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Abstract - The objective of this project is to take an 
existing remote controlled battery powered transport 
vehicle and design an autonomous controller to enable 
the vehicle to follow a navigation beacon on its own. 
 

 
1.  Introduction 
 
   During the process of defining the senior project a 
simple drawing was created in Solidworks to generalize 
the packaging and general idea of the project.  The car 
would need a control system, and it seemed natural to 
place the control box in the front of the vehicle where 
sensors would need to be placed to seek the navigation 
beacon ahead.  The navigation beacon would need a 
source and so a remote navigation module would need to 
be designed with its own power supply.   

Control Box

Photo Sensor Array

Transport
Car

Car will autonomously follow Beacon and maintain distance

TOP
SHEET 1 OF 1SCALE: 1:7 WEIGHT: 

REVDWG.  NO.

A
SIZE

TITLE:

5 4 3 2 1

General Statement

Navigation Beacon

Figure 1.1 
 
   Once a clear objective was decided, a plan of action 
needed to be outlined and organized.  By breaking down 
the objective into a system block diagram, the project 
could be divided into simple individual objects which 
could be designed as separate operational modules which 
in cascade would become the entire control system. 
 
 
 
 
 

2.  Description 
 
System Block Diagram 

 
Figure 2.1 
 
   Figure 2.1 shows the top level system block diagram.  
The blue box encloses the portion of the system which is 
to be the senior project, and the grey box contains the 
components of a remote control operated electric 
transport car I designed 3 years ago to carry a 25 lb. 
payload.  The upper light green box shows the module of 
the system that generate the navigation beacon and is 
located on the person to be followed.  The yellow region 
represents the control box that will be added to the front 
of the transport car.  The control box is planned to 
package the entire control system within a fairly compact 
rectangular volume as not to take up cargo room or add 
weight to the vehicle.  Each green block represents a 
module with a specific job to do within the whole control 
system.  The Navigation beacon will be responsible for 
containing a self powered remote module that generates a 
Infrared or IR pulse signal and can be carried comfortably 
on a person.  The Photo-Sensor array block will contain 
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the sensors required to read the IR signal from the 
Navigation beacon and determine an intensity for throttle 
control and a direction for steering control.  The Signal 
Processing block will contain an FPGA with the 
appropriate Analog-to-Digital Conversion interface, 
Verilog HDL programming to process the signals 
received by the Photo-Sensor array, and Digital-to-
Analog interfacing to control the car’s steering and 
throttle systems. 
    The car used in this project was designed as a cargo 
transport specifically to carry a large tackle box used to 
carry my personal lab equipment for engineering labs.  
The box I chose to contain my gear was so large and 
awkward to carry; it inspired me to design this car to 
carry the heavy box to class for me.  This car has been 
refined to be extremely efficient and contains Ni-MH 
power cells with enough extra battery capacity to run the 
control system and still carry a full-payload all day long 
on hilly campus terrain.  Being able to design a control 
system without having to design an efficient car chassis 
and drive train was a helpful advantage that allowed me to 
be more focused on designed the control system. 
   An additional portion of the project involves interfacing 
an FM transmitter to control the car.  This portion is 
entirely unnecessary in the scope of controlling the cars 
PWM controlled steering servo and electronic speed 
control, but is very use specific for my implementation.   
The car’s job is to carry my class related equipment to 
and from class each day, and because I would be building 
a control system onto the front of the car does not mean I 
was willing to carry the 25 lb. box to class while the 
control system was in the making.  Therefore I designed 
the control system to interface and directly control a n FM 
remote controller similar to the one I operate the car with 
during remote control use.   

 
Figure 2.2 
 
   In figure 2.2 the black object on the front face of the car 
is an Airtronix Remote controller that has been stripped of 
all human control interfaces and is directly wired to the 
outputs of the FPGA controller.  I found this to be a neat 
sense of irony, as I can turn the “brain” off and operate 
the car by remote, or switch off my remote control and 
allow the car to operate itself. 
 
 
 
 

3.  Navigation Beacon 
 
   The first block of the system diagram is the Navigation 
beacon.  The job of this portion of the system is to 
generate a remote IR signal that the car will need to see 
and follow.  More specifically the car must be able to see 
this Nav beacon from a wide range of angles as the person 
being followed makes turns and changes the direction the 
navigation beacon with respect to the car.  Also the IR 
signal needs to remain fairly uniform in intensity over 
these operating angles since the car will use the intensity 
of the IR signal as a means of determining the distance 
between the Car and the Nav Beacon. 

 
Figure 3.1 
 

 
Figure 3.2 
   
   Figures 3.1 and 3.2 depict the rang of operation 
expected for the angles of operation required of the 
Navigation Beacon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    



a.  Determining Optimum IR LED Positioning 
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Figure 3.3 
 
   In order to determine the best positioning of each IR 
LED to achieve a uniform intensity distribution for these 
wide operating angles a mathematical solution was 
needed.  With the help of Dr. Phyllis Nelson, a photonics 
professor of the ECE department at Cal Poly Pomona, a 
solution was modeled.  

Figure 3.4 
 
   By examining the intensity distribution of a single IR 
LED in the datasheet for the 1.5A OP290A IR LEDs I 
chose for this project (figure 3.4), I generated a matching 
Gaussian distribution in Matlab.  Then by placing each 
Gaussian distribution center at equally spaced angular 
positions, the sum of each LEDs IR contribution shows to 
have relatively flat peak intensity region which meets the 
required operating angles of the Nav beacon. (figure 3.5) 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5 
 
 
b.  Power and Signal generation 
 
Navigation Beacon Block Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6 
 
   Another important factor to consider is sustaining a 
uniform intensity with respect to operating time.  As the 
battery drains due to normal use, the IR intensity must 
remain the same or the car will see a weaker signal with 
respect to time and believe that it is farther away then it 
really is.  The car will then begin to operate closer and 
closer to the Nav beacon and loose operating distance.    
Seen figure 3.6 is a block diagram for the Navigation 
Beacon.  Below the power supply to the left is a block 
representing the solution to the diminishing battery 
voltage.  By using a switching step-down power regulator 
>90% efficient use of power is achieved while 
maintaining a 5V regulated output to the LEDs as long as 
the battery voltage is above 5V.  The other components of 
the Navigation Beacon are a 555 timer implementing the 
pulse signal, which drives an N-CH MOSFET operating 



in saturation or switching mode.  This directly drives the 
array of 12 IR LEDs (figure 3.3).  The waveform of the 
pulse signal is a 1 kHz square-wave with a 1.25% duty 
cycle.  This extremely low duty cycles enables the LEDs 
to operate at higher peak currents and thus output more 
intense pulses of IR light.  This low duty cycle also 
reduces the average current used to operate the signal.  
Even though the peak current through the LED array is 13 
A the long off time between pulses give a resulting 
average current use of 162mA.    
   The option 2 in figure 3.6 shows an 850nm Lased 
Diode.  This was implemented in the prototype 
Navigation Beacon seen in the bottom left corn of figure 
2.2, but was left out of the final prototype due to 
operating inconsistent operating hazards.  The idea was 
very much the same as seeing a cat chase a red laser 
pointer dot, but in this case it was a transport car chasing 
and maintaining a distance to the IR dot created by this IR 
laser diode.  Although the car responded very well to the 
reflected IR dot on rough surfaces like cement and brick, 
hazard could be seen in the potential reflection of this 
invisible to human IR laser on reflective surfaces like tile.   
 

 
Figure 3.7 
 
   Figure 3.7 shows the final prototype of the Navigation 
Beacon.  The over design was selected so that a user 
could place the battery portion of the module in a back 
pocket and the “clip” like portion would hang over the top 
edge of the pocket exposed to remain viewable by the 
Car’s sensors. 
 
 
4.  Photo-Sensor Array 
 
   The next module to accomplish is the Photo-Sensor 
Array.  Here the IR signal generated by the Navigation 
Beacon needs to be sensed for its direction and intensity. 
 
a.  IR Signal Path 
 
   The IR signal generated by the Navigation Beacon is a 
very narrow pulse, which helps distinguish it from other 
IR light sources like the sun and indoor/outdoor lights.   

 
Figure 4.1 
 
   The photo sensors respond to light intensity.  The 
particular sensors used in this project are OPT101 photo-
transistors.  These devises have an peak sensitivity to 
850nm and thus the LEDs and laser diode used in the 
project were all near 850nm outputs.  With the assistance 
of 800nm long-pass acrylic filter, a more efficient 
response was achieved.  The 800nm long-pass filters 
placed in front of each sensor filtered out all higher 
frequency light and thus helped remove constant light 
source signals in the visible light range.  Seen in figure 
4.1 are figures showing the two basic types on inputs each 
sensor would see.  The pulses produced by the Nav 
Beacon  are the top left, the ambient light would appear as 
a flat DC-offset by the sensors shown on the bottom left 
graph, and the sum of which outputted by the sensors 
appeared like the graph on the right. 

 
Figure 4.2 
 
   To ensure that the car would operate the same in a wide 
range of ambient lighting conditions the DC-offset needed 
to be removed from the 
signal. (figure 4.2)  To 
do this a simple passive 
high-pass filter was put 
in series with the output 
each sensor. (figure 4.3) 
   Next a simple AM 
demodulation circuit 
would be used in series 
after the HP filter to simplify the pulses into a 
proportional DC voltage signal.   
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Figure 4.3 

 
 
 
 
 



 
Figure 4.4 

 Figure 4.4 shows the proportional DC voltage output of 
 
  
the AM demodulator with respect to the amplitude of the 
incoming pulses. Figure 4.5 shows the circuit used to 
implement the AM demodulator.  
 

 
Figure 4.5 

  To better illustrate the idea of using the IR signal 
 
  
intensity to determine throttle controls take a look at 
figure 4.6. 
 

 
Figure 4.6 

The red line represents the IR intensity vs. distance.  As 

igure 4.7 

 Figure 4.7 shows a block diagram of the actual 

.  Photo-Sensor Array implementation 

 Figure 4.8 gives a top down view of the 7 sensors and 

 
  
the distance increases the IR intensity decreases 
proportionally to the distance squared.  The green line 
represents the desired throttle response with neutral 
referenced to the grey line with forward throttle above 

and reverse throttle below.  Given this graph there is a 
particular intensity which correlates to neutral, and any 
change in distance will result in the throttle going positive 
or negative to move the car back to the neutral intensity. 
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implementation for all 7 sensors used in the Sensor array. 
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Figure 4.8 
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how they are positioned to view different angles. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.9 

 Figure 4.9 better illustrates the viewing angle of each of 

 The OPT101 photo-transistors used as the 7 sensors for 

nother important aspect of the photo-sensor array was 

 Figure 4.12 shows the addition of a switching step-up 

 
  
the 7 sensors.  It is not necessary to observe the letter 
values assigned to each color, as this will be better 
explained later during the description of the fuzzy logic 
controller implementation. 
 
  

this sensor array were 8-pin 
DIPs that made very 
convenient         3-wire 
installation packages using the 
small 0.4” by 0.4” shown in 
figure 4.10.  And can be seen 
in actual implementation in 
figure 4.11.  

Figure 4.10 
 

 
Figure 4.11 
 
A
the DC-offset compensation.  Although it was shown 
earlier how the DC-offset could be removed from the 
signal output from each photo sensor, it must still be 
understood that the DC-offset exists as the output of an 
internal OP-Amp in each OPT101 Photo-transistor.  This 
being so, we know that OP-Amps saturate when they 
attempt to output a voltage beyond their power supply.  In 
the case of these particular OP-Amps when the ambient 

light results in a signal that elevates the Op-Amp input to 
a higher DC-offset, the Op-Amps saturate, and thus 
disable that particular sensor from being able to pass the 
Pulse signal.  The pulse signal must always ride on the 
DC-offset and if the DC-offset is great enough to saturate 
the Op-Amp then there is no “room” or voltage left above 
that output to pass the Pulse signal of the Navigation 
Beacon.  This was an unforeseen problem that has a few 
different solutions.  The original Power supply fed 12V to 
the Photo sensor array, solution 1 is to raise the power 
supply voltage of the photo-transistors.  Since the 
OPT101 can handle a supply voltage as high as 36V this 
effectively raises the Op-Amp range by 300% of its 
previous ambient operating range.  Another effective 
solution is to better eliminate unwanted ambient light 
from light frequencies longer then 850nm.  Since the 
LEDs and sensors both operate at 850nm, and there is 
already an 800 nm long-pass filter remove most of the 
higher frequency visible ambient light noise, there is the 
option to add a short-pass filter at 900nm.  A short-pass 
filter at 900nm will pass 900nm light at shorter 
frequencies toward the visible light range.  Since there is 
already an 800 nm long-pass filter, the two filters in 
cascade will effectively result in a band-pass light filter.  
Since the OPT101 can sense IR light frequencies as long 
as 1200nm, the addition of this short-pass filter will 
reduce the amount of unwanted ambient light, and further 
improve the sensor-array’s ambient operating range. 
 

 
Figure 4.12 
 
  
power supply set to raise the voltage supply to the sensor 
array from 12V to 20V (the maximum step-up possible 
with this particular switching power regulator),  a 
company has modified a switching step-up power supply 
just like the one in the figure to step-up from 12V to 36V 
for this project, which will replace the current one to 
achieve 36V of ambient light compensation. 
 
 
 
 
 
 



c.  Receiver Board 

and 4.14 show the receiver board, which is 

 Figure 4.17   1N4148 

 Figure 4.16 shows the result of a modification made to 

 

 
Figure 4.15 shows a close-up of the SMT components 

 
Figure 4.13 
 

 
Figure 4.14 
 

 Figures 4.13   
considered part of the Photo-sensor array.  In reference to 
figure 4.7 the Receiver Board contains all 7 High-Pass 
filters and all 7 AM demodulators as well as a 2 quad Op-
Amp ICs used as 12V buffers for each of the 7 analog 
voltage signals.  
 
 
 
 
 
 
 
 
 

used to implement the 7 parallel receiver circuits.  In all 
there are 35 discrete components soldered by hand within 
0.3” square. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.16  
 
  
the original circuit to improve the receiver’s performance.  
The original AM demodulator circuit used 1N4148 small 
signal diodes to rectify the incoming signal, the CD0603-
B00340 SMT schottky diodes have only a 250 mV 
forward voltage drop vs. the 700 mV drop of the 1N4148 
diodes.  This small voltage difference shows little 
improvement at close range, but as seen above, there is a 
huge improvement in the operating ranges of 24-60 
inches.  This is a drastic improvement considering the 
operating range of the car will be within these ranges. 

 
Figure 4.18    SMT Schottky 
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5.  Signal Processing 

 The Signal Processing block of the system block 
igin 
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.  FPGA Interfaces 

 Before the FPGA can process any signals output by the 
 

 Figure 5.1 shows the Connection Block Diagram for the 
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.  Analog-to-Digital Conversion Board 

 and 5.3 show the physical layout of the 
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diagram contains the destination of all inputs and or
of all outputs, the FPGA or Field Programmable Gate 
Array.  The FPGA used in this project is the Xilinx 
Spartan 3.  The objective of this block is to input the
analog signals provided by the Sensor Array and 
determine the Distance and Direction, then use thi
information to output Steering and Throttle control 
signals.  Also contained within this block are the 
interfaces to the FPGA that convert the incoming 
signals to digital and convert the digital outputs to analog 
signals. 
 
a
 
  
Sensor Array, the analog signals need to be converted into
digital values.   
 

 
Figure 5.1 
 
  
FPGA.  Seen here is that there is only one Analog-to-
Digital conversion IC used.  To do this an Analog 8-1 
Multiplexer is used along with FPGA controller switch
that allows each of the 7 incoming analog signals to get 
sampled one by one into FPGA.  Since the ADC IC used
can operate above 500K Sa/sec the sample rate is more 
then enough to accurately convert each incoming analog
signal more then 70K times per second per channel.   
   Also emphasized in figure 5.1 in white blocks are tw
PWM modules.  These signify that the Digital-to-Analog
conversion is partially taking place within the FPGA.  By 
using Pulse-Width-Modulation to correlate a Digital value 
to the duty cycle of a square wave, a PWM signal can 
allow a analog voltage to be output from a single digita
output pit on an FPGA.  Since the duty cycle of a square 

wave can be averaged using a Low-Pass filter.  Voltages 
between 3.3V and 0V can be achieved.   In the case of 
this project, the analog voltages created by the PWM 
outputs are used to control the Steering and Throttle 
positions of the on-board Airtronix FM transmitter w
directly controls the Car’s Steering and Throttle systems. 
 
b
 

Figure 5.2 
 

 
Figure 5.3    
 

 Figures 5.2  
ADC Board.  In Figure 5.2 from left to right are the 
ADC10061CIN 10-bit ADC chip to convert each Ana
signal to a Digital value, a CA3140E BiMOS Op-Amp 
which signal conditions a 12V analog signal voltage to a 
5V analog to input into the 5V ADC chip, a CD4051BCN
8-1 Analog MUX which switches each of the 7 analog 
signals into the ADC chip, and an LM339N quad 
comparator which signal conditions the three 3.3V cont
signals for the 8-1 MUX from 3.3V (FPGA LVTTL 
output) to 12V the voltage of the 8-1 MUX. 
 
 



c.  FPGA Interface Board 

 This board has a very specific and obvious purpose, to 
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 In figure 5.4 the 2 blue 20 pin connectors directly 
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e 5.5 the PWM DAC output interfacing can be 
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interface the FPGA.  Connecting to an FPGA may not 
always be as simple as it appears.  The Xilinx Spartan 3 i
a 3.3V FPGA and is intended to interface 3.3V logic.  
Since 3.3V high is adequate for 5V TTL an FPGA outp
can directly drive TTL devices, but 5V TTL should not be 
sent directly into the FPGA.  For this reason rows of 
voltage dividers were necessary to input the ADC dig
connections into the FPGA, along with a few other 
control signals.  In figure 5.5 on the right side are SM
resistors implementing 11 voltage dividers. 
 

 
Figure 5.4 
 
  
connect to and retain the FPGA board.  These were 
helpful in making the FPGA removable since this ve
same board is used for other Electrical Engineering 
courses. 
   In figur
seen as a few discrete SMT components implementing 
two Low-Pass Filters and two BiMOS Op-Amps to buff
and signal condition the 3.3V DAC output to a 5V analog 
voltage which interfaces the Airtronix µP. 

 
Figure 5.5 
 
c.  Xilinx Spartan 3 FPGA Board 
 
   The FPGA is an extremely powerful device that can 
contain 50 thousand to 5 million internal gates.  The 
particular Spartan 3 used in this project is the XC3S200 
and  has 200 thousand gates.  These gates makeup the 
CLB (configurable Logic Blocks), IOB (Input Output 
Blocks) and switches that implement the combinational 
logic, math, memory, and synchronous algorithms that a 
user can program onto the FPGA.   
 

 
Figure 5.6 
 
   Figure 5.6 shows the SPARTACUS FPGA board 
offered by www.DESIGN4FPGA.com . 

http://www.design4fpga.com/


Register Value x
Sensor Thresh ≤ x < 10 10 ≤ x < 15 15 ≤ x < 22 22 ≤ x < 45 45 ≤ x < 75 75 ≤ x < 150 150 ≤ x < 260 260 ≤ x < 1023

Far Left 1 Full Rev Mid Rev Mid Rev Slight Rev Neutral Slight Forw Mid Forw Full Rev
2 Full Forw Mid Forw Sl Mid Forw Slight Forw Neutral Slight Rev Mid Rev Full Rev
3 Full Forw Mid Forw Sl Mid Forw Slight Forw Neutral Slight Rev Mid Rev Full Rev

Center 4 Full Forw Mid Forw Sl Mid Forw Slight Forw Neutral Slight Rev Mid Rev Full Rev
5 Full Forw Mid Forw Sl Mid Forw Slight Forw Neutral Slight Rev Mid Rev Full Rev
6 Full Forw Mid Forw Sl Mid Forw Slight Forw Neutral Slight Rev Mid Rev Full Rev

Far Right 7 F

 

ull Rev Mid Rev Mid Rev Slight Rev Neutral Slight Forw Mid Forw Full Rev

Figure 5.7 
 
   Figure 5.7 shows a brochure image of the SPARTACUS 
FPGA and some of the specifications and features of the 
board.  The board also offers 49, 2 x 20 pin + 1 x 10 pin 
headers spaced to fit directly into proto-boards.  Also of 
significance is the XCF02S 2Mbit Configuration PROM 
which is a platform FLASH device that allows the FPGA 
to boot and program itself on power-up.  
 
d.  Verilog HDL 
 
   The design environment used to write the Verilog code 
to the FPGA is Xilinx ISE 8.1i, a software suite provided 
free by Xilinx in support of using their Hardware.     A 
screenshot of the design environment is given below in 
figure 5.8. 
 

 
Figure 5.8 
 
   Verilog is an HDL or Hardware Description Language 
based on the programming language C and contains many 
similar formats and syntax.  Like C, a user can write 
Verilog code to describe what it is that needs to happen.   
   For this project several modules needed to be created to 
implement several processes within the FPGA.   
   First an ADC timing module needed to be created to 
handle the specific control signals for the 8-1 MUX and 
ADC IC.  Its job was to change the 8-1 MUX to the next 
of the 7 inputs signals, then tell the ADC to sample the 
signal, then wait for the conversion to finish, once a 
conversion complete signal was received from the ADC 
IC the 10-bit data was valid and was inputted and stored 
in a register within the FPGA, this cycle then repeated for 
the next analog channel.    
   Another module then determined the Steering position.  
By comparing all 7 registers which contained values 
proportional to the intensity of the IR signal incident to 
each sensor, the greatest register value was determined 
and that register correlated to the direction the Navigation 

Beacon must be.  This module also passes on the greatest 
register value to the Throttle module.   
   The Throttle module must now determine the 
appropriate throttle position.  By writing a LUT o Look 
Up Table with predetermined comparison values the 
greatest register value passed on to the Throttle module 
can be compared to these values to determine throttle 
amount.  If for example the register values was 28, this 
would match an “if” statement in Verilog that said, if the 
value is >22 and <45 then the throttle position is Slight 
Forward.   
 
 
 
 
 
 
Figure 5.8 
 
    Figure 5.9 is a membership Function chart that shows 
all the possible combinations of inputs and what the 
corresponding response of the controller will be. 
    There are also two modules that implement the PWM 
outputs for Steering and Throttle.  Each of these get their 
input values directly from the Steering and Throttle 
modules. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.10 
 
   Figure 5.10 is a more elaborate layout of the 
membership function chart with colors to represent the 
throttle response and blue letter symbols to represent the 
steering response.  If one imagines the Navigation Beacon 
being at any point on this chart with respect to the car, the 
corresponding fuzzy logic response can be determined by 
that points location within a particular color and steering 
value.   A special note about the color reverse for the far 
left and far right sensor.   Since the angle that these 
sensors see is far beyond the turning ability of the car, the 
fuzzy logic will respond with the opposite throttle and 
steering direction to implement a “3-point” turn action.  
Should the user walk beyond 90° the car cannot turn this 
sharp, so the far right or left sensor will see the signal and 
backup in the opposite steering direction to attempt and 
maintain the user in front of the car. 



6.  Power Board 
 
   The power for the control system consists a several 
voltages all of which originate froma single battery power 
source.  The Transport Car chassis retains 12.8 AH of 
NiMH battery Cells with a rated voltage of 7.2V and 
typical voltages of 7.5-8.5V.  Two main switching Power 
supplies offer regulated power to entire Control System.  
A switching step-down power supply regulates battery  
5V to power the FPGA board, ADC IC, and rear 
Proximity sensors.  A switching step-up power supply 
regulates battery  12V to the FM transmitter, BiMOS 
Op-Amps, quad comparator, and a cascaded Switching 
step-up power supply that jumps the 12V to 36V for the 
Sensor Array. 
 

Figure 6.1 
 
   Figure 6.1 shows the Power Board with the Step-down 
on the left and the Step-up on the right. 
 
 
7.  Control System Package 
 
   

 
Figure 7.1 

 
Figure 7.2 
 
   Figures 7.1 and 7.2 show the entire control system 
packaged in layers minus the Sensor Array which is 
shown in Figure 7.3.  The board layers like the floors of a 
building go as follows: 1st - Power Board, 2nd – Receiver 
and ADC Board, 3rd – FPGA Interface Board, 4th -  
SPARTACUS FPGA Board. 
 

 
Figure 7.3 
 
 
 
 
 



 
8.  Future Project Improvements 
 
 

a. Short-Pass Filter Installation 
a. 900 nm SP Interference Filter material 

to achieve a band-Pass Filter in cascade 
with the current 800nm Long-Pass 
acrylic filter. 

b. This implementation Predictably should 
allow Daylight Operation. 

b. P  PD Controller 
a. By implementing a Differential 

calculation of the change in distance 
into the throttle algorithm the Steady 
State Error will be reduced.  

c. IR CCD 
a. A CCD or Charge Coupled Device 

consists of thousands of Photo-sensors 
which implemented with the correct 
optics will allow far greater resolution 
for system accuracy 

b. A CCD sensor will have more optics 
solutions available since there is a 
single sensor focal area verse several 
individual sensors. 
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	cover.pdf
	final.pdf
	Abstract - The objective of this project is to take an existing remote controlled battery powered transport vehicle and design an autonomous controller to enable the vehicle to follow a navigation beacon on its own.


