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I. Abstract 
An amphibious, remote-control car was designed to be controlled by a controller with two 
joysticks and drive on water and on land. The car was built and drives successfully on land, with 
a top speed of 1.163 m/s. The car was controlled by an Arduino that communicated with the 
joystick using an XBee. Unfortunately, due to the lab closure due to COVID-19, the car was not 
able to be waterproofed or tested in the water; however, in theory it should drive in the water.  
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II. Introduction 
A. Motivation 
The goal of this project is to create an amphibious remote-controlled car. The car will be able to 
drive on land and then float in water, and the wheels will propel it through the water with their 
flaps. 
 
This project will explore radio communication and design that is compatible with both land and 
water. This project was inspired by seeing multiple similar cars on Amazon, and wanting to 
create a version of my own. [1, 2] 
 
Through this project, I hoped to learn how to use the XBee to communicate between two 
components wirelessly, and develop my skills with the Arduino. I also wanted to improve my 
skills in CAD and physical design. 
 
Beyond being an interesting project and a fun toy to play with, this project could potentially be 
the beginning of the development of more sophisticated remote-control vehicles for sea 
exploration, monitoring, or even pollution collection. The fact that they can also be driven on 
land increases their versatility. Once the prototype car has been completed, many other 
mechanisms could be added based on the desired use. 
 
B. History 
One of the earliest known amphibious vehicles was developed by the Neapolitan inventor Prince 
Raimondo di Sangro of Sansevero. He designed a smart carriage powered by a clever system of 
paddlewheels, with cork horses on the front for show. He called it a sea-going carriage, and 
eyewitness reports describe it as having a “steady unvarying movement” with a “high speed” in 
both land and water. Other than pictures, few other details remain about this carriage. Prince 
Raimondo di Sangro was always reluctant to reveal the secret details of his experiments, so much 
of his knowledge and discoveries died with him. [3] 
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Figure 1: An engraving of Prince di Sangro’s sea-going carriage [3] 
 
Other inventors throughout history have worked to develop other amphibious vehicles, but the 
next main growth in innovation came during World War Two. Large ships took much too long to 
unload when the soldiers were trying to land on enemy coastlines, so the army began to develop 
vehicles that could be driven directly from the sea onto the shore. The two main types developed 
during World War Two were the LVT (Landing Vehicle Tracked), a tractor developed for the 
Marine Corps that resembled a tank, and the “duck” (DUKW), which was developed by the 
Army and used rubber tires on shore and a propellor in the water. The DUKW was able to float 
due to its large hull, resembling that of a boat. The hull added volume, increasing the buoyant 
force so that it was able to float. Both of these vehicles were instrumental in the Pacific Front 
and on D-Day during World War Two, and more amphibious vehicles have been developed for 
military use. While the LVT is not in use today, an updated form of the DUKW still exists. [4] 
 

 
Figure 2: The DUKW in use during World War Two 
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More recently, both remote-control and full-size amphibious vehicles have been developed 
simply for fun. In 2010, the company Water Car, based in Southern California, set the Guinness 
World Record for the fastest amphibious vehicle. Their prototype, the Python, reached speeds of 
up to 127 mph on land and 60 mph on water.  
 
Similar to the DUKW from World War Two, the Water Cars rely on four wheels on land, and a 
propeller in the water. When the car is driven into the water, the user pulls a knob, and the 
wheels are raised and the jet is activated. In the water, the jet is going and the car leaves a wake 
similar to that of a boat or jetski. When the car is moved back to land, the user can lower the 
wheels again so that it can drive. The car also has a slightly rounded underbelly, similar to the 
hull of a boat, to increase the buoyant force in the water. Essentially, the Water Car has 
combined the features and mechanics of both a car and a boat and placed it in one body. Slight 
adjustments are made to switch between land mode and water mode. [5] 
 
The slogan of Water Car is “Builders of the Most Fun Vehicle on the Planet,” and they make 
cars simply for the sake of enjoyment. Similarly, there are many remote control amphibious toy 
cars available simply for fun. 

 
Figure 3: Water Car’s “The Python” Amphibious Car 
 
III. Design 
A. Design Explanation 
The body of the car is relatively simple: a laser-cut, ⅛” thick wood, rectangular body, measuring 
8”x4”x2.75.” The body was designed to be similar in dimensions to the car where the wheels 
were taken, to have double the volume of the volume required to keep the car floating, and to be 
relatively light. For calculations of the size needed for adequate buoyant force, please see the 
theory section. The motor gearboxes are attached directly to the body with screws, and the 
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wheels are screwed into the motor, with spacers along the extra length of the screw. The wheels 
are secured within the motor using Nylock Threadlocker. The body will be waterproofed with 
silicon in the holes, and the circuitry will be surrounded by an extra acrylic box.  
 
An Arduino Uno is used in the car to read information from the joystick and to power and 
control the motors. The joystick and car use XBee radio modules to communicate. The circuit 
employs an H-Bridge, which allows the Arduino to power the motors in both the forward and 
backward direction.  
 
The joystick is designed to be very similar in design to common gaming joysticks, so that the 
controls are intuitive and easy to use. The joystick uses two joysticks. The left joystick is used to 
move the left wheels forward and backward, and the right joystick is used to move the right 
wheels forward and backward. Similarly to the car, an Arduino reads input from these joysticks 
and sends that information using the XBee.  
 
B. Images of Final Design 

 
Figure 4: Image of the car from the top. You can see that the left back wheel appears awkwardly 
bent. This is likely because the motor is bent or has a flaw. The motor would have been replaced 
if there was access to the lab. 
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Figure 5: Image of the final car from the side 
 

 
Figure 6: Image of the final joystick 
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C. Scaled Drawings 
Unfortunately, due to the closure of the lab, CAD was not available to use in designing and 
printing the car. These drawings are hand-drawn and labeled with measurements. 

 
Figure 7: Top and Side Views of the Car 
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Figure 8: Top and Side X-Ray views of the car body 
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Figure 9: Top View of the Joystick 
 
 

 
Figure 10: Bottom and Side Views of the Joystick 
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D. Circuit Diagrams and Explanation 

 
Figure 11: Circuit Diagram of the Car and Motor Mechanisms.  

The Arduino is connected to the XBee using Software Serial on pins 2 and 3. The 1A and 
2A pins on the H-bridge control the direction of the left motor, and the 1,2 EN pin controls the 
power of these motors. The 1A and 2A pins are connected to digital Arduino ports that are called 
enable pins, which are set to on or off based on the desired direction. The 1,2 EN pin is 
connected to a digital pin called the PWM pin, which outputs the power of the motors in a PWM 
wave (see theory section). The motors are connected to the 1Y and 2Y pins, and the ground pins 
are connected to the ground of the Arduino. The right side is a mirror image of the left, and 
controls the right motors. The only exception is that VCC1 powers the H-bridge itself and is 
connected to the 5V pin of Arduino, while VCC2 powers the motors. The motors are powered by 
an external battery of 9V and 600 mAh to give them the additional current needed to run.  
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Figure 12: Joystick Circuit Diagram 

The Arduino is connected to the XBee. It is connected the same way as the car, but in this 
case, it is shown using the shield, as the connections are not visible outside the shield. The 
positive pins of the joysticks are connected to the Arduino’s 5V pin, and the ground pins of the 
joysticks are connected to the ground pin of the Arduino. In addition, each joystick is connected 
to an analog port, which reads the value of the joystick.  
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E. Code Flowcharts 

 
Figure 13: Flowchart of the Car Code. 

Essentially, the car reads in values from the XBee, and sets motors to the correct speed 
based on the reading. For the full code, please see Appendix B. 
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Figure 14: Flowchart of the Joystick Code 

The joystick reads in the readings from each analog port, converts the reading to a string 
that the motor Arduino can parse, and, in turn, sends them to the XBee network. For the full 
code, please see Appendix B.  
 
IV. Theory 
A. Buoyant Force and Floating 
The buoyant force acts on an object floating in a fluid. The buoyant force is the result of the 
pressure exerted by the fluid on the object. Since the pressure of the fluid increases as the depth 
increases, the buoyant force is always upward.  
 
According to Archimedes’ principle, the buoyant force is equal to the weight of the fluid 
displaced by the object. In other words, , where is the density of the fluid, V isgF b = ⍴V disp ⍴  
the displaced volume, and g is the gravitational constant, 9.81 m/s2. As seen in Figure 4, if Fb = 
Fg, the object floats. However, if Fb < Fg, the object sinks. [6] 

 
Figure 15: Buoyant Force on a Floating Object.  

If the object was fully submerged and Fg was still greater than Fb, the object would sink 
to the bottom. 



Reynolds 14 

In this project, the volume of the car will need to be large enough and the mass will need to be 
light enough so that the car will float when it is in the water. 
 

Item Weight 

9V Battery (2) 2 x 26g = 52g 

Arduino & Shield 52g 

Motor (4) 4 x 35g = 140g 

Wheel (4) 4 x 57g = 228g 

H-Bridge and Wires 8g 

Protoboard 6g 

Figure 16: Estimated Weight of Components 
 
 
Total weight of inside components = 494 g. 
Estimated weight of body = 200 g. 
mg = Vg⍴  
(0.694 kg)(9.81 m/s2) = (997 kg/m3)(V)(9.81m/s2) 
V = 6.96 x 10-4 m3 = 696 cm3 = 42.47 in3 
Figure 17: Calculations for Required Submerged Volume to Float. The required submerged 
volume of the car needs to be approximately 43 in3 so that the car is able to float. 
 
B. Gear Ratios 
The purpose of the gearbox connecting the motor and the wheels in this project is to add to the 
torque of the motor so that the wheels have enough torque to move. The gear ratio to increase 
torque has a smaller gear attached to the motor, which drives a bigger gear. For example, if the 
smaller gear, connected to the motor, has 12 teeth and the larger gear, connected to the wheel, 
has 60 teeth, the motor will need to spin five full rotations for the larger gear connected to the 
wheel to spin once. While this gear ratio decreases the speed of the wheel, it increases the torque, 
allowing for it to impart force on the ground more easily and move. [7] 
 
In general, mechanical advantage is the ratio of the force produced by a machine to the force 
applied to it, and it can be calculated by dividing output force by input force. More specifically, 
for a gear train, the mechanical advantage is the ratio of the radius of the driven gear divided by 
the radius of the driving gear. When the radius of the driven gear is much larger than the radius 
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of the driving gear, the mechanical advantage is larger, allowing the system to have a much 
larger output force than the input force. This allows the wheel to impart a much larger force on 
the ground than it would if it were connected directly to the motor. The force that the wheel 
imparts on the ground corresponds to an equal and opposite force that the round exerts on the 
wheel, allowing the car to have enough power to move forward.  [8] 
 
The gear ratio in this project is 48:1 for the maximum torque. Therefore, the mechanical 
advantage is 48. 
 
C. Motors 
A motor is a device that converts electrical energy into rotational mechanical energy. There are 
two main types of DC Motors: brush and brushless. Both types of motors rely on electromagnets, 
coils of wire with current running through them, and permanent magnets. A brushless motor 
relies on spinning permanent magnets and stationary electromagnets, while a brush motor relies 
on spinning electromagnets and stationary permanent magnets. See “Building and Optimizing a 
DC Motor for Efficiency,” Sophie Reynolds, December 2019 for more details. 
 
 
D. XBee and Radio Communication 
Through radio communication, signals and information are able to be sent wirelessly. Radio 
communication relies on radio waves, which are part of the electromagnetic spectrum. They have 
a wavelength range of 1 mm to 62 miles, and a frequency range of 3 kHz to 300 GHz. Radio 
waves are sent through the air with a specified wavelength and frequency by transmitters, and the 
wave is picked up and read by receivers. The wavelengths and frequencies are varied slightly to 
transmit different pieces of data -- each different wavelength corresponds to a different piece of 
information. The radio waves flow through the receiver antenna, which causes the electrons in 
that antenna to wiggle back and forth. The movement of the electrons generates an electric 
current, which powers the electronic components that the receiver is connected to. [9] 
 
The XBee uses radio communication to transmit data back and forth. The XBees are configured 
to talk to each other through the Channel, PAN ID, and Address. The channel controls the 
frequency band of the XBee, and most XBees operate on the 2.4 GHz 802.15.4 band. The PAN 
ID, or the personal area network ID, is a hexadecimal value that each XBee has. Two XBees can 
only talk to each other if they have the same PAN ID, so this is how XBees in separate projects 
can remain separate. Finally, each XBee has a unique address, called the MY address. The 
destination address of the XBee determines which source addresses the XBee can send to. This is 
another way to make sure that the XBees are operating individually and not receiving data from 
other XBee users outside of the project. [10] 
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XBees communicate with each other through wireless, radio communication. However, XBees 
only transfer the messages, they cannot interpret them. The XBee communicates with the 
Arduino it is connected to through the serial port. The Arduino is then able to interpret the data 
sent by the other XBee and send something back. [11] 
 

 
Figure 18: Image representing the communication of XBees. They use wireless communication 
to communicate with each other, and use serial communication with an additional device to 
interpret the data and control the signal being sent. 
 
E. Arduino 
The Arduino Uno is a microcontroller, meaning that it is essentially a small computer. The Uno 
has six analog input pins and 14 digital input/output pins. The analog input pins can be used to 
read in a voltage across a sensor. The value read in is from 0 to 1023, because it is based on an 
eight-bit analog to digital converter, and it is based on the resistance of the sensor. In this project, 
the analog input pins are used in the Arduino in the controller to read in the values of the joystick 
tools. The values that are read in are then used to power the motors at a certain level.  
 
The digital pins can be used for a variety of things. The digital output method sets the pins to 
either 0 or 1, and the digital input method reads whether the pins are on or off. However, since 
the goal of this project is to be able to power the motors at different speeds, not simply on or off, 
the digital output pins are controlled by the Analog Write method. The Analog Write method 
writes an analog value from 0 to 255 to the pin, which is used in this project to power the motor 
at different speeds. [12] 
 
The Analog Write method works by sending a PWM, or Pulse with Modulation, wave to the 
digital pin. PWM is a method for getting analog results with only digital means. Because the 
analog write function is done on the digital pins, the digital pins can technically only send signals 
of zero or five volts. The digital pin is used to create a square wave, where the power is switched 
on and off between zero and five volts. The pulse width, which is the name for the amount of 
time that the pin is on, changes to create varying analog values. [13] 
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Figure 19: Example of PWM resulting in different powers on the Arduino. The green lines 
represent a regular time period, which on the Arduino Uno is about 2 ms. As the value of the 
Analog Write increases, the output pin is set at five volts for a longer period of time, resulting in 
a higher value in the output. [13] 
 
F. Joystick and Potentiometers 
The Parallax Two-Axis Joystick contains two potentiometers, one on the Left/Right direction 
and one in the Up/Down direction. In this project, only the reading in the Up/Down direction is 
currently being used. [14] 
 
A potentiometer is a device where the resistance across it is variable based on some input, 
causing the readings to be different. The potentiometers inside the joystick work similarly to a 
slide potentiometer. In a slide potentiometer, the value of the resistance changes by means of 
linear motion: there is a linear relationship between the position of the potentiometer and the 
voltage across it. This is because the potentiometer is essentially a resistor, but the length of the 
resistor is determined by the position of the potentiometer, because the potentiometer “cuts off” 
the resistor at the position. The resistance changes as a function of the length, because , ⍴R =  l

A  
where R is the resistance of the resistor, is the resistivity, a constant inherent to the metal, A is⍴  
the area, which remains constant throughout the potentiometer, and l is the length of the resistor, 
which is the quantity changed by the position of the potentiometer. [15] 
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Figure 20: An example of how the slide potentiometer works. Inside is a resistor, and the 
position of the potentiometer determines the length of the resistor. 
 
G. H-Bridge 
The H-Bridge is a tool that can be used to reverse the direction of current through an electrical 
component. In this project, the H-Bridge is used to reverse the direction of the current through 
the motor so that it can go both forwards and backwards. When a signal of five volts is sent from 
the Arduino to one of the enable pins, the direction of the current is one way. However, when a 
signal of five volts is sent to the other enable pin, the direction of the current is the other way. If 
both of the enable pins are set to high, the current will flow both ways and break the H-Bridge, 
and if both of the enable pins are set to low, no current flows. [16, 17] 
A simple H-Bridge has four switches, and only two are open at one time. A simple image of 
different switches controlled by the enable pin is seen in the diagram below. 
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Figure 21: A simple example of the inside of an H-Bridge. If switches 1 and 4 are on, the current 
flows one way. However, if switches 2 and 3 are on, the current flows the other way. In the 
H-Bridge used in this project, the switches are inside the small H-Bridge and are fully controlled 
by the two enable pins. 
 
V. Results 
With the closure of the lab due to COVID-19, the results were taken at home with rudimentary 
equipment. More results would have been taken and the results would have been more accurate 
with the equipment from the lab.  
 
A. Maximum Speed 
A measurement of four feet (1.2192 meters) was laid out on the floor. The car was placed about 
one foot behind the starting point, to not count the acceleration or any delay in the car starting. 
For five trials, the amount of time it took the car to travel four feet was measured, and four feet 
was divided by the amount of time to find the velocity. The table with measurements is shown 
below. 
 

Trial 
Distance 
(feet) 

Distance 
(meters) Time (s) Speed (meters/second) 

1 4 1.2192 0.99 1.232 

2 4 1.2192 1.11 1.098 

3 4 1.2192 1.01 1.207 

4 4 1.2192 1.09 1.119 

5 4 1.2192 1.05 1.161 
Figure 22: Table with Distance Traveled, Time, and Speed for Five Trials 
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When the five trials were averaged, the speed was found to be 1.163 meters / second. The 
standard deviation was 0.057 meters / second, which was relatively low for the low-tech 
measurements of this project. If the lab was available, a photogate would have been used. 
 
B. Wheel Rotations Per Minute 
A small piece of tape was placed on the edge of one of the wheels. The wheel was then spun at 
maximum speed, and the time for the wheel to make ten rotations was measured. Then, that time 
was used to calculate the rotations per minute (RPM) of the wheel. The results can be seen in the 
table below. 
 
Trial Rotations Time (s) RPM 

1 10 2.54 236.22 

2 10 2.93 204.78 

3 10 2.67 224.72 

4 10 2.81 213.52 

5 10 2.78 215.83 
Figure 23: Table with Rotations, Time, and Rotations per Minute for Five Trials 
 
When the five trials were averaged, the RPM of the wheel was found to be 219.01. However, the 
standard deviation was 11.95. This standard deviation would likely have been lower with more 
tools from the lab, as it was very challenging to stop the timer at the right time. If the lab was 
available, a hall chip and oscilloscope would have been used to measure RPM. 
 
C. Output Power 
The car was driven up a ramp, and the time that it took to drive up the ramp was recorded for 
three trials. Using the equation , the power of the car would be calculated. W /t mgh/tP =  =   
Unfortunately, with the lab closed, there is not a scale available that can measure anything under 
five pounds, so the power was not able to be calculated. 
 

Trial Height (inches) Height (meters) Time (s) 

1 9 0.2286 2.74 

2 9 0.2286 3.19 

3 9 0.2286 2.97 
Figure 24: The change in height of the ramp and the time taken to drive up 
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Unfortunately, the power was not able to be calculated without the scale from the lab. However, 
the other measurements were taken so that power could be calculated once mass was found. 
 
D. Other Measurements 
Since the lab was closed due to the coronavirus, many measurements of this car were unable to 
be taken. However, the steps to take these measurements are listed here. 
 
Power drawn would have been recorded by placing an oscilloscope across a power resistor, and 
measuring the current and voltage. Using the equation , the input power would haveP in = V * I  
calculated. Efficiency then would have been measured by dividing power out by power in. In 
addition, voltage across the battery vs RPM would have been graphed. 
 
E. Spec Table 
 

Mass Unknown without lab equipment 

Maximum Speed 1.163 m/s 

Wheel Rotational Speed 219 RPM 

Power Out Unknown without lab equipment 

Car Body Size 4” x 8” x 2.75” (w x l x h) 

Figure 25: Spec Table of Details about the Car 
 
V. Conclusion 
The car drives well on land, and it drives at a nice speed. The maximum speed is 1.163 m/s, and 
the rotational speed of the wheel is 219 RPM. However, these results were not very accurate, 
because I did not have many sophisticated tools to measure. 
 
The turning radius of the car could be improved, as it needs a relatively wide space to turn. The 
car also should be waterproofed to reach its full capability. However, the fact that the car drives 
on land demonstrates the potential of the car to work well. 
 
The main roadblocks in this project were from the lab being closed due to COVID-19. However, 
despite that major setback, the car is functional and drives well on land. Improvements and ways 
to continue work on the car are discussed in the next steps section. 
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VI. Next Steps 
One of the main steps I would take would be to improve the turning radius of the car, because it 
needs a very wide space to turn. I think that slightly adjusting the shape of the body might help, 
as well as replacing the one weaker, bent motor. The other next step would be to waterproof the 
car and prove that it can drive in the water. I would need to create an acrylic box around the 
circuitry, create a compartment for the batteries that can be easily removed, and seal up any holes 
in the body with silicon. 
 
Once the car was fully functional, it could be built upon in a variety of ways based on different 
needs. The car body could be customized to perform many different tasks. A camera could be 
attached to monitor or record footage, or an arm could be added to pick up or move small 
objects. In this way, this project could be a base for other, more complicated projects with a more 
targeted need. 
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Appendix A: Parts List 

Part Description What it is needed for Cost Where you will buy it 

XBee Series One (x2) Radio Communication 2 x $26 = $52 Whitaker Lab 
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between controller and car (Sparkfun) 

Arduino Uno (x2) Controlling motors and 
joysticks 

2 x $18 = $36 Whitaker Lab 
(Amazon) 

Parallax 2-axis 
joystick (x2) 

Controlling motor speed 2 x $6.49 = 
$12.98 

Whitaker Lab 
(Parallax website) 

Motor Gearboxes 
(x4) 

Powering the motor and 
adding gear ratios 

2 x $4.95 = 
$9.90 

Whitaker Lab 
(Sparkfun) 

Remote Control 
Amphibious Car 

Using Wheels for Project $39.98 Amazon 

Male Hookup Wires Connecting Circuitry $3.95 Whitaker Lab 
(adafruit) 

H-Bridge Motor 
Driver 1-A (x2) 

Reversing direction of 
motors 

2 x $2.35 = 
$4.70 

Whitaker Lab 
(Sparkfun) 

9V 600 mA 
rechargeable battery 
(x3) 

Powering Arduino and 
providing external power 
for motors 

3 x $4.33 = 
$12.99 

Whitaker Lab 
(Amazon) 

3-D Printed Material Body of the Car $20 approx. Whitaker Lab 

 
Appendix B: Code 
A. Car Motor Code 
#include <SoftwareSerial.h> 
 
SoftwareSerial XBee(2, 3); // RX, TX 
 
const int LDIR_A = 5; 
const int LDIR_B = 4; 
const int LPWM = 9; 
 
const int RDIR_A = 7; 
const int RDIR_B = 6; 
const int RPWM = 10; 
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void setup() 
{ 
  XBee.begin(9600); 
  Serial.begin(9600); 
  pinMode(LDIR_A, OUTPUT); 
  pinMode(LDIR_B, OUTPUT); 
  pinMode(LPWM, OUTPUT); 
  pinMode(RDIR_A, OUTPUT); 
  pinMode(LDIR_A, OUTPUT); 
  pinMode(RPWM, OUTPUT); 
} 
 
void loop() 
{ 
  if (XBee.available()) 
  {  
    char s = XBee.read(); 
    if (s == 'l') { //left motor info coming 
      while (XBee.available() < 4) { 
        ; //get the 4 numbers 
      } 
      String s; 
      for (int x = 0; x <= 3; x++) 
      { 
        char c = XBee.read(); 
        s += c; 
      } 
      int reading = s.toInt(); 
      if (reading > 550) // driving FORWARD 
      { 
        double temp = (reading - 550.0) * (225.0 / 474.0); 
        int num = int(temp); 
        digitalWrite(LDIR_A, HIGH); 
        digitalWrite(LDIR_B, LOW); 
        Serial.print("Writing left motor forwards at"); 
        Serial.println(num); 
        analogWrite(LPWM, num); 
      } 
      else if (reading < 450) //driving BACKWARD 
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      { 
        double temp = (450.0 - reading) * (225.0 / 450.0); 
        int num = int(temp); 
        digitalWrite(LDIR_A, LOW); 
        digitalWrite(LDIR_B, HIGH); 
        Serial.print("Writing left motor backwards at "); 
        Serial.println(num); 
        analogWrite(LPWM, num); 
      } 
      else //NOT MOVING 
      { 
        digitalWrite(LDIR_A, LOW); 
        digitalWrite(LDIR_B, LOW); 
        Serial.println("Stopping left motor"); 
        analogWrite(LPWM, 0); 
      } 
    } //end of left 
    else if (s == 'r') { //right motor info coming 
      while (XBee.available() < 4) { 
        ; 
      } 
      String s; 
      for (int x = 0; x <= 3; x++) 
      { 
        char c = XBee.read(); 
        s += c; 
      } 
      int reading = s.toInt(); 
      if (reading > 550) // driving FORWARD 
      { 
        double temp = (reading - 550.0) * (225.0 / 474.0); 
        int num = int(temp); 
        digitalWrite(RDIR_A, HIGH); 
        digitalWrite(RDIR_B, LOW); 
        Serial.print("Writing right motor forwards at"); 
        Serial.println(num); 
        analogWrite(RPWM, num); 
      } 
      else if (reading < 450) //driving BACKWARD 
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      { 
        double temp = (450.0 - reading) * (225.0 / 450.0); 
        int num = int(temp); 
        digitalWrite(RDIR_A, LOW); 
        digitalWrite(RDIR_B, HIGH); 
        Serial.print("Writing right motor backwards at "); 
        Serial.println(num); 
        analogWrite(RPWM, num); 
      } 
      else //NOT MOVING 
      { 
        digitalWrite(RDIR_A, LOW); 
        digitalWrite(RDIR_B, LOW); 
        Serial.println("Stopping right motor"); 
        analogWrite(RPWM, 0); 
      } 
    } //end of right 
  } 
} 
 
B. Joystick Code 
#include <SoftwareSerial.h> 
 
SoftwareSerial XBee(2, 3); //RX, TX 
int left = 0; 
int right = 0; 
int leftReader = A0; 
int rightReader = A1; 
 
void setup() { 
  // put your setup code here, to run once: 
  Serial.begin(9600); 
  XBee.begin(9600); 
  
} 
 
void loop() { 
  // put your main code here, to run repeatedly: 
  left = analogRead(leftReader); //read in left joystick value 
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  String s = "l"; 
  //convert to 4-digits 
  if (left < 10) 
  { 
    s += "000"; 
  } 
  else if (left < 100) 
  { 
    s += "00"; 
  } 
  else if (left < 1000) 
  { 
    s += "0"; 
  } 
  s += String(left); 
  Serial.println(s); 
  for (int x = 0; x < 5; x++) 
  { 
    XBee.write(s.charAt(x)); //write value to XBee network 
  } 
  
  right = analogRead(rightReader); //read in right joystick value 
  String s2 = "r"; 
  //convert value to four digits 
  if (right < 10) 
  { 
    s2 += "000"; 
  } 
  else if (right < 100) 
  { 
    s2 += "00"; 
  } 
  else if (right < 1000) 
  { 
    s2 += "0"; 
  } 
  s2 += String(right); 
  Serial.println(s2); 
  for (int y = 0; y < 5; y++) 
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  { 
    XBee.write(s2.charAt(y)); // write value to XBee network 
  } 
  delay(200); 
} 
 

 


