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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, lea 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 I 

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 HCl 1 microcontroller as 

the brain of the robot which is only based on the instruction programming to find its 
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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 de 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 de 

motor and infrared sensor that needs to operate under Maze Mapper Robot control 

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



4 

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. 
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1.5. Main Project 

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. 
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CHAPTER2 

LITERATURE REVIEW 

2.1. Introduction 

Before any development can talce 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. 
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2.2 Microeontroller 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 any 

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 [l]. 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 68HC11 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 5 ports available on the chip, the number of 1/0 pins is 

no longer a constraint. There is abundantly 1/0 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 de 

motors and motor driver. The using of PIC microcontroller than the MC68HC 11 

microcontroller have some advantages and disadvantages which is: 
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Advantages of Pies: 

• Many on-board periferals such as: system clock, ADC, EEPROM, timers, 

PWM and comparators. 

• VERYcheap 

• Easily available 

• Easy to use 

• Very small models available (Less than lmm height, although the DIPs that 

used to practice are normal DIP size) 

Disadvantages: 

• No inbuilt FPU (but they can do IEEE floating point, all the C compilers 

know the algorithms) 

• Not much RAM (can use external though) 

• Slow ( 40MHz for the 18 range, 20MHz for the 16, so more than enough 

speed for basic control applications though) 
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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 [I]. 

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 [I]. 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: I gear ratio to lower speed 939: l 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 [I]. 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 [I]. 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 rat 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. This 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 de 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. IR 

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: 
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IR sensor US sensor 

non-linear able to measure the robot-obstacle 

distance with better prec1s1on 

from 1 or 2cm to 5-6 meters. 

( longer range) 

reflected light quality depends on Small objects can be detected 

the surface quality and environment 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 m can be used outside m bright 

robotics 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 
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Figure 2.4.1: The direction of the sensor detection 

Figure 2.4.2: Maze map location 
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0 

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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CHAPTER3 

METHODOLOGY 

3.1 Introduction 

In this projec~ 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 

n. Electronic Circuit Design 
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3.1.2 Mechanical Design 

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 de 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. 

r.- -... 1 l °P ~H · - • oU 'll' 

I 

CIRClTI DHGR\..'I ~LUE ~L.u>P.ER ROBOT. ~ --- ~~· --·--- I • , .. ~ ..,... r- -
- <:::: I 3 t-

Figure 3.1.3: Schematic Diagram For Maze Mapper Robot 
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3.1.4 Firmware Design 

For the programming I firmware of the robo~ 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 PICkit is used. These figures shows the Microcode studio software 

and PICkit software. 
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i M1cr0Code Studio PICBASIC PRO (HPWM.pbp) i_~)~I~ 
Fie Ect: ....... Project Hel:> 

D ~ 
l1emso ~I 

Uxle Exploror 

indJdos 
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(2) OS< 
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Ill lfDO 

IQ swo 
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(!) MAIN 

COM3 

U TESTMOTOR2 U SERVO MOTOR NGN LED .J TESTll.IN( tJ GABLHGMOTOR W DCl£D ' lf'WM 

N=>e 

Author 
Notice 

UNTITLED. BAS 

{select VIl!.ril ... EDITOR OPTIONS} 

'* 
Copyright (c) 2008 {select VIP.Iii . .. P.DITOR OPTIONS] * 
A.11 Rights Reserved 

Dc1te 11/20/2008 
Version 1. 0 
Notes 

DEFXD oac 8 
DEFXD CCPl._Rl!G 
DEFXD CCPl._BJ:T 
DEFXD CCP2_Rl!G 
DEFIR CCP2_BJ:T 
LEDO VllR PORTA . 0 
SWO VllR PORTC . 0 
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2 
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l. 

Plmf LEDO,l.27,1000 

GOTO MAJ:N 

Figure 3.1.4 (a): Microcode Studio Software 
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, ... , PICkit 2 Programmer G] C8:) 

Device Configuration 
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Checksum: 0000 
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-J0020 
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12.s 
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+ l.1./11te Device 

Read Device+ 
Export He~: File 

I PICkit,. 2 

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 r 
(PROGRAMMING) 

• 

Figure 3.2.1: Block diagram of the robot 

INTERFACE 
(PROGRAMMING) 

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 de 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 HCl 1. 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 GP2D120XJOOF 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 

prouramming 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. 

(a) (b) 

(c) (d) 

Figure 3.4: The maze mapper robot (a) front; (b) side; (c) above; (d) Isometric 
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CHAPTER4 

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: 

1. Size of map 5 block x 5 block 

u. Each block have size 40cm x 45c0 
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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: 

5 4 5 4 

4 3 4 3 4 

3 2 3 2 3 

2 3 4 3 2 

4 5 4 1 

IN 

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 Sensor I 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 Expr 1 {, 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=O 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: 



size distance in 1 pulse = size of circu~fe7n~e o: a wheel 
1 eye eo w ee 

. d' . 1 l 25cm size istance in pu se = --
114 

size distance in 1 pulse = 0.22cm 
cm 0.22cm 

distance 1 

distance 1 l th f l bl k = x eng o oc 
cm 0.22cm 

distance 
cm 

1 x45cm 
o.22cm 

distance . --- = 205 distance per cm 
cm 

4.3.4 Initializing Sensor 
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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. 
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Front 

Figure 4.3.4: Sensors position 



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: 

ADCONl =%00000000 

IRl: 

ADCIN 0, SENSORl 

IF SENSOR1>26 THEN 

status sensor.0=1 'sensor 1 active 

END IF 

RETURN 

IR2: 

ADCIN l,SENSOR2 

IF SENSOR2>60 THEN 

status sensor.1=1 'sensor 2 active 

END IF 

RETURN 

IR3: 

ADCIN 2,SENSOR3 

IF SENSOR3>26 THEN 

status sensor.2=1 'sensor 3 active 

END IF 

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, de 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 de motor. To 

solve the problem, fuse 5amp 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. 

Figure 4.4 (a): Circuit of Maze Mapper Robot 

sensors 

12V 
power 
supply 
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Figure 4.4 (b): Circuit of DC Motor Driver 
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4.4.1 IR sensor 

The sensors range between 0.25V to 2.55V. For this project the mlllllllum 

detection with the wall is the l .18V and the max range detection with the wall is 0.51 V. 

Figure 4.4.l(a): Wave of Sensor Using Oscilloscope 

O.SlV O.SlV 

.. --

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 aligmnent 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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4.6 Path of Maze Map Algorithm 

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 tum left rather than going for the other 3 choices. This 

figures below shows the 6 path of the map. 

-1'\ lo eo ~ -> --

c61rr= -1 

I ~I T junction 

- -
I le 00 ~-~ ~-. 

~ L------....-~ 

EJ ur-= -l Right junction I 

I I lo oe 
• 

~1 Left junction I " --:::::_-- -·--::i ~ 

2Jl1 
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Figure 4.6: Types of Path Maze Map 
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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. 



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. 
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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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CHAPTERS 

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. 

1. The microcontroller works well with the sensor and the motor. 

ii. The are two power supply, each for PIC18F4550 and motor. 

iii. The motor controller works well with the motor driver MD30A. 

1v. 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. 



vi. Microcode studio, MPlab and PIC kit v2.55 are used for software 

development. 

47 

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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5.2.2 Problems Encountered During PSM 2 

This table shows the problem encountered during PSM 2 and the 

solution: 

Problem Solution 

One of the sensor blow. Can't detect the change new sensor 

range. 

Voltage regulator LM7805 exceed more change the voltage regulator 

than Sv when measured by using 

multimeter. 

Coding for test sensor and de 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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5.3.2 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. 

5.3.1 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 robo4 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 

5.4.1 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 2.25 4.50 

Voltage Regulator LM 7805 C 2 1.80 3.60 

Capacitor 1 OµF 2 1.00 2.00 

Capacitor 1 OOµF 2 1.20 2.40 

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 
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BODY COMPONENTS 

Component Quantity Unit price (RM) Amount(RM) 

Driver Motor MD30A 2 135.00 270.00 

Fulhaber De Miromotor with encoder 2 300 600 

IR sensor 3 65.00 195.00 

De 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 

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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APPENDIX A 

DATASHEET 



~ 
MICROCHIP 

PIC18F2455/2550/4455/4550 
Data Sheet 

28/40/44-Pin High-Performance., 
Enhanced Flash lJSB Microcontrollers 

\Vith nano Watt Technology 
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MICROCHIP PIC 18F2455/2550/4455/4550 
28/40/44-Pin High-Perfo1·manct>. Enhanced Flash rSB 

llinocontrnllen with nano\Yatt Tedmology 

umversa1 senal t::1us ~eatures: 
• USB V2.0 Compliant 
• Low Speed ( 1.5 Mbls) and Ful! Speed (12 Mbfs) 
• Suppons Control. Interrupt, lsochrooous and Bulk 

Transfers 
• Suppons upto32 endpoints{16 bi~nal) 
• 1-Kbyte dual access RAM tor usa 
• On-chip USB lransceiver with on-chip volta9e 

regulator 
• lnteria<le tor off-chip use transceiver 
• Streaming Parallel Pert {SPP) for USB streaming 

transferr. (40144-p:n devices only) 

Power-Managed Modes: 
• Run: CPU on. peripherals on 
• Idle· CPU off. peripherals on 
• Sleep: CPU off.~ alf 
• Idle mode currents down to 5.8 µA typica 
• Sleep mode CUrTe111S dowTl to 0. 1 µA typ<cal 
• 11mer1 osc£3tor: 1. t µA typical, 32 kHz. 2V 
• Watchdog Timer: 2. I µA typical 
• Two-Speed Oscllator Start~ 

Flexible Oscillator Structure: 
• Four Crystal modes includng High Precisi<Jn PLL 

forUSB 
• Two Extema! Clock modes. up to 48 MHz 
• lnterro! 05Cillator block: 

- S user-5electlble ~ncies. from 
3HHzto8MHz 

- User-runable to compenS;Jte ror Rqueflcy drift 
• Seoond;Jry oscillator using Timer1 @32 kHz 
• Dual oscillator op:ions ;1llow miaooon!Toller and 

USB module 10 run at dilfe<@nt clock speeas 
• F.:i!l-S.lfe Clocl: Monitor 

- Mows for S;Jfe shut<icMn if 3lt'f dock stops 

~Mlmory Data Memory 

Dmce ~ • SlllglHl'Clnl SRAM EEPROM 
tbY'Wl ln8lrucbofl8 !l>YIMJ (llyl.eal 

PIC1SF2•~· 24K j ·J- 2048 256 
PIC18F2!1..q 32K 16334 2048 256 
PIC18F~ 24K 1z.m<O 2046 256 
P1C18F4S."l 32K 16334 2046 256 

"° 
24 
24 
:35 
:35 

Peripheral t11gn11gnts: 

• HqK:urrent sink/source 25 mAl25 nvi. 
• 1hfE<e external intemipts 
• Four Timer modules (TimerO to Timer3) 

Up to 2 Capture/Comp;n/PWM (CCP) mod!Jes 
-~ is 16-bit. max. resd<JOOn 6.25 ns {Tcy/161 
- Corrp;Jre is 16-brt. m:!l< IHOU!ion 100 ns {Tcv) 
- PWM OldpUt: PWM resolution is 1 to 10-b~ 

• Enha-lced Capture.ICorrpareJPWM (ECCP) module: 
- Mlllipll! ~modes 
- Select1llle pd.Yity 
-~~tme 
- Aub>Shutlown and ~esDrt 

• Enhanced USART module: 
- UN bus suppon 

• Master Synctronous Serial Port (MSSP) mod!Je 
suppooing 3-wire SP!"' (all 4 modes) and 12C""' 
Master and Slave modes 

• 10-tit up to 13-chamels Analog-ID-OVQ! Converter 
modlJe {AID) wi1h ~rml3ble acqulSition time 

• Dual analog comparators wllh in,pu1 muhiplex!f19 

Special Microcontroller Features: 
• c compiler optmized architecture w!lh OJJtional 

extended n~lruction set 
• 100.000 erase/write cyc:E Enhanced Flash 

program memory typ>cal 
• 1.000.000 eras./wr>te cycle Data EEPROM 

mernoiy typic3I 
• Aasru'Dab EEPROM Retention > 4D )'ears 
• Self?OQr3mmable under software control 
• Priority leYels for :ntenuplS 
• B x S Single-Cycle Hardwze Multplier 
• Extended Watchdog Tmer (WOT): 

- Proganvnable period from 41 ms to 13 ls 
• Programmable Code Pl'tllleelion 
• Single-Supply 5V In-Circuit Serial 

Programming.,,. \ICSP"') via two pins 
• ln-Cirw-t Debug \ICD) via two pins 
• Op!ional dedicated IC0!1CSP pen (44-J>On devees only) 

Wede operating voltage r.1f!9e (2.0V to 5.5V) 

Mf.SP Ii s 
1o-blt CCPIECCP SPP ~ j TI!1llnl 

AID (ch) (P-) SPJ- Maal« J 811C-blt 
t%c- ~ 

10 2.1'.l No y y 1 2 1/3 

10 2.1'.l No y y 1 2 1!"3 
13 111 YE6 y y 1 2 1.'3 
13 111 YE6 y y 1 2 1,0 
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40-PinPOIP 

s 

' 10 
11 

v~~ _.,. 12 
O&C1.'CU(I - 13 

CIGC:l.'Ci.KO.'RJ\i 14 
RClllTIOG0.'T1J.O<l - 15 

RC1.IT106L•CCP::t•l.\iOE - 16 
17 

00396326-page 2 Preliminary 

- RB7.!(6!3'PGO 
-RKGl2o'POC 
- R&S.'K&11i'PQM 
- RB4iAN1~.'Klln-CSSPP 
- RS.liANS.'CCP:?ttl.l'VPQ 
- R82lAN&'M2'VMO 
- RB1•AN10.'M1.'.SCK."SCL 

- REG'l\N121!N1U""-TDiSO!!SOA 
-vcc 
...._v!;:. 
..__. RD!.1$PP71P10 

- RD6.\SPP6'P1C 
- RDS.\SPP5.P18 
- R04.~PP4 
- RC7.'RXIOT.'SDO 

-- RC6!TXICK 
- RC!S.O+NP 
-RC<!O·"-'M 
-RDl.\SPP3 

:!1 .._.... RD~'SPP2 
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PIC18F2455/2550/4455/4550 

TABLE 1-1: DEVICE FEATURES 

Features PIC18F2A55 PIC1!1F2S50 PIC18F4455 PIC18F4550 

Operating Frequeicy DC-48MHz DC-48MHz OC-48 MHz DC-48MHz 

Program Memoiy (Bytes) 24576 32768 24576 32768 

Program Memoiy (Instructions) 12288 16384 122SS 16384 

0.113 Memory (Byte!./ 2048 2048 2048 2048 
0.113 EEPROM Memory (B)'les) 256 256 256 256 

Interrupt Sources 19 19 20 20 
1/0 Port!. Ports A, S, C. iEl Ports A. B. C, (E) PomA. B. C. D. E Ports A. S, C. D. E 

TifllffS 4 4 4 4 

CaprurelCompare/PWM Modules 2 2 1 1 
Enhanced Capture! 0 0 1 1 
Compare!PWM Modules 

SerialComrnurncati<lns MSSP, MSSP, MSSP, MSSP. 
Enhanced USART Enhanced USART Enh.lnced USART Enhanced USART 

Universal Sena! Bus (USB l , 1 1 I 
Module 
Slreaming Parallel Port (SPP) No No Yes Yes 

10-bit Analog-to-Oigilal Module 10 Input Channels 10 Input Channels 13 Input Channels 13 Input Channels 

c~ 2 2 2 2 

RMets (and Delays) POR,BOR. POR. BOR. PORBOR. POR.BOR. 
11;;:;;1r. Instruction. llE£1r. lns1ruclion, R<:£ ir. lnsttuction. HESirr lnsttuction. 

SbckFuU. Stack Full. Stack Full. Slacir; Full, 
Stack Underflow Sl3ck Under!low Stack Underflow Sbd Underflow 
(PWRT. OST). (PWRT, OST), ~T.OST), (PWRT, OST). 

MCLR (optl<lnall. MCLR (opt:<>na!). MCLR (opt<00al}. MCLR (optional!. 
WOT WOT WOT WOT 

Progranvnable Low-Voltage Yes Yes Yes Yes 
Dele<:t 
Programmable Brown-<>ut Reset Yes Yes Yes Yes 

Instruction Set 75 lnsttu<:toons: 75 Instructions: 75 !nstruct:<>ns; 75 lns11Udions: 
B3 Wlth Extended B3 with Extended 83 Wlth Extended S3 with Extended 
lnslrudion Set lnslruction Set Instruction Set lnstructl()n Set 

enabled enabled enabled enabie<i 
Packages 28-pin PDIP 28-pinPDIP 40-pin PDIP 40-p'n PD!P 

28-pin SOIC 28-pin SOIC 44-pinOFN 44-p111QFN 
44-pin TQFP 44-pin TOFP 



FIGURE1-2: PIC18F"55/4550 440/U-PIN) BLOCK DIAGRAM 
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Note 1: AEJI -~ .... "'rt~ w~ iiCiJi' ~ ~ on~ :f"la'abte •Den ft iiCLR RHR: 3'2 ::l~ilbed. 

RGQ."T'10SOtT13CKI 
Rc1.'T1os .. cc.,:.""'VOE 
RC2.'CCP1,'1="11\ 
RC4it>-,, ..... 
RCSiO+l\"P 

'.; RCEil'!"X'CK 
RCMIX.tmsoo 

ln'T~..1:1'!Rm·l\NSICK1SPf> 
RE1·Ml6ICICSl'P 
RE:.Ml7•0ESPP 

I U...1..1+---!5".IMCiitv•.,..-.a'" 

1.:: osc \JCL.K! and OSCl.iClKO ~ Qn<'j IY31~ ft :.e!ttl v..ci;IMar --Ode~ at'4 fJJl!"en ~e ~ .Jl'e not be'ng u:ecs z '3;ta L'O. Ader' 
1e1.-n2.o_c_ul'llllois•v-1_.._ 

:I: Tteoe l'l'e ..,. <riY ""alaboe «" 44"i!I'> TQOF' 11\d!r certan a>tultans. -fl> hGllon 26.t •&peolal ICPORT- (llooclomBd 
P--OfttTJ' lorl!Od- ..,.,......_. 

4: A9l·:1ttie-ate1r;:Rp:r<ftlr"CCP.:J"'"'o~lel~ 
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PIC 1Sf2455/2550/4455/4550 

TABLE 1-3: PIC18F445S/4550PINOUT110 DESCRIPTIONS 
Pin Number Pin Buffer 

Pin tbme 
Type Type 

Description 
POIP QFN TQFP 

MCLRNP?IRE3 1 18 18 Master Clear (input) or programming voltage (input). 
MCLR I ST Master Clear (Reset) input. This pin i:s an 

active-low Reset tc the device. 
VPP p Programming voltage input. 
RE3 I ST Digital input. 

OSC11CLKl 13 32 30 O:scillator ciystal or external clod input. 

OSCI I Analog Oscillator crystal input or external clock source input. 
CLKI I Analog External clock souroe input. Always associated wi1h 

pinfunctionOSC1. (See0SC2JCU<O pins.) 

OSC2/CLKOIRA6 14 33 31 O:scmator ciystal or clock output. 
OSC2 0 - Oscillator crystal output. Connects to crystal or 

resonator in Crystal Oscillator mode. 

CLKO 0 - In RC m~. OSC2 pin o~ CLKO which h3s 114 
the frequency of OSC 1 and denotes the instruction 
cycie rate. 

RA6 110 TTL General purpose UO pin. 

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

Note 1: 

2: 
3: 

ST = Schmitt Trigger input with CMOS levels 
0 =Output 

1 =Input 
P =Power 

Alternate assignment for CCP2 when CCP2MX configuration bit is cleared. 

Default assignment for CCP2 when CCP2MX configur .ation bit is set. 

These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS. the pin is No 
Connect unless ICPRT is set and the DEBUG configuration bit is cleared. 
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PIC 18F2455/2550/4455/4550 

TABLE 1-3: PIC18F4455/4550 PINOUT 1/0 DESCRIPTIONS (CONTINUED) 
Pin Number Pin Butfe.r 

Pin Name 
Type Type 

Description 
PDIP QFN TQFP 

PORTA is a bidirectional 1/0 port. 

RAO/ANO 2 HI 1Q 
RAO 110 TTL Digital 110. 
ANO I Analog Analog input 0. 

RA1/AN1 3 20 20 
RA1 110 TTL Digital 110. 
AN1 I Analog Analog input 1. 

RA2/AN2NREF-i 4 21 21 
CVREF 

RA2 110 TTL Digital 110. 
AN2 I Analog Analog input 2. 
VREF- I Analog AID reference voltage (low) input. 
CVREF 0 Analog Analog comparator reference output. 

RA3/AN31VREF+ 5 22 22 
RA3 110 TTL Digital 110. 
AN3 I Analog Analog input 3. 
VREF+ I Analog AID reference voltage (high) input 

RA4frOCKl/C 1 OUTi 6 23 23 
RCV 

RA4 110 ST Digital 110. 
TOCKI I ST TimerO external dock input. 
C10UT 0 - Comparator 1 output. 
RCV I TTL External USS transceiver RCV input. 

RA5/AN4!SSI 7 24 24 
HLVDINJC20UT 

RA5 110 TTL Digital 110. 
AN4 I Analog Analog input4. 
Ss I TTL SPI"' slave select input. 
HLVDIN I Analog High/low-Voltage Detect input. 
C20UT 0 - Comparator 2 output. 

RA6 - - - - - See the OSC2iCLKO/RA6 pin. 

Legend: TTL =TTL compatible input CMOS= CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels I = Input 
0 = Output P = Power 

Note 1: Alternate 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 NC!ICPORTS. the pin is No 
Connect unless ICPRT is set and the DEBUG configuration bit is cleared. 
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P IC 18F2455/2550/4455/4550 

TABLE 1-3: PIC18F4455/4550PINOUT1/0 DESCRIPTIONS (CONTINUED) 
Pin Number Pin Buffer 

Pin Name 
Type Type 

Description 
PDIP QFN TQFP 

PORTS is a bidirectional 110 port. PORTS can be 

zoftware programme-;! for internal weak pull-ui» on au 
inputs. 

RBOIAN 1211 NTO/ 33 9 8 
FLTO/SOllSDA 

RBO 1/0 TTL Digital 110. 
AN12 I Analog Analog input 12. 
INTO I ST Ext@mal interrupt 0. 
FLTO I ST Enhanced PWM Fault input (ECCP1 module). 
SDI l ST SPI"' data in. 

SDA 110 ST 12c ..... data 110. 

RB 1IAN1011 NT i/SCK/ 34 10 9 
SCL 

RBl llO TTL DigiUI 1/0. 
AN10 I Analog Analog input 10. 
INT1 I ST External interrupt 1 . 
SCK 110 ST Synchronous §.@rial clock input/output for SPI mod@. 
SCL 110 ST Synchronous serial clock input/output fo.-12c mode. 

R821AN8/INT2NMO 35 11 10 
RB2 1/0 TTL Digital 110. 
ANS I Analog Analog input 8. 
INT2 I ST External interrupt 2. 
VMO 0 - Extem.11 USB tr3MMiver VMO output. 

R83/AN91CCP2NPO 36 12 11 
RB3 l/O TTL Digit.11110. 
ANO I Analog Analog input 0. 
ccp2<11 110 ST Capture 2 inplft/Compa.re 2 output/PWM 2 output. 
VPO 0 - External USB transceiver VPO output. 

RB4/AN 11 IKBIO/CSSPP 37 14 14 
RB4 1/0 TTL Digital llO. 

AN11 I Analog Analog input 11 . 
KBIO I TTL Interrupt-on-change pin. 
CSSPP 0 - SPP chip select control output. 

RB51KBI 1/PGM 38 15 15 

R85 liO TTL Digital 1/0. 
K811 I TTL Interrupt-on-change pin. 
PGM 110 ST low-Voltage !CSP"" Programming enable pin. 

RB61KBl2lf>GC 39 16 16 
RB6 110 TTL Digital 1/0. 
KBl2 I TTL Interrupt-on-change pin. 
PGC l/O ST In-Circuit Debugger and ICSP programming clock pin. 

RB71KBl31PGD 40 17 17 
RB7 1/0 TTL Digital 110. 
KBl3 I TTL Interrupt-on-change pin. 
PGD 110 ST In-Circuit Debugger and ICSP programming data pin. 

Legend: TIL ~TTL eomp.11tible input CMOS ~ CMOS eomp.1tibl~ input or output 
ST =Schmitt Trigger input with CMOS levels I =In put 
0 = Output P = Power 

Note f: Alternate assignment for CCP2 when CCP2MX configuration bit is cle.ared. 

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

3: These pins are No Connect unless the~ oonfiguration b-it is set. For NC/ICPORTS. the pin is No 
Connect unless ICPRT is set and the DEBUG configuration bit is cleared. 
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PIC 18F2455/2550/4455/4550 

TABLE 1-3: PIC18F4455/4550 PINOUT 110 DESCRIPTIONS (CONTINUED) 
Pin Number Pin Buffer Pin Name 

Type Type 
Description 

POIP QFN TQFP 

PORTC is a bidirectional 110 port 

RCOIT10SO!T13CKI 15 34 32 
RCO 110 ST Digital 110. 
T10SO 0 - Timer1 oscillator output. 
T13CKI I ST Timer1/Timer3 external clock input. 

RC11T10SllCCP21 16 35 35 
UOE 

RC1 110 ST Digital 110. 
T10SI I CMOS Timer1 oscillator input. 
CCP2121 110 ST Capture 2 inputtCompare 2 output/PWM 2 output. 
UOE 0 - External USS transceiver OE output. 

RC2/CCP11P1A 17 36 36 
RC2 110 ST Digital 110. 
CCP1 110 ST Capture 1 inputtCompare 1 output/PWM 1 output. 
P1A 0 TTL Enhanced CCP1 PWM output, channel A. 

RC4/0-NM 23 42 42 
RC4 I TTL Digital input. 
D- 110 - USB differential minus line (inputloutput}. 
VM I TTL External USB transceiver VM input. 

RC510+NP 24 43 43 
RC5 I TTL Digital input. 
D+ 110 - USB differential plus line (input/output). 
VP I TTL External USS transceiver VP input 

RC6/TXJCK 25 44 44 
RC6 110 ST Digital 110. 
TX 0 - EUSART asynchronous transmit. 
CK 110 ST EUSART synchronous clock (see RXIDT}. 

RC71RX/DTISDO 26 1 1 
RC7 110 ST Digital 110. 
RX I ST EUSART asynchronous receive. 
OT 110 ST EUSART synchronous data (see TX/CK}. 
soo 0 - SPI"' data out. 

Legend: TTL =TTL compatible input CMOS =CMOS compatible input or output 
ST = Schmit1 Trigger input with CMOS levels I = Input 
0 =Output P = Power 

Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cieared. 

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. !he pin is No 
Connect unless ICPRT is set and the DEBUG configuration bit is cleared. 
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PIC 18F2455/2550/4455/4550 

TABLE 1-3: PIC18F4455/4550PINOUT1/0 DESCRIPTIONS (CONTINUED) 
Pin Number Pin Buffel'" 

Pin Name 
Type Type 

Description 
PDIP QFN TQFP 

PORTO is a bidirectional 110 port or a Streaming 
Parallel Port (SPP)_ These pins have TTL input buffers 
when the SPP module is enabled_ 

RDOISPPO 19 38 38 
RDO 1/0 ST Digital 110. 
SPPO 110 TTL Streaming Parallel Port data. 

RD1iSPP1 20 39 39 
ROI liO ST Digital 110. 
SPP1 1/0 TTL Streaming Parallel Port data. 

RD2/SPP2 21 40 40 
RD2 1/0 ST Digital 1/0. 
SPP2 1/0 TTL Streaming Parallel Port data. 

RD3/SPP3 22 41 41 
RD3 110 ST Digital 1/0. 
SPP3 110 TTL Streaming Parallel Port data. 

RD41SPP4 27 2 2 
RD4 1/0 ST Digital 110. 
SPP4 1/0 TTL Streaming Parallel Port data. 

RD5JSPP5/P 1 B 28 3 3 
R05 110 ST Digital 1/0. 
SPP5 110 TTL Streaming Parallel Port data. 
P1B 0 - Enhanced CCP 1 PWM output. channel B. 

RD6/SPP6/P 1 C 29 4 4 
RD6 110 ST Digital 110. 
SPP6 110 TTL Streaming Parallel Port data_ 
PIC 0 - Enhanced CCP1 PWM output. channel C. 

RD7/SPP7!P1D 30 5 5 
RD7 110 ST Digital 1/0. 
SPP7 1/0 TTL Streaming Parallel Port data. 
PlD 0 - Enhanced CCP1 PWM output. channel D. 

Legend: TTL = TTL compatible inp\JI CMOS = CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels 
0 =Output 

I =Input 
P =Power 

Note 1: 

2: 
3: 

Alternate assignment for CCP2 when CCP2MX configuration bit is cleared_ 

Default assignment for CCP2 when CCP2MX configuration bit is set. 

These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS. the pin is No 
Connect unless ICPRT is set and the DEBUG configuration bit is cleared. 
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PIC 18F2455/2550/4455/4550 

TABLE 1-3: PIC18F4455f455-0 PINOUT 110 DESCRIPTIONS (CONTINUED) 
Pin Number Pin Buffer 

Pin Name Description 
PDIP QFN TQFP Type Type 

PORTE is a bidirectional 1/0 port. 

REO/AN5/CK 1 SPP 8 25 25 
RED 110 ST Oigit.31110. 
AN5 I Analog Analog input 5. 
CK1SPP 0 - SPP clock 1 output. 

RE l!AN6/CK2SPP 9 26 26 
RE1 110 ST Disital 110. 

AN6 I Analog Analog input 16. 
CK2SPP 0 - SPP clock 2 output. 

RE2/AN7fOESPP 10 27 27 
RE2 110 ST Digital 110. 
AN7 I Analog Analog input 7. 
OESPP 0 - SPP output enable output. 

RE3 - - - - - See MCLRNPP!RE3 pin. 

VOS 12. 31 6,30. 6. 29 p - Ground ret.?rence for logic and 110 pins. 

31 

VDD 11. 32 1. a. 7.28 p - Positive supply for logic and 110 pins. 
28.29 

vu re 18 37 37 0 - Internal USB 3.3V voltage regulator output. 

NC/ICCK/ICPGC - - 12 No Connect or dedicated ICOllCSP"" pon clock. Pl 
ICCK l/O ST In-Circuit De-bugger clock. 
ICPGC VO ST ICSP programming clock. 

NCllCOT/ICPGD - - 13 No Connect or dedicated ICDllCSP port clock_(3) 

lCDT VO ST ln-Cireuit D~bugg~r d.'ib. 
ICPGD 110 ST ICSP programming data. 

NC/ICRSTllCVPP - - 33 No Connect or dedicated ICO/ICSP port Reset.131 ---
ICRST I - Master Clear (Reset) input. 
ICVPP p - Programming voltage input 

NC/IC PORTS - - 34 p - No Connect or 28-pin device emulationY'' 
lCPORTS Enable 28-pin device emulalion when connected 

toVO;S. 

NC - 13 - - - No Conneci. 

Legend: TTL =TTL compatible input Ct.10S = CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels 

O •Output 
I =Input 

P •Power 
Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cl-eared. 

2: Default assignment for CCP2 when CCP2MX configuration bit is~-

3: These pins are No Connect unless the ICP RT confi,guration bit is set. For NCJICPORTS, the pin is No 
Connect unless tCPRT is set and the DEBUG configuralion bit is cleared. 
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Transmotec Planetary Gear DC Mot!m 1W - 40W General Catalogue 

PD3046 GEARED MOTOR SERIES 12 AND 24V TYPE 
Brush commutator planetary de gear motors with strong metal gears of straight 
type manufactured by milling machine process. Only the motor shaft 
gear pinion is made of bakelite for noise reduction purpose. The output sh.!ft 
is made in hardened stainless steel and has a ball bearing output as standard. 
This is mark~ as a B in the part description. For electric noise suppression 
the de motors have as standard and if available integral filters as either with 
varistor and I or capacitor. This is mafiled as a F in the part description. 
There are options for encoder assembly and special adaptations. All motors 
are produced under strict high quality production standards and are tested and 
inspected prior to delivery. 

MODEL NO DESIGNATIONS 

~-~-~-0-9 
8 - !!air 1>eam9J 
f - Fl!ter 

·~·!cl 
Le-co.er 

E •Encoder 
~: PDlCM&-~2--~FEC 

GEAR HEAD DATA 

• Ball bearing • Axial load :S 2.5kg 

• Planetary ~ar • P~ss fit max. s_ lDkg 
• Backslash at no load~2.5 • • Radial play$ O.G4mm 
• Radi31 (IOmm from ft~)loaci.S.35kg) • Thrust play.!:. 0.3mm 
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MOTOR FEATURES 

• Precious mo!lal brush oommub!or de moto<s 

• Gears in steel manufacnwd by milling process 

• Sall beanng supported gear sli;Jft if (8) 

• !ntegralieo electrc noise suppression iiter if (Fj 

• Custom aclapblions a~ possible 

• Encoder version is a11ail3ble 

• Operating temp. range -10-. +60 'C 
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Transmotec 
ENCODER VERSIONS FOR PD, SD aid SOC MOTOR SER E3 
Er1t,;JU~1~ .:u~ .av..:ildlil~ fu dlt '-U' Vj.J11tt .. ~11y •nd ?a.1u1 Ui; y:~:u n ul.-u1:io 
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ENCODER FEATIJRfS 
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tt:Jl•lational Semii:vndu<.·tor 

LM78XX Series Voltage Regulators 
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PBPFORMAT 

'**************************************************************** 
'* Name : MAZE MAPPER ROBOT.BAS * 
'* Author : [MOHD HASNAN BIN NORDIN (ED07001) (4BEC)] 
'* Notice : Copyright (c) 2009 [select VIEW ... EDITOR OPTIONS]* 
'* : All Rights Reserved * 
'* Date : 11112/2009 * 
'* Version : 1.0 
'* Notes : 
'* * 

* 
* 

* 

'**************************************************************** 
define osc 8 
'***************************DEFINITION ************************** 
'defenition 
DEFINE CCPl _REG PORTC ' Hpwm 1 pin port 
DEFINE CCPl _BIT 2 ' Hpwm 1 pin bit 
DEFINE CCP2 _REG PORTC ' Hpwm 2 pin port 
DEFINE CCP2 _BIT 1 ' 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 (re= 3) 
DEFINE ADC_SAMPLEUS 50 'Set sampling time in microseconds 
MWPWMl VAR PORTC.2 'PWM MOTOR l 
MWPWM2VARPORTC.l 'PWMMOTOR2 
MRCWl VAR PORTD.4 
MRCCWl VAR PORTD.5 
MRCW2 VAR PORTD.6 
MRCCW2 VAR PORTD.7 
TRISD.4=0 
TRISD.5=0 
TRISD.6=0 
TRISD.7=0 
TRISA.2=1 
TRISA.l=l 
TRISA.O=l 
ADCONI =%00000000 
SENSOR! VAR BYTE 
SENSOR2 VAR BYTE 
SENSOR3 VAR BYTE 

'MOTOR RIGHT DRIVE 

'MOTOR LEFT DRIVE 

'right sensor 
'middle sensor 
'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 'O - 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.O 
input portin 

HPWM 1,50,500 
HPWM 2,50,500 
i=O 
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'***************************MAIN PROGRAMMING********************** 
'MAIN PROGRAM 
MAIN: 

status sensor=O 

GOSUBIRl 
GOSUBIR2 
GOSUB IR3 

'JUMP TO IRl SUBOUTINE 
'JUMP TO IR2 SUBROUTINE 
'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 

'***************************start of junction saving************************* 

case 4 's3 detect 
junction=i 
junction_ case=4 
gosub bwdl 'go straight 
gosub left 'turn left 

right left & forward 

pause 2000 'delay for 1 second 
gosub fwd 'go straight 
gosub bwdl 'go straight 
i=i+l 
pause 2000 

case 2 's2 detect 
junction=i 
junction_ Case=2 
gosub bwdl 'go straight 
gosub right 'turn right 

forward left & right 

pause 2000 'delay for 1 second 
gosub fwd 'go straight 
gosub bwdl 'go straight 



I=I+l 
pause 2000 

case 1 'sl detect 
junction=i 
junction_ case= 1 
gosub bwdl 'go straight 
gosub right 'tum right 

left FORWARD & RIGHT 

pause 2000 'delay for 1 second 
gosub fwd 'go straight 
gosub bwdl 'go straight 

pause 2000 

82 

'*******************end of junction savings******************************** 

case 6 's2&s3 detect forward and right. 
gosub bwd 1 '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 's 1 &s3 detect right and left 
gosub fwd 'go straight 
pause 2000 
i=i+ 1 'block+ 1 
gosub Sl 
gosub S2 
'gosub leftl 'go left a little 
'gosub fwd 1 '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 'tum right 
pause 2000 'delay for 1 second 
gosub fwd 'go straight 
pause 2000 
i=i+ 1 'block+ 1 
gosub bwdl 'go straight 

'**************************back track case****************************** 



case 7 'sl,s2,s3 detect 
' 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=i+l 
gosub bwdl 'go straight 

'**************************end of back track case********************** 
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 
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'************************** subroutine sensors***************************** 
'SUBROUTINE SENSOR PROGRAM 
IRl: 

adcin 0, SENSOR! 
IF SENSOR1>26 THEN 

status sensor.0=1 



END IF 

RETURN 

IR2: 
ADCIN 1,SENSOR2 
IF SENSOR2>48 THEN 

status sensor.I=! 
END IF 

RETURN 

IR3: 
ADCIN 2,SENSOR3 

IF SENSOR3>26 THEN 
status sensor.2=1 

END IF 
RETURN 

'Sl: 
'if sensorl>sensor3 then 
'gosub rightl 
'else 
'gosubfwdl 
'endif 
'return 

'S2: 
'if sensor I <sensor3 then 
'gosub leftl 
'else 
'gosub fwdl 
'endif 
'return 

'if sensorl>26 then 
' gosub rightl 
'endif 

'return 

'S3: 
'if sensor3>26 then 
' gosub left 1 
'endif 

'return 
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'************************** subroutine DC motor*************************** 
'SUBROUTINE DC MOTOR PROGRAM 
left: 
HPWM 1,50,500 
MRCCWl=O 
MRCWl=l 
HPWM 2,50,505 
MRCCW2=0 
MRCW2=1 
gosub countnstop4 
gosub stopmotor 
pause 1000 
return 

'leftl: 
'HPWM 1,50,500 
'MRCCWl=O 
'MRCWl=l 
'HPWM 2,50,500 
'MRCCW2=0 
'MRCW2=1 
'gosub countnstop6 
'gosub stopmotor 
'pause 1000 
'return 

'uturn: 
'HPWM 1,50,500 
'MRCCWl=l 
'MRCWl=O 
'HPWM 2,50,500 
'MRCCW2=1 
'MRCW2=0 
"distance=l 79 
'gosub countnstop3 
'gosub stopmotor 
'pause 1000 
'return 

fwd: 
HPWM 1,50,530 
MRCCWl=O 
MRCWl=l 
HPWM 2,50,550 
MRCCW2=1 
MRCW2=0 



gosub countnstop 
gosub stopmotor 
pause 1000 

RETURN 

'fwdl: 
I HPWM 1,55,500 
' MRCCWI=O 
I MRCWl=l 
' HPWM 2,53,520 
I MRCCW2=1 
I MRCW2=0 
' gosub countnstop7 
' gosub stopmotor 
' pause 1000 

stopmotor: 
MRCCWl=O 
MRCWI=O 
MRCCW2=0 
MRCW2=0 

RETURN 

bwd: 
HPWM 1,50,500 
MRCCWl=l 
MRCWl=O 
HPWM 2,50,530 
MRCCW2=0 
MRCW2=1 
gosub countnstop2 
gosub stopmotor 
pause 1000 

return 

bwdl: 
HPWM 1,50,500 
MRCCWl=l 
MRCWI=O 
HPWM 2,50,500 
MRCCW2=0 
MRCW2=1 
gosub countnstop5 
gosub stopmotor 
pause 1000 

return 
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right: 
HPWM 1,50,500 
MRCCWl=l 
MRCWl=O 
HPWM 2,50,540 
MRCCW2=1 
MRCW2=0 
gosub countnstop 1 
gosub stopmotor 
pause 1000 
return 

'rightl: 
'HPWM 1,50,500 
'MRCCWl=l 
'MRCWl=O 
'HPWM 2,50,500 
'MRCCW2=1 
'MRCW2=0 
'gosub countnstop6 
'gosub stopmotor 
'pause 1000 
'return 

'************************** subroutine countnstop ************************' 
'SUBROUTINE COUNTNSTOP PROGRAM 
countnstop: 'step by step forward 

distance= 121 
stat=O 
counter=O 
while distance>counter 

if portin= 1 then 
stat=l 

endif 
if stat= 1 and portin=O then 

counter=counter+ I 
stat=O 

endif 
wend 
gosub stopmotor 

return 

countnstop 1: 'step by step right and left 
distance=95 
stat=O 
counter=O 
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while distance>counter 
if portin= l then 

stat=l 
endif 
if stat= l and portin=O then 

counter=counter+ l 
stat=O 

endif 
wend 
gosub stopmotor 

return 

countnstop2: 'step by step backward 
distance= 121 
stat=O 
counter=O 
while distance>counter 

if portin= l then 
stat=l 

endif 
if stat= l and portin=O then 

counter=counter+l 
stat=O 

endif 
wend 
gosub stopmotor 

return 

'countnstop3: 'step by step uturn 
' distance= 195 
I stat=O 
' counter=O 
' while distance>counter 

if portin= 1 then 
stat=l 

endif 
if stat= l and portin=O then 

counter=counter+ l 
stat=O 

endif 
' wend 
' gosub stopmotor 
'return 

countnstop4: 'step by step right and left 
distance=80 
stat=O 

88 



counter=O 
while distance>counter 

if portin= 1 then 
stat=l 

endif 
if stat= 1 and portin=O then 

counter=counter+ 1 
stat=O 

endif 
wend 
gosub stopmotor 

return 

countnstop5: 'step by step backward a little 
distance=46 
stat=O 
counter=O 
while distance>counter 

if portin= 1 then 
stat=l 

endif 
if stat= 1 and portin=O then 

counter=counter+ 1 
stat=O 

endif 
wend 
gosub stopmotor 

return 

'countnstop6: 'step by step left & right a little 
' distance= 10 
' stat=O 
' counter=O 
' while distance>counter 

if portin= 1 then 
stat=l 

endif 
if stat= 1 and portin=O then 

counter=counter+ 1 
stat=O 

endif 
' wend 
' gosub stopmotor 
'return 

'countnstop7: 'step by step left & right a little 
' distance= 10 
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' stat=O 
' counter=O 
' while distance>counter 

if portin= 1 then 
stat=l 

end if 
if stat= 1 and portin=O then 

counter=counter+ 1 
stat=O 

endif 
' wend 

gosub stopmotor 
'return 

90 




