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Abstract: This study proposes a novel design of a 
high-impedance, solid-state relay used to activate a 
circuit employed in the implementation of a parallel 
port interface for connecting a remote control car to a 
computer. Two prototypes of the interface were built. 
The first prototype controls a single car and has a 
chip count of three ICs and four electronic switches. 
Conversely, the second prototype was built using a 
PIC microcontroller, and controls two cars with a 
chip count of one IC and eight electronic switches. 
Task-specific software algorithms were developed for 
testing the interface circuits. The contribution of this 
project is to expose all the details involved in 
interfacing a computer to a type of circuit which 
possesses signals that are prone to false-triggering 
whenever current leaks towards ground are possible. 
Thus, a new design of a high impedance electronic 
switch is introduced to address this problem. The 
computer-interfaced remote control car proved viable 
for effective control whenever visual feedback was 
available, demonstrating that this type of design has 
strong applications in the area of tele-robotics and 
web site control. 

1. Introduction 

This project was started to experiment how to 
connect a remote control car to a computer, inspired 
by other robots [1]. The implementation of a simple 
computer connected robot, such as ones presented in 
previous work will be shown [2]. In this paper, we 
will present the details for the implementation of the 
interfaces that enable a computer to control the car. 
The two hardware interfaces designed will be 
described in detail first. The software programs that 
allow control of the car will be covered also. 
Experimental results gathered will be presented.  

The main components of this project are as follow:  

1) A computer, which will control the car 
2) An interface circuit, which will connect the 
computer to the remote control 
3) A remote control, used to command the car 
movements 

4) A remote control car.  

The computer will be used to command the remote 
control car. Several modalities exist for this task. The 
simplest control mode is where the operator of the car 
is interacting with the computer directly. Similar 
work in the area of computer controlled devices has 
been performed by [3]. Thus, actions performed on 
the computer will result in the car moving under the 
control of the operator. Another control mode is 
batch control, where a series of recorded actions are 
played back by the computer, resulting in a series of 
motions performed automatically. The last control 
mode described in this paper allows for commands to 
be sent via the Internet, such as [4]. 

The interface circuit is responsible for actuating the 
remote control in response to signals coming from 
the computer. The parallel port was initially selected 
for connecting the computer to the interface to keep 
the complexity low. The interface reacts to signals 
present in the parallel port by closing the contacts in 
the remote control which cause the car motors to 
activate. This interface contains two distinct sections, 
the digital section, and the analog section. The digital 
section interprets the signals present in the parallel 
port, and includes protection logic for invalid actions, 
while the analog section closes the remote control 
contacts using solid state high impedance relays.  

The remote control transmits signals to the car using 
radio frequencies. These signals are received by the 
car, which cause it to move. In its original shape, the 
remote control functions are activated by the user 
moving control sticks. Disassembly of the remote 
control revealed that the stick motion brought two 
metal contacts together. The remote control was 
retrofitted with a cable to make all the control 
functions externally available. The remote control car 
did not undergo any modifications.  

The interface circuit development resulted in two 
prototypes being built. The first prototype was the 
test bed for the high speed solid state relays. This 
prototype has a very simple implementation, 



consisting of two sections. The digital section is 
made of three ICs which read and interpret the 
signals coming through the parallel port. This section 
contains logic to prevent simultaneous activations of 
mutually exclusive functions. The digital section then 
interfaces to a bank of four electronic relays, which 
activate functions in the remote control. This design 
controlled a single car.  

The second prototype presented improvements to the 
digital section. The three ICs of the first design were 
substituted by a 16F84 PIC microcontroller. This 
change allowed for two cars to be independently 
controlled using a single interface circuit. The 
inclusion of a microcontroller in the design allowed 
for condensing the functionality of several ICs into 
one.  

To test the hardware interfaces, several test programs 
were written. The first and simplest test program 
allowed for an operator to control the car by pressing 
keys in the numeric keypad of the computer 
keyboard. The control programs evolved in 
capabilities, which included replaying a series of 
motions, reading a series of motions from a file, or 
receiving the motion data as a parameter from other 
program. Ultimately, a web server was set up to 
allow for Internet control of the car. 

The research presented in this project has 
applications in the area of tele-robotics. Robots can 
be sent to perform dangerous inspection work [5]. 
This work presents a foundation which is applicable 
to creating robots capable of being controlled over 
great distances by virtue of computer networks. The 
details of the implementation of the solid state relays 
apply also to interfacing to circuits which must be 
connected to ground for activation using high 
impedance relays. 

2. Hardware Interface Description 

2.1 Description of the Remote Control 

The technical details involved in the design of the 
remote control interface will be described next. The 
remote control car chosen for interfacing has a 
control system similar to that of a tank. There are two 
sticks on the remote control. Each stick is capable of 
moving forwards and backwards, and controls the 
motion of the wheels on its respective side of the car. 
Pushing the left stick forward causes the wheels on 
the left side to move the car forward.  Pushing the 
right stick backwards causes the wheels on the right 
side to move the car backwards.  

Upon disassembly of the remote control, the 
mechanism by which the motion of the sticks is 
transformed into a radio frequency was exposed. The 

control stick resembles an inverted T, where the pivot 
point for the stick resides at the junction of the two 
straight segments, see figure 1. The two ends of the 
lower portion of the control stick were used to push a 
flexible piece of metal against special contacts on the 
printed circuit board. Pushing the metal piece against 
the top contact would make the motor for that side 
rotate forwards. Likewise, if the metal piece was 
pushed against the bottom contact, the motor would 
turn backwards. The physical design of the controller 
prohibited the stick to activate simultaneously the top 
and bottom contacts. This was taken into 
consideration in the design of the interface, and 
protection logic was designed to avoid accidental 
activation of two functions in the same side.  

 
Figure 1. Diagram of a remote control stick action. 

2.2 Modifications to the Remote Control 

To allow for external control of the remote, as well as 
battery-free operation, a cable had to be added. The 
cable would allow access to the two contacts, and the 
metal plate for each side. Two additional wires would 
allow the remote to be externally powered. Eight 
signals in total were used, three for each side of the 
car, plus two for the 9V power and ground. A DB-9 
connector meets the signal requirement. The resulting 
pin out for the DB-9 connector is shown in figure 2.  

For each side, three signals were needed. However, a 
later measurement revealed that the metal plates for 
both sides were connected to ground. Therefore, just 
having an externally accessible ground was the only 
requirement. All four contacts were activated by 
pulling them towards this ground. This discovery 
rendered pins two and four unused. 

 
Figure 2. Remote Control Pin Out 



2.3 Requirements for Electronic Relay 

For external activation of the four remote control 
functions, each pin representing the action had to be 
pulled to ground. When inactive, a voltage of 8.5V 
was present on each pin. A circuit was designed that 
used a 5V active high signal to control the activation 
of the relay. Upon activation, the signal from the 
remote control would be connected to ground. The 
block diagram for the electronic relay is shown in 
figure 3.  

 
Figure 3. Block Diagram of Relay 

It was discovered through experimentation with 
initial designs of the relay that high impedance from 
the controlled signal to ground had to be present 
when the relay was in the open state. The initial 
designs for the relay included H-bridges, transistors, 
and FET. All the designs failed to reliably operate the 
remote control due to small current leakage from the 
controlled signal to ground.  

2.4 Design and Implementation of the Electronic 
Relay 

The most promising prototype was that of the 
transistor inverter. This circuit presents an output 
level which is the inverse of the input level. Since the 
controlled signal is a 8.5V signal that must be 
connected to ground to activate, and pulled up to 
disable, the transistor inverter was the basis for the 
circuit to use. The circuit worked well in the on or 
closed state, never failing to activate the control 
signal when a 5V input was presented. For the off or 
open state, the circuit worked erratically, even 
activating at times when certain insulated cables were 
touched. This was due to the fact that a small current 
leakage to ground was occurring through the 
transistor.  

The basic structure of a transistor inverter is shown in 
figure 4. Please note that the diode is not part of the 
inverter. The output of the inverter is measured at the 
emitter of the transistor Q1. The circuit works as 
follows, when the input is held at 0V, Q1 is in the off 
state, therefore the voltage at the emitter is Vcc. 
When the input is 5V, Q1 is in the on state, and the 
emitter is held at 0.2V. The resistor R2 is the biasing 
resistor, which limits the amount of current the 
transistor Q1 consumes in the on state. The resistor 
R1 is the input resistor, which limits the amount of 
current the base of the transistor consumes.  

The inverter was enhanced with the addition of a 
diode in the emitter to solve the current leakage 
problem. When the control input is held at 5V, the 
emitter of Q1 goes to 0.2V and the diode is forward 
biased, allowing the 8.5V controlled signal to flow to 
ground. This activates the remote control function. 
When the control input is held at 0V, Q1 is off, 
keeping the emitter of Q1 at 9V. The controlled 
signal is at a potential of 8.5V. The diode in this case 
is reverse biased, with no current leaking from the 
controlled signal to ground. Any existing current leak 
in this state will be through the diode into the 
controlled signal. Given the difference in potential on 
the ends of the diode, this current leak is negligible.  

 
Figure 4. Electronic Relay Schematic 

The diode solves the problem of accidental activation 
of the controlled circuit due to current leakage into 
ground. This task is accomplished by reverse biasing 
the diode when the transistor is in the off state. For 
this scheme to work, the Vcc potential used must be 
higher than the voltage of the controlled signal. Due 
to internal resistances in the remote control, the 
voltage of the control signal present was 8.5V, 
satisfying this requirement.  

2.5 Design of Interface Circuit 

The next stage of the design of the interface is the 
design of the logic that interfaces to the computer and 
connects to the electronic relays. This stage connects 
to a port in the computer, acquires the signals used to 
activate the remote, verifies that the forward and 
backwards action for the same side are not on at the 
same time, and sends the verified signals to the 
electronic relays. 

The parallel port was chosen as the interface point 
since it makes available eight data signals with a 
separate strobe. This port simplifies the interface 
design, since a strobe signal will flash low to indicate 
that there is valid data present in the data bus. This 
design only utilizes 4 of all the available data signals. 
In designing interfaces for this port, one must be very 
careful. The parallel port lacks the ruggedness of the 
serial port; an error in the circuit might permanently 
damage it. The serial port is rugged, but interfaces 
designed for it are inherently more complex since 
rearranging of the received data is needed. 



This design reads from the D0-D3 lines, and the 
Strobe line, which indicates that data is valid. Other 
parallel port signals such as Select and Error are 
driven to indicate a selected, error free printer 
condition.  

The controller circuit consists of four sections: 

1) The parallel port connector interface. This part 
connects to the parallel port in the computer, drives 
certain signals for proper operation, and makes the 
data lines available to other circuits. 

2) The parallel port to switch interface. This part 
receives signals coming in from the parallel port, and 
reads data from the bus when an indication of valid 
data is received. This section also ensures that an 
invalid command such as activating all functions 
cannot be received by the electronic relays. 

3) The electronic relay section. This section 
contains multiple instances of the high impedance 
relay described previously. The relay inputs are 
connected to the parallel port interface. Their output 
is used to drive the remote control 

4) The remote control port section. This section 
connects the outputs of the electronic relays to the 
appropriate signals in the remote control. Power is 
shared with the remote control via this section also.  

2.6 TTL Implementation of Interface Circuit 

Two different interfaces were built which contain the 
four sections previously described. The first design 
utilizes TTL logic for the parallel port interface 
section. This design is able to control a single car, 
and is implemented using three ICs. The second 
design implements the parallel port interface via a 
PIC microcontroller. This design allows for two cars 
to be controlled using only one IC.  

The first interface design was designed as a concept 
to test and connect the electronic relays to a 
computer. It is built using a 74373 Octal Transparent 
Latch with Latch and Output Enable. Eight flip-flops 
with a common active low enable are available in this 
IC. The active low enable is tied to the Strobe line in 
the parallel port. The parallel port will flash this line 
low when data is present in D0-D7. With this setup, 
when there is data sent to the parallel port, the latches 
capture this event, and hold the data on their outputs, 
which are used later to drive the electronic relays. 
The latches in the 74373 do not connect directly to 
the electronic relays. Instead, they pass through some 
protection logic to ensure that the forward and 
backwards actions for the same motor are not active 
simultaneously. This is accomplished by sending the 
signal out of the flip flop through an AND gate which 

also sees the inverse of the signal coming out the flip 
flop handling the complementary action. 

Schematics in figure 5 illustrate the diagram for the 
circuits handling the left side of the remote control 
interface. The right side is similar, using D2-D3 in 
the parallel port interface. 

 
Figure 5. Schematics for Left Side Controller 

2.7 Communication Protocol for TTL 
Implementation 

The commands to control the TTL interface are sent 
through the parallel port. In this design D0-D3 are 
each used for controlling a relay. The mapping of 
remote control functions to parallel port lines is 
shown in figure 6. To transmit a command to the 
interface, a value must be sent to the parallel port 
which contains in the four least significant bits the 
actions to perform. This design allows a single 
transfer to the parallel port to completely specify an 
action to perform with the car.  

 
Figure 6. Format of Frame for TTL Interface  

2.8 Microcontroller Implementation of Interface 
Circuit 

The second implementation of the interface circuit 
was designed with a PIC 16F84 replacing all the 



digital logic present in the previous design. The 
16F84 microcontroller used in this design is 
packaged in an 18 pin DIP [6]. This device was 
shown in an effort to simplify the implementation of 
the PCB, while possibly handling multiple cars. The 
microcontroller was programmed in Hi-Tech PicC 
[7], and help from embedded controllers web sites 
[8].  

The possibility of multiple car control was considered 
in this design. A physical limitation in the amount of 
pins available determined that a maximum of two 
cars could be controlled with this microcontroller. 
For twin car control, eight electronic relays will be 
placed in the circuit, driven by I/O pins from the 
microcontroller. The 16F84 has 13 I/O pins. 
Therefore, after using 8 pins for the relays, only 5 are 
left. In this configuration, there are not enough pins 
left to implement a one-to-one mapping of parallel 
port lines to relays. Clearly, a mechanism must be 
devised to allow control of eight functions with less 
than five signals.  

At this point, the decision to use the parallel port 
versus the serial port presents itself again. To reduce 
the simplicity of the code, the parallel port was 
chosen again. The better choice would have been to 
use the serial port, which would only use one pin for 
the signal. However, the use of a serial port would 
have added a transceiver circuit to bring the level of 
the serial port signal down to 5V levels. The parallel 
port was again selected to lower the overall 
complexity of the circuit.  

The communication mechanism chosen was serial 
transmission with an auxiliary clock signal. This was 
implemented by only connecting the D0 signal from 
the parallel port to the microcontroller. To determine 
the time intervals where D0 contains valid data, the 
#Strobe signal from the parallel port was monitored. 
This signal flashes low then valid data is present. 
With this arrangement, only two signals from the 
parallel port are used.  

The PIC 18F84 microcontroller has been superceded 
by the PIC 16F628. The distinguishing features of 
this microcontroller include extra RAM and ROM 
memory, 20 MHz clock speed, and 15 I/O pins. 
Using the 16F628, enough I/O pins are available to 
make connection of three cars possible. 

2.9 Communication Protocol for Microcontroller 
Implementation 

The microcontroller receives the control commands 
from the parallel port via a serial protocol. This serial 
protocol specifies a five bit frame to control the two 
cars. The format of the frame is shown in figure 7. 
Since the microcontroller connects to the D0 line, all 

other lines are don’t-cares. Thus the value of the bit 
to transmit must be loaded on the least significant bit 
of the character sent to the parallel port.  

To command the interface to control the car, a five 
bit frame must be sent. This frame is created by 
sending to the parallel port a sequence of five 
characters, each carrying the payload in the least 
significant bit. First, a car selector bit is sent, which 
would determine if this frame is to affect the relays 
for car 0, or car 1. The next 4 bits sent determine the 
on-off state of the corresponding relays, as show in 
figure 7.  

 
Figure 7. Format of Serial Frame for Microcontroller 
Interface 

2.10 Description of Serial Frame Receiving 
Algorithm 

Since the effect of a bit received depends on the bit 
received previously, the microcontroller keeps track 
of its position in the frames received via a Finite 
State Machine (FSM). This FSM contains a state for 
each bit in the frame. The states transition 
sequentially from 1 through 5, with a roll-over to 
state 1. The state transition is triggered by the falling 
edge of the #Strobe signal. Upon a falling edge of 
this signal, the current value of D0 is stored in the 
current state, and the state is advanced. The transition 
from state 5 to state 1 causes the microcontroller to 
determine the car to control according to the first bit, 
then assemble the relay values from bits 2-5. The 
relay values are checked for validity by ensuring that 
the backwards and forwards actions are not 
simultaneously active for a side. After this check, the 
data is presented in the output ports.  

The approach of buffering the frame until it is 
received completely and then sending it to the relays 
was chosen to eliminate errors in case of partial, or 
delayed frame receptions. Directly outputting of the 
signals to the relays as they are received could cause 
the left motor to turn on sooner than the right motor if 
there is a delay between bits 2 and 4 of the frame.  



Since a FSM is used, the possibility of the computer 
and the interface to fall out of sync exists. The 
interface was programmed with a sequence intended 
to reset the FSM to state 1, ready to receive the car id 
number. The sequence programmed was a sequence 
of ten “1” signals followed by five “0” signals. This 
sequence was chosen since it is invalid to ask for all 
the actions in car 1 to be turned on simultaneously. 
The repetition of the invalid frame, followed by a 
frame consisting of all “0” was chosen to determine 
with a high degree of reliability that the host 
computer will not reset the FSM by accident.  

3. Software Controller Description 

Four software controller programs were developed to 
test the interfaces. The first program was developed 
to manually test the first hardware interface 
implemented. This program reads the keyboard, 
performs a table lookup to determine the proper value 
for the D0-D3 bits of the character to send, and 
outputs them via the parallel port. The values of the 
bits according to the key pressed are shown in figure 
8. This program allows the user for direct control of 
the car.  

 
Figure 8. Control Values For Each Keystroke 

The second program expanded the functionality of 
the first by adding a replay of the keystrokes. The 
program records the keystrokes along with a timing 
cue. When the user signals the end of manual control 
by pressing the escape key, the program replays the 
user actions. This program was used to give an 
insight into the accuracy of replaying pre-recorded 
actions to the car.  

The third program was developed to test the 
consistency of replaying actions sent to the car. This 
program reads from a file a series of actions. The 
actions include the on duty cycle of the PWM signals 
sent to the left and right motors, as well as the 
duration of the signals. This program was 
fundamental to testing the accuracy of a series of 
complex actions.  

The fourth program developed allowed for Internet 
control of the car. This work is similar in approach to 
previous techniques [9]. A computer was set up with 
Windows 2000 Professional and IIS 5.1 as a web-
server. An ISAPI DLL file was registered with the 
web server, and was executed when a URL was 
visited. The DLL file extracted from the URL the 
direction command, in the same format as that used 
in Figure 7. The DLL then spawned an executable 
file, which sent the control values to the parallel port. 
A web page was built with control buttons arranged 
in a numeric key pad layout. The page also included a 
video feed from a camera connected to the web-
server. This page allowed users to remotely operate 
the car.  

4. Experimental Results and Discussions 

This work consists of two distinct parts. The first part 
is the hardware interface that links a computer to the 
remote control car. The second part is the software 
controllers that allow the car to be controlled from 
the computer. Each part of this work was evaluated 
independently.  

The hardware interfaces were tested for functionality 
using a program that accepts keystrokes and then 
translates them to the appropriate values and sends 
them to the parallel port. The hardware interfaces 
correctly activated the remote control under all the 
tests conducted. 

The accuracy of the remote control car when an 
automatic sequence was being played was tested. For 
this test, a file was created which contained a 
sequence of actions. The degree of complexity of the 
replayed action was raised for each test.  

An action tested was to move forward at full speed 
for 1 second, wait ½ second, then move backwards at 
full speed for 1 second. Replaying this action yielded 
errors in the ending position of approximately 1 foot.  

Another action tested was to drive the shape of a 
square with 4 feet sides. Maneuvers such as turns 
introduced errors which accumulated, affecting the 
accuracy of the final car position.  

These tests demonstrate the need for a closed loop 
control system. The free-play in the mechanical drive 
system of the car introduces errors when an action is 
replayed. One way to ensure that the replaying of an 
action is accurate is to monitor the actual 
displacement of the vehicle, and adjust the motor 
speed to match the actual displacement desired.  

The monitoring of the actual car displacement can be 
done using several techniques. Some monitoring 
techniques require the addition of radio circuits to the 
car to report the actual car movement to the 



computer. Examples of such techniques would be 
monitoring the movement of the wheels. The 
computer would replay an action until the wheels 
have moved exactly the same distance. Visual 
monitoring of the ground could also help determine 
when the appropriate distance has been covered. 

Another technique, which would not require any 
modification to the car, exists. Computer visual 
monitoring could enhance the accuracy of the 
trajectory replays by ensuring the replay visually 
follows the same landmarks. This technique would be 
simpler to implement, since it requires no 
modifications to the vehicle. It would also mimic the 
way humans drive the car from a distance by relying 
on visual feedback to judge position and distance. 
The disadvantages of this technique rely on its 
dependence on line-of-sight to the car. The car cannot 
be accurately controlled in an area where visual 
coverage does not exist.  

5. Conclusions and Recommendations 

This project has yielded promising results. The 
computer interface for remote control car was 
implemented, and several control programs were 
developed, which allow users control of the car using 
different driving modalities. This research has 
identified the need for a feedback to exist in the 
control mechanism. A closed loop control system is a 
must to ensure reliable playback of trajectories. 

This paper exposes the implementation details of the 
interfaces needed to connect the remote control to a 
computer. This allows other students to learn from 
this project.  

Accurate automatic control of the remote control car 
was not possible. However, there are applications 
where such precise control is not necessary. For 
applications where the operator of the car has visual 
feedback, the accuracy achieved is adequate. Such 
applications include direct control of the car via a 
computer, or control through the internet via a web-
camera. Practical applications for this robot would be 
performing tasks that are too dangerous for a person 
to perform.  

This project can also be used as an educational game. 
The game would pose a challenge to solve, such as 
providing the correct answer to a question. As a 
reward for answering correctly, a certain time in 
control of the car would be granted to the player. The 
two car version of the interface could make this game 
multiplayer capable, in which case, the fastest player 
to complete a course would be rewarded. 
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