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Abstract (English) 

Different methods and techniques have been used for both remote controlling and remote 

monitoring. With the advent and popularity of cellular phones, these phones can provide 

cheap, dependable and feasible technology to control a remote object and to monitor far 

away environmental parameters. In this system, it is proposed to use cellular phones as a 

new technological controlling technique to remotely navigate a toy car, and to request the 

measurement of some parameters from the car. The system needs a regular cellular phone 

to be attached to an internal microcontroller board of the toy car to accept commands, 

execute commands, and send measured parameters to the other phone. In order to achieve 

all these activities and services, a set of pre-programmed commands and data are stored 

in the microcontroller memory and considered the interface method between the cellular 

phone of the toy car and the user's cellular phone. After the toy's car control circuit 

accepts the commands, process execution will begin. The user should use only the pre­ 

programmed commands, and follow the correct procedures to achieve both navigation 

and monitoring operations. 

The system design proposes three ways of interface between the toy car and the user. The 

first one, the toy car waits a command from the user to begin its motion; these commands 

include INITIALIZE, GO, REVERSE, LEFT and RIGHT. The second waits a command 

from the user to send data; these commands include TEMPERATURE and DARKNESS. 

The last is decided by the microcontroller on the toy car itself automatically, this data 

command is BORDER which is sent if any border is in front of the car while moving. 
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Abstract (Arabic) 

» Rys ct@l s'5s sas! .3# l9a5ll 4eYls Ass1ll ,1515 gill cl6ills cull.al » all 
,lS.?-1 df••: wi.J_,s Li I~) ~ ~ d~ 4JY ~I .} ~pl 01'. r~ ~ ,J.!4.,.JI <..5:!_)=, uc ~I 

~y:;JI .J~ J.!4_,.JI r~ uy,, rl.l:..ill I1'. ~ .o~ wl.9L.......i ~ 04 ~ \+,il~I ~.J 0.)fa 4JI L,S 

0tS.J1 0-4 wLiµ1 ~ ~ rfa ~~.J ,Flo~ ~4.J&S o)~ ~ ~ uc ~I~~~ y_,bts 

~ J.i4yi ~y:.; c)) ~~ l..l.l. rl.l:..ill ·rl.l:..ill J;..Li 4-:!k- ~I y.lJYI J)l:.. 0-4 0.)4--JI 01'. ~ ~_iJ ½?ill 

A 3Y) 'sit 3 Cal all Jal. gDLA s /# al @lrsl 365 ill3 5_3cl zlsfsll A,<%.,l 7s le tghto 
J.,.._..,...,.JI.J ~I ~ c4-il f>:l ~J -r~I Y'.J JL....::,'.j';l\ ~ ~ ~.)Lt.JI u.;.bll c)! wliy,JI JI......J!.J 

-<--;I\~ -'1 4-.lb.l.lll o .<\ill .-9 ~ 1.· .. • ... 1.•:_ - • I ''I · ~ ~l..l.l. .dJ 1'- -'I wLi.i.:...11 '­ 
~ _,,.. - ~ ',?- • ~~ J ~Y. r1= ..Y'.JJ 04 ~ .-.,= ~ 

~ i ..),U • r~' c4 <.S ft YI .J o .J4'-JI J;..b ~ I Ai o..) .?.- _,.JI <.J:µ,:, .. ,u.;,ll ~ ~ liill ~ .J _fo:J ~I J 

11'. r~ .o},:!-'.Jl ~I.ill µ1 ~.,1 ~ 0-4 :i.LyJI y.lJYI u-1c u_y::JI f>:! 01 ~ 0:l9pl ~ olSb.JI 

w4k-JI "I _p.,.) .J ~I ~ r'-.AJ'/ rl.l:..ill J;..\..) 4-:!k- u .)k:i.o.1I _y.l }i I ~ ~ ~I -yk. ~ r\.1;.:JI 

.~)ho.JI 

0-4 _y.l ~ O.)~I 01 ~L...';/I 01'. J) .o}-~·..JI.J r~I ~ ~lti1.I ~1....,i ~ ~ rl.l:..ill ~ 

s clhy ,151al » al J4115 \l ,tll cry9l5 .4! cyy ?ls/ 039 3$s &ls e al ,151ll 
y).,,\rl Lil.J .~.,lh.JI wliy,JI JL..j ~ 0-4 J _y.YI ~ o.J4'-JI ~ ~I jl.r,JI r.# wlil:H t~.J! 

¥C ..).?.- Y- r~I fa ~ , _►..6.l 4-,..;:a y.'.i Ce 2Ssl 5lge) y ~ y:.4-o o .JLl) ~ o .J4--JI 01 dl::JI 
~I · I ''I .t:.-.·.-: 1.-;;. ·'- . ...! .p' CS_8080 _ya'$ 6PG° 

IV 



Acknowledgement 

Here while finishing our hardware project; we would like thank warmly every 

body who has helped us complete this work. Especially Dr. Kareem Tahboub, Mr. Hamid 

Al-Qwasmi, Mr. Rasmi Sayyed Ahmad and Eng. Abed Albaset Al-Jabari for all their 
efforts. 

The whole thanks for our instructor and supervisor Dr. Salman Talahmeh, who 

gave us a lot of his both time and experience to learn a new international technology for 

remote controlling and communication technology, also using our engineering 

acknowledgement and methodology to start the work. 

VI 



Table of Contents 

Abstract (English) . 
Abstract (Arabic) . 
Dedication . ·························· . 
Acknowledgement . 
Table of Contents ····································································· List of Tables ··············· . 
List of Figures . 
Glossary .. 

Chapter One . 

Introduction . 

I. I Overview . 

III 
IV 
V 
VI 
VII 
X 
XI 
XIV 

1 

I 
2 

1.2 Problem Statement.............................................................. 2 

1.3 Project Objectives............................................................... 3 

1.4 Project Benefits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

1.5 Literature Review............................................................... 3 

1.6 The Proposed System in Brief................................................. 4 

1.7 Estimated Cost.................................................................. 5 

1.8 Time.Planning................................................................... 6 

1.8.1 The First Time Planning.................................................. 6 

1.8.2 The Second Time Planning............................................... 7 

1.9 Report Contents.................................................................. 7 

Chapter Two............................................................................... 9 

Theoretical Background.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

2.1 Introduction... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

2.2 System Outline 10 

2.2.1 The Cell Phone Unit 11 

2.2.2 The Sensing Unit 13 

2.2.3 The Control Unit 16 

2.2.4 The Toy Car 26 

2.3 Summary •. • • • • • •. • • • • • • • • • • • • • • • • • •.. . . . . . 28 

VII 



Chapter Three . 

Design Concepts . 
3.1 Introduction ························································· . 
3.2 Project Objectives . 

3.3 General Block Diagram . 

3.4 How Does System Work? . 

Chapter Four .. 

Hardware System Design . 

4.1 Introduction . 

4.2 The Unit Design . 

4.2. l Phone unit . 

4.2.2 Sensing Unit . 

4.2.3 Control Unit. . 

4.2.4 The Application Unit. . 

4.3 The System Design . 

29 

29 

30 

31 

32 

33 

35 

35 

36 

36 

36 

37 

42 

44 

49 

Chapter Five............................................................................ 52 

Software System Design.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 

5.1 Introduction......................................................................... 53 

5.2 Software Requirement Specification............................................ 53 

5.3 Receiving User Commands...................................................... 60 

5.3.1 GO Command............................................................... 60 

5.3.2 REVERSE Command...................................................... 62 

5.3.3 RIGHT Command.......................................................... 64 

5.3.4 LEFT Command............................................................ 66 

5.4 Requesting Environmental Data..................................................... 68 

5. 4.1 Temperature Process...................................................... 68 

5.4.2 Automatic Emergency back call.......................................... 70 

5.5 Sending Command Only.......................................................... 72 

VIII 



5.5.1 Border Sensor . 

5.6 Summary . 

Chapter Six . 

Implementation and Testing . 

6.1 Introduction .. 

6.2 Toy-Car Navigation . 

6.3 Cell-Phone Preparation . 

6.4 8051 Microcontroller. . 

6.5 External Circuits . 

6.5.1 ADC Circuit . 

6.5.2 DAC Circuit .. 

6.5.3 LDR Circuit .. 

6.5 .4 Temperature Circuit .. : . 

6.5.5 Relay-Based Directing Circuit . 

6.6 Summary _ .. 

Chapter Seven .. 

Future Work . 

7 .1 Introduction . 

7 .2 Future View .. 

72 

74 

75 

75 

76 

76 

78 

82 

86 

86 

89 

90 

91 

92 

93 

94 

94 

95 
96 

IX 



List of Tables 

Table 1.1: Estimated Development Cost. . 5 

X 



List of Figures 

Figure 1.1: The First Time Planning................................................. 6 

Figure 1.2: The Second Time Planning.............................................. 7 

Figure 2.1: General Description for the System..................................... 11 

Figure 2.2: Frequency Reuse........................................................... 12 

Figure 2.3: General Form of Mobile Station........................................ 12 

Figure 2.4: Functional elements of measurement.................................... 13 

Figure 2.5: The Temperature Sensor................................................... 14 

Figure 2.6: The Touch Sensor........................................................... 15 

Figure 2.7: Shape of the LDR Sensor................................................... 16 

Figure 2.8: Potential divider circuit .. '.................................................... 16 

Figure 2.9: The 8051 Microcontroller......... 18 

Figure 2.10: The 87C52 chip............................................................. 18 

Figure 2.11: Two 82C55 Chips Provide 401/0 Lines and 8 LEDs.................. 19 

Figure 2.12: 39F512 Flash ROM Chip 20 

Figure 2.13: DC Voltage Regulator 21 

Figure 2.14: The 8051 Voltage Regulator 21 

Figure 2.15: Serial Cable 22 

Figure 2.16: Green LED Indicates Power................................................ 22 

Figure 2.17: DAC Block Diagram 23 

Figure 2.18: DAC Function Block Diagram 24 

Figure 2.19: ADC Block Diagram 24 

Figure 2.20: A toy Car Form 26 

Figure 3.1: General Block Diagram 32 

Figure 4.1: The block diagram of the cell phone 38 

Figure 4.1: Temperature sensor circuit. 38 

Figure 4.3: The Touch Sensor state 41 

Figure 4.4: LDR circuit.. 41 

XI 



Figure 4.5: The 8051 Circuit. 43 

Figure 4.6: The 8051 board .45 

Figure 4.7: DAC circuit · 46 

Figure 4.8: The Amplifier circuit. 47 

Figure4.9: The Relay-Based Directing Circuit :· 48 

Figure4.10: The Relay-Based Directing Circuit 49 

Figure 5 .1: Connection Description screen 55 

Figure 5.2: Connect To screen 55 

Figure 5.3: COMl Properties 56 
Fi 5.4: i-H· <T ' I 1gure ·.rtj !yper' 'erminal screen.....----.....%.......%%.%%.%3..%%%%%%..%%...%......,,, 56 

Figure 5.5 Dial up screen 57 

Figure 5.6 Serial Cable 57 

Figure 5.7: CMD screen 58 

Figure5.8: Flowchart of GO command 61 

Figure5.9: Flowchart of REVERSE command 63 

Figure5.10: Flowchart of RIGHT command 65 

Figure5.11: Flowchart of LEFT command 67 

Figure5.12: Flowchart of TEMP command 69 

Figure5.13: Flowchart of TEMP command 71 

Figure5.14: Flowchart of Barrier command 73 

Figure 6.1: The real Toy car remote control. 77 

Figure 6.2: The Toy car after change 77 

Figure 6.2: The cell-phone of the toy-car.......................................3........,,..80 
Figure 64: The PPU-8051 Microcontroller.................................................83 
Figure 6.4: The 8051 Microcontroller System.........---------............................84 
Figure 6.6 ADC circuit : 86 

Figure 6~: Analog GO signal. 87 

XII 



Figure 6.$8 Analog RIGHT signal 88 

Figure 6.$: The DAC Signal. 89 

Figure 6.fOThe LOR sensor 90 

Figure 6.10: The Temperature sensor 91 

Figure 6.1]: The Relay-Based Directing Circuit............................................92 

XIII 



Glossary 

ADC: Analog -to- Digital Converter. Which convert the analog signal to digital signal. 

ALE: Address Latch Enable. 

CPU: Central Processing Unit. 

DAC: Digital -to- Analog Converter. 

DAQ: Data Acquisition. 

DC: Direct Current. 

EEPROM: Electrical Erasable Programmable Read Only Memory. 

IC: Integrated Circuit. 

LDR: Light Dependent Resistor. 

LSB: Least Significant Bit. 

MIC: refers to microphone which found on the cell phone. 

PCs: Personal Computers. 

PPI: Programmable Peripheral Interface. 

PSEN: Program select Enable. 

RAM: Random Access Memory. 

ROM: Read Only Memorry 

SIM: Subscriber Identity Module. Which is a smartcard securely storing the key 

identifying a mobile subscriber. 
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Chapter One 

Introduction 

1.1 Overview 

Remote control technology was born to interface the people applications and present many 

services for them. It helps the users to do their work more accurately than human hands. On 

the other hand, these robotics maintain human life when sent into a dangerous area to bring 

something from that place away from human being. User also needs to ask this machine to 

do something arid to receive data from that area. 

1.2 Problem Statement 

The need for a small robot (object) is necessary in many cases especially when human life 

is expected to be in a dangerous state when reaches there by him self. This robot will 

replace humans by doing the task instead of them. The object is to send the robot to bring 

what is needed. The user needs to ask this machine to do something and to receive data 

from that area. 

In this system, the team designs a main control circuit to navigate a toy car as an 

application by human voice for controlling the car remotely and monitoring and sensing 

data using voice commands. This is done through two cell phones. One of them is with the 

client, and it is any valid cell phone. The other one is built inside the toy car and connected 

to the control circuit that contains the whole chips that the system needs. The cell phone is 

converted to silent communication by passing its speakers, microphone, ring, and keypad. 
This system uses cheap and available technology that enables users to achieve the proposed 

goals. 
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1.3 Project Objectives: 

This project should: 

• Navigate a toy car using a cell phone. 

• Send pre-determined set of commands. 

• Request data from the car (also pre-determined commands). 

• Interpret the received commands. 

• Sending back data per request or pre-determined situations. 

1.4 Project Benefits 

There are several benefits for the project as follows: 

• A natural way for sending commands to a toy car. 

• A natural way for receiving data from the toy car. 
• No transmission infrastructure is needed. 

• This project can be used in several applications, such as hospital services, 

companies and military fields. 

• Can be used to maintain the human life from dangerous events when occur. 

• Can be used to facilitate bringing some measurements or telling the 

situation in some certain areas. 

1.5 Literature review 

There are some research people who have tried to use cell phones to control some remote 

objects. In South Korea they are planning to launch a home security robot that can be 

controlled by a mobile phone [I]. The Home Network Service is an upgraded service that 

lets customers receive, via their cellular phones, text messages or pictures regarding any 

3 



home emergency situation such as a fire or gas leak. This notification is transmitted by a 
camera and sensor-equipped robot at home. 

Other researchers have tried to design a small toy car and control it by putting special 

numbers on the cell phone board using software built by the Japanese designer [2]. The car­ 
system can be navigated after downloading the required software on the designer mobile. 

This project uses only the numbers that determined previously by the programmer and there 

is no use for the voice and it is a one way communication i.e. only from the client to the toy 

car. These systems use the cell phone to navigate an object in different applications. 

We have to use the cell phone in a different application, especially by using the human 

voice as means of transfering the determined commands to a toy car. Add to that repeating 

other data tells the surrounded situation of the car area. The navigation happens under pre­ 

determined commands; each command gives its own service. Some of these commands are 

GO, RIGHT, LEFT, BACK. These commands will be translated into analog signal, on the 

keypad of the control circuit and then will be converted into digital signal by ADC to deal 

with. 

1.6 The Proposed System in Brief 

The proposed system needs a toy car, two cell phones, a microcontroller, and a control 

circuit. The microcontroller, the control circuit and one of the cell phones will be attached 

to the toy car. The second cell phone will be used to navigate and communicate with the toy 

car. 
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1.7 Estimated Development Cost 

The following table shows the main and necessary chips that are needed for the 

system. The prices are in US Dollars. 

Table 1.1 Estimated Development Cost 

IC Units Price(US $) 

Microcontroller 8051 Chip 1 123 

Temperature sensor (LM35) 1 6 

Phototransistor Sensor 1 2 

LDR Sensor 1 1 

Barrier sensor 1 6 

Wires and Cables - 30 

Cell phone 2 200 

Toy Car 1 150 

Amplifier(TL081) 4 5 

Relay(+5V) 6 15 

Optocoupler ( 4N25) 12 10 

ADC chip(AD0804) 1 6 

DAC chip(DAC0814) 1 3 

Inverter(74LS 14) 1 4 

Resistors 100 10 

Transistor(2N22 l 9 A) 4 5 

J awwal cards 30 150 

Printing - 100 

Total 826 
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1.8 Time Planning 

The project plan follows the following time schedule, which includes the related tasks of 
study and system analysis. 

Time planning includes two time estimation schedules; the first one shows what is done in 

the first semester and the second shows time scheduling of the second semester. 

1.8.1 The First Time Planning 

Task/Week 

Data gathering 
& analysis 

System 
requirement 
s ecifications 
Study Cell 
phone kit 

Study 8051 kit 
and interfacing 
devices 
Project Design 

Documentation 

15 16 

Figure 1.1: The First Time Planning 
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1.8.2 The Second Time Planning 

Task/Week 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

Implementation 

Unit Testing 

System Testing 

Documentation 

Figure 1.2: The Second Time Planning 

1.9 Report Contents 

This report is divided into five chapters; the first chapter is the introduction, which 

describes the general review of the system, project requirements (hardware and software), 

system cost, scheduling time, and report contents. 

The second chapter talks about the theoretical background that shows the theoretical 

subjects related to the main ideas of the project information about the cell phone and other 

special components that are built to distinguish the professional system. 

Chapter three talks about the design concepts; the main objectives and a general block 

diagram that shows how the system works. 

Chapter four discusses the Hardware System Design that describes the detailed design of all 

parts used here. 

Chapter five discusses the Software System Design that describes the general algorithms 

and flowcharts and sub-programs of the system. 
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Chapter six talks about system testing and implementation. It explains every thing has 

achieved and worked well. 

Chapter seven shows the team's recommendation and the improvements that can be done in 

future work. 

8 



2 
Chapter Two 

Theoretical Background 

2.1 Introduction............................................................. 10 

2.2 System Outline......................................................... 10 

2.3 Summery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

-9- 



Chapter Two 

Theoretical Background 

2 . .1 Introduction 

This chapter discusses the main theoretical subjects which are needed to explain the 

main ideas of this system. It explains in more detailed way the special components 

which are needed for design completion of this system. 

The main idea of this system is to use the cell phone, which is cheap and available 

technology, to send commands to the toy car for controlling its navigation, and to 

receive data from this toy car by using the sensors. To obtain complete design we need 

to study the cell phone, microcontroller, sensors, toy cars, and any component the 

system needs in deep manner to understand how to make the interface and in which 

manner can achieve the interface between these different components. 

2.2 System Outline 

This system intends to control a toy car by human voice recognition using cellular 

phone. According to this idea the system has mainly three parts: 

• Phone unit. 

• Sensing unit. 

• Control unit. 

-10­ 



This block diagram shows those units and how they are related to each other. 

Phone 
Unit 

Phone Control ~ ~ Navigate Unit ~ 
Unit 

~ 

Gear 
a 
' 

AA 

Toy Car 

Sensing 
Part 

Figure 2.1 General Description of the system 

2.2.1 The Cell Phone Unit 

Cellular phone technology works on a system of geographically separated zones called 

"cells. 11 Each cell has its own "base station" that both receives and emits radio waves. 

When a call is placed from a cellular phone, a signal is sent from the cell phone antenna 

to that cell's base station antenna. The base station responds to the cellular phone signal 

by assigning the phone an available channel. When the channel is assigned, radio 

signals are simultaneously received and transmitted, allowing voice information to be 

carried between the cell phone and the base. The base station transfers the call to a 

switching center, where the call can be transferred to a local telephone carrier or another 

cell phone. 

As the name implies, cell phone systems are made up of many small "cells. 11 Each cell, 

in a cell phone system, represents the area served by one cell phone tower. The concept 

of cells is the key behind the success of cell phones because by spacing many cells 

fairly close to each other, the cell phones may broadcast at very low power levels. Since 

the cell phones may broadcast at low power levels, they use small transmitters and small 

batteries. In other words, if the network is cellular network type then it has frequency 

reuse and this icreases the capacity of this network. This is shown below in the figure 

which explains the reuse of the frequency. 
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The following figure shows the frequency reuse of the cell phones. 

7< 
$, %, 
, % 4 

%, 
Figure 2.2: Frequency Reuse 

When the user receives a call on his wireless telephone, the message travels through the 

telephone network until it reaches a base station which is close to his wireless phone. 

Then the base station sends out radio waves that are detected by a receiver in telephone, 

where the signals are changed back into the sound of a voice as shown in figure 2.3. 
Making a 
Phone Call 

Receiving a 
Phone Call 

Figure 2.3: General form of mobile station. 

The cellular phone is used in this system to navigate and communicate the toy car via 

8051 microcontroller to send commands and receive data. 
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2.2.2 Sensing unit 

Sensors are used to gather information to provide data to display purpose to give an 

understanding of the current status of system parameters. In a control system, the signal 

from the sensor is input to a controller. The controller then provides an output to govern 

the measured parameters as shown in the following figure: 

Physical 

Quantity to be 

Measured 

Signal 

Display or 
recording 
Unit 

_y 
Modified 
signal 

Figure 2.4: Functional elements of measurement 

In this system there's a need for sensors to sense different variables or things and then 

return information or data to the user. This part explains some types of sensors and how 

they work to complete their functions. These sensors interface the system dependent on 

their output signal. These outputs signal either an analog one such as the temperature 

sensor or digital signal that interfaces the system directly such as LDR sensor. 

2. Analog Sensors 

The following sensor produces analog values of voltages which represents the 

environmental temperature. 

• Temperature Sensor (LM35). 

Temperature sensors provide change in physical parameter such as resistance or output 

voltage that corresponds to a temperature change. They can be used for measuring 

temperatures in the environmental and biological range of -50C to + 150C. 

There are four basic types of IC temperature sensors. According to the produced output 

signal in response to sensed temperature, as follows: 

-13­ 



1. Analog Devices AD590/592 series temperature sensor, which produces a linear 
current output of 1 µA/K. 

2. National Semiconductor LM335 temperature sensor, which produces a linear 

voltage output of 10 m V /K. 

3. National Semiconductor LM34 temperature sensor, which produces a linear 

voltage output of 10 m V IF. 

4. National Semiconductor LM35 temperature sensor, which produces a linear 

voltage output of 10 m V /C. 

The system needs to use the LM35 sensor which measures the Celsius degrees and ::, 

produces 1 Om V to each one degree. 

_,,.--------.,,r---­ .------------~----- 

ctr ls@]] 
Ground 

Cornn Point 
fcr Additical 

Rs± 1«tee Sarges 

SE Ref 

lo] 

Figure 2.5: The Temperature Sensor 

Because of the small output voltage, amplification is usually needed unless the 

thermocouple is used for temperature measurement along with a sensitive 

millivoltmeter. If the output of the thermocouple is required to drive anything more than 

a meter movement, then DC amplification will be needed by using an operational 

amplifier. 
The system uses this sensor to achieve one of its main targets by sending and receiving 

data which is telling the temperature value around the toy car. 
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2. Digital sensors 

The following sensors have the digital output values. They are connected directly with 

the 8051 input ports to read the voltage values. 

A) Touch Sensor 

The touch sensor is a sensor that detects any contact with objects in the robot's 

environment. When the button is pressed, an electrical circuit is closed inside the 

sensor. This process lets electricity flow. 

Figure 2.6: The Touch Sensor 

When the button is released, the circuit is broken and no electricity flows. The RCX can 

sense this flow of electricity, so it will sense whether the touch sensor is pressed or 

released. It returns a 0 when untouched and a 1 when activated. It requires only a slight 

force to activate them. 

b) LDR Sensor 

LDR (Light Dependent Resistor) sensor is a very useful sensor especially in light/dark 

circuit to implement if the surrounded area of the toy car is daylight or darkness. 

Though it is easy to use and available. Normally, the resistance of the LDR is very high, 

sometimes as high as 1,000,000 ohms, but when they are illuminated (lighted) with, 

light resistance drops dramatically. 

-15­ 



LOR sensor is a semiconducto d · h' h . . . . r tevice wlicl resistance decreases when light intensity 
increases. 

Figure2.7: shape of The LDR Sensor. 

This is due to the electrons and holes produced in a semiconductor by the photoelectric 

effect, and the response in therefore is quite linear. 

~ 
light 

Figure 2.8: potential divider circuit. 

2.2.3 The Control Unit 

The control unit consists mainly of a microcontroller and interfacing circuits. The 

microcontroller represents the main brain of the control unit to interface the integrated 

circuit. 

The 8051 Microcontroller 

The 8051 development board provides an easy-to-use and low-cost method to control 

several processes of the toy car. The built-in ports on the board work are an integrity 

system to execute tasks. 
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The system needs a special microcontroller that should have the capability of storage, 

extension memory and both analog and digital conversion. As a result of researches, the 

team has found the 8051 microcontroller board that has all or most needed parts of a 
controller. 

The microcontroller has an included package of features. These main features are: 

• Intel 8051/52/552 CPU 

• 32KRAM 

• 32KEPROM 

• 8 Channel AID 

• 1 Channel DI A 

• 2x 16LCD Display 
• 4 Digital Inputs 

• 4 Digital Outputs 

• Serial Port 

A typical microcontroller has bit manipulation instructions, easy direct access to I/O 

(input/output), quick and efficient interrupt processing. It typically includes: 

• CPU (central processing unit) 

• RAM (Random Access Memory) 

• EPROM (Erasable Programmable Read Only Memory) 

• I/0 (input/output) 

• Interrupt controller. 

• PPI (Programmable Peripheral Interface) 
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Figure 2.9: The 8051 Microcontroller 

c- i t>•sockets of microcontrollei" 

here is a set of chips on the 8051 microcontroller that are necessary to operate the 

system. These chips are: 

1. CPU 87C52) 

The Philips 87C52 is a high-performance technology which operates from 2.7 V to 5.5 

V. In addition, the device is a low power static design which offers a wide range of 

operating frequencies down to zero. 
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Figure 2.10: The 87C52 chip 
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Figure 2.9: The 805 l Microcontroller 

The chip-sockets of microcontroller 

There is a set of chips on the 8051 microcontroller that are necessary to operate the 

system. These chips are: 

1. CPU( 87C52) 

The Philips 87C52 is a high-performance technology which operates from 2.7 V to 5.5 

V. In addition, the device is a low power static design which offers a wide range of 

operating frequencies down to zero. t~-~----- 

Figure 2.10: The 87C52 chip 
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+»o suiiware seiectabie modes of power reduction idle mode and power-down mode 
are available. The idle mode freezes the CPU while allowing the RAM, timers, serial 

port, and interrupt system to continue functioning. The power-down mode saves the 

RAM contents but freezes the oscillator, causing all other chip functions to be 

inoperative. Since the design is static, the clock can be stopped without loss of user data 

and then the execution is resumed at the point when the clock was stopped. 

2. PPI (8255 Programmable Peripheral Interface) 

The Programmable Peripheral Interface illustrates the major units of a plan position 

indicator. Synchronization of events is particularly important in the presentation system. 

Circuits which control the presentation on the indicator must be activated. These events 

must be performed to a high degree of accuracy to ensure range accuracy determination. 

The synchronization of these events is provided by gate circuit. 

Most of the I/0 lines on the 8051 development board are provided by two 82C55 

programmable peripheral I/0 chips 

Figure2.11: Two 82C55 Chips Provide 40 1/0 Lines and 8 LEDs 

• Memory Mapped Peripheral Access 

Both 82C55 chips are external memory mapped peripherals. This means that the access 

to them requires certain usage of memory locations (the MOVX instruction). Each chip 

has byte-wide registers for access. The MOVX instruction always uses DPTR to specify 

the memory location, and data is always transferred to/from the accumulator. 
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When programming in C the ile tak • • , comp1 er t es care of handlmg the registers, so what we 
need to do is reading the 82C55 · t if:h · · reg1s ers as 1 t ey were ordmary global vanables. 

• Reset Signal 

The 87C52 uses an "active high" reset signal. This means that the 87C52 does not 

execute code when the reset signal is high. It begins code running when this signal goes 
from high to low. 

The reset signal can be verified by measuring the voltage on the RST pin of the 87C52. 

When the reset button is pressed, the RST pin should measure 5 volts DC. When the 

button is released, it should go back to zero. The voltage makes transition from 5 to 0 

volts with time constant of 0.1 seconds. 

3. Flash ROM Chip (39F512) 

The 39F512 requires only a single 5 volt power supply. By using this Flash ROM chip, 

we can add permanent storage to download programs. It is also possible to use the chip 

for data logging. This chip supports erasure of the entire chip at once, or in 4k blocks. 

}:'° · .. ,,, .. ~-· . p. :;,s., ··,,.:r;j 
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Figure2.12: 39F512 Flash ROM Chip 

This Flash ROM chip is pre-programmed with suitable software. This chip includes 

1 d fi r Cursor Positioning scrolling, etc .... It is also intended to hobbits severa _comman s o , 
that do not have the EPROM programmer required to program their own chip. 
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4. Voltage Regulator (7805) 

The Voltage Regulator (regulator), usually having three legs, converts variable input 

voltage and produces a constant regulated output voltage. They are available in a variety 
of outputs. 

Figure2.13: DC Voltage Regulator 

The most common part numbers start with the numbers 78 or 79 and finish with two 

digits indicating the output voltage. The number 78 represents positive voltage and 79 

negative one. The 78XX series of voltage regulators are designed for positive input. 

And the 79XX series is designed for negative input. 

The system needs a positive regulator in order to convert the input voltage from the 

9.6V battery of car to +5V. The system needs two regulators to divide the voltage of 

two used batteries into +5V, -5V, and COM (GND), also the full battery voltage to 
operate the 8051 Microcontroller is needed. 

s ! 4iiilii» ·(L)==», 
mm»+ 4'] 
ggy -3 

4 • j Reset 

Figure2.14: The 8051 Voltage Regulator 

The 8051 voltage regulator indicates the three legs and their positions. These pins are: 

• Pin 1: Unregulated power input. 
• Pin 2: Ground. 
• Pin 3: Regulated +5 Volt output. 
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4. Serial Port 

The fact that the 8051 has an integrated serial port means that it may easily read and 
write values to the serial port .. The 8051 will automatically tell when it has finished by 
sending the character we wrote. Whenever byte has been received we can process it. 

We do not have to worry about transmission at the bit level--which saves quite a bit of 
coding and processing time. 

Figure2.15: The 8051 Voltage Regulator 

6. Power Supply Check 

The 8051 development board requires DC voltage between 8 to 15 volts to operate 

properly. The power source should be rated for 100 mA or higher. Higher input 

voltages, between 15 to 30 volts may also be used, but the heat sink which may become 

hot if an additional power is used for LEDs, an LCD backlight or other add-on 

peripherals. 

Figure 2.12: Greer LED Indicates Power 
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The first, quick check is the green LED that indicates the board is receiving power. If 
this LED is not illuminated, the power may not be connected, or may not be turned on. 

The power input may also be connected backwards. The IN5819 diode protects the 

board from damage due to reversed polarity power. But the board can not run without 

the power applied correctly. If the green is LED, an additional check is to measure the 

DC voltage output from the 7805 voltage regulator. 

External Chips 

The system needs the following chips to interface the 8051 microcontroller with the 
circuits to navigate correctly the toy car. 

1. DAC (Digital to Analog Conversion) 

Digital systems have inputs and outputs that are represented by discrete values of logic 

1 's and logic O's, high and low. The logic 1 's and O's are simply representations of 

voltage in an electrical system. The reference voltages are used to determine whether a 

signal should be considered a logical 1 or a logical 0. 

Digital 
Binary Voltage Analog Word 

Output Switches Reference 

DAC 

Weighting Summing 
Network Amp 

Figure2.16: DAC Block Diagram 

A DAC, on the other hand, inputs a binary number and outputs an analog voltage or 

current signal. In block diagram shape, it looks like this: 
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» digital to analog converter needed. A digital to analog converter, a 

ential circuit to interface from the digital world to the analog signal 

a. DACs produce a continuous output voltage signal that represents a 
digital numbers at the input. The DAC takes a binary input and through the 

te "technique" determines a continuous analog output. So we need DAC 

'J, + rsion in order to convert the digital input data to analog signal. 

~ ADC (Analog to Digital Conversion) 

fhe input of ADC is an analog electrical signal such as voltage or current which appears 

as a binary number. In block diagram form, it can be represented as follow: 

Vdd 

Analog.,_. -----a ADC 
signal 
input_r 

Binary 
output 

Figure2.18: ADC Block diagram 
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Figure2.17: DAC Function Block Diagram 

There are sort of digital to analog converter needed. A digital to analog converter, a 

DAC, is an essential circuit to interface from the digital world to the analog signal 

processing area. DACs produce a continuous output voltage signal that represents a 

sequence of digital numbers at the input. The DAC takes a binary input and through the 

appropriate "technique" determines a continuous analog output. So we need DAC 
conversion in order to convert the digital input data to analog signal. 

2. ADC (Analog to Digital Conversion) 

The input of ADC is an analog electrical signal such as voltage or current which appears 

as a binary number. In block diagram form, it can be represented as follow: 

Vdd 

Analog % { ADC 
signal 
input _r_ 

Binary 
output 

Figure2.18: ADC Block diagram 
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We need ADC conversion to convert the analog input data to digital signal that is 

capable to send some information to the toy car such as direction-commands, TEMP 
and other information. 

3. Operational Amplifier(TL081) 

Operational amplifiers are used to amplify the input signal for several times as needed. 

This signal will be readable and sensed to deal with so the electric circuits can sense ' 
this value of voltage to do its valid work. 

The TL081 is used in the system to duplicate the output signal of temperature-sensor 

value (0V - IV) nearly five times to be readable by the ADC circuit. The duplication 

happens by using the following formula: 

Av = Vo/Vi ; where Vo = (Rf/Ri)*Vi + I for non-inverting amplifiers. 

The Microcontroller Software 

The 8051 microcontroller has the ability to be programed either using C-language or 
assembler language. This enables the programmer to program either in high level 

language or low level language depending on programming experience. 

The system needs a set of requirements that must be prepared to: 

• Win 95/98/ME/NT/2000/XP Compatible Manager Software 

• Built-in Editor 
• Assembler or 'C' Compiler, usually AS31 or SDCC. 

• · Expansion Connector for External Hardware 

• Terminal Emulation Program, such HyperTerminal (windows), Minicam (linux) 

• Text Editor Program, like Notepad. 

• Standard 9 pin serial cable. 

• DC Voltage, 8 to 15 volts (regulated). 
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2.2.4 The Toy Car 

There are several types of toy cars that can be used in many applications. This system 

needs only one type of toy cars which is a remote control and advances the objective of 

this design. The following toy car is the chosen type for the project since it has the most 

popular features that the system needs. 

Figure2.19: a Toy Car Form 

1. Car Features 

The Toy Car has several features represented as follows: 

1) 1: 1 O scale super-speed RIC car 
2) Full function: back, right, left, forward. 

3) Charger and battery: 12v rechargeable Ni-Cd battery. 

4) Frequency: 27mhz, 49mhz or 35mhz 

5) 2-step speed lever can select "high" or "low" speeds 

6) ABC switch allows simultaneous operation of three QD (Quick Drive) cars. 
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2. Car Motors 

The Toy Car has the ability of moving in four directions controlled by transceiver 

circuits of a remote control. It consists of two main DC motors of maximum 12V. These 

motors used to obtain the required voltage of each execution command. The first motor 

is used to control both Forward and Backward directions while the second is used to 
' 

navigate both Right and Left directions. 

3. Car Speed 

The speed control trigger of the toy car in fact operates when pulling or pushing with a 

finger. Pulling the trigger runs the model forward. Pushing the trigger runs the model 

reverse direction. This button is in the forward-backward motor. 

The team design intends to control the speed by the voltage value that is sent to motors 

with its task. The system will operate at 5V coming from the microcontroller. If we 

need to increase the speed we need to maximize the output voltage of microcontroller. 

The right-angle and left-angle are fixed from the manufactured company and they equal 

45. So every command to the right-left, motor will rotate the car 45 degree from its 

state. 

4. Toy Car Size and Weight 

The toy car has a medium size that consists of the motors, battery, and the whole body. 

This indicates that the size is suitable to be an experimental surface for team 

application. 

The car is nearly 3.5Kg weight. It is tested to load up to 4Kg, while keeping the speed 

as it is. These data comfort to build our own circuits that may not weighted more than 

the maximum weight. 

The dimensions of the toy car relative with its size. The tall of the car is 55cm while the 

width is 25cm. 
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5. Toy Car Battery 

The toy car has a 9.6V DC battery that is needed to operate the motors. The remote 

control consists also of a 9.6V DC battery to be able to send control waves toward the 

toy car. The remote control navigates the toy car under limited area of 30m. 

The toy-car system needs two 9.6V DC batteries that must be connected to operate the 

microcontroller and the car motors adding to the control circuits. 

2.3 Summary 

• The chapter contains the whole peripherals and parts that will be used in the system. 

• A Cell Phone is the main idea of controlling the system by receiving commands and 

sending data during an internal design. 

• The system needs two cell phones; one of them will be with the client and used to 

send the pre commands and receives data from controlling port. 

• The other cell phone will be put on the board and the whole system depends directly 

on it. 

• A cell phone contains a set of main parts that the interface needs; they are: Keypad, 

MIC, Speakers, and The Ring. 

• Sensors are mostly needed to do the control tasks 

• Necessary sensors needed in the system are: Infrared, Sunshine\dark, and 

Temperature. 

• The 8051 microcontroller is the main brain of the system; it consists of all chips that 

are necessary for interfacing. 

• The memory is used to store the commands and data that will be used to control the 

object. 

• EPROM is used to store the software of the project. 

• RAM is used to store the commands and data of the project. 

• DAC and ADC are used to convert the signal in order to be understood for the 

system. 

• The interface between these components will be done in the forth chapter. 

-28­ 



3 
Chapter Three 

Design Concepts 

3.1 Introduction...................................................................... 30 

3.2 Project Objectives.............................................................. 31 

3.2 General Block Diagram........................................................ 32 

3.3 How Does System Work?...................................................................... 33 

-29­ 



Chapter Three 

Design Concepts 

3.1 Introduction: 

In this project there is a need to select a suitable remote controlled toy car with a middle 

size for controlling its navigation. The team has to setup the required sensors that 

determine the needed data such as surrounded temperature and darkness or daylight 

conditions, movement, and any kind of interruption, using a cell phone of the toy car. 

This media is used to navigate the car remotely through the main control circuits to take 

commands to the cell phone. This control is designed on the user site to make it easier to 

control the car, and at the present time there is no need for designing a camera to 

feedback the site. 

The system uses some important commands which are designed to control the car by 

sending this command via human voice through the cell phone. These commands are: 

• Initialize car 

• Go 

• Right 

• Left 

• Back. 

The client also needs some important information about the surrounding such as: 

• Temperature 

• Daylight/Darkness state. 
• Predetermined situation such as road closed, car on fire. 

• Ifthere is any movement object around the toy car. 
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The angles of RIGHT and LEFT directions are fixed by the manufacturer company 
of the toy car. And it is 45 C'. 

The car's speed is controlled during the input voltage of the motors. The speed is 
increased by increasing the voltage. 

3.2 Project Objectives 

This project supports many ideas and objectives that can be summarized as follows: 

• Navigate a toy car using a cellular phone. 

• Send predetermined set of commands, such as GO, RIGHT, LEFT, BACK to 

move the car forward, right, left, and backward directions respectively. 

• Request data from the car ( also predetermined commands) such TEMP to 

receive the temperature from the toy car, DARK to receive if the surrounding 

area if it daylight or darkness. 

• Receive data from the toy car directly if there is any interruption, obstacle or any 

form of danger such as fire. 

• Interpret the received .commands. 

• Sending back data per request or predetermined situations. 
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3.3 General Block Diagram: 

Control Circuit On The Toy Carr----~ 
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Figure 3.1: General Block Diagram 
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3.3 How Does System Work? 

The main idea of this proj t • Ject 1s 10w to use remote control technology to control a car 
movement by sending a wirel h · · ess uman voice through a cell phone. How to receive data 
from a cell phone fixed on a to s thi · · · Y car. o scan be applied in the followmg manner. 

The first step is to select the suitable toy car, cell phones, sensors, and other ICs that 

needed to build the system. After this step, the team makes a complete and suitable 

hardware and software designs for this system to allow the user to do dial up from his 

mobile to the number of the cell phone which is fixed on the toy car, when.the phone 

responses, a closed circuit will be done which implies that there's a connection between 

the two cell phones. This connection is done after the ring signal has been loaded on the 

relay-circuit to operate the OK-button of the cell phone and cut the ring signal after that 

process. So the cell phone will be ready to send and receive information. 

This offers the user to send the command that he/she wishes from the toy car to do. 

Those commands of human voice are predetermined and stored on the memory such as 

go, right, left, back. The analog-to-digital circuit converts the analog signals into digital 

one to give the microcontroller (8051) ability to interpret those signals and process them 

by comparing these commands with the stored commands in memory. If this command 

is the same as any one of those stored commands, the system executes. The execution 

occurs in the following scenario, the result which go out from the microcontroller go to 

the peripheral programmable interrupt (PPI) according to the program code. The user's 

command will be executed and the toy car will be navigated. 

This system also enables the administrator to receive data from the toy car . The main 

objective is to make bidirectional transmission of data. And this goal can be achieved by 

adding sensors to this system. The used sensors are thermocouples to sense the 

temperature of the surrounded area, infrared sensor to sense movement around the toy 

car, phototransistor sensor to sense sight conditions as darkness or daylight. The result 

of sensors is compared with the data stored in memory and sent into microcontroller in 

order to be processed. The result is converted from digital to analog signal via the DAC 

circuit. In this manner the user receives the data. 
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Some of sensors can be used to give the client data directly without any request. These 

sensors are used to tell the surrounding state of the toy car especially dangerous regions, 

or any interruption in the toy car route. When the toy car is found in dangerous regions, 

for example, the control circuit sends a command to the car-cell phone to dial up the 

number of the administrator-mobile, which is stored in its memory automatically and 
tells about this danger condition. 

So the system can be summarized in three basic scenarios: 

• The system receives commands only such as go, right, left, and back. 

• The system receives commands and process to send data from it. 

• The system sends data only about its surrounded state. 

In this manner the system will complete the idea which is built for. Anyone may insert 

improvements on this system to do many things such as sending and bringing objects 

from the place the toy car is in, especially when that place has some kind of danger to 

human life. Also there are many ideas to make this system more effective since the cell 

phone technology is available and the data which is sent is reaching for long distances, 

the system uses natural way of communication so it is simple to use. 
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Chapter Four 

Hardware System Design 

4.1 Introduction 

After explaining the theoretical background, the general block diagram of the system, 

and how the system works, there is a need to view what is the design of this system in 

more specific, powerful and more formal tenns. So this chapter describes the final 

system design with all its features which are necessary to make the system works well 

and achieves the object of the system. This chapter shows the interface between the 

equipments of the theoretical background, and the more suitable chips that advanced the 

design. 

4.2 The Unit Design 

The system has mainly four parts; these parts must interface with each others to achieve 

the project goals. The team has to deal with each one as a separate unit, study its 

features and prepare it to operate successfully with other units. These units are: 

• Phone unit. 

• Sensing unit. 

• Control unit. 

• Application unit. 

4.2.1 Phone unit 

d tw Valid cell phones one of them carried with the administrator The system nee s O 3 

: ttrol. The other cell phone is put on the toy car and used as a used as a transceiver cont » 
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transceiver control too. The system will take care with the cellular phone of the toy 

car. The cellular phone must have a set of necessary features to do a complete 

communication with its administrator. These features are: 

• Work with JAWWAL SIM card. 

• Easy to charge. 

• Receive and Send correctly. 

• Valid ring, speakers, and MIC. 

There are two parts of communications have to be done by the cellular phone. Once, 

the cellular phone is used as a receiver unit. So there is a need to cut-off the internal 

ring lines to connect them externally with a RELAY circuit. This circuit consists mainly 

of a relay, capacitor, and resistor. This circuit opens the connection directly between the 

cell phones after the first tone. This tone represents a 2. 7V DC that operates the relay to 
send this voltage to the OK button of the cellular phone. The values of the capacitor and 

the resistor depend on the results of the ring frequency. The frequency of the ring is 

nearly 200Hz. This value determines the charge time of the tune according the 

following formula: 
T= 1/F 

Where F: Frequency (Hertz). 

T: Time (second). 

By using the oscilloscope found the frequency of the ring of the cell phone equal 200Hz 

and from T=l/F found the Time equal 5 ms. The 5ms determines the required values of 

the capacitor and resistor according the next formula. 

Where 

T=RC 
T: Time Constant (second). 
R : resistor (Ohm). 

C : Capacitor (Farad). 

So the system needs a capacitor and a resistance where their multiplication equals 5ms, 

the most suitable values are a 5002 resistor and 1 OµF capacitor. 
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The second part makes the cellular phone as a Transmitter unit. Here, another RELAY 

circuit has done in order to dial up the administrator cell phone. The input voltage 

depends on the border signal. The input relay voltage loads the microcontroller signal 

to the cellular phone. This will open a connection with the admin-cell phone directly 
telling him that an object founded in its path. 

Figure 4.1 explains the two way communications. 

Micro controller 

4 

is 
8 

ll 
11 

ellphone 

END 

F. e 4 1. The block diagram of the cell phone 1gur ·. • 
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4.2.2 Sensing Unit 

The sensing unit represe t th . ·-· ants ie environmental area of the toy car. They can indicate 
the situation depending or the'> : . n err mput data. The output signal either analog or digital 
signal. The digital signal Ic ded di . is oa e lirectly to the microcontroller port and its output 
signal has to be converted t : : : o an analog one if it is needed for another task and 
loaded to the cell pho o th th ne. n e o er hand, the analog signal of the sensor has 
converted to digital code Thi d h . · s co e as sent to the microcontroller port to be 
understood. In addition, the return value must be encoded to an analog signal in 
order to send it to the mobile. 

1. Analog Sensors 

The following sensor produces analog values of voltages that represent the input signal 

into these sensors. 

• Temperature Sensor (LM35) 

Temperature sensors provide a change in a physical parameter of the output voltage that 

corresponds to a temperature change. They can be used for measuring temperatures in 

the environmental and biological range of -50C to + 150C. 

The system needs to use the LM35 sensor that measures the cellicous degrees and 

produces I Om V for each one degree. The output voltage of the sensor ranges from OV to 

1 V maximum, so amplification has usually needed unless the thermocouple has used for 

temperature measurement along with a sensitive millivoltmeter. If the output of the 

thermocouple is required to drive anything more than a meter movement, then DC 

amplification will be needed, using an operational amplifier as shown in figure 4.2 below. 
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Figure 4.2: temperature sensor circuit. 

This figure explains the output signals that are connected to the operational amplifier 

that is non-inverting one. The signals out from the first amplifier is minus one, and the 

analog to digital converter don't deal with the minus signal. Since the amplifier is 

inverting type. Therefore, there's a need to second amplifier to convert this signal and 

out it to the microcontroller in a positive value. 

2. Digital sensors 

The second type of sensors· is the digital sensors that have the digital output values. They 

are connected directly with the 8051 input ports to read the voltage values. The cell 

phone-based system control uses mainly the following types of the digital sensors. 

A) Touch Sensor 

This sensor detects the objects in the robot's environment. When the button is pressed, 

an electrical circuit has closed inside the sensor. When the button is released, the circuit 

is broken and no electricity flows. The RCX can sense this flow of electricity, so it 
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knows if the touch sensor is d presse or released. It returns a O when untouched and a 1 
when activated. It requi nl . ires O Y a slight force to activate them. 

The figure below shows th . e manner of electrical flow when the sensor is pressed or 
released. 

elec::t:rlcal now 

Touch sensor press:ec1 

no }ete,c::t:rlcal flow 

"ToLaci s2eras:or released 

Figure 4.3: The Touch Sensor state. 

b) LDR Sensor 

LDR (Light Dependent Resistor) sensor is a very simple and useful sensor especially 

in light/dark circuit to implement if the surrounded area of the toy car is light or dark. 

Figure 4.4 shows the principle of the LDR and how it works. 

46V J 
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,LE g Output b'' '\? 1 ToMCPort 5 . ·o 
·O 
.lO ~ 

MC74HC14 
Slit 
Trigger 

Figure 4.4: LDR circuit 

Th. • · l ins that the LDR resistor decrease as light intensity increases. So to is circuit exp al 

b • 1. h · t ity that the system need it must decrease the resistor because the o tain light m ens1 
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current pass in low resistor. The output of this sensor connects with an inverter then to 
the microcontroller ports. 

4.2.3 Control Unit 

The system need control unit to achieve all the operations of the design. The 

microcontroller is used since all the components that needed for the system were built 

right onto one board, so the microcontroller called also the one-chip solution", The 
microcontroller used in this system have the following features: 

• Intel 8051/52/552 CPU 

• 32KRAM 

• 32KEPROM 

• 8 Channel AID 

• 1 Channel D/ A 

• 2 x 16LCD Display 

• 4 Digital Inputs 

• 4 Digital Outputs 

• Serial Port. 

All previous components has already found on the 8051 microcontroller and shown 

in the following figure. 
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Figure 4.5: The 8051 board. 
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4.2.4 The Application Unit 

The application unit of th . . . e system consists mainly the required toy car and the 
external circuits that interface this toy car. 

1. Toy car 

The toy car in this system perform the application unit, and this car contain two DC 

motor which are works with ranges from 5V to 12V those motors will be navigate 

by the command which the user send it to the cell phone which is found on the toy 

car and thru the microcontroller the distinguish between these commands will be 

detennined. And in this unit there's a need to the two power supply one of them is 

+SV to make the rotation of the motors in any direction for example one of these 

motors in forward direction and the other motor in the right direction, the second 

power supply needed is -5V to reverse the rotation of the two motors. But the 

microcontroller need + 12V so the system will use this value and there's a need to 

regulator to decrease the voltage to +SV. 

2. Interfacing circuits 

The system consists of four parts, three of them were mentioned previously, and 

each part has an important role in this system. But to achieve the system object and 

operates as one unit, there's a need to integrate each unit with others through the 

interfacing circuit. The interfacing circuits are: 

• Analog To Digital Converter (ADC) Circuit 

• • · : ·ssary to convert the voice signals of the cellular phone, and the This circuit is nece 

th ture Sensor The conversion enables the 8051 microcontroller to values of e tempera · 

d. ·t 1 de of the coming signal. The figure below shows the main ICs understand the ligita. co 

of the circuit. 
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Figure 4.6: The ADC circuit 

The ADC consists mainly of: 

• lx 0804ADC 

• 8x 4N25 Optocouplers 

• lx 741S245 Inverter 

• 8x 10KQ Resistors 

• 8x 150.0 Resistors 

• Voltage supply 
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• Digital to Analog (DAC)circuit 

The DAC circuit is used to convert both the digital codes of the stored 
temperatures values and code of BARRIER signal that tells the user about 

the border. The following figure shows the DAC circuit with its 
components. 

+12y 

Iput Data 

46V 

Figure 4.7: DAC circuit 

It consists of: 

• 
• 

---5.-, Al ·IOUT f-'4'-------,--,.-~ ---,,..,6M, ]gg ]]u 
10 : I11; 
12 A3 

14 r [g\\REF4 
r----c16.-, \IREF­ 

COMP 

• Capacitor 

• Resistors 

• Voltage supply 

DAC1408A 

DAC1408 chip . 

TL08 l Amplifier . 

~--;--- An.ilog Ouiput 

SK 

-12V 

it and resistors are shown in the previous figure. The values of the capac1 or 
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• Amplifier circuit 

The system needs this circuit to amplify and enlarges the output signal of the 

cell phone. This signal in fact represents the voice commands that received 
from the administrator. 

/ 

' '47K 
[I'k[ kr] 

1 0nicorF >P { [, Output 
1 0nicorF 

4TK 

9K 
1 00K 

Figure 4.8: The Amplifier circuit. 

The amplifier circuit consists of: 

• 741 Amplifier 

• Capacitors 

• Resistors 

• Voltage supply 

' it and resistors are shown in the previous figure. The values of the capac1 or 
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• Relay-Based Directing Circuit 

This circuit interfaces the control unit with the application unit. It switches on the 

directions according the coming command of the 8051 microcontroller. 

The following figure shows the interface operation between the toy car motors and the 
microcontroller. 

9 811.0 9 9 8 N.0 9 8 11.0 

6N.¢ 6N.¢ 6N,C 11 11 

4 Con l 4 Co l 4Com 

16 l 16 I 

F. 4 9· The Relay-Based Directing Circuit 1gure. • 

This circuit consists of: 

% 4Relays (5V) 
• 4x 4N25 Optocouplers 

• 4x 2N2219 Transistors 

• 4x 22Kn Resistors 

• 4x 1502 Resistors 
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4.3 The System Design 

The system design represents the complete interface between the units-design. 

Therefore, to control a toy car by the cellular phone the following design has to be built 

and tested carefully to achieve the needed objects. The complete characteristic of the 
system is shown below. 
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Chapter Five 

Software System Programming 

5.1 Introduction : 

In this chapter, the detailed description for the program that will be stored in the 

EPROM to control the direction of the toy car, sense the surrounded temperature car, 

and sense the light around the toy car, so all these object can be perform using cell 
phone. 

The programs will be written in the assembly language using the Chip-lab device. 

This project, has a control circuit which found on the toy car to receive the command 

from the user to process those commands and execute it, and the interpret with those 

command occurs in several cases which will be described using flow chart and software 
program. 

In this chapter, the main parts have to be described by using the flowchart and its 

software program which is describe what is the main function that will be doing to 
perfonn each parts, and these parts can be divided into four parts, they are: 

• The Initialization part. 

• Receiving command from the client cell phone only, such as GO, RIGHT, 

LEFT, REVERSE. 

• Receiving command and sending data such as TEMP, DARK. 
:. the li t cell phone such as the sensor which sense if there is • Sending data to e clien 

any interrupt or danger. 

5.2 Software Requirement Specification 

d uirements the following software functions After analyzing all software needs an req ' 

and modules are needed: 
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·% Win 95/98/ME/NT/2OO0/ 
Compatible Manager Software 

This system needs these types of wind · 
In ows m order to write all assembler codes on an Text Editor Program, e g Note d 1 

·s pad, also to used HyperTerminal as a program for 
transfer the assembler code where th 

> ese programs are already found on these windows. 

• HyperTerminal 

HyperTerminal, which comes with Windows95, 98, Me, NT, 2K & XP can be used to 

obtain information from any external device such as microcontroller or modem or to 
' send any data or information to these external devices; where it can be used to get 

information from your external device. Also it can be used to Set up, format, memory 
access and erased memory for any external device. 

In this system there is a need for this program to dial up the connection between PC and 

the 8051 microcontroller, where this program is used to transfer all programs that will 

be writing in assembler language via serial cable to the 8051 microcontroller, but first 

we need to understand how to setup this program on your PC according to 8051 
microcontroller. 

To Setup the connection of the HyperTerminal, the following procedures should be 

perfonned: 
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1. Click on HyperTenni 1 . . 
nal icon which fo d . h 

then you will se th C . Oun int e programs file on your PC 
e e onnection D · • 

below. eseription screen as shown in the figure 

~ New Connection 

Enter a name and choose an icon fo th . 
r e connection: Name: 

OK - J ( Cancel 

Figure 5.1: Connection Description screen 

2. Put the name of the connection and choose COMl or COM2 dependent 

where serial cable is connected then you will see the Connect to screen as 
shown in the figure below . 

connect ta ?75]' 

Enter details for the phone number that you want to dial: 

Country/region: 

Area code: 

Phone number: 

Connect using: 

[s7o 

CIJt.11 ] 

L gJL care@ 

Figure 5.2: Connect To screen 
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3. Type any country/region ar 
' ea code phone n b 

previous screen th . ' um er, and connection in the 
en you Will see the COMI p . 

the figure bel roperhes screen as shown in ow. 

----- 
Bits per secona: [Tn53o, 

.-1 
Data bits:[ [, 

-1 
arts: [iol,, ] 

Stop bits: r,::;-------------. - ] 
Elov-i control: [tESI 

Restore Defaults 

95 JL career] L eel y 
Figure 5.3: COMI Properties 

4. Choose 115200 for bits per second, 8 bits for data bits, 1 bit for stop bits 

and none for flow control also press on OK icon in the previous screen then 

you will see the rtj-HyperTerminal screen as shown in the figure below. 

., ...... ---~--- ... ·----~- 
'£ rtj - HyperTerminal ~~~ 
File Edit View Call Transfer Help 

D ~ @ A D ~ > •·•• 

- - 

I 

SCRCL CAPS NUM , Captur 
, Auto detect Auto detect , .. 

Disconnected 
- erTenninal screen Figure 5.4. rtJ Hyp 
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5. press enter to dial up th e conn · 
and th 80 ection between the H e )51 microcontroller the . yperTerminal program 

. n you will see the following screen: 

i" fh - HyperTerminat 
File Edit View Call Transfer et 

D S D s 

WelcoMe to PAULMON2 v2 1 
See PAULNON2. DOC PAUL • • b11 Pau I Stoffregen 

r MON2.EQU and PAULNON2 HDRF : • or pore information, 
Program Name 
List 
Single-Step 
ltenory Editor (UTI80) 

PRULION2 Loc: 2000 > 

. •·····, .... 

Location 
1 000 
1 400 
1800 

Type 
rterra[ corand 
xternal COMMand 

EKternal COMMand 

Connected 00:00:08 Auto detect 115200 8-N-I I SCROLL I CAPS NUM Captur1 .: 

Figure 5.5 Dial up screen 

After performed all the previous stages the connection will dial up between the PC and 

the 8051 microcontroller. 

• Standard 9 pin serial cable (straight through) 

In this system there is a need for the serial cable as connector between the PC and 8051 

microcontroller, this cable is used to pass thru it all data from PC into the 8051 

microcontroller, where you can connect this cable either with COMl for both PC and 

microcontroller or with COM2 for both PC and microcontroller, so that the figure below 

is describe the type of the serial cable that will used in this system. 

·-- 

Figure 5.6 serial cable 
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% Assembler or C? Compiler, usually AS31 or SDC©, 

The 8051 microcontroller programming is deal with the hexadecimal code of the C­ 

language or assembly language, so that there is a need for the 'C' Compiler to convert 
the program from language code into machine code hexadecimal cod>, 

The system programmed in assembler language related to the requirements of the 

project, where the SDCC and AS3 I compilers are used to convert from the assembler 
code into the hexadecimal code. 

The following steps are explaining how to convert from assembler code to machine 
code using SDCC and AS31 compilers: 

I. First you need to install the SDCC and AS3 l compilers into your PC on a 

specific directory like D Directory. 

2. Install the autostart program into your PC on the same specific directory like D 

Directory. 

3. Go to CMD screen "black screen" then go to the specific directory which 

found the SDCC compiler. 

4. Type cd sdcc then press enter. 

5. Type cd bin then press enter. t 

1 am ASM then press en er. 6. Type as31 d:\name of the assemb e progr . 

. . dures successfully you will see (Begin fi d 11 the previous proce 
After perrorme a bl k screen. The figure below is 

) result on the ac Pass] and Begin Pass2) as a 
describing these procedures. 
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Microsoft Windows XP[Ueis ion 5tz6jB7 & ., 
(C> Copyright 1985--200i Microsoft co,, 
D:\>cd sdcc 
D: \.sdcc >cd hin 

D"\.•dcc\.hin)as31 d:,exanple.aslll 
AiJi 2.0h3 (beta). March 20_ 2001 Please report problems to: paul@pjac.co 
Begin Pass tfl 
Begin Pass t2 
D:\.sdcc\.hin> 

Ital 
I 

Figure 5.7: CMD screen 

• Text Editor Program, e.g. Notepad 

There is a need for an Editor Program like Notepad in order to write all assembler 

programs on the notepad program, where you shall save any assemble program with 

extension .ASM on a specific directory and after compile this program a new 

hexadecimal program will save on the same specific directory, where the hexadecimal 

code will send to the microcontroller via serial cable. 

• DC Voltage, 8 to 15 volts (regulated) 

The 8051 microcontroller is work with 12 DC voltages, so that the DC Voltage, 8 to 15 

volts (regulated into 12 volts) is need as a power supply. 
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5.3 Receiving User Commands 

After creating 
th
e communication channel between the two cell phones, the following 

commands can be issued: 

5.3.1 GO Command 

The system needs to move the toy car forward direction, in order to perform this matter 

we will send a command from a portable cell phone to the toy car under 8051 

microcontroller controlling, then another cell phone which is built on toy car will be 
accepted the call then, process will be begin, however all these procedure are explained 
in the flowchart in Fig.5.2 below and its software programming. 

• Algorithm of moving the toy car forward: 

Begin call 

If (Length ( command code) = = Length ( GO code)) 
Begin 

Response the command 

Send code signal to output port 

Execute the code 

End 

Else 

Call other function 

End if 

End process. · Code Sub-Progra 
----------- 
/ 
! 
mov a,#0x02 
subb a rl th 2 hex then continue • ' d · greater an Inc test ;if the length of the code is 
! mov a,#Ox!2 ar forward 
; subb a,rl . than12 hex then jump to move c 
JC test; if the length of the code is less1-------­ [w 
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• Flowchart: 

Start 

Other command 

Initialization 
output port 

Save code to 
memory 

Not 
Equal 

Read Length of the 
code 

Compare GO 
length with code 

length 

Equal 

Response for 
GO 

Delay 

End 

Figure5.8: Flowchart of GO command 
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5.3.2 REVERSE Command 

The system needs to move the toy car backward, in order to perform this matter we will 

send a command from a portable cell phone to the toy car under 8051 microcontroller 
controlling, then another cell phone Which is build on toy car will be accepting the call, 
then process will be begin, however all these procedure are explain in the flowchart in 
Fig.5.3 below and its software programming. 

• Algorithm of moving a toy car backward to 

Begin call 

If (Length (command code) ==Length (REVERSE code)) 
Begin 

Response the command 

send code signal to output port 
Execute the code 

End 
Else 

Call other function 
End if 

End process 

• Code Sub-Program 

4Jg AAA»Jg »AA»NOON 

'nova,#Ox13 mtinue 
sub b a,r I d . s greater than 13 hex then conun Jne test ;if the length of the co e 1 

nova,#Ox25 to move car reverse Subbar1 .5,1% 3 than 25 hex then jump . ofthe codeislessT---------- Jc test ; if the length o t e cc 
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• Flowchart 

Start 

Other command 

Initialization 
output port 

Save code to 
memory 

Not 
Equal 

Read Length of the 
code 

Compare 
REVERSE length 
with code length 

Equal 

Response for 
REVERSE 

Delay 

End 

Figure5.9: Flowchart of REVERSE command 
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5.3.3 RIGHT Command: 

The system needs move the toy car to the right direction, in order to perform this matter 

we will send a command from a portable cell phone to the toy car under 8051 

microcontroller controlling, then another cell phone which is build on the toy car will be 

accepting the call, then process will be begin, however all these procedure are explain in 
the flowchart in Fig.5.4 below and its software programming. 

• Algorithm of move car RIGHT direction: 

Begin call 

If (Length (command code) ==Length (RIGHT code)) 
Begin 

Response the command 

Send code signal to output port 
Execute the code 

End 
Else 

Call other function 

End if 

End process 

• Code Sub-Program 

--- 
i 

mov a,#Ox26 x hen continue 'subb a,r1 • de is greater than 26 hex 
! jnc test ;if the length oft e co 

mov a,#Ox40 · hex then jump to move car right i subba,1 saeisiesstha. ! Jc test ; if the length of the co0 
----- 

--------·7 

I 
I 
I 
I 
! 
I 

' 

n%was sew 
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• Flowchart: 

Start 

Initialization 
output port 

Other command 
Save code to 
memory 

Not 
Equal 

Read Length of the 
code 

Compare RIGHT 
length with code 

length 

Equal 

Response for 
RIGHT 

Delay 

End 

Figure5.10: Flowchart of RIGHT command 
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3 4 LEFT Command: 5.. 

In this system need to move the toy car to the left direction, in order to perform this 

matter we will send a command from a portable cell phone to the toy car under 8051 

microcontroller controlling, then another cell phone which is build on toy car will be 

accepting the call, then process will be begin, however all these procedure are explain in 
the flowchart in Fig.5.5 below and its software programming. 

• Algorithm of move car LEFT direction: 

Begin call 

If (Length (command code)== Length (LEFT code)) 

Begin 

Response the command 

Send code signal to output port 
Execute the code 

End 

Else 

Call other function 

End if 

End process 

• Code Sub-Program .- 7 mnov a,#Ox41 
subb a,r 1 . eater than 4 I hex then continue Jnc test ;if the length of the code IS gre 
mnov a,#Ox55 to move car left 
subb a,r! ·is less than 55 hex then jump Jc test ; if the length of the code is} 
( . ·--·- 
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• Flowchart: 

Start 

Other command 

Initialization 
output port 

Save code to 
memory 

Not 
Equal 

Read Length of the 
code 

Compare LEFT 
length with code 

length 

Equal 

Response for 
LEFT 

Delay 

End 

Figure5.11: Flowchart of LEFT command 
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5.4 Requesting Environmental Data 

The cell phone-based controller can be used t 
o request measured parameters from the toy car surrounding environment, 

5. 4.1 Temperature Process 

Toe system used this sensor to know the temperature around the toy car, so this sensor 

is work when the administrator is send a message (TEMP) from portable cell phone to 

know the temperature surrounded toy car, also the cell phone which is found on the cell 
phone will receive this message and according this, the temperature sensor will be 

activated to sense the temperature around the toy car and then return this value to the 

administrator cell phone via 8051 microcontroller, so to describe this operation see the 
flowchart in Fig.5.6 below and it is software programming. 

• Temperature algorithm: 

Begin call 

If (Length (signal code)== Length (TEMP code)) 

Begin 

Response the command 

Send the command to temperature sensor 

Return the surrounded temperature 

Convert data to analog signal 

Receive the returned data by cell phone client 

End 

Else 

Search for other codes 

End process 

• Code Sub-Program 
J3AJA gee 

r-- _ 

l 

""a,#os6 
SUbb a rl 56 hex then continue J• ' • ater than "© test ;if the length of the code is gre 

a,#ox6 ethe temperature around toy car bba], 4%a701ex thenjumpto sense. ! 
Jc test ; if the length of the code is less th _ 
~- -------· ®»Q]%s. nos&A® 
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• Flowchart 

Initialization 
output port 

Save code to 
memory 

Other command 

Read length 
of the code 

Equal 
Compare TEMP 
length with code 

length 

Not 
Equal 

Response for 
TEMP 

Sensor accept 
command 

Send data to 8051output ports 

Send this data to 
DAC circuit 

Response analog signal by 
cell phone client 

l 
Figure5.12: Flowchart of TEMP command 
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5.4.2 Automatic Emergency back can 

There are couples of automatic process in this pro,i t Th . . 
Ject. 1e automatic process will send directly data or information when something happen . f h 

S, some o these cases are the LDR 
Sensor, where this sensor will send directly a feedback data to an external device. 

Light Dependent Resistor (LDR) Sensor 

The system need LDR Sensor in order to know if the area around the toy car is light or 
darkness, so this sensor is work when the administrator is send a message from portable 

cell phone to know that there are sunshine or dark surrounded the toy car, also this 

message will received by other cell phone which it is build on the toy car then the LDR 

sensor will sense if the surrounding area is sunshine or dark then replay the result to the 

administrator cell phone, so to describe these operations, the flowchart Figure 5.7 below 
and it is software programming is used. 

• Light/Dark algorithm: 

Begin call 

If (Length (signal code)== Length (DARK code)) 

Begin 

Response the command 

Send the command to sunshine sensor 

Return the result 

. th turned data by cell phone client Receive e re 

End 

Else 

Search for other codes 
End process 

• Code Sub-Program 
----- -------------------- 

"v a,#ox7 

SUhha,r] 56 hex then continue 
Jnc test ;if the length of the code is greater than 

[""a,#ogy' eratare around toy car b a,rl Ip to sense the temp . let,y.. pa70h;thenjump "·[the length of the code is less than» ~- ---- -~------- ------- 
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• Flow chart: 

Initialization Output po,,T 

Send code to 
memory 

Other command 

Read code 
length 

Equal 

Compare DARK 
length with code 

length 

Not 
Equal 

Response for 
DARK 

Sensor detect 
Dark/Light 

Return data to 8051output 
ports 

Send this data to 
DAC circuit 

Response temp. Value by cell 
phone client 

End 

Figure5.13: Flowchart of TEMP command 
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5.5 Sending Command Only 

5.5.1 Border Sensor 

The system is used this sensor in order to check the border around the toy car, that it is 

mean when the car is motion and found a wall then this sensor can send a message to 

the portable cell phone "administrator cell phone" or any other object and the 

administrator will be response to this request and then will deal it, flow chart in Fig.5.8 
below and it is software programming. 

• Border algorithm 

Initialize an output port (PF) 

Detect the data on the output ports (PF) 

If (data) 

Begin 

Send request to administrator cell phone 

Wait until command is received 

Response the coming command 

Execute the command 

End if 

Continue the motion 

End process 

• Code Sub-Program 

Mow dptr,#Ox£902, declare PF 
Movx a,@dptr 
An] a,#0xff 
Jz nop 
Mov r0,#0x03 

",asr.#oxB00. declare PE ov 'p ' ' 
Movx a,#0x0 1 
Movx @dptr,a 
Dec r0 
Mov a,r0 
Jnz next 

- - soi.»II 

! 

I 
i __________ j 

fa,sass»ass® 
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• Flow chart: 

Start 

Initialization 
output port 

Other command 

No Barrier 

Command 

Barrier 

Return data to 8051 output 
ports 

Call the cell 
phone client 

Initialization output port 

Send code to 
memory 

Read code 
length 

No 
Command 

Response this 
command 

Execute 

End 

+, 55,14; Flowchart of Barrier command Figure:.. ·· 
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5.6 Summary 

% The chapter describes the software requirements for the main parts of the project 
that will be performed, by using flowcharts, algorithms, and simple code. 

• The flowchart explain in more details how the signal is sent between two cell 

phones in both directions and what is the process that will do on it to perform 

some operations such as analog to digital and vice versa, also the flow chart 

describes how the sensors are working to obtain the results. 

• The software programming describes also algorithms, so this algorithm shows 
how the system is work for any parts of it. 

• The software programming describes also sub routine code. 

• The conclusion of this chapter is to implement how the system is work in order 

to implement assembly programming. 
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Chapter six 

Implementation and Testing 

6.1 Introduction 

This chapter describes the whole parts of the system that had implemented and tested 

successfully. An implementation has done for each unit separately and prepared to present 

its formal work. Then a list of testing has been done for each unit to put it in its final 

manner. The system has been tested to emphasize operating correctness. The interface was 

done between those circuits and the main brain of the project which is the 8051 
microcontroller. 

The interface of the system was controlled by the human voice using a cellular phone on 

the toy car as an environment of sending and receiving commands. 

6.2 Toy-Car Navigation 

· · toy car The needed toy car has to have set of One of the main parts of the project is a .. 
. ented in the control media. A prepared car requirements. These requirements are repres 

d for navigation. These steps are: passes through several steps to be rea Y 0 

1. Purchase the toy car 

. h l al markets. This is governed by the h dly available in t e oc 
Remote control toy cars are ar h dly founded, so we took a lot 

. . f the toy car were ar political situation. The specifications O 
f . . ti h specifications. o time searchmg or t} ese 
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2. The toy car Requirement S : pecifications 

The purchased car has met the proi :t . 
Ject requirements. It cor ·> 

motors for controlling the four dire:ti- ns1sts of two (nearly 12V) DC ections. In additi . 
• 1 10n, a receiv» · wave signals from the transmitter c • . f er circuit that receives ircuit o the remot 

indicates the directions of the car Th . . h e control. It consists also leds that 
. e car as a 9.6V DC batte th . 

with the operation power. Its switch . ry at supplies the motors 
Is used to turn on /off th _ e system. 

+ 

Figure 6.1: The real Toy car remote control 

This system uses a toy car that has already main features of remote control. In fact it 
consists of a transmitter and receiver circuits that can be navigated by a remote control 
technology. We cut the transceiver circuits off and isolated the car from the control 

media to use our own controlling technology by using human-voice recognition. 

F. 6.2: The Toy car after change igure • • 
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The first circuit had been done to ex l · 
Plain and confine the principle work of the toy car directions by controlling its motors The DC f h 

· motors o t e toy car were prepared to 
navigate 

th
e car directions. It has two DC motors; one of them is used to control both 

forward and backwa
rd 

directions. The other is used to control both right and left 

directions. The test was done by using two DC power supplies, these sources supply motors 

with +5V for forward and right directions, and -5V for backward and left directions. The 

testing and navigating of the car was done without the cell phone. It was tested by using 

switch circuits on the bread board. The switching circuit has four switches, each one was a 

button to control a separate direction. Since the forward and backward were operated from 

the same motor and also the right and left directions were operated from the same motor, 

we took our whole care when using the switches. No two directions from the same motor 

must be operated in the same time since a pulse of +5V and -5V would be shorted down 
and attacked the motor. While operating two directions from two different motors causes 

no problem, as to operate right and forward in the same moment. 

6.3 Cell-Phone Preparation 

munication media of the toy car. It uses two The system uses the cellular phone as a comn ,,, 
d. nd receiving the needed commands o cellular phone communications for sen mg a 

navigation. 

I. Purchasing the Cell-phone 

ula ph ne of the toy car. This cellular . . . . d towards the cellu ar p o 
The main interest was directed 4 Microphone, Ring, and both OK & 

. . 1 nnections of Spea ers, 
phone was cut off its mterna co . 

1 
This process had been done 

ection, respectively. 
C buttons of opening and closing conn ' d to connect the internal dots of 

ecial equipments that use . 1 
under accurate treatment and sp d END buttons have several mterna 

. . The OK an . 
buttons with external wire rapping. ,+hers have three lines to complete the 

have two lines, and ot er constructors, some of them 
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operation. The cellular phone of the . 
Project has three inte ±l I; buttons. They were carefully c n erna mes for OK and END onnected with : . 

IE wire-rapping to do their tasks. 

2. Amending Cell phone 

The cell phone's OK and ENDing butto 
ns are cut off and prepared to communicate directly 

with the client without any hum h d Th" 
an an · us process requires the building of special 

circuits that can perform the task. 

• The OK-Ring Connection 

This circuit contains a 5V Relay, lOµF capacitor and 0.5K©Q resistor. The ring lines are 

connected to the coil of the relay. This relay will pulse a signal with the first tune of ring. 

The ring-signal represents 2.7 DC voltage that will short the relay's coil to pass the pulse to 

sides of the OK button. The resistor is used to delay the second pulse of ring-voltage and 

the capacitor discharged these pulses. The first tune will communicate the cell phone with 

the client's phone. 

The values of the capacitor and resistor were earned after several tests. The complexity 

appeared in the communication part. After implementing the required cell phone unit we 

tested it experimentally. 

. . 1 .11 be cut off and the cell phone will be ready to pass After the first tune, the rmg s1gna S WI 

come/back signals from/to administrator cell phone. 

• The OK-Microcontroller Connection 

. al of the microcontroller. This signal ' the output port sIgn 
The other circuit is built to receive Th gh software this signal will be 

ill erate the relay. 1rou 
is loaded by a 3 .6V voltage that Wl op . tition is done to 

. . ds each time. This repe repeated three times within 2 secon 
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suite the contracture of the cell h 
. p one and allows i . 

order to dial up the stored code-m g vmg three pulses to OK butt • 
umber of the adi <- ton in 

l. b min-cellular 3h . tell the c 1ent a out the barrier found d . . r P one. This connection will 
e in its path. 

ao] The OK-805 1 
circuit 

I .... · ~ , .. 
nns 5 30 

Figure 6.2: The cell-phone of the toy-car 
The OK-Ring 

circuit 

• The END button 

The ENDing button was cut-off internally and three wire rapping were connected. In fact, 

the system does not deal with this button and it will use the OK button instead . 

according to the nature of the cell phone. But it is prepared to deal with manually in the 

testing. When the sides of the OK button were connected to the relay, the situation was 

difficult to deal manually with it (OK button) at that moment. So this was prepared for 

this task. 

• The MIC-Connection 

Th · . ·· h e was cut-off and connects its two dots with e internal connection of the microplion 
Wire rapping to deal with them externally. 

. . data from the microcontroller and send it to 
The microphone signals are used to receiv© : rof temperature value, darkness state, 
the administrator cell phone. This data ts an answe 
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The microphone signals are used t • 
o receive data from the : 

administrator cell phone. This d t . t e microcontroller and send it to the 
ata is an answer of ten 

barrier. The digital code of data s· 1 . perature value, darkness state, or 
1gnals is converted to analoc<>., 

loaded on the microphone lines and. 28 signals by DAC circuit to be 
sent back to the user cell phone. 

The LDR signal is reached to the cellul: ·h 
. . · tarp one to contact the administrator and transfer to 

him a music signal that implements the derkne _, 
· 1ark iess( or a barrier) event in the car area. This 
signal operates the OK button by the relay circuit. 

• The Speaker-Connection 

The internal connection of the speakers was disconnected and its output was connected 

with two wire rapping. The two lines were prepared to transfer the voice signal to the 

system. The output signal is entered to the oscilloscope to be analyzed. It is found that an 

analog signal, so an ADC circuit is built to convert these analog signals to digital codes 

since the microcontroller deals only with the digital codes. 

On the other hand, the voltage value of the analog signals is too tiny to be treated and 

understood. It ranges from 0.2V ac to O. 7V ac maximum. This value can not be read by the 

microcontroller, so an amplifier circuit was prepared to duplicate this value five times 

before going to the ADC circuit. 

H d nd tested to check the valid codes when repeating ere, a lot of processes were prepare a 
Go BACK RIGHT, LEFT. the commands of the system such as , ' 

. h he am lifier circuit to explain our strategy of work 
In this state we used the PC-MIC wit t P 

' 
and repeating the system commands. 
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6.4 8051 Microcontroller 

The system needs the 8051 microcont II . 
ro er m order to navigate the h l . f the toy car. We choose th 8051 :. whole operations o 

,,,, a€. microcontroller board after a deep study of all features and 
important chips that needed to simulate the 

e ie system requirements. 

1. Preparing the Microcontroller 

During the first semester and after a deep study we b · bl 
, were veing a e to put a good plan 

with our supervisor for the specifications and requirements that must exist in the 

microcontroller. Through research, the following 8051 microcontroller was found to 
contain all the requirements and most needed of all. 

In fact, this microcontroller can be built manually and achieves the system 

requirements, but since this board is not the whole system and it is a part of the system 

work, we are not interested in loosing the time in building it at the moment, for it is 

available in the markets. 

This microcontroller was brought from the PHILIPS Company of USA. We shipped it, 

but unfortunately, it took nearly two months at this semester before reaching us. 

2. Using the PPU-8051 microcontroller 

l d the time passed smoothly, we decided to use the Since the microcontroller was ate an . 

d b . t build sub-programs and made the required special PPU-microcontroller an egm O . • 
de several needed experiments .It requires to 

tests. The microcontroller helped us to O s 
d ise it in the programs. learn the assembly language an u 
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The system microcontroller is a compatible board with the PPU-microcontroller. So 

we continued our software by the assembly language to keep the two-months efforts, 
although the system board can be programmed by C-Language. 

• fLJl Th PPU-8051 Microcontroller Figure 6.3: ie 
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The most important and necess: 
ary features that implem , ( I ent the interface simulation are: 

Serial 
port 

3. The 8051MC Interfacing 

I/O ports Figure 6.9: The 8051 Microcontroller System 

~~ • II I 

PPis 

I CPU 

• PPI (Peripheral Programmable Interface) 

There are two main PPls that built in the 8051 board which have 48 I/O pins. The 

first PPI has A,B, and C ports that is used to receive data from the Cell phone and 

transmitted commands to the toy car, while the second PPI has D,E, and F ports that 

is used to receive data from the sensors and transmitted commands to the toy car and 

to the client cell phone. 

To configure the ports of the 8051 microcontroller there is a need to declare the 

control word in each program. At the beginning, we used the port E as a testing point 

for each step to see the VO results on its LEDS. 
The h b . 

1 
t d with all PPIs' ports. Each port has its own process 

system ias ween implement© 

to operate the needed circuit. 
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j 
• Memory Map 

Memory map is used to control th 
e command l; .. 

the code. This linker place th me options that given to SDCC to link 
s e code at the be . . 

as31, the program location is ginning of RAM to be executed. With 
s controlled by ORG d' 

code to be moved more easily. Jirected within the code to allow this 

The 8051 memory has 64 KB divided · IvIdec into four codes: 
1. RAM: from 0000 to 7FFF of 32 KB . sIze. 

2. Flash ROM: from 8000 to F7FF of 30 KB size. 

3. Peripheral: from F800 to FEFF of 1.75 KB size. 

4. Unused: from FFO0 to FFFF of 255 B size. 

Dealing with 8051 memory requires determining the specific ports that must be used either 
input or output ports depending on the control word. 

• Flash ROM 

Flash ROM is a programming procedure different from simple writing to RAM. It can 
only turn 1 's to O's. The erasure causes all the bytes of the erased area to turn back 

into zeros. The Flash ROM must be erased before it is written. 

We implement it every time we need to test the used program. 

• RAM (Read Access memory) 

T · . II th software programs of a specific time that written in his memory is used to store al e 

the PC. Those programs were transfer via serial cable to 
assembler language on 
microcontroIIer and execute them by using autostart. . 

wnloaded and tested to get the satisfaction and 
All the system programs were do 

documentation correctly. 
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• EPROM (Erasable Program bl 
ma e Read Only Memory) 

This external memory is used to t store all the softw 
time by using autostart. These are programs to be executed at any 

programs were tested aft . 
check their validity and completene er storing on the ROM to 

ess at work. 
The simulation between these chips occt b . 

urs y using the serial port th t 
software from the PC to 8051 ' a passes the data 

m1crocontroller to be readable. 

6.5 External Circuits 

The following circuits were built and tested separately as a unit. They were built and 

processed on the breadboards. Their results were recorded and documented to be 
compared with the final results. 

6.5.1 ADC Circuit 

The Analog to Digital Converter is used to convert the input signal of voice recognition 

that comes from the cellular phone into a digital code. This digital code is transferred to 

the 8051 microcontrolJer during the PPI ports. According to this code the 8051 

microcontroller can analyze the coming command and operate the needed process. This 

command implies either a direction code or asking for a target. 
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The ADC circuit was built on a breadboard and tested successfully as a unit then it is 

documented in its final manner and used to interface the cell phone with the 

microcontroller. The ADC logic circuit consists mainly of ADC0804 chip, 8-4N25 
Optocouplers that used as saving chips and isolating the error from expanding. In 

addition, there is a 7414 inverter lo give 8-bit of digital code sent to microcontroller 
ports. 

The analog signals were tested by the Oscilloscope and drawn on the Excel system. The 

digital signals were tested and read by using C-Language. This data was entered to PC 
through the parallel port. 

The following data is a sample of examples of the experiments that had been done during 
the semester. 

1. GO Sample 

Analog Signal 

20 .,__ l 
18]{I [[] 
is ] I] [ u] l ]] ]J ",]±-ll­ 10 
8-1-----­ 

y [rr 

4 +---H------ 

2 

0 -4Y!!!!!l!!+.1!:~:::::=:= 
Is cO CO 
LO O 
co ~ ~ 

,, , ' I • ' ! "} q 4g g 
' ,: 1 • 'I I 
I 'I ·■ !fill 

I l'. :11 

. .. . . 
. 6 ~ Analog GO signal Figure .5 

th GO sample. This code is . . I . al that represents e 
ie the digital s1gna II The following code is ie h 

80
51 microcontrol er. 

. . d transfers to t e converted by the ADC circuit an 
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Digital Code of GO: 

20 20 EO EO EO EO 80 A0 EO AO 
A0 20 EO 80 A 

AO 20 AO AO AO AO AO A0 80 80 \O 80 EO EO 80 AO AO 80 EO A0 AO 20 
AO 80 80 80 80 8 

80 20 AO AO 20 AO AO AO AO AO 0 80 80 80 80 80 80 AO AO AO 80 A0 A0 20 A0 AO AO 80 AO A0 80 20 20 80 

2. The RIGHT Signal 

The Right signal is compared . h 
witl other signals and th : 

resulted samples. t e difference appears through the 

40 

35{--- --- ---~------1 _ 

30 r-----m-----+---i __ JJ 
25 {--- 

2Q -------­ 

]5{--- 

[() 1--------------- 

'y{ 

O -4®®NM4L.I.1 ML1 .31344a4a%.%5%° 
8 8 3 j ±' @ % S 

~ N ~ g 8 8 e a 8 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

/-Series1 / 

Figure 6.'$: Analog RIGHT signal 

Digital Code of RIGHT: 

20 80 20 80 AO AO AO AO AO AO 80 80 80 80 20 20 80 80 80 80 80 80 80 80 AO AO 80 

A0 80 A0 AO AO 80 AO 80 20 A0 80 20 AO AO EO EO EO EO 80 AO EO AO AO AO EO 

AO 80 AO 80 AO AO AO 80 AO 80 80 80 80 AO 80 80 20 AO AO 80 80 80 80 20 80 AO 

AO 80 80 20 20 20 80 AO AO AO 20 20 20 A0 20 AO 80 AO 80 80 AO 80 80 80 AO 
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6.5.2 DAC Circuit 

The Digital to Analog Converter (1408DAC) is used to convert the input code of stored 

signals into analog signals . This signal is transferred into the 8051 microcontroller 
during the PP! ports. According to this signal the 8051 microcontroller can analyze the 
purpose of this signal. The digital result is compared with the data stored in memory and 

returns it (the digital code) to DAC circuit. The DAC circuit encoded the output analog 

signal to the MIC of the cell phone as a potable voice. The DAC signal is tested on a 
breadboard then it was built in its final manner to use it when needed. 

Figure 6./¥ The DAC Signal 

h d·gital codes of the temperature values . d . ed to convert t e I 
In fact, the DAC board is designer planed to be transferred into the 

. o Its output has p ane 
that had been stored in the mem ry. PPIs was attacked. This drops the 

fortunately one of the cellular-phone MIC. But un O 3 

his part of project. task, so we could not complete t 
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6.5.3 LDR Circuit 

The LDR (Light Dependent R . 
es1stance) sensor reall . . • 

surrounded area of the toy ca . Y was built in this system to test the 
r continuously either D 

programmed the LDR sensor t be Jarkness or Sunshine. But the team has 
r o e used as a barrier : 

functioning . r sensor smce the last one was not 

#D 
; :i 
,j 

;1 

,. 
2 v 

1 

~~1~1~:f:•(5, ~- . ,.,.,.,, M .,'s,,, , ) , ~\jbi~ 
Figure 6.}: The LOR sensor 

The LDR circuit was built on a bread board and tested successfully as a unit then used to 

interface the 8051 microcontroller with the cell phone. The output of the sensor is 

connected to a bit-port of the microcontroller as an input digital signal either l(Open-Way) 

or 0(Barrier). The result will be loaded from the output bit-port to the cell phone of the toy 

car to operate it by giving 3-pulse voltages during the relay. The three pulse voltages were 
needed to simulate the nature of the cell phone software to dial up the administrator 

directly. This operation makes this cell phone to call the administrator's cell-phone and 

telling him the state. 
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6.5.4 Temperature Circuit 

The temperature circuit was built to sense the temperature of the toy car's environment. 

This can be operated by asking the toy car about the temperature. This question will be 

converted to digital code and transferred by the microcontroller to the input of this circuit. 

The output is a digital code and must be compared with those stored codes of temperature 

in the memory to return the analog voice of the specified temperature during the MIC cell­ 
phone to the administrator cell-phone. 

Figure 6.ll: The Temperature sensor 

. h . good results. We read these results d in times to emphasize 
This circuit had been teste ma Y y new result with them. This 

them as a database to compare an 
on memory and then stored t +it asking the sensor to sense. 

and which comes to I as 
circuit operates only by a comm : di ·nsional simulation; the user asks 

: :: lication of two-dime Also the temperature circuit is an app 

the car and waits the result. 
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6.5.5 Relay-Based Directing Circuit 

This circuit was built to control the directions of the toy car. It consists of 4-Relays 5V 

of each one with a 2N2219 A transistor and a 4N25 Optocoubler with necessary resistors. 
This circuit first is built and controlled by 4-Switches. Each switch implements a 

command to a specific direction. Here the care is taken when giving a 5V pulse to two 

switches with others, the DC motor must take one pulse either +5V or -5V but not both of 

them at the same time. And we don't care to operate two directions from two motors. 

After switches did a test, we connected the circuit with the microcontroller port. 
Moreover, through software we could control the directions successfully. 

la»l! 

W: B d Directing Circuit 6 . The Relay- ase Figure • 
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6.6 Summary 

• Each unit is prepared and test d 
. . e separately, and then results were recorded to check its validity. 

• A software code program · • 
Is written to each one to test the results that have 

been taken manually. 

• These units were tested and · l 
Implemented all as a unit and interface had been 

done to simulate them. 

• The control of these hardwa ·it 
are um s was made by software programs to 

decide which circuit must operate at one time. 

• The main ideas of the system have been achieved by building and testing the 
required circuits of simulation. 

• The receiving-command part was achieved and implemented by a Relay­ 
Connection circuit that operates by a voice command. 

• The sending-receiving part was achieved and successfully implemented in 

the temperature circuit by asking for the temperature and waiting for results. 

• The sending part was also tested, successfuIIy implemented, and 

documented by LDR, and Barrier circuits that send data teIIs the 

administrator the state of car conditions. 

• The system was implemented and a complete control happened .Also the 

interface and the hardware and software sides achieved simulation. 

• The supervisor was satisfied and comfortable to the system results and gave 

his recommendations to pass to the final chapter of future work. 
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Chapter Seven 

Future Work 

7.1 Introduction 

The system of controlling a toy car using 11 1 1 
. 

cellular phone has achieved the main ideas 
prepared to. It is now ready to be used as a robot t 11 d b h 

con ro e y t e cellular phones on 
sight. The main features that achieved are: 

1. Controlling a toy car by the voice recognition commands. These commands are 

GO, BACK, LEFT, RIGHT. The team enables to send these commands from 

their mobile to the cellular phone and they enable to differentiate between the 

commands' codes that are stored in the memory of 8051 microcontroller. The 

input code must be compared with those stored codes of memory after converted 

to a digital code by ADC. Receiving data from the toy car about its local 

environment. These data comes to the administrator after he asks about 

something like Temperature. The microcontroller does the interface which 

controlled and recognized by the system software. The simulation with these 

hardware circuits and their software programs has converted from one form to 

another to do its task. This conversion passes in several stages from ADC to 

DAC and vice versa. The code although enters in comparison to be compared 

th d- data. This will return the valid results that achieve the goals. wit] store-memory lat .. 

I d. t d tell its administrator about the area it is found in. 2. The car enab es to predict an 
• d D k codes has been understood to be converted into These data like Boar er or ar 

analog voice. 
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7.2 Future View 

During the system period the team enables to achieve the main goals he started to do 

them. Although there are some techniques that could be used to reach the objects in 

less time but we started our system from the zero and we used the most available and 

simple equipments to emphasize the results and prove this new technology of 
controlling an object by the human voice recognition. 

There are some media that can be used as an advance for the system, these media 

will be our recommendation to help other students achieve more results. So the future 
view includes the following improvements: 

• The system can use the recognition of voice Using FFT (Fast Fourier 
Transform)and Wavelet technology. 

• There are cell phones that have some features and suited the idea of interface. 

This kind of cell phones can deal with the 8051 microcontroller directly by a 

serial cable that converts the signals without needing to ADC circuits. This cell 

phone uses numbers as remote commands but not voice recognition. 

. . di ate the situation of the toy car. This n use a digital camera to indic 
• The system ca fr any place in the world without needing design enables to control the toy car om 

to be on sight. 

d to present other goals. It can be . roved and reprogramme . 
• This system can be impr I . an easy way of controllmg. In 

tients in the hospitals m 
designed to transfer the pa f: tures and does their demands. 

. d to service the manu ac addition, it may be designe 

to be controlled under cellular I' d on a real car 
• This technology can be app ie . fc Mecatronics department students who 

k " special for 
hone. This part of work Is S <can analyze this technology and use 

p f car control. They 
know the main features o . h ut needing a driver. 

'rate the car witho their experience to nav1g 
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number 1 

Appendix 

'±''i?ii#;ii?s#»#»,, 
1 ,44-4-44#4-858--2,% '6..5'3'¢3'3'¢3'¢'¢''k3' p program3333ssss6 {OU 

% This program j "asks 
nd Left ,., s move the toy car Forward . 
dependent on the s ' Backward, Right, 

* 1gnal thats appear at PDO, PD4,PD6, and PD? 
* seriuosly where th' 

U'ntil ,., ls program will repeat it self many times 
press on autostart to stop th· 
TS program 

' 
::::*************************************************************** 

.org Ox8000 ;load the program on the memory address 8000 mov a,#0x8a 
mov dptr, #Oxf903 
%,,f"?{'·@5display the control word on the address configuration 

mov dptr, #Ox2000 
push dph 
push dp l 
mov r0,#0xf0 ;this value is used to make a delay for reading the 
input signal 

ahl: 

b
;the follow codes are used to make a delay between each reading 2 
ytes to 
;check there is an hexadeciaml code or not for each commands 

;################################################################## 
##### ##### 

;begin the delay 
mov rl #0x02 sto: ' 
dec rl ;decrease the register rl by one hexadecimal 
tov a, r1 ,~z stS0 ; if the rl is not zero go to st SO 
Jmp st60 ;if the rl is zero go to st60 

St50: 
mov r2 #0xlf 
StlQ· ' d . 
ec r2 ;decrease 
"ov a, r2 
Jnz st10 ;if the 

the register r2 by one hexadecimal 

Zero go to stl0 r2 is not 

rnov r3, #0xl f 
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' st20: number] 
dec r3 ; decrease the register 
mov a,r3 · r3 by one hexadecimal 
jnz st220 ; if the r3 ; s not ze 
1jmop st660 ;if the r3 is zero'Z, 99 to s1220 

to st660 
st220: 
mov r4,#0Oxff 
st30: 
dee r4 ; decrease the register r4 b . 
mov a, r4 . Y one hexadecimal 
jnz st30 ; if the r4 is not zero go to st3O 
ljmp st20 ; 1 f the r4 is zero go to st20 
st660: 
mov rS, #Oxff 
st430: 
dee rS ; decrease the register rs by one hexadecimal mov a, rs 
jnz st430 ; if the rs is not zero go to st430 
mov r6, #Oxff 
st330: 
dee r6 ;decrease the register r6 by one hexadecimal mov a, r6 
jnz st330 ; if the r6 is not zero go to st330 
mov r7, #Oxff 
st340: 
dee r7 ;decrease the register r7 by one hexadecimal 
mov a, r7 
jnz st340 ;if the r7 is not zero go to st340 
lJmp stO ; if the r7 is zero go to stO 
; End the delay 
;################################################################## 
########## 

st60: 
dee rO ;decrease the register rO by one hexadecimal 
tIov a, rO 
Jz ahmad ; if the rO is zero go to ahmad 
mov dptr, #Oxf902 
movx a,@dptr ;read 2 bytes from PF and stored them in the Accumulator 
Jz ahl ; if the data of Accumulator 1 s zero go to ahl 

Pop dp l 
Pop dph f address 2000 movx @dptr, a ; stored the 2 bytes begin rom 

· b e hexadecimal 'c dptr ;increase the value of dptr ry on 
Push dph 
Push db 
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number1 
################################################################ fhsiril 

### follow codes are used to make a delay between each reading 2 ·the 
'rtes to h 
bY d a 11 the hexadeci aml code for each commands correctl ly, w ere ·rea 

~ach 
2 

·11 stored on the memory begin from 2000 ;bytes wT 

mov rl,#Ox02 
st: 
dee rl 
mov a, rl 
in.z st5 
tji st6 

st5: ff mov r2,#0x 
stl: 
dee r2 
mov a, r2 
jnz stl 

mov r3, #Oxff 
st2: 
dee r3 
mov a, r3 
jnz st22 
ljmp st66 

st22: 
mov r4, #Oxff 
st3: 
dee r4 
mov a, r4 
jnz st3 
l jmp st2 

St66: 
mov rs, #Oxff 
St43: 
dee rs 
mov a, rs 
Jnz st43 

mov r6, #Oxff st33: 
dee r6 
tIov a, r6 
Jnz st33 

rnov r7, #Oxff st34: 
dec r7 
"ov a, r7 
J2 st34 
hjmp st 
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number 1 
. end delay between reading each 2 bytes I 

st6: · t .hl jjmp ahl ; Jump o a to read again 

·################################################################## lg### ##.## ## 

·################################################################## ###### ### 
·the follow codes are used to determine the length of the command that has . 
·already stored in the memory begin from 2000 then stored this iength code 
·with others pre-commands length then send a commands to the toy ' car 

ahmad : . . 1 . h . h l th f mov r1,#Ox0O ;Initialize the register rl to store the lengt o command in it 
mov dptr, #0x2000 

12: 
movx a,@dptr ;store the value which stored on 2000 memory 
jz 11 ; check if the va 1 ue of the Accumulator is zero then jump to l1 or not 
·zero then continue d h t 
' h pointer by one hexadecimal to rea t e nex inc dptr ;increase t e 
value d · l 
inc rl ;increment the register rl by one hexaiecima 
ljmp 12 ;jump to 12 

11: 
mov dptr, #Ox2040 

mov a,rl the value of rl (command length) on the memory movx @dptr, a ; store 
address 
;2040 

if the command length between 2hex ;the foll ow codes are checking 
and 12hex 
;then execute the fa 11 ow code 
mov a,#Ox02 lator from rl . 
Subb a,r1 ;substract_the AcCU[K,, jump to test else continue Jnc test ·if there is a carry 
mov a,#Ox12 ulator from rl l t' e bb h Accum t e se con 1 nu ?Ub a,r1 ;substract the ihen jump to tes Jc test ·if there is a carry 

' 
; send GO command to toy car 
mov dpt r, #0xf900 
mov a,#0X80 
"I9vx @dptr.a 
J J : ' 
'imp jj 
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numberl 
d RIGTH command to toy car •sen 

1:est dpt r, #0xf900 
moV #0Xl0 
' "%aptr, a !';sh program 
:;;~############################################################### ########## 
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