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Abstract—In this work an intelligent vehicle system has been designed using a microcontroller AT89C4051. The designed 

vehicle moves in a predetermined path and work automatically. The microcontroller performs the functions of self-controller of 

the vehicle. The microcontroller has been programmed in Machine Level Language to meet our criteria. Also a personal 

computer (PC) has been used to control the vehicle by RF link. Parallel printer ports of the PC has been used as data 

communication port to interface the remote vehicle. A suitable software program has been developed using C Language for the 

system controller to send commands to the vehicle. 
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1 INTRODUCTION

ECESSITIES are the mother of inventions. Whenev-
er human being finds the need of something it’s led 
to a wonderful invention. As I all know that today is 

the era of revolution in electronics science and also in en-
gineering is one of the roots of the science. Development 
in the field of electronic is the reaching far ahead whether 
it is an embedded system designing or CMOS technology.  
The aim of our design is such type of vehicle that can per-
form wide variety of difficult tasks in space research, do-
mestic, scientific and industrial fields. With the advance-
ment of software field every all devices are being auto-
mated and controlled by microcontroller though software 
application. On continuations with the growing ad-
vancement it is proposed to design a control system (ro-
bot i.e. car) which is based on combined applications of 
software as well as hardware.  
For data communication between the control unit and the 
remote vehicle unit, two modes of data transfer: parallel 
and serial can be used. We have seen that in serial com-
munication system a series of pulses are transmitted on a 
single wire. Hence for long distance data communication, 
the serial data transfer is preferred, as it is simple to con-
trol and also cost-effective.  

Asynchronous communication is the prevailing stand-
ard in the personal computer industry, both because it is 
easier to implement and it has the unique advantage that 
bytes can be sent whenever they are ready. There need be 
no timing relationship between successive characters (or 
bytes of data). Individual characters may be separated by 
any arbitrary idle period. So we have employed asyn-
chronous serial transmission format in the present work. 

 
Simple, locally available and low cost components have 

been used in the present work to develop the motor driv-
ing circuit of the vehicle. Simple motor driving circuits 
have been used in the vehicle to move it in the desired 
direction noiselessly and efficiently by using a unipolar 
power supply. 
 

2 MOTIVATION AND OUR APPROACH 
The main motivation for this work is twofold. First, in 
most of the reviewed references the authors primarily aim 
to achieve a high level of accuracy of their robotic vehicle 
design method. Our first goal was, therefore, to develop a 
computationally efficient and, more importantly, a robot-
ic vehicle system that can move automatically. Second, to 
objectively quantify the performance of robotic vehicle, 
with special avoidance of obstacles neighboring it’s. Our 
second goal was thus to acquire a large enough for space 
research or domestic uses. In this work we have design 
our system in such a way that the vehicle has self decision 
making ability and self motivated according to the de-
signed program. Also this vehicle can communicate with 
the control unit (PC) via radio link or wireless communi-
cation. Share the obstacle position on it’s path and take 
decision from the control unit. 

3 SYSTEM DESIGN 

The system is mainly divided into two units: intelligent 
vehicle unit and control unit. The intelligent vehicle unit 

N
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consists of obstacle sensing unit, microcontroller unit, 
motor driving unit and transceiver unit. The personal 

computer with interfacing circuit works as control unit. A 

simplified block diagram of the complete system is 
depicted in Figure 1. 

                                                                                                                             

 
Figure 1: A simplified block diagram of the complete system 

 

 
3.1 Obstacle Sensing Unit 

The function of this unit is to detect the presence of en-
vironmental obstacles (at any side of the vehicle) neigh-
boring it’s at a limited distance. The block diagram of the 
obstacle-sensing unit is shown in Figure 2. 

 

If any obstacles presents in it’s way, the sensors output 
goes high. The amplifier unit amplifies the output signals 
of the sensor unit that are appropriate for the microcon-
troller input and also for the RF- transmitter. 

 

          
     

Figure 2: Block diagram of the obstacle-sensing unit 

             

   

In this work for sensing obstacles on the way of the ve-
hicle’s destination near-Infrared Proximity Detectors have 
been used at various locations of the vehicle to detect ob-
stacles from a limited distance and take necessary actions 
to overcome them.  

3.2 The Microcontroller (AT89C4051) Unit 

The AT89C4051 is a low-voltage, high-performance 
CMOS 8-bit microcomputer with 2K bytes of Flash pro-
grammable and erasable read-only memory (PEROM) [1]. 
The device is manufactured using Atmel’s high-density 



M.A.A. MASHUD ET AL.: INTELLIGENT VEHICLE SYSTEM WITH AN WIRELESS PC INTERFACING     12 

 

nonvolatile memory technology and is compatible with 
the industry-standard MCS-51 instruction set. By combin-
ing a versatile 8-bit CPU with Flash on a monolithic chip, 
the Atmel AT89C4051 is a power-full microcomputer 
which provides a highly-flexible and cost-effective.  
AT89C4051 provides the standard features [2]: Compati-
ble with MCS®-51Products, 2K Bytes of Reprogrammable 
Flash Memory  Endurance: 1,000 Write/Erase Cycles, 
2.7V to 6V Operating Range ,  Fully Static Operation: 0 Hz 
to 24 MHz ,  Two-level Program Memory Lock, 128 x 8-bit 
Internal RAM , 15 Programmable I/O Lines , Two 16-bit 
Timer/Counters, Six Interrupt Sources, Programmable 
Serial UART Channel,  Direct LED Drive Outputs , On-
chip Analog Comparator,  Low-power Idle and Power-
down Modes, Green (Pb/Halide-free) Packaging Option.  

In addition, the AT89C4051 is designed with static logic 
for operation down to zero frequency and supports two 
software selectable power saving modes. The Idle Mode 
stops the CPU while allowing the RAM, timer/counters, 
serial port and interrupt system to continue functioning. 

The power-down mode saves the RAM contents but 
freezes the oscillator disabling all other chip functions 
until the next hardware reset.  

 
3.3 Motor Driving Unit 

The DC motor driving circuit is shown Figure 3. It con-
sists of T1-T4, D1-D6, R1-R6 and dc motor [3]. When in-
put is at logic ‘0’ at both ends, transistors T1 and T2 are 
ON due to the current flow through resistors R1 and R2. 
As a result, voltage at both ends of the motor is the same 
and the net potential difference across the motor is zero 
and so the motor remains OFF. When the signal at tran-
sistor T3 is high (logic ‘1’) and T4 is low that for the com-
bination of D0=1 and D1=0 of the data, transistor T3 
comes into saturation, grounding the base of T1 which is 
then driven into cutoff but T2 is ON. So current flows 
through the motor from T2 to D1 (diode) and then 
through T3 to ground the DC motor starts to rotate in one 
direction.

 

 
 

Figure 3:   Motor driving circuits of the designed system 

 
3.4 Interfacing Circuit 

The PC interfacing circuit consists of two ICs [4]. They are 

octal latch 74LS373 and octal buffer 74LS244. The simple 
interfacing circuit is depicted in Figure 4. 
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Figure 4: PC interfacing circuit 

 
3.5 RF-Transceiver Unit 

The RF Transceivers (Tx/Rx) provided the function of 
transmitting and receiving RF signals between the PC and 
the Intelligent Vehicle unit [5]. The ‘Tx’ radiates the elec-
tromagnetic wave to the air; on the other hand ‘Rx’ re-
ceives the electromagnetic wave and converts it to the 
electrical signal. The 49MHZ RF transceiver has been 
used to transmit signals from control unit and receives 
the same signals to the Intelligent Vehicle unit. The 
27MHZ transceiver has been used to transmit signal from 
Intelligent Vehicle unit and receives the same signals to 
the control unit. The band-gap of these two transceivers is 
22MHZ has been used to overcome the frequency inter-
ference. The used transceivers can transmit and receive 
four bit data. 

4 SYSTEM PROGRAM 

The system program and flow chart is depicted in Figure 
5 that represents the control system of the intelligent ve-
hicle. When the system is activated, it will invoke the mi-
crocontroller to reset all hardware devices in a normal 
and controlled mode. The robotic vehicle starts to move 
in forward direction and the obstacle sensing unit starts 
to detect the obstacle in it’s path. If no obstacles finds the 
vehicle reach it’s destination. If any obstacles are detect-
ing in it’s path the vehicle make decision according to the 
obstacles position and also move in desired path avoiding 
obstacles as shown in flow chart in Figure 5. 
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Figure 5:  Flowchart for the developed system program 

 

5 OBSTACLE AVOIDANCE ALGORITHM 

Step-1: Move the vehicle in forward direction. 
Step-2: No scan obstacle. 

Go to Step-1. 
Step-3: Scan obstacle. 

i. Obstacle in it’s front side 
The vehicle stops for a little time and search A or B 

A. Right side 

No obstacle. Go to Step-1. 
If obstacle. Go to Step-3:i.B 

B. Left side 

No obstacle. Go to Step-1. 
If obstacle. Go to Step-3.ii. 

ii. Scan backside. 

a. No obstacle. 
Go backward and then go to Step-1. 

b. If obstacle. Go to Step-4. 
Step-4: Stop and search for Step-1. 

6 RESULTS AND DISCUSSION 

The system was successfully developed and its perfor-
mance was strong. It can move in a pre-determined path 
without any intervention from a human operator by sens-
ing environment obstacles neighboring it’s. Also it can 
control by a computer system. Here the computer (PC) 
works as the controller of the remote Intelligent Vehicle, 
which is interfaced with it through Radio link via parallel 
printer port. 
 
The parallel printer port was used as a bi-directional data 

communication port in SPP mode. Communication be-
tween the control unit (PC) and remote vehicle unit was 
done in serial form, since, for long distance communica-
tion this format is efficient and cost-effective than parallel. 
For data transmission asynchronous serial format was 
used in full-duplex mode. The computer commands are 
transmitted in serial binary data form to the remote Intel-
ligent Vehicle, which are converted into parallel form 
using a serial to parallel converter. It is then used to acti-
vate the motor driving circuits according to the require-
ment. 
 
For the system, the hardware portion was first designed 
and implemented and then software was developed to 
control the whole system. The software assists the com-
puter (PC) to transmit the commands to the remote Intel-
ligent Vehicle in serial binary form through the parallel 
printer port and also to receive data from the remote In-
telligent Vehicle unit in the same form. Hence, this reduc-
es the hardware portion for converting serial data into 
parallel form for transmission and vice-versa for recep-
tion. This modification increases the flexibility and relia-
bility of the system. 
When the RF-transmitter of the vehicle unit sends data to 
the computer, each bit position is specified for particular 
sensor reading. Five sensors are attached to the vehicle at 
different sides of it. The specific data bits used for signal-
ing the sensor reading are given in the following Table 1. 
The Data bit combinations of different commands for con-
trolling Intelligent Vehicle movements are shown in Table 
2. 
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TABLE 1  

 DATA BITS SPECIFICATION FOR DIFFERENT SENSORS AT VARIOUS SIDES OF THE VEHICLE. 

 

  Location of Sensors Data Bit used for Signaling  

  Front Down side of the vehicle  D0 

  Front side of the vehicle  D1 

  Back side of the vehicle  D2 

  Right side of the vehicle  D3 

  Left side of the vehicle  D4 

 

 
TABLE 2 

DATA BIT COMBINATIONS OF DIFFERENT COMMANDS FOR CONTROLLING INTELLIGENT VEHICLE MOVEMENTS 

 

Obstacles Position 
Data Bit Combinations Movement of the Intelli-

gent Vehicle Information bits 

D7    D6    D5   D4    D3    D2     D1    D0 

Left + Right + Back side X       X      X     X       1       1        1       0 Forward 

Left + Right + Front side. X       X      X     X       1       1        0       1  Backward 

Left side X       X      X     X       1       0        1       0  Forward + Right 

Right side X       X      X     X       0       1        1       0 Forward + Left 

Left  + Front side X       X      X     X       0       1        0       1 Backward+ Right 

Front + Right side X       X      X     X       1       0        0       1 Backward + Left 

Front + Left + Right + Back side X       X      X     X       1       1        1       1 
Stop 

Switch off X       X      X     X       0       0        0       0 

 

 

If any environmental obstacles are present neighboring 
it’s, the obstacle sensing unit of the vehicle can sense that 
obstacles and sends the corresponding signals to the 
micocontroller and to the PC. The software scans these 
signals or data and analyzes to gives the proper instruc-
tion of the vehicle for moving in desired direction.  
In this work, hardware designs of the receiver and trans-
mitter are simple, reliable, and are developed by using 
low cost readily available components. For sensing obsta-
cles on the way of the vehicle’s destination Near-Infrared 

Proximity Detectors have been used at various locations 
of the vehicle to detect obstacles from a limited distance 
and take necessary actions to overcome them. These sen-
sors offer significant advantages over mechanical switch-
es in such areas as stability, repeatability and long life. 
The motor driving circuits in the present work reverse the 
motor direction noiselessly and efficiently with the use of 
a unipolar power supply. The general specifications of the 
designed system are depicted in Table 3.
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TABLE 3 

GENERAL SPECIFICATIONS OF THE DESIGNED SYSTEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7   CONCLUSIONS 

The designed system is fully software controlled. The use 
of single-chip microcontroller makes drastic reduction in 
size and cost of integrated circuits for constructing intelli-
gent systems. PC offers a simple, flexible and reliable so-
lution of the system. The most significant aspect of the 
software-controlled system is that it provides a well-
structured control organization.  
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Average velocity 14 cm / sec 

Maximum distance of detecting any obstacles 30.5 cm 

Rotational angle 90º 

Transceivers radio frequency 49 MHZ / 27 MHZ 

Types of sensors IR detector 

Maximum radio link distance 41.34 m 

Length 35.5 cm 

Width 14.1 cm 

Weight 1.00 K.g 


