USART | Enhanced USART | Enhanced USART
Universal Serial Bus (S8} 3 1 1 1
IMocule
Sireaming Parallel Port (SPP) No No Yes Yes
10-bit Analog-to-Digital Modute 10 input Channels | 10 input Channels | 13 input Channels | 13 input Channels
Comparators 2 2 2 2
Resets {and Delays) POR, BOR, POR. BOR. POR BOR, POR, 8OR,
REEET Instruction, | REZET Instruction, | RESET Instruction, | RESET Instruction,
Stack Fuil. Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underflow | Stack Underflow | Stack Underflow
{PWRT, OST}. (PWRT, O3T), T, 05T, (PWRT, QST
MCLR (optional). | MCLR {optonal), | MCLR (optonal), | MCLR (optionaly,
WOoT WDT WoOT wDT
Programmable Low-Voltage Yes Yes Yes Yes
Detect
Programmable Brown-cut Reset Yes Yes Yes Yes
Instruction Set 75 Instructions; 75 Instructions,; 75 instruct:ons; 75 instructions;
83 with Extended | 83 with Extended | 83 with Extended | £3 with Exiended
Insguction Set Instruction Set Instruction Set Instructon Set
enabled enabled enabled enabied
Packages 28-pin PDIP 28-pin PDIP 403-pin PDIP 40-pin PDIP
28-pin 30IC 28-pin 30IC 44-pin QFN 44-pin QFN
44.pin TQFP 44.pin TQFP
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FIGURE 1-2:

PIC18F4455/4550 {40/44-PIN} BLOCK DIAGRAM
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT 11O DESCRIPTIONS
Pin Number Pin | Buffer
Pin Name Description
PDIP | GFN | TGFP | Type| Type pt
MCLR/VPP/RE] 1 18 18 M aster Clear {input} or programming volitage {input).

MCLR i 5T Master Clear {Reset) input. This pin is an
active-low Reset wo the device.

vep P Programming voltage input.

RE3 I ST Digital input.

OSCUCLKI i3 32 30 QOscillator crystal or external clock input.

o501 { Analog Oscillator crystal input or external clock source input.

CLKi 1 }Analog External clock source input. Always associated with
pin function O3C1. (See OSCACLKO pins.)

OSCACLKO!RAS 14 33 31 Oscillator crystal or clock output.

O5C2 e} _ Oscillator crysial output. Connects to crystal or
resonator in Crystal Osciliator mode.

CLKO o —_ in RC made, OSC2 pin outputs CLKO which has 14
the frequency of OSC 1 and denotes the instruction
cycle rate.

RAB o TTL General purpose V0 pin.

Legend: TTL =TTL compatible input CMOS3 = CMOS compatibie input or output

ST

O  =Cutput
Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.

= Schmitt Trigger input with CMOS levels |

P

= Input
= Power

2: Default assignment for CCP2 when CCP2MX configuration bit is set.

3: These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS. the pinis No
Connect unless ICPRT is set and the DEBUG configuration bit is cleared.




PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT VO DESCRIPTIONS (CONTINUED)

R Pin Number Pin | Buffer L
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTA is 3 bidirectional /O port.
RAQ/AND 2 18 19
RAD Vo TTL Digital #Q.
AND i Analog Analog input 0.
RAT1/ANT 3 20 20
RA1 e TTL Digital ¥O.
ANt 1 Analog Analog input 1.
RA/AN2NVREF-! 4 21 21
CVREF
RA2 o TTL Digitat 1O
AMN2 | Analog Analog input 2.
VREF- { Analog A/D reference volitage {low) input.
CVREF O | Analog Analog comparator reference output.
RAJ/ANINREF+ 5 jeded 22
RA3 Yo TTL Digital k0.
AN3 I Analog Analog input 3.
VREF+ I |Analog] A/D reference veltage {high) input.
RAA/TOCKNC 1OUT/ g 23 23
RCV
RA4 Vo 3T Digital 1O,
TOCKI I ST Timer0 external clock input.
CI1oUT o _— Comparator 1 cutput.
RCV | TTL Externat USB transceiver RCV input.
RAB/ANA/SS! 7 24 | 24
HLVDIN/CZ0UT
RAS #o TTL Digital /0.
AN4 1 Analog Analog input 4.
33 1 TTL SPI™ siave select inputl.
HULVDIN | Analog High/Low-Voitage Detect input.
C20UT O — Comparator 2 output.
RAG — — — — — See the OSCLCLKO/RAB pin.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = lnput
Q  =O0utput P = Power

Note {: Alternate assignment for CCP2 when CCP2ZMX configuration bit is cleared.
2:  Default assignment for CCP2 when CCP2MX configuration bit is set.

3: These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS, the pinis No

Connect unless ICPRT is set and the DEBUG configuration bit is cleared.
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT 110 DESCRIPTIONS (CONTINUED)
. Pin Number Pin | Buffer e
Pin Name PoIP | QPN 1TGFP | Type| Type Desgription
PORTB is 2 bidirectional {/O port. PORTB can be
software programmeed for intemal weak pullups on all
nputs.
RBO/ANTZ/INTD/ 33 g 8
FLTO/SDISDA
REB0 e TTL Dignal /0.
AN12 I |Analog Analog input 12.
INTD | 3T External interrupt 0.
FLTO i ST Enhanced PWM Fault input (ECCP 1 module).
1] { ST SPI™ datain.
3DA o | 3T C™ data 0.
RB1ANIO/ANT 1/5CK/ 34 10 g
aCL
RB1 o TTL Digital /0.
ANID I Angzlog Analog input 10.
INTY I 37 External interrupt 1.
SCK e} 3T Synchronous serial clock input/output for SFI mode.
SCu 1{e] 5T Synchronous serial clock inputioutput for 2C mode.
RB2IANSHNT2IVMO 35 1 10
RB2 1o TTL Dignal /0.
ANB | Analog Analog input 8.
INT2 I ST External interrupt 2.
VMO 8] — External USB transcsiver VMO output.
RBIANQICCP2IVPO 36 12 11
RB3 1O TTL Digftal HO.
AN I lAnalog]l Analoginput8.
cep2l Hie] 3T Capwre 2 input/Compare 2 output/PWM 2 cutput.
VPO e} —_ External USB transceiver VPO output.
RB4/AN YK BIDICSSPP] 37 14 14
RB4 1o TTL Digital /0.
AN11 I Anzlog Analog input 11,
KBi0 1 TTL Imterrupt-on-change pin.
C33PP ¢} —_ SPF chip select control output.
RBS/KBI1/PGM 38 15 15
RB5 {Fa] TTL Digital HO.
KBit t TTL Interrupt-on-change pin.
PGM 170 5T Low-"Yoltage ICSP™ Pragramming enable pin.
RBBKBIZ/IPGC 39 18 18
RBS 1o TTL Digital 1/0.
KBi2 i TTL imterrupt-on-change pin.
PGC i ST in-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3PGD 40 17 17
RB7 (Hie] TTL Digital 110,
KBi3 I TTL Internupt-on-change pin.
PGD [{e] ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL =TTL sompatible input CMOS = CMOS compatible input or output

ST

S = OCutput
Altemaie assignment for CCP2 when CCP2MX configuration bitis cleared.

Note 1:

= Schmitt Trigger input with CMOS leveis |

=4

= input
= Power

2: Defauit assignment for CCP2 when CCP2MX configuration bit is set.
3: These pins are No Connect unless the ICPRT configuration bit is set. For NCACPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG configuration bit is cleared.




PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT /O DESCRIPTIONS {CONTINUED)
Pin Number i
Pin Name Pin | Buffer Description
PDIP | QFN | TQFP | Type | Type
PORTC is a bidirectional liO port.

RCOTIQ3OMI3CKI 15 34 a2

RCO Vo 5T Digital #O.

TIOS0O C -— Timer1 osciflator output.

T13CKI I 5T Timeri/Timer3 externai clock input.
RCHUT10OSYCCPY 18 35 35
UQE

RCH1 Vo T Digital ¥O.

T105! I CMOS Timer1 oscillator input.

ccpail o 5T Capture 2 input/Compare 2 output/PWM 2 output.

UOE (o] —_ Extemnal USB transceiver OE cutput.
RCACCPIPIA 17 38 36

RC2 vo 57 Digital 1O,

CCPt wo 5T Capture 1 input‘Compare 1 cutput/PWM 1 output.

P1A [} TTL Enhanced CCP 1 PWM ocutput, channel A
RC4/D-VM 23 42 42

RC4 I TTL Digital input.

D- vo —_ USB differenmtiai minus line (input'output).

VM I TTL Extemnal USB transceiver VM input.
RCE/D+P 24 43 43

RCS I TTL Digital input.

O+ Vo - USB differential plus line (inputioutput).

vP I TTL External USB transceiver VP input.
RCSTXICK 25 44 44

RCe vo 5T Digital KO.

> O —_ EUSART asynchronous transmit.

CK Vo 3T EUSART synchronous clock {(see RX/DT).
RC7/RX/DT/SD0O 268 1 1

RC7 vo ST Digital 1O,

RrRX i 3T EUSART asynchronous receive.

DT 1o 3T EUSART synchronous data (see TX/CK)

500 o] —_ SPI™ data out.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or cutput

ST = Gchmitt Trigger input with CMOS levels |

O =0utput
Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.

Note 1:

P

= Input
= Power

2:  Default assignment for CCP2 when CCP2MX cenfiguration bit is set.

3: These pins are No Connect unless the ICPRT configuration bit is set. For NCACPORTS. the pinis No
Connect unless ICPRT is set and the DEBUG configuration bit is cleared.
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PIC18F2455/2550/4455/4550

TJABLE 1-3: PIC18F 4455/4550 PINOUT 1O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer o
Pin Name Description
PDIP | QFN | TQFP | Type | Type P
PORTD is a bidirectional 1/O port or a Streaming
Parallel Port (SPP). These pins have TTL input buffers
when the 3PP module is enabled.
RDOL/SPPO 18 38 38
ROO [fe] ST Dighal /0.
SPPO 1o TTL Streaming Parallel Port data.
RDVSPP1 20 3s 3g
RD1 1O ST Digital /0.
SPP1 o TTL Streaming Parallel Port data.
RDYSPP2 21 40 40
RD2 11 ST Digital 0.
3PP2 170 TTL Streaming Paraliel Port data.
RDA/SPP3 22 41 41
RD3 Wo ST Digital /0.
SPP3 10 TTL Streaming Paraliel Port data.
RD45PP4 27 2 2
RD4 o 5T Digital /0.
SPP4 o TTL Streaming Farallel Port data.
RDE/GPPE/P1B 28 3 3
ROS5 o ST Dighal /0.
SPPS o TTL Streaming Parallel Port data.
FPI1B o —_ Enhanced CCP 1 FWM output. channel B.
RDO/SPPE/PIC 28 4 4
RO fe) 3T Digital HO.
SPPE l{s] TTL Streaming Paraliel Fon data.
PiC Qo —_ Enhanced CCP1 PWM output, channel C.
RD7/SPP7/PID 3c 5 5
RD7 e} ST Digital ¥O.
SPP7 {I{s] TTL Streaming Paraliel Port data.
P10 o — Enhanced CCP1 PWM output, channel D.
Legend: TTL =TTL compatible input CMQ3 = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = input
O =Cutput P = Power
Note %: Altemnate assignment for CCP2 when CCP2MX configuration bit is cleared.
2: Default assignment for CCP2 when CCP2MX configuration bit is set.
3: These pins are No Connect unless the ICPRT configuration bit is set. For NCACPORTS. the pin is No

Connect unless ICPRT is set and the DEBUG configuration bit is cleared.
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PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT ¥O DESCRIPTIONS {CONTINUED)
. Pin Number Fin | Buffer -
Pin Name Description
PDIP | GFN | TQFP | Type | Type
PORTE is a bidirectionai /O port.
RED/ANS/ICKISPP 8 25 25
REO Vo 3T Digital ¥O.
ANS f Analog Analog input 5.
CKisPP o — SPF clock 1 output.
RE VANBICK2SPP =) 26 28
RE1 e 5T Digitat V0.
ANS I Analog Anaiog input 8.
CKGPP O —-— SPFP clock 2 output.
RE2/ANT/QEGPP g 27 27
RE2 Yo 3T Digital KO.
ANT ! Analog Anaiog input 7.
OESPP o] -— SPP output enable output.
RE3 -_ —_ - — — | See MCLR/VPPIRES pin.
V5Ss 12, 3116,30,] 6,20 P — [ Ground reference for logic and KO pins.
31
Voo 11,321 7.8,] 7.28 P —_— Positive supply for logic and 1O pins.
28,20
VUsSB i8 37 37 O - Internal USE 3.3V voltage reguiator output.
NC/ICCKACPGC — —_ 12 Na Connect or dedicated ICDNCSP™ pont clock. ™!
ICCK e a7 in-Gircuit Debugger clock.
ICPGC el 5T ICS P programming clock.
NC/ACDTACPGD — —_ 13 No Connect or dedicated ICDACSP port clock ®)
IcoT Vo 5T In-Circut Debugger data.
ICPGD o 5T ICS P programming data.
NC/ICRST/ICVPR —_ ] - 33 No Connect or dedicated ICD/ICSP port Reset )
ICRST i -— Master Clear (Reset) input.
{Cvrp P — Programming voitage input.
NCACPORTS —_ — 34 p — {No Connect or 28-pin device emutation P!
ICPORTS Enable 28-pin device emulation when connected
10 V55
NC - 13 - — — |[Ne Connect.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmint Trigger input with CMOS levels | = Input
G = 0uput P = Power
Note 1: Altemnate assignment for CCP2 when CCP2MX configuration bit is cleared.

2:  Default assignment for CCP2 when CCP2MX configuration bitis set.

3: These pins are No Conne<t unless the ICP RT configuration bit is set. For NCJICPORTS, the pinis No
Connect unless ICPRT is set and the DEBLG configuration bit is cleared.
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Transmntec Planetary Gear DC Motors 1W - 40W General Catalogue

)
PD3046 GEARED MOTOR SERIES 12 AND 24V TYPE z
Brush commutator planetary dc gear motors with strong metal gears of straight g
type manufactured by milling machine process. Only the motor shaft [s]
gear pinion is made of bakelite for noise reduction purpose. The ouput shaft ﬁ
is made in hardened stainless steei and has a ball bearing output as standard. @
This is marked as a B in the part description. For electric noise suppression £
the dc motors have as standard and if available integral filters as either with "
varstor and / or capacitor. This is marked as a F in the part description. f
There are options for encoder assembiy and special adaptations. All motors o
are produced under strict high quality production standards and are tested and
inspected prior to delivery.
MODEL NO. DESIGNATIONS
[um[-ﬁw;s'-lnmo!-. . .
8 = Bail beamng C=Cover
F = Pter E = Encodet
Exarpie: PD3DSE-1214-BFEC ENCODER VERSION
GEAR BEAD DATA
« Bafl bear: » Axialfoad < 2.5kg BEE BEPARATE DATA BMEET
= Planetary gear e Press fitmax. £ 10kg
= Backslash atnoload <25° » Radia play < 0.04mm
= Radial (1Dmm from flange) lpad < 3.5kg) e Thrustplay <03mm
GEARED MOTOR DATA - 24V
Recrton 2] 2 151 it wy B11 R R} aa:1 139:1 189:1 2841 s151 k18] 2331
Reducton absaute ;:-t zn‘;u a?sr m;z? A;:-l uw!t,.u s:v:u-; muman ’ ~u|n,n1 storumt o et vor sm“
Hurber of sages 1 3 2 2 2 3 3 2 3 4 4 2z & Fy
Rated torgue g | 0.5 12 17 24 EX] ap £5 T8 ] 0 10 10 12 ]
Rated gpeed (pr) Hro | s 30 229 178 2 o [ 46 us 26 13E 58 73
Length L {mwm) n$ 30 ] ES 30 264 %2 364 364 48 2 428 428 a8
weigrt ) we | 201 201 201 1 31 216 216 2% 231 231 231 3 23t
APPEARANGE SIZE
o « Precious metal brussh commutater de motors
230 g1 2 466 -3 .
= « Gears in steel manufactured by milling process
/ 2 = Ball bearng supported gear shak if (B)
§ "-‘-t " : 53 g B # » integrated electrc noise suppression fiter if (F)
® YA .
5\ N, “'f = 2 J « Custom adaptations are possible
g4 = Encoder version is available
183 =85 L B4 s Qperating temp. range -10-.+80 °C
MOTOR OARTA
Rabed volt (1 Roted torque (g-cmp Fateq speed ipm) Rated Current imA; No oag speed ) o O CUTEN (A RAES SR (WS
12 1o £95D +900 7300 D 70
2 130 &160 502 ne =50 BE
o [ec | 1| N I m[ElI [N 1\
21 K0]68]7 X 1 1064 30 { 00
N
N T4 12v NERE P 24v
— ~1T
\\ o P
Ea N = e <]
=
\2< ] / £ L]
0] 50130 35110}/ A St BN 164 04 15§ 3500r \:\”‘/
7 = ~ 4 PN
{ .f/ B Ny \ % \\ \
' 1/ ] b - ™
Wi ajAjmem \ Wi %t Algpm k

Transmotec Sweden AR www.transmeatec.com

€ June 2007 - Subjett o change Fage s & Copyrght Transmote: Seeden AB
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Transmotec

ENCODER VERSIONS FOR PD, 83D and SDC IMOTOR SERES

Ermsodern ane gvcitdlie for ol Lun planetay sid 20u Jdu gz nos RAGNETIC THWO CHANNEL HAL. EFFECT EMCCOERRS

:
i i is sicdust range. This dusurien; deseiibes e cata lor valy the S
encoders For MCior data please "efer 10 the sepirae molor gata shees. g
The ercode- gasgnis based on 3 roLANNg magnelc disk and wo
hall semues, Lis o singple, ey dite, obust ed low oot ted] induyy. §
in 51andad our enceders generaw e maximum numter of pulses ha ae
posstb e Ih r2isdon © 11e diameater Cf the nagnetand encoder. E

MODEL NO. DESIGNATORS

[wooe] - Focac] - [A00 ] _3 - . - E PDAO47-12-5-VCLC
& - 83t brarirg. -0 -T2y

¥ = Fitter F w Snaneter
Esampe SDIME 1 MERFED
ENCODER FEATURES
« Magneiic 1al sensor encoders « Rcbust andiong ffetrme
= Twr sencnrs nhanaale i stanniaed o o ene
« Avalatie ‘or 3ll o gear mntarz » High wuimber of s
« Siuvple decign

e #
ENCDDER EHANE AMEC OUTIVUT ? Fl

MOMOR CAPao LEMETM HACNETS POLES M- § R =3
o427 NOTH 3 L iz
o132 NOCAP 3 3 12
POAT 2 [H] % 2
POIMT 3.2 1 3 =]
PORST 2 1z 2% =2
POIEE 23 k14 ae k2
20372 =2 2 - =
20037 22 5 26 5]
SOM39 72 5] % 52
s03EF ®2 1 * 2 SOI720-12-10-JCEC
SDME0 %2 1 x 52
CEMRED NOTOR DaTs
1 LARADTEIC TGO SYMEDL TeET COMDMOME N ReE A ANTS
SUPPY DEIE e - R - & v
Sutput IR vape vee s JeTm 1Y i = 20MA - xc 0 B
Output ieakape curment Teex YoE e 1Y (VeL e 1Y - <21 ) ~
SuoKy Curmem @ JCom 20V OuDe osen - s © A
Oulpuk r3z e * Je— YV AR - O20 Ot OL - 209 &3 12 £ ]
UTE ¥ Te T TCw 1. R s SN WLw I~ - .3 i ®
Hal servor LTC Jnisonic KE18%
APFEANANCE 528
CUTPIT WAE THO CHANMEL ENCOCER
1 CONNECTICNS:
1. B ALK L - MEITOR
bl B, frem o
Fel 363 3.830WN [ FALLEENSCRVD
B NRRRE Lo R o
. I ] ersver 5. B.UE : WAL EENSOR A sout
§ PJRPLE . riALL SENSOR B ok

Transmotec Swaden AB www.transmotec.cony

13 Janudry 2T - Swet T ohage € Conynit Tarsmoed Saveder: AR
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PBP FORMAT

#2k 3k 3 o s 3 3k o ok e ok 3K ok 3k o 3k ok sk 3k e ok e e o 3k ok ok o e ok e ok sk ok 3k 3k bk 3k ok ok ok 2k 2k sk ok ok ok ke ak ok e ok ok ok ok ok e ok e ok ok 3k ok ok

“* Name :MAZE MAPPER ROBOT.BAS *

* Author : [MOHD HASNAN BIN NORDIN (ED07001) (4BEC)] *
"* Notice : Copyright (c) 2009 [select VIEW.. EDITOR OPTIONS] *
* : All Rights Reserved

"* Date :11/12/2009 *

* Version : 1.0 *

"* Notes : *

£ 3 : *

ol e 3k 3k o ok 3k sk sk e sk dk sk ok ok e sk sk o ok ok ke 3k o 3k de e o5 o sfe oo ke ok ke sk ke sk ke ok ok ok K sk ok sk sk ke Ak sk ke ok ok kK kR ke ok ok kR k ok
define osc 8

'***************************DEFINITION e ok 3 e 3 ok 3 2k ok 3k 3k 3k ok vk sk ok ok ak ok 2k o ok e ok ok %k
'defenition

DEFINE CCP1_REG PORTC 'Hpwm 1 pin port

DEFINE CCP1_BIT2  'Hpwm 1 pin bit

DEFINE CCP2_REG PORTC 'Hpwm 2 pin port

DEFINE CCP2 BIT1  'Hpwm 2 pin bit

DEFINE ADC BITS 8 ' Set number of bits in result (8, 10 or 12)
DEFINE ADC CLOCK 3  'Set clock source (rc = 3)

DEFINE ADC_SAMPLEUS 50 ' Set sampling time in microseconds
MWPWM1 VAR PORTC.2 'PWM MOTOR 1

MWPWM?2 VAR PORTC.1 'PWM MOTOR 2

MRCW1 VAR PORTD.4

MRCCW1 VAR PORTD.5 'MOTOR RIGHT DRIVE

MRCW2 VAR PORTD.6

MRCCW2 VAR PORTD.7 'MOTOR LEFT DRIVE
TRISD.4=0

TRISD.5=0

TRISD.6=0

TRISD.7=0

TRISA.2=1

TRISA.1=1

TRISA.0=1

ADCON1=%00000000

SENSOR1 VAR BYTE 'right sensor

SENSOR2 VAR BYTE 'middle sensor

SENSOR3 VAR BYTE "left sensor

i var byte 'step in one box

junction var byte 'at the jubction

junction_case var byte 'last case at junction

status_sensor var byte'0-1,1-2,2-3

porte.7=1  'activate internal resistor

’kire distance
distance var word 'distance in pulse
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counter var word
stat var byte
portin var portd.0
input portin

HPWM 1,50,500
HPWM 2,50,500
i=0
'****************#**********MAIN PROGRAMMING**********************
'MAIN PROGRAM
MAIN:
status_sensor=0

GOSUB IR1 'JUMP TO IR1 SUBOUTINE
GOSUB IR2 'JUMP TO IR2 SUBROUTINE
GOSUBIR3 'JUMP TO IR3 SUBROUTINE

'maze algorithm'
select case status_sensor

case 0 'no detection

gosub fwd 'go straight

pause 2000 'delay for 1 second
gosub stopmotor  'robot stop

ek ok ok k dkok ok ko dkokokok ok ok ok kokkkk kK gtart ofjunction saving*************************

case 4 's3 detect right left & forward
junction=i
junction_case=4
gosub bwdl 'go straight
gosub left  'turn left
pause 2000 'delay for 1 second
gosub fwd 'go straight
gosub bwdl 'go straight
i=itl
pause 2000

case 2 's2 detect forward left & right
junction=i
junction_Case=2
gosub bwdl 'go straight
gosub right 'turn right
pause 2000 'delay for 1 second
gosub fwd 'go straight
gosub bwdl 'go straight
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I=I+1
' pause 2000

case 1 'sl detect left FORWARD & RIGHT
junction=i
junction_case=1
gosub bwdl 'go straight
gosub right ‘turn right
pause 2000 'delay for 1 second
gosub fwd 'go straight
' gosub bwdl 'go straight
' pause 2000

PRk kR Rk Rk Rk kKRR o ] Of JUNCtion savings****# ¥ *k¥kkkk ki kkkk ko hE A KA KK A K

case 6 's2&s3 detect  forward and right.
gosub bwdl 'go straight
gosub left 'turn left
pause 1000 'delay for 1 second
gosub fwd 'go straight
' pause 2000
i=i+1  'block+1
' gosub bwdl 'go straight

case 5 'sl&s3 detect right and left
gosub fwd 'go straight
' pause 2000
i=i+1  'block+1
gosub S1
' gosub S2
'gosub leftl 'go left a little
'gosub fwd1 'go straight
'gosub rightl 'go right a little
gosub bwdl 'go bwd a little

case 3 'sl&s2 detect  forward and left
gosub bwdl 'go straight
gosub right 'turn right
' pause 2000 'delay for 1 second
gosub fwd 'go straight
' pause 2000
i=i+1  ‘'block+1
! gosub bwdl 'go straight

P2k 3k 3k sk ok 3k o ok sk ok e ok o6 2k sk e ok ok ok ok ok ok ok sk ok ok baCk tI'aCk case 3k 3 2 o e o e ke 2k ke ok ok Sk e o 3k ok e ke ok ok ke ok ok ok ok ok %k kK



case 7 'sl,s2,s3 detect

¥k 3 3 sk sk sk 3 ok ok 3k 3k s e ke b 3 ok ke ke ok ok ok ok ok ek end OfbaCk track case sk 3 3 s sk sk e e ke ok ok ok 3 ok sk e e 3k ok ok e o

' go back to the last junction
while i<>junction
gosub bwd 'reverse
i=i-1  'block-0
pause 2000 'delay for 1 second
wend
if junction_case=4 then
gosub right
else
if junction_case=2 then
gosub left '180deg turn
gosub left
else
if junction_case=1 then
gosub left
endif
endif
endif
'gosub uturn 'make uturn
pause 2000 'delay for 1 second
gosub fwd 'go straight
=i+l
gosub bwdl 'go straight

END SELECT

'gosub fwd

'‘pause 1000
'gosub right
'pause 1000
'gosub left

'pause 1000
'gosub bwd
'pause 1000

'gosub uturn

'pause 1000

GOTO MAIN

'LOOP TO MAIN FOREVER

83

13k e ok ok ok 2k ok 3 ok ok sk 3k 3k 3k 3k ok 3k ok ok 3k ok ok % %k k Subroutine Sensors*****************************

'SUBROUTINE SENSOR PROGRAM

IR1:

adcin 0, SENSOR1
IF SENSOR1>26 THEN
status_sensor.0=1



ENDIF
RETURN

IR2:
ADCIN 1,SENSOR2
IF SENSOR2>48 THEN
status_sensor.1=1
ENDIF

RETURN

IR3:
ADCIN 2,SENSOR3
IF SENSOR3>26 THEN
status_sensor.2=1
ENDIF
RETURN

'S1:

'if sensori>sensor3 then
‘gosub rightl

‘else

'gosub fwdl

‘endif

'return

'S2:

'if sensorl<sensor3 then
'gosub leftl

‘else

'gosub fwdl

‘endif

‘return

1f sensor1>26 then
' gosub rightl
‘endif

'return

'S3:

'if sensor3>26 then
' gosub leftl
‘endif

'return
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thkkkkkkkdkokokokkkkokkkkkkkkkkk subroutine DC motor***********#**#************

'SUBROUTINE DC MOTOR PROGRAM
left:

HPWM 1,50,500
MRCCW1=0
MRCWI1=1
HPWM 2,50,505
MRCCW2=(0
MRCW2=1

gosub countnstop4
gosub stopmotor
pause 1000

return

leftl:

'HPWM 1,50,500
'MRCCW1=0
'MRCW1=1
'HPWM 2,50,500
'MRCCW2=0
'MRCW2=1
'gosub countnstop6
'gosub stopmotor
‘pause 1000
‘return

‘uturn:

'HPWM 1,50,500
'MRCCW1=1
'MRCW1=0
'HPWM 2,50,500
'MRCCW2=1
'MRCW2=0
"distance=179
'gosub countnstop3
'gosub stopmotor
'‘pause 1000
'return

fwd:
HPWM 1,50,530
MRCCW1=0
MRCWI1=1
HPWM 2,50,550
MRCCW2=1
MRCW2=0



gosub countnstop
gosub stopmotor
pause 1000

RETURN

'fwdl:

L]
1
¥
'
¥
t
¥
¥
¥

HPWM 1,55,500
MRCCW1=0
MRCW1=1
HPWM 2,53,520
MRCCW2=1
MRCW2=0

gosub countnstop?
gosub stopmotor
pause 1000

stopmotor:

MRCCW1=0
MRCW1=0
MRCCW2=0
MRCW2=0

RETURN

bwd:

HPWM 1,50,500
MRCCW1=1
MRCW1=0
HPWM 2,50,530
MRCCW2=0
MRCW2=1

gosub countnstop2
gosub stopmotor
pause 1000

return

bwdl:

HPWM 1,50,500
MRCCW1=1
MRCW1=0
HPWM 2,50,500
MRCCW2=0
MRCW2=1

gosub countnstop5

gosub stopmotor
pause 1000

return
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right:

HPWM 1,50,500
MRCCW1=1
MRCWI1=0
HPWM 2,50,540
MRCCW2=]
MRCW2=0
gosub countnstopl
gosub stopmotor
pause 1000
return

'right1:

'HPWM 1,50,500
'MRCCW1=1
'MRCW1=0
'HPWM 2,50,500
'MRCCW2=1
'MRCW2=0
'gosub countnstop6
'gosub stopmotor
'pause 1000
'return
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'SUBROUTINE COUNTNSTOP PROGRAM
countnstop: 'step by step forward

distance=121
stat=0
counter=0

while distance>counter
if portin=1 then

stat=1
endif

if stat=1 and portin=0 then
counter=counter+1

stat=0
endif
wend
gosub stopmotor
return

countnstopl:  'step by step right and left

distance=95
stat=0
counter=0



while distance>counter
if portin=1 then
stat=1
endif
if stat=1 and portin=0 then
counter=counter+1
stat=0
endif
wend
gosub stopmotor
return

countnstop2: 'step by step backward
distance=121
stat=0
counter=0
while distance>counter
if portin=1 then
stat=1
endif
if stat=1 and portin=0 then
counter=counter+1
stat=0
endif
wend
gosub stopmotor
return

'countnstop3: 'step by step uturn
' distance=195
' stat=0
' counter=0
' while distance>counter
! if portin=1 then
! stat=1
! endif
! if stat=1 and portin=0 then
! counter=counter+1
! stat=0
endif
wend
gosub stopmotor

countnstop4:  'step by step right and left
distance=80
stat=0
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counter=0
while distance>counter
if portin=1 then
stat=1
endif
if stat=1 and portin=0 then
counter=counter+1
stat=0
endif
wend
gosub stopmotor

return

countnstopS:  'step by step backward a little

distance=46
stat=0
counter=0
while distance>counter
if portin=1 then
stat=1
endif
if stat=1 and portin=0 then
counter=counter+1
stat=0
endif
wend
gosub stopmotor

return

‘countnstop6:  'step by step left & right a little

¥
1
?
?
t
¥

- - - -

- - -

distance=10
stat=0
counter=0
while distance>counter
if portin=1 then
stat=1
endif
if stat=1 and portin=0 then
counter=counter+1
stat=0
endif
wend
gosub stopmotor

returmn

'countnstop7:  'step by step left & right a little

?

distance=190
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' stat=0

' counter=0

' while distance>counter
' if portin=1 then

' stat=1

' endif

' if stat=1 and portin=0 then
! counter=counter+1
! stat=0

' endif

' wend

gosub stopmotor
‘return
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