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Abstract:
An electric go kart is a small vehicle solely powered by rechargeable batteries and a DC 
motor instead of gasoline and an engine. These small-scale cars are often driven for fun 
or as prototypes for larger vehicles. Because electric vehicles have the ability to help 
slow climate change by reducing carbon emissions (which stem from the combustion of 
hydrocarbons like gasoline and diesel), they are becoming increasingly popular in the 
contemporary world. Thus, the goal was to produce an easily-made yet fast and durable 
electric go kart with a GPS, speedometer, and accelerometer tracking and display 
system that would not contribute to the growing issue of climate change. The kart 
performed well, with a high speed of 20.61mph, maximum acceleration of 5.34mph/s 
and deceleration of 5.52mph/s, and a maximum drive time of 7.6 minutes.  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I. Introduction and History

Electric vehicles are becoming of increasing importance in today’s society. One 
of the primary reasons for climate change has been the growing abundance of carbon 
dioxide in the atmosphere due to the burning of hydrocarbonaceous fossil fuels like 
gasoline. Forms of transportation that run on electrical energy—not the conversion of 
chemical combustion into mechanical energy—release minimal amounts, if any at all, of 
carbon dioxide. Therefore, the most obvious way to slow climate change is to slow the 
production of carbon dioxide. So now that there are 1 billion cars in use around the 
world, changing the form of fuel that cars use could have an incredible impact on CO2 
emissions and therefore climate change as well.  1

Because electric vehicles use motors that take electrical energy and immediately 
convert it into rotational motion, their acceleration speeds are usually faster than 
gasoline-based cars. Engines use chemical energy which is converted it into linear 
motion via the pistons and then the pistons crank a shaft that converts the energy into 
rotational motion. This is a slower and more complex process compared to that of an 
electric motor. It is for this reason that even the most powerful and advanced engines, 
such as those designed by Lamborghini or Porsche, struggle to reach the 0-60 times, 
energy conversion speeds, horsepower measurements, and torque measurements that 
Tesla’s motors are capable of. Overall, electric cars have the potential to outweigh 
gasoline-powered vehicles in nearly every area because of their efficiency.

The first small-scale electric car was created in about 1832, almost 30 years after 
the first car that ran off of internal combustion was created. Ironically enough, the first 
larger-scale electric car was made almost 50 years before the first fully-gasoline-
powered car was invented in 1886. Just before 1890, the first 
publicly available electric car debuted in the United 
States and grew to be incredibly popular. But in 1920, 
there was a sharp decrease in the amount of electric 
vehicles produced and all progress that had been made 
in this area was forgotten. This decrease is largely 
attributed to the desire for longer distance vehicles, a 
lack of horsepower in even the newest motors, and the 
ready availability of cheap gasoline.  It wasn't until the 2

mid-1960’s when gas prices skyrocketed that the idea 
of fully-electric vehicles were revisited. But then interest in electric vehicles again faded 
in the 1980’s, mainly because the prices of the necessary parts were too high and the 
materials science industry was failing to provide any other viable part design options. 
No major progress was made until 1996, when GM designed the EV1, a more 
affordable and efficient electric vehicle (Figure 1).  The car quickly gained a large 3

 http://wardsauto.com/news-analysis/world-vehicle-population-tops-1-billion-units - February 6 1

2016

 http://www.pbs.org/now/shows/223/electric-car-timeline.html - March 15 20162

 http://www.wired.com/images_blogs/thisdayintech/2009/12/ev1.jpg - February 5 20163

Figure 1: The 1996 GM EV1

http://www.wired.com/images_blogs/thisdayintech/2009/12/ev1.jpg
http://wardsauto.com/news-analysis/world-vehicle-population-tops-1-billion-units
http://www.pbs.org/now/shows/223/electric-car-timeline.html
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following and other companies immediately start to release other fully-electric vehicles: 
Toyota with the Prius in 1997 (although it wasn't popularized until 2000), Tesla with its 
second car, the Model S (70D), in 2009, Nissan with the Leaf 2010, and Chevrolet with 
the Volt in 2011.  The incredible potential of electric cars’ efficiency as well as their 4

potential to reverse or slow climate change has only recently been recognized, partially 
because of the discovery of new materials and battery types, such as the new Tesla 
Powerwall and advancements with new lithium iron phosphate batteries. It is because of 
the scare of climate change as well as high gas prices that people have become more 
interested in the electric car industry.

If electric cars were able to be mass-produced while also being efficient, they 
could significantly reduce the amount of fossil fuels burned and in turn the amount of 
carbon dioxide being produced. It is now cheaper to “purchase” electricity than gasoline, 
as the ways that electricity is produced does not rely directly on one source. And while 
electric vehicles do have some downsides—including range, charge time, top speed, 
and cost—new breakthroughs in electrical engineering have lead to many solutions to 
such issues, including new batteries that can charge in roughly 30 seconds.  Such large 5

steps in electric car design can be seen in the design of the new Tesla Model 3, which is 
to be released in 2017. The basic Model 3 has a range of 215 miles, a top speed of 
125mph, a 0-60 of under 6 seconds, supercharge capabilities (a full recharge in under 
40 minutes), and starts at $35,000.  So while electric cars have yet to be perfected, due 6

to the progress that has been made in multiple areas of engineering (especially 
materials, electrical, chemical, and computer science), the electric car is expected to 
soon make large steps towards overtaking the gasoline-powered car, especially in terms 
of MPGe and price (Figure 2).  7

 https://en.wikipedia.org/wiki/List_of_electric_cars_currently_available - February 2 20164

 http://www.wired.co.uk/news/archive/2015-09/25/storedot-molecules-will-change-technology - 5

February 4 2016

 https://www.teslamotors.com/model3 - May 3 20166

 http://sightline.wpengine.netdna-cdn.com/wp-content/uploads/2012/05/EV-chart-v31.png - 7

March 10 2016

Figure 2: Statistics of the Most Popular Electric Cars

* Indicates an estimated value not confirmed by the manufacturer

https://en.wikipedia.org/wiki/List_of_electric_cars_currently_available
http://sightline.wpengine.netdna-cdn.com/wp-content/uploads/2012/05/EV-chart-v31.png
http://www.wired.co.uk/news/archive/2015-09/25/storedot-molecules-will-change-technology
https://www.teslamotors.com/model3
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II. Design

The design of the kart has mostly been determined by the frame, which was pre-
constructed for a gasoline-powered kart. The frame included a space on the back of the 
kart to hold the motor, although a separate platform for batteries and the motor 
controller was not included. The motor is a 1000W, 36V motor (1.34 hp) controlled by a 
1000W, 36V-rated motor controller. While this motor is not the most powerful on the 
market, it has enough power to yield fairly high speeds without significantly endangering 
the driver. Higher voltage motors could put stress on the frame and push the kart to 
speeds that could cause the driver to lose control or break the kart. The three batteries 
are rechargeable lead-acid 12V 10Ah batteries set in series as to create a battery 
system equivalent to a ~36V supply (for a 36V motor). 10Ah is generally a high 
maximum discharge, enabling the kart to achieve high acceleration readings. Lead-acid 
batteries have a high overcharge tolerance, low internal resistance, and are resistant to 
swelling. They are also a well-known technology, making them much safer than many 
other more newly-created batteries. Preliminary tests conducted on the motor have 
indicated that it will provide sufficient power for the kart, running just over 3000 rpm at 
max voltage. In addition to the GPS module and LCD, a microSD card was added to the 
system for better data collection. A Bluetooth speaker was also added, but this served 
no larger purpose in the performance of the kart. 

  
             

Figure 3: Side View of Kart (above)

Figure 4: Angled View of Kart Figure 5: Front View of Kart
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III. Theory

The kart is powered by an 1000W, 36V DC electric motor controlled by a motor 
controller. The controller is connected to three 12V batteries wired in series, the motor 
itself, the throttle system, and a kill switch.

The electric motor for the kart is a 36V, 1000-watt, 3000 maximum RPM, DC 
motor. The basic version of this motor consists of two main parts: a commutator and an 
armature. The armature is a rotating axle perpendicular to the motor’s shaft with coils 
wrapped around it, while the commutator is a device for reversing the direct flow of 
current. The motor spins as a result of a commutator reversing the direction of the 
current in an armature, as this leads to a push-pull phenomenon between the stationary 
magnetic poles and the armature (Figure 9).  8

As current runs through the wire, a magnetic field is created which slowly 
interacts with the magnetic fields from the stationary poles. Because both sides of the 
armature are attracted to their corresponding magnet on the wall of the interior, the axle 
of the motor begins to spin (Figure 9). At this point, the commutator reverses the current 
in the coil and the magnetic field is reversed, causing the ends of the armature to be 

 http://www.electrical4u.com/electrical/wp-content/uploads/2013/03/dc-motor-parts.jpg - March 8

14 2016

Figure 8: Motor Controller Circuit
Figure 7: Top View of Kart (above)

Figure 6: GPS/Arduino Circuit
**only 3 pins on LCD - 5V, GND, and RX**

http://www.electrical4u.com/electrical/wp-content/uploads/2013/03/dc-motor-parts.jpg
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attracted to the magnet on the opposite side. This allows for the axle to spin another 
half-turn. As the cycle repeats, the rotor continues to spin. The motor used for the kart is 
similar although more complex—it contains many more poles, brushed, and coils than 
the example motor (Figure 10). The extra parts allow for a more consistent force acting 
on the commutator, making the motor more powerful and better to push a heavy load 
quickly. 

The rotational speed of the motor is directly related to the voltage input. 
According Faraday’s Law, the induced force created by the interaction of these 
magnetic fields in any closed circuit is equal to the negative rate of change of the 
magnetic flux times the amount of coils in the circuit (Figure 11). So as voltage 
increases, both the flux and the resultant electromotive force increase, and as voltage 

decreases, the flux and resultant electromotive force both decrease. This motor 
functions similarly to the ones built in the first semester, although the kart motor is 
brushed, contains many more coils, and is far more powerful.

As Newton’s First Law states, when an object is acted on by a force, there is an 
equal and opposite force acting on the body pushing the original object into motion. In 
motors, this force is a Back-EMF (Back Electromotive Force). This EMF acts as a form 
of resistance against the current that causes the motor to spin in the first place, 
reducing the current flowing through the coils of the motor.

In a DC motor using a rotating armature in the presence of a magnetic flux, the 
conductors cut the magnetic field lines as they rotate. This produces a voltage in the coil 

Figure 11: Faraday’s Law in its most common form

Figure 12: Faraday’s Law for Back-EMF

Figure 9: Diagram of a simple brushed DC motor

Figure 10: Inside of 1000W 36V DC motor
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opposite to the input voltage, and the motor begins to act as a generator at the same 
time it is a motor (Faraday's law, Figure 12). With a lower total voltage across the 
armature, the current flowing into the motor is reduced. This phenomenon can be used 
to indirectly measure motor speed and position, since the Back-EMF and total voltage 
are proportional to the armature rotational speed. This inference of the speed of the 
motor's rotation is often used to learn how to better control a motor. 

The concept of Back-EMF affects the motor and therefore the kart’s performance 
in many ways. Back-EMF is one of the reasons for a key adage in car design: voltage 
for high speeds and current for high torques. In accordance with the equation above, 
once the power source is connected or turned on and current flows through the motor, 
the value of the Back-EMF spikes to nearly infinity as dI/dt becomes infinity (since the 
current readings attempt to jump from zero to V/R and the slope of that line is almost 
vertical). Such a large amount of EMF-resistance keeps the motor from accelerating 
quickly as it restricts the voltage across the motor; without this force the current would 
spike to V/R as fast as possible as seen in Figure 13. Once the motor reaches a stable 
operating speed with a constant amount of current input, the value of the EMF is 
constant and the Back-EMF and current are both equally opposing each other, not 
allowing either value to increase any more. Therefore, Back-EMF is also responsible for 
the theory that a motor eventually reaches a terminal velocity, or on a graph, a 
horizontal asymptote of the value V/R (Figure 13).

Since the motor speed is controlled by Pulse Width Modulation (discussed 
below), the Back-EMF value is consistently changing. By looking at the equation, the 
rate of change of current (dI/dt) changes whenever a pulse is sent out or cut off, causing 
the EMF readings to fluctuate drastically. This phenomenon affects the motor’s ability to 
change speeds quickly and efficiently even after startup (Figure 13). The presence of 
Back-EMF makes a DC motor self-regulating; it makes the motor draw as much 
armature current as it needs  in order to develop the torque required by the load, which 
means the batteries drain more quickly as well. 

Overall, the concept of Back-EMF had a large influence on the performance of 
the kart; without an load attached it took over a second for the motor to reach its top 

Figure 13: Theoretical (no Back-EMF) vs. Actual Graphs for Change in Current in Motor Over Time
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speed, so one can only imagine the effect this phenomenon had when it was powering 
the kart.

The throttle is connected to the “to put” section of the motor controller, which 
interprets the throttle input to regulate power to the motor. Because it is a DC motor, the 
motor’s rotational speed is regulated by sending frequent “pulses” of high voltage from 
the motor controller—these pulses make the system more efficient by minimizing heat 
loss and are better for the motor than a continuous stream of varying voltages. These 
pulses are always at the maximum voltage outputted by the battery system, and their 

frequency is modified to output the desired average voltage to the motor. Since the 
motor runs off of three 12V batteries, providing maximum power from all three would 
result in a 36 volt output, equivalent to maximum speed. However, if the accelerator is 
pressed down halfway, the controller will provide full voltage 50% of the time and 0V the 
rest of the time, causing an average input voltage of 18V, equivalent to half of the 
maximum speed. This method of sending varying pulses to a DC motor to affect the 
average output voltage to the motor is known as pulse-width modulation, or PWM 
(Figure 14).9

The throttle consists of a 10kΩ sliding potentiometer. The sliding potentiometer is 
attached with a spring to the kart’s accelerator—pressing down on the pedal causes the 
potentiometer to slide forward and easing up of the throttle will cause it to slide back. 
Depending on the position of the sliding potentiometer, its resistance will vary from 0kΩ 
to 6.67kΩ (the resistance at the position the motor first stops) and the output voltage will 
vary from 0.9V to 3.7V. If the sliding potentiometer’s resistance is decreased, by the 
same principle the throttle voltage input to the controller will increase because there is 
more power from the 5V source continuing through. If the sliding potentiometer’s 
resistance is increased, the voltage decreases by the same concept. The controller 
determines, based off of the throttle input, by how much to vary the pulse width using 
the previously-described PWM. The frequency of the outputted voltage determines how 
fast the motor will spin.

 http://d32zx1or0t1x0y.cloudfront.net/2011/06/atmega168a_pwm_02_lrg.jpg - March 14 20169

Figure 14: PWM waveform used to achieve 10%, 30%, 50% and 90% of maximum voltage.

http://d32zx1or0t1x0y.cloudfront.net/2011/06/atmega168a_pwm_02_lrg.jpg
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Sample Calculation:
(V out) = (I) * (R throttle)
V =  I*Rthrottle with Rthrottle varying between ~0kΩ and 6.67kΩ, causing the throttle output 
voltage to shift between 0.9V and 3.7V, resulting in a voltage of 0V to 36V outputted to 
the motor. 

The Arduino circuit is more simple and far less powerful than that for the 
powertrain, although how it works may possibly be more complex because of the GPS. 
The way that the GPS receiver derives its position depends on communication with 
various satellites. At any given time, there are at least 24 active satellites dedicated to 
civilian use orbiting over 12,000 miles above Earth.  The positions of the satellites are 10

constructed in a way that from any location on Earth, one will always be able to contact 
at most 12 satellites even though only 4 satellites are necessary for accuracy (Figure 
15). However, in practice more than 4 satellites are used whenever possible in order to 
reduce the error value and calculate a more accurate location. The primary purpose of 
the 12 visible satellites is to transmit information back to Earth over radio frequency 

 http://www.pocketgpsworld.com/howgpsworks.php - March 14 201610

Figure 15: The use of trilateration and four satellites for GPS

http://www.pocketgpsworld.com/howgpsworks.php
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(ranging from 1.1 to 1.5 GHz). With this information and some math, a ground based 
receiver or GPS module can calculate its position and time.

To estimate how far away a satellite is (using the time is takes for the receiver to 
sense the signal), the receiver utilizes an imaginary sphere centered at the satellite in 
conjunction with other spheres and points of intersection. The GPS and satellite system 
requires four satellites to accurately calculate three-dimensional coordinates via a 
process called trilateration. Many confuse trilateration with triangulation, however what 
separates the two methods is the use of side lengths (trilateration) in geometric 
calculations rather than angles (triangulation). By trilateration, when one satellite is 
used, the position of the GPS chip could possibly be found anywhere on the surface of 
that sphere. When another satellite is added, the merging of the two spheres creates a 
two-dimensional area in which the object could be found. A third satellite and sphere is 
added into the system, and now there are two points on a face at which the GPS could 
be found. Only one more satellite, the fourth one, is needed to confirm which of these 
two points is the correct one (Figure 15).  The fourth satellite is also used for 11

confirmation of the position calculated by the other three along with timing corrections, 
an error stemming from relativity theory. If the exact position and speed of the satellites 
are known, trilateration will yield two points, but one will usually be impossible or with an 
impossible speed. Such a point is often eliminated by the fourth satellite. The GPS 
receiver uses the time it takes to receive a satellite signal to determine the distance to 
that satellite—but based on the fact that the satellites are moving while emitting the 
signal, the coordinates and data given by three satellites have a huge amount of error to 
them.  Even minor errors in the time of the GPS receiver will cause huge errors and 12

therefore a large uncertainty band when only using three satellites—therefore a fourth is 
required to help shrink the error that results from relativity and movement.

Although a variety of data besides coordinates is available for civilian use, the 
kart system only utilizes the coordinates for latitude and longitude and speed over 
ground in knots, which also comes in the Ephemeris GPRMC data package. Speed was 
converted to miles per hour by multiplying each value by 1.15 mph/knot. Since the GPS 
chip does not find the value for acceleration, this value had to be programmed and 
calculated. The rate of change of speed is simply known as the value of acceleration 
(Figure 16). Since the difference between each received value is finite and the function 

is not continuous (x cannot equal a as they are two finite points from a non-continuous 
and therefore non-differentiable function with no data in between, whereas the 
derivative is the slope of two points from a continuous and differentiable function 

 http://gis.stackexchange.com/questions/12866/why-does-gps-positioning-require-four-11

satellites - March 14 2016

 http://www.pocketgpsworld.com/howgpsworks.php - March 14 201612

a =
dv

dt
= lim

t1→t2

f(t1)− f(t2)

t1 − t2
→

∆y

∆x

Figure 16: Mathematical expression for calculation of acceleration

http://gis.stackexchange.com/questions/12866/why-does-gps-positioning-require-four-satellites
http://www.pocketgpsworld.com/howgpsworks.php
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growing infinitely closer together), the acceleration is more simply calculated by taking 
the slope of the line between the most recent point and the point before that. Since the 
time frame between each data point is one second (and hence the denominator equals 
one), the acceleration (in mph/s) is merely the current speed minus the previous speed. 

The LCD screen is a complex device, although it only requires three pins to 
function. In comparison to plasma screens, LCD’s (Liquid Crystal Displays) work in a 
completely different way. In a traditional plasma screen, each pixel is a tiny fluorescent 
lamp switched on or off electronically, but in an LCD, the pixels are switched on or off 
using liquid crystals to rotate polarized light. Liquid crystals are a type of substance with 
some of the order of a solid and some of the fluidity of a liquid. At any given moment, 
liquid crystals can be in one of several possible "substates" (phases) somewhere in 
between solid and liquid. The two most important liquid crystal states are called the 
nematic and smectic phases. When the crystals are in the nematic phase, liquid crystals 
are more like a liquid: their molecules can move around and shuffle past one another, 
but they all point in broadly the same direction. Similar to matches in a matchbox, the 
crystals can be shaken and moved about but they will remain pointing the same 
direction. When liquid crystals are cooled, they shift into the smectic phase. At this point, 
the molecules form into layers that slide past one another relatively easily. The 
molecules in a given layer can move about within that layer, but they can't and don't 
move into other layers—similar to people working for different businesses on particular 
floors of an office block. There are actually several different smectic “sub-phases," but 
not much is known about them. 

Nematic liquid crystals are what allows LCD’s to work. Crystals in the nematic 
phase adopt a twisted-up structure and, when a voltage is applied across them, they 
straighten out again. Although seemingly irrelevant, this phenomenon is the key to how 
LCD displays turn pixels on and off. But without polarized light, LCD screens would fail.

An LCD uses polarized light to switch its colored pixels on or off. At the back of 
the screen, there's a large bright light that shines out toward the viewer called the 

Figure 17: Pixels with filters to block light vs. pixels with the filters allowing light to pass
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backlight. Directly above it are millions of pixels, each one made up of smaller areas 
called sub-pixels that are colored red, blue, or green. Each pixel has a polarizing glass 
filter behind it, a filter similar to a lens found on sunglasses, and another one in front of it 
at 90 degrees. Since light moving in both the horizontal and the vertical directions is 
blocked, here the pixel normally looks dark. But in between the two polarizing filters 
there is a tiny twisted, nematic liquid crystal that can be switched on or off (twisted or 
untwisted) electronically. When switched off, the crystal curls up, and it rotates one of 
the filters so that it is parallel to the other, effectively allowing light to flow through both 
polarizing filters to make the pixel look bright. When switched on, the crystal straightens 
out, the filters are perpendicular to each other so the light is blocked by both of the 
polarizers, and the pixel looks dark (Figure 17).  Each pixel is controlled by a separate 13

transistor that can switch it on or off many times each second. It is by this combination 
of liquid crystals and polarizing filters that images can be created on an LCD screen. 

IV. Results

After careful planning and construction, the kart was fully operative on the first 
test. Data was taken shortly after, and the record data from the best run was 
consolidated into one list leading to the results table (Table 1) and graph (Figure 19) 
below. Although the kart lacks suspension, it performs well on all types of terrain, 
including dirt, gravel, concrete and grass. It can travel over smaller hills, such as speed 
bumps, comfortably and without stalling. On smooth concrete and directly after a full 
charge, the kart could consistently travel near or above 20 miles per hour. 

The record speed and acceleration are impressive for the kart and its size. The 
design of the kart ensured that there would be a minimal amount of excess weight, 
which likely contributed to the high speeds that the kart reached. The max acceleration 
of the kart would equate to a 0-60mph speed of 11.45 seconds. While this speed is 
extremely slow for any vehicle (the vast majority of cars have a 0-60 of about 6 
seconds), the motor used for the kart was a generic motor not built for quick 
acceleration. In addition, a motor up to 1000W and 60V could have powered the kart, 
and if this motor had been chosen, the expected 0-60 speed for the kart would have 
been significantly faster. 

Table 1: Results - Statistics of Kart Performance
Max Speed 20.61 MPH

Max Acceleration 5.34 MPHS/s

Max Braking/Deceleration -5.52 MPH/s

Max Drive Time 7 minutes 36 seconds

 http://www.explainthatstuff.com/lcdtv.html - March 15 201613

http://www.explainthatstuff.com/lcdtv.html
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The algorithm used to calculate the acceleration of the kart also appeared to 
function accurately, as demonstrated by Figure 18, a drive period of 21 seconds. As the 
kart is accelerating and speeding up, the graph of the speed increases. The graph of 
the acceleration increases as well, but as the kart starts to reach a constant speed, the 

graph of the acceleration goes back down towards zero. As the kart begins to 
decelerate, the acceleration becomes negative. Via general observation of both models, 
the acceleration function seems to be an accurate representation of the derivative of the 
speed, and therefore the model functions well. This is best illustrated by the graph, but 
the table in Appendix D also demonstrates this phenomenon.

In the graph for the longest ride and where the record speed and acceleration 
readings were achieved, the graph (Figure 19) was more complex than the example 
graph above, although the accuracy of the model still applies. As the speed graph 

Figure 18: Example graph of the relationship between speed and acceleration

Figure 19: Speed and Acceleration Data from Record Ride
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reaches a peak or a constant speed, the acceleration graph reaches zero. Based on the 
trend from the graph, the best acceleration comes from starting at a stop or at a lower 
speed and then gunning the accelerator. This can be seen at the beginning of the 
graph, where the speed and acceleration graphs appear to be roughly the same as well 
as at the point where the kart reaches its speed record. Such a pattern likely takes 
place because of the batteries since they were designed for high discharge rates—they 
are fast in the first few accelerations from zero, but after they have discharged 
significantly the batteries and kart are no longer able to yield such rates. Overall, the 
kart performed well yielding high speeds and quick acceleration rates. The acceleration 
model is accurate and functions well and could therefore be a viable option for a 
teaching aid in calculus and physics classes. The weakest area was in drive time in one 
charge; however, this was not of significant concern because the powertrain was not 
designed for a long drive time. 

V. Conclusion

Overall, this project has allowed me to explore electric vehicles, computer 
science, and applied mathematics and physics more than I have been able to do before. 
The project’s detailed areas helped me to gain exposure in many areas of engineering 
while letting me focus more heavily on topics of engineering that I have always enjoyed. 
I gained a more nuanced understanding of electric vehicles and the engineering ideas 
and mathematics that have made them so successful. Fully functional, the kart and 
display system can now also function as a tool for teaching physics and the concept of 
derivatives in Menlo classes. 

The GPS module and Arduino circuit functioned reliably and accurately. The 
maximum error for the Venus GPS module was 2.5m, or 8.2025 feet.  Since the GPS 14

updates every second, the maximum error for speed would be roughly ±8.2025ft/s, or 
5.59mph. This is a fairly large error; however, upon experimentation with the GPS 
module and comparison of values, I found the error to often be much less than that. 
Upon taking the GPS on multiple test drives in a car, the GPS values for speed and 
values displayed on the car’s speedometer were within 2mph of each other. For 
example, the max speed of the car was 62 mph as displayed on the speedometer. At 
this point in time, the GPS read 60.91—since car speedometers are commonly known 
to run 1-2mph fast, this set of readings were incredibly accurate. In addition, whenever 
the kart was stopped, roughly 90 percent of speed readings were 0.00mph while the 
other 10 percent were always below 0.10mph.

One persistent issue with the kart was tight turns. The turning radius of the kart 
allowed for impressively tight turns, however when the driver would attempt to execute 
such turns, the motor would begin to make a grinding sound. It was discovered later that 
this was because of the rear axle: when making these turns the outside wheel would 
have to move significantly faster than the wheel on the inside of the turn. This 
phenomenon put significant stress on the motor, since the motor placement was meant 
to supply equal power to both of the wheels. When making a tight turn, the only wheel 
that needs the power is the outside wheel since it has to travel a farther distance, but 

 https://www.sparkfun.com/products/11058 - April 23 201614

https://www.sparkfun.com/products/11058
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the motor does not have the capability to supply one wheel more power than the other. 
The powertrain could be redesigned with two motors to try to combat this problem, 
however this would likely only cause more issues with motor calibration and throttle 
design.

The kart reached a maximum speed of 20.61mph and a maximum acceleration 
of 5.34mph/s. The max braking deceleration was 5.52 mph/s. Unfortunately, the max 
drive time was only 7.6 minutes. The weight of the kart was minimized to aid it in its 
acceleration and high speeds while the low drive time can largely be attributed to the 
batteries.

The batteries discharge at a fairly quick rate in order to power the motor enough 
to move the kart. I picked 10Ah (10C) batteries in order to reach his acceleration values, 
but I in turn comprised drive time—if I had wanted a longer drive time, 6C or 8C 
batteries would have been better. The acceleration time was already being 
compromised by the Back-EMF (discussed in “Theory”), so batteries with high 
discharge rates would supply more immediate power to the motor. The presence of 
Back-EMF makes a DC motor self-regulating; it makes the motor draw as much 
armature current as it needs in order to develop the torque required by the load. 
Therefore, because 10Ah batteries would allow the motor to pull far more current than 
6C or 8C batteries, the 10C batteries would result in better acceleration rates as the 
motor would have the ability to pull more current from the batteries. With the 10C 
batteries, after a few quick accelerations the total voltage supplied by the batteries is 
significantly lower than the starting voltage because of the high discharge rate. Because 
voltage is directly proportional to RPM, as discussed in “Theory”, the kart is unable to 
accelerate quickly or to reach higher speeds after gunning it several times after the 
voltage sinks below a certain threshold. However, this is normal for electric cars—
flooring a Tesla P85D multiple times a ride can reduce the range of the car to 90 miles, 
about 36% of the original range.  Despite the low drive time, the kart proved impressive 15

in nearly all areas—in the target areas of kart performance (high speeds and 
acceleration rates), the kart surpassed expectations.

VI. The Next Step

At the moment, I am finished with kart testing, motor testing, and arrangement of 
the powertrain. Coding the Arduino for the GPS chip is done and coordinates and speed 
are being received and printed correctly into the activity monitor along with the 
calculated acceleration. The LCD part of the Arduino circuit has been built and code is 
working. A microSD card for data storage has been successfully integrated into the 
system. Sometimes the GPS chip output only yields the pre-programmed values, but 
this is out of my control as this means it has no connection to satellites. The motor is 
working and has been attached, as well as all circuitry and batteries. The throttle system 
is functional and attached to the kart. The kart has been stripped of all previous wires, 
electronics, miscellaneous metal pieces, and duct tape. The wheels have been 

 https://forums.teslamotors.com/forum/forums/discharge-rate-85-kwh-battery-tesla-model-s - 15

April 18 2016

https://forums.teslamotors.com/forum/forums/discharge-rate-85-kwh-battery-tesla-model-s
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successfully realigned. The braking system is fully functional in all types of weather. A 
new coat of paint has also been added to the kart.

As of now, the only problem that has occurred was the issue with the turning 
radius discussed in “Conclusion”. There is no easy way to fix this issue, although 
modifying the turning radius and adding a capability to put the kart in reverse would 
likely be the best way to combat such a problem. A system with two motors driving the 
rear axle could be devised, although this would more likely present only several more 
issues with motor calibration, throttle calibration, and circuit design and would likely 
prove more troublesome than the original design. To continue, I plan to test the effects 
that different batteries (6C, 8C) would have on the performance of the kart. The 
powertrain will also be redesigned with a more powerful 60V motor and extra batteries 
now that the 36V 1000W circuit works.
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Appendices

Appendix A: List of Parts Needed
Table A: List of Parts Needed

Part Description Why needed Where to buy

Motor, 1000W 36V Powers the kart Monster Scooter or Ebay

LCD screen, 20x4 Display for the Arduino Ebay/*Menlo has*

MicroSD card and port Store all data from Arduino for 
graphs

*Menlo has*

Sliding potentiometer/wire Motor speed control *Menlo has*

Wood panels Structure and support *Menlo has*

1 can of spray paint *of lesser 
importance*

Repaint kart Ace Hardware
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Appendix B: Record GPS Output

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 
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 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 2400.0000N Long: 12100.0000E
 Acc: 0.00 mph/s 

*** Data used for graph starts here ***

 Speed: 0.00 mph
 Lat: 37.2731N Long: 122.1141W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.2731N Long: 122.1141W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.2731N Long: 122.1141W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.2731N Long: 122.1141W
 Acc: 0.00 mph/s 

 Speed: 1.15 mph 
 Lat: 37.2731N Long: 122.1141W
 Acc: 1.17 mph/s 

 Speed: 0.35 mph 
 Lat: 37.2731N Long: 122.1141W
 Acc: -0.79 mph/s 

 Speed: 1.03 mph 
 Lat: 37.2731N Long: 122.1141W
 Acc: 0.70 mph/s 

 Speed: 0.46 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -0.57 mph/s 
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 Speed: 0.12 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: -0.35 mph/s 

 Speed: 0.23 mph 
 Lat: 37.4536N Long: 122.1906W
 Acc: 0.11 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -0.23 mph/s 

 Speed: 0.35 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.34 mph/s 

 Speed: 1.61 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 1.29 mph/s 

 Speed: 0.12 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -1.47 mph/s 

 Speed: 0.69 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.58 mph/s 

 Speed: 2.30 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 1.59 mph/s 

 Speed: 0.46 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -1.87 mph/s 

—————

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 
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 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

—————

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 
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 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

—————

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 
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 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

—————

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 
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 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

—————

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 
—————

 Speed: 4.14 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.34 mph/s 

 Speed: 7.01 mph 
 Lat: 37.4535N Long: 122.1906W
 Acc: 2.92 mph/s 

 Speed: 8.97 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 1.93 mph/s 

 Speed: 10.12 mph 
 Lat: 37.4536N Long: 122.1907W
 Acc: 1.17 mph/s 
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 Speed: 11.73 mph 
 Lat: 37.4538N Long: 122.1906W
 Acc: 1.59 mph/s 

 Speed: 13.22 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 1.52 mph/s 

—————

 Speed: 7.94 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -1.17 mph/s 

 Speed: 5.52 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -2.38 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -5.52 mph/s

—————

 Speed: 0.92 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.93 mph/s 

—————

 Speed: 6.90 mph 
 Lat: 37.4536N Long: 122.1906W
 Acc: 3.74 mph/s 

 Speed: 11.24 mph 
 Lat: 37.4536N Long: 122.1907W
 Acc: 4.34 mph/s

—————

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 

 Speed: 5.34 mph 
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 Lat: 37.4536N Long: 122.1906W
 Acc: 5.34 mph/s 

 Speed: 2.19 mph 
 Lat: 37.4536N Long: 122.1907W
 Acc: -3.15 mph/s 

 Speed: 2.42 mph 
 Lat: 37.4536N Long: 122.1907W
 Acc: 0.23 mph/s 

 Speed: 4.37 mph 
 Lat: 37.4536N Long: 122.1906W
 Acc: 1.99 mph/s 

 Speed: 4.95 mph 
 Lat: 37.4536N Long: 122.1906W
 Acc: 0.57 mph/s 

 Speed: 9.39 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 4.44 mph/s

 Speed: 13.37 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 3.98 mph/s

 Speed: 18.06 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 4.69 mph/s

 Speed: 20.61 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 2.550 mph/s

 Speed: 19.78 mph 
 Lat: 37.4536N Long: 122.1906W
 Acc: -0.83 mph/s 

 Speed: 18.97 mph 
 Lat: 37.4535N Long: 122.1907W
 Acc: -0.79 mph/s 

 Speed: 18.05 mph 
 Lat: 37.4535N Long: 122.1906W
 Acc: -0.93 mph/s 
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—————

 Speed: 1.84 mph 
 Lat: 37.4535N Long: 122.1906W
 Acc: 1.81 mph/s 

 Speed: 2.99 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 1.17 mph/s 

 Speed: 4.26 mph
 Lat: 37.4535N Long: 122.1906W
 Acc: 1.25 mph/s 

 Speed: 4.71 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 0.45 mph/s 

 Speed: 5.17 mph 
 Lat: 37.4536N Long: 122.1906W
 Acc: 0.45 mph/s 

 Speed: 6.90 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 1.75 mph/s 

—————

 Speed: 11.39 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 1.59 mph/s 

 Speed: 14.38 mph 
 Lat: 37.4535N Long: 122.1906W
 Acc: 3.04 mph/s 

 Speed: 16.21 mph 
 Lat: 37.4536N Long: 122.1906W
 Acc: 1.81 mph/s 

 Speed: 17.02 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.82 mph/s 

 Speed: 17.82 mph 
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 Lat: 37.4535N Long: 122.1905W
 Acc: 0.79 mph/s 

 Speed: 18.28 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 0.47 mph/s 

—————

 Speed: 16.79 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: -0.35 mph/s 

 Speed: 14.26 mph 
 Lat: 37.4537N Long: 122.1908W
 Acc: -2.49 mph/s 

 Speed: 13.34 mph 
 Lat: 37.4537N Long: 122.1906W
 Acc: -0.93 mph/s 

 Speed: 12.42 mph 
 Lat: 37.4537N Long: 122.1908W
 Acc: -0.91 mph/s 

 Speed: 10.93 mph 
 Lat: 37.4537N Long: 122.1908W
 Acc: -1.52 mph/s 

 Speed: 6.67 mph 
 Lat: 37.4535N Long: 122.1908W
 Acc: -4.19 mph/s 

 Speed: 2.31 mph 
 Lat: 37.4535N Long: 122.1908W
 Acc: -4.36 mph/s

 Speed: 1.26 mph 
 Lat: 37.4537N Long: 122.1905W
 Acc: -1.05 mph/s 

—————

 Speed: 13.69 mph 
 Lat: 37.4537N Long: 122.1905W
 Acc: 2.04 mph/s 
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 Speed: 14.14 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.47 mph/s 

 Speed: 16.44 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 2.26 mph/s 

—————

 Speed: 16.67 mph 
 Lat: 37.4537N Long: 122.1906W
 Acc: -2.10 mph/s 

 Speed: 16.79 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.11 mph/s 

 Speed: 16.67 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -0.12 mph/s 

 Speed: 15.07 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -1.59 mph/s 

 Speed: 12.58 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -2.49 mph/s

 Speed: 8.28 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -4.30 mph/s 

 Speed: 3.57 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -4.79 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -3.51 mph/s 

 Speed: 0.00 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.00 mph/s 



Tilney-Volk �  31

—————

 Speed: 3.79 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 1.05 mph/s 

 Speed: 4.14 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 0.34 mph/s 

—————

 Speed: 9.77 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 2.10 mph/s 

 Speed: 11.96 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: 2.15 mph/s 

 Speed: 12.19 mph 
 Lat: 37.4535N Long: 122.1905W
 Acc: 0.23 mph/s 

 Speed: 11.73 mph 
 Lat: 37.4535N Long: 122.1906W
 Acc: -0.46 mph/s 

—————

 Speed: 9.55 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -0.47 mph/s 

 Speed: 7.48 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -2.04 mph/s 

 Speed: 4.26 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -3.27 mph/s 

 Speed: 2.65 mph 
 Lat: 37.4536N Long: 122.1905W
 Acc: -1.59 mph/s  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Appendix C: Code for Arduino GPS/Speedometer/Accelerometer System

/*-------GPS Setup-------*/
#include <SoftwareSerial.h>
#include <Wire.h>

const int sentenceSize = 80;

float oldSeconds = 0;
float oldSpeed = 0;

char sentence[sentenceSize];

/*-------Joint GPS/LCD Setup--------*/
SoftwareSerial newSerial(10, 2); // RX, TX 

void setup() {
  // put your setup code here, to run once:

/*---Joint GPS/LCD---*/  
  Serial.begin(9600);
  newSerial.begin(9600);

  pinMode(8, OUTPUT); //to power SD card writer
}

void loop() {
  // put your main code here, to run repeatedly:

  digitalWrite(8, HIGH);

  //Serial.print("I'm looping \n");
  static int i = 0;
  //Serial.println(newSerial.available());
  if (newSerial.available())
  {
    //Serial.print("GPS available     ");
    char ch = newSerial.read();
    if (ch != '\n' && i < sentenceSize) //(ch != '0' || ch != ',') && i < sentenceSize
    {
      //Serial.print(ch);
      sentence[i] = ch;
      i++;
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    }
    else
    {
     //Serial.print(" ___");
     //Serial.print(sentence);
     //Serial.print(" ___ \n"); 
     sentence[i] = '\0';
     i = 0;
     displayData(); //works with both GPS and LCD to display data
    }
  }
}

/*------------Helper Functions--------------*/
void displayData()
{
  /*---------GPS Stuff, just printing to computer serial and SD card through TX port--------*/
  char field[20];
  getField(field, 0);
  //Serial.print(" **FIELD: ");
  //Serial.print(field);
  //Serial.println("** ");
  
  if (strcmp(field, "$GPRMC") == 0)
  {
    //Serial.println("Mod Data");
    Serial.print(" Speed: ");
    getField(field, 7);  // number
    float step1 = ((String) field).toFloat();
    float speMPH = step1 * 1.15;
    Serial.print(speMPH);
    Serial.println(" mph ");
    
    Serial.print(" Lat: ");
    getField(field, 3);  // number
    Serial.print(field/10);
    getField(field, 4); // N/S
    Serial.print(field);
    Serial.print(" Long: ");
    getField(field, 5);  // number
    Serial.print(field/10);
    getField(field, 6);  // E/W
    Serial.println(field);  

/*------------Acc Stuff------------*/     
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    getField(field, 1);
    String fieldSec = (String) field;
    float fieldSeI = fieldSec.toFloat();
    //Serial.println(" \n \n" +  (String) fieldSeI + " \n \n");
    getField(field, 7);
    String fieldSpe = (String) field;
    float fieldSpI = fieldSpe.toFloat();
    //Serial.println(" \n \n" + fieldSpe + " \n \n");
    float numer = speMPH - oldSpeed;
    float denom = fieldSeI - oldSeconds;
    float vDeriv = numer/denom;
    oldSeconds = fieldSeI;
    oldSpeed = speMPH;

    Serial.print(" Acc: ");
    Serial.print(vDeriv);
    Serial.println(" mph/s \n"); 

/*-------LCD Stuff, writing to LCD-------*/
   
    newSerial.write(254); // move cursor to beginning of first line
    newSerial.write(128);

    newSerial.write("                "); // clear display, no direct command to clear display
    newSerial.write("                ");

    newSerial.write(254); // move cursor to beginning of first line
    newSerial.write(128);

    String speMPHS = (String) speMPH; //needs to be a String to write 
 
    newSerial.write("Speed: ");
    newSerial.print(speMPHS);
    newSerial.write(" mph");

    newSerial.write(254);  //move cursor to beginning of second line
    newSerial.write(192);

    String vDerivS = (String) vDeriv; //needs to be a String to write 

    newSerial.write("Acc: ");
    newSerial.print(vDerivS);
    newSerial.write(" mph/s"); 

    delay(250);
  }
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}

void getField(char* buffer, int index) //traverses data String received by GPS to get the 
//fields desired
{
  int sentencePos = 0;
  int fieldPos = 0;
  int commaCount = 0;
  while (sentencePos < sentenceSize)
  {
    if (sentence[sentencePos] == ',')
    {
      commaCount ++;
      sentencePos ++;
    }
    if (commaCount == index)
    {
      buffer[fieldPos] = sentence[sentencePos];
      fieldPos ++;
    }
    sentencePos ++;
  }
  buffer[fieldPos] = '\0';
} 
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Appendix D: Run for the Example Graph in “Results”

Table B: Data Point for the Example Graph in “Results”
Time (s) Speed (mph), also f(x) Acceleration (mph/s), 

also f’(x)

1 0 0

2 1.56 1.56

3 3.48 1.9

4 5.33 1.85

5 7.53 1.2

6 8.44 0.91

7 8.86 0.42

8 8.86 0

9 8.8 -0.06

10 8.74 -0.06

11 7.52 -1.22

12 6.32 -1.2

13 5.17 -1.17

14 4.26 -0.91

15 3.45 -0.8

16 2.66 -0.79

17 1.88 -0.78

18 1.13 -0.75

19 0.63 -0.7

20 0 -0.63

21 0 0
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