
Autonomous Mobile Payload 

Vehicle (AMP-V) 

Kamal Ahmad, Francesco Buzzetta, and  

Joshua Dixon 

School of Electrical Engineering and Computer 

Science, University of Central Florida, Orlando, 

Florida, 32816-2450  

Abstract - This paper discusses a robot design that 
has an autonomous approach to relocate a payload 
safely with the use of a renewable energy resource and 
without much involved human interaction. The AMP-
V combines several technologies and designed in all 
aspects from the chassis to controls. The vehicle is 
designed to follow the user using infrared technology 
and seeks to maintain a distance from the user and 
obstacles using ultrasonic sensors. The power used to 
operate the AMP-V is supplied from a photovoltaic cell 
that provides sufficient power and battery life. Overall, 
the AMP-V is designed to transport payloads, reduce 
labor costs and decrease the probably of human injury 
which is ideal in various applications.  

Index Terms - Autonomous, Charge Controller, 
Chassis, Emitter, Filter, Infrared, Microcontroller, 
Motor Controller, Payload, Receivers, Regulators, 
Robot, Sprockets, Tracks, Ultrasonic. 

I. INTRODUCTION 

The objective of the AMP-V, as our senior 

design project, is to create a low cost and self-

powering transportation vehicle capable of 

moving a payload from one destination to 

another by following the user. The AMP-V will 

be designed to follow the user in 18 inches and 

from obstacles. The AMP-V will have the ability 

to autonomous maneuver around objects within 

its surroundings. The solar panels will allow the 

vehicle to operate outside and operate on energy 

collected, making it sustainable provided that 

sun rays are present. The vehicle will recognize 

the user based off a transmitting beacon on the 

vehicle communicating with a receiver on the 

AMP-V. While the vehicle is on, it will 

continuously re-route itself to the user based off 

the algorithm within AMP-V controls. AMP-V 

is designed to ascend and descend stairs, making 

the project an ideal robot to carry a payload in 

various types of terrain. The battery life of the 

AMP-V is projected to be at least an hour before 

it fully discharges, granted that the photovoltaic 

cell is not receiving sunlight at the time. 

II. PROJECT OVERVIEW 

The Autonomous Mobile Payload Vehicle 

has been designed to perform in the following 

way. First, when powered up, the infrared 

receivers on the AMP-V look for a 38 kHz IR 

signal. If, at first, the AMP-V determines that 

the signal is out of visual range, then it will be 

prompted by the microcontroller to rotate until 

detecting said 38 kHz infrared signal. Upon 

detecting the 38 kHz signal, the system’s 

microcontroller will determine, via the motor 

control system’s inputs, as well as a pre-

programmed pulse width modulation signal, the 

direction and speed at which to follow the user. 

If the vehicle happens to be approximating an 

object via detection from the ultrasonic sensors, 

the microcontroller reads in the current infrared 

receiver values on all four of the receivers. 

Depending on the positioning of the receivers 

themselves, if the microcontroller determines 

from the receivers that the object is not the user, 

then it will control the movement of the AMP-V 

by using its collision avoidance maneuvering 

algorithms. Conversely, if the microcontroller 

reads in the receiver values and determines the 

object to be the user himself/herself, then the 

AMP-V will slow down to a stop in order to 

avoid the injury of the user, as well as potential 

damage to the vehicle itself and the payload it 

may happen to carry at the time. Upon stopping, 

the user has the option of swiveling open the 

photovoltaic cell and either removing the 

payload or adding a payload. The payload 

limited to making the entire AMP-V weight 

about 50 lb in order for it to perform in its most 

optimized manner. 

For the duration of the AMP-V’s on status, 

the photovoltaic cell will be constantly picking 

up sunlight and, through a charge controller, 

charge the 12-volt nickel metal hydride batteries, 



in order to provide voltage to the rest of the 

system. The components on the AMP-V are also 

voltage controlled by the battery itself, a 5-volt 

regulator, or a 3.3-volt regulator. 

III. SYSTEM COMPONENTS  

A. Chassis 

In order to reach one of the objectives for the 

AMP-V, the total weight of the system itself (50 

lb) has to be taken into consideration. The 

largest contributor to weight is the chassis. Since 

the AMP-V was designed to be light-weighted, a 

custom-built chassis was made. The chassis 

consists of the following parts: the payload bay, 

the equipment bay, the main edges, the tracks 

and sprockets, and the photovoltaic mounting. 

The payload bay is essentially the bed in 

which the payload of the AMP-V will be placed. 

It is surrounded by the main edges on the sides. 

For safety purposes, in order for the carried 

payload to not slip away and fall, the payload 

bay will have a front and a back wall. Directly 

beneath the payload bay is the equipment bay, 

which is the area where the three printed circuit 

boards and the motors are located. This was 

done so that the boards and the motors would 

not be in danger of being damaged or destroyed 

while the AMP-V is in motion. The main edges, 

which are the side walls of the AMP-V, are 

connected, on the bottom, to a series of tank-like 

tracks and 3.75-inch sprockets. There are two 

different types of sprockets: the idle sprockets 

and the motor sprockets. The motor sprockets 

and the idle sprockets only have one main 

difference, which is that the motor sprockets 

have an added 9-mm universal hub so that the 

shaft of the motor can rotate the motor 

sprockets. The rotation of these sprockets drives 

the motion of the tracks and allows the AMP-V 

to maneuver in several types of terrain with very 

little trouble. The idle sprockets are simply there 

for the shaping of the tracks. These sprockets 

have been set on the AMP-V so that the tracks 

are shaped in a trapezoidal configuration with 

the longer base on the top and the shorter base 

on the bottom. Due to the location of the motors 

on the equipment bay, the upper sprockets are 

rotated by the motors, while the bottom 

sprockets are idle and move along with the rest 

of the AMP-V while still keeping the tracks in a 

trapezoid shape. The aforementioned sections, or 

in other words, the payload bay, equipment bay, 

and the main edges are all made of 0.22-inch 

thick Plexiglas. The tank-like tracks and 

sprockets have been purchased from 

Lynxmotion. 

For the Photovoltaic Cell to be properly 

placed on the AMP-V, some sort of mounting 

will be necessary in order to allow the AMP-V 

to hold the cell and at the same time be 

structurally stable. This is possible through the 

addition of Photovoltaic Mounts, which are 

simply made of a 1-inch wide PVC pipe set to 1-

foot in height. The photovoltaic cell is also 

hinged to the two back mounts, so that it may be 

swiveled upward, and the payload can be easily 

and safely removed. Overall, with all of the parts 

of the chassis combined, the AMP-V takes an 

overall dimension size of 2 feet long by 2 feet 

wide by 2.5 feet tall and weigh a total of about 

50 pounds, payload included. 
 

B. Self-Sustainble Energy  

The Autonomous Mobile Payload Vehicle’s 

energy source comes from a photovoltaic solar 

panel, more specifically a Monocrystalline solar 

panel. The purpose of choosing a 

monocrystalline over a polycrystalline or thin 

film (amorphous) photovoltaic solar panel is the 

monocrystalline’s higher performance, higher 

efficiency, and lesser space occupancy. The 

Monocrystalline panel provides 50W worth of 

power, a maximum voltage of 17.1V with an 

open circuit open circuit voltage of 21.6V and 

maximum current of 2.92A. The dimensions of 

the monocrystalline cell are 24.95 in. by 19.50 

in. by 1.25 in., and its weight is 8.8 lb. The 

monocrystalline photovoltaic solar panel is 

connected to an 18-volt charge controller. The 

charge controller provides approximately 2.58 A 



of current under perfect sun conditions and 

charges the four batteries in less than an hour. 

The charge controller was designed by the group 

for an 18-volt solar panel to charge a 12Vdc 

battery system by using a certain configuration 

of resistors, transistors, and through an output of 

diodes to provide to the battery. To prevent 

overheating, each electrical component was 

selected with a voltage rating of at least 20 volts. 

Under a sunny but slightly cloudy day, the 

photovoltaic solar panel outputs 0.51 A. The 

total time to charge four 12Vdc batteries in 

parallel from their initial state voltage of 1V is 

approximately 55 minutes. 
 

C. Battery 

The AMP-V uses four 12Vdc nickel metal 

hydride (NiMH) batteries. Each 12Vdc battery 

has a minimum voltage of 12V, a maximum 

voltage of 14.5V and a maximum power of 

45.6W. The charge capacity of the nickel metal 

hydride batteries is 3800 mAh with recharge 

cycles 100’s, a charge rate of 1.8-3.8A, and 

discharge rate of 3.8A-4.2A. The purpose of 

choosing nickel metal hydride over nickel 

cadmium (NiCad), lithium ion (Li-ion), and 

rechargeable Alkaline (R-A) is due to nickel 

metal hydride’s light weight of 1.3lbs, its low 

cost and smaller size (3.3 in. by 1.3 in. by 2.6 

in.). The AMP-V has the charge controller 

connected from the monocrystalline solar panel 

to the four nickel metal hydride 12vdc batteries 

in parallel, which will be connected in pairs 

providing 12vdc on each side. The purpose of 

the four batteries in parallel is to provide a 

maximum current of 7.6 amps to one side of the 

motors. The total current provided by the 

batteries in parallel is 15.2A. The motors of the 

AMP-V, carrying a total weight of 33lbs pull a 

total current of 6A, giving the AMP-V a greater 

room for increase in weight of the payload. 
 

D. Regulators 

The AMP-V consists of a 5Vdc regulator 

and a 3.3Vdc regulator, feeding from the 12Vdc 

batteries. The 5Vdc regulator uses a Texas 

Instruments chip, the PT6653, along with an 

input capacitor of 560 microfarads and an output 

capacitor of 330 microfarads. The input voltage 

of the 5Vdc regulator can be between 9-28V and 

it outputs 5V with an output current of up to 5A. 

The 5Vdc regulator output provides voltage to 

infrared receivers, the ultrasonic sensors, and the 

motor controller subsystem. The 3.3Vdc 

regulator outputs the microcontroller. The 

3.3Vdc regulator is the Texas Instruments 

PT6651, and the input range of the voltage is 

from 9V to 28V. The output voltage is 3.3V and 

it outputs current of up to 5A. Also, for the 

PT6651, only two capacitors are required, the 

input capacitor of 560 microfarads and the 

output capacitor of 330 microfarads.  
 

E. Infrared  

One of the key concepts of the AMP-V is 

that it is an autonomous vehicle. To implement 

the autonomous control of the AMP-V, there 

were many considerations when it came to how 

the vehicle would follow the user without the 

utilization of remote control. What was 

ultimately chosen by the group was the 

utilization of infrared technology. The infrared 

subsystem of the AMP-V consists of two main 

parts: the infrared emitter (from now on referred 

to as the beacon) and the infrared receivers. The 

IR beacon is powered by four AA batteries and 

uses a 555 timer integrated circuit. Connected to 

the 555 timer are six infrared 940-nanometer 

wavelength LEDs that turn on and off at a 

frequency of about 38,000 cycles per second (38 

kHz). This frequency set up by selecting the 

proper resistor and capacitor combinations in 

order for the 555 timer to produce an output in 

that frequency. This on-and-off behavior 

generates an infrared signal at the previously 

indicated 38 kHz frequency. For mobility 

purposes, the beacon has been placed in a 

compacted case so that the user can carry it with 

him/her. Once on the user, the beacon is placed 

to face backward at the AMP-V. 



Now that the infrared beacon has been 

explained, the other part of the subsystem can be 

discussed, that is the receiver portion. As 

mentioned in the previous paragraph, the LEDs 

on the beacon will be turning on and off at a rate 

of approximately 38 kHz. Naturally, an infrared 

receiver would be needed to read in the 38 kHz 

IR signal. The issue at hand is that there is a lot 

of ambient noise coming from incandescent 

light, fluorescent light, sunlight, etc. Vishay’s 

TSOP34838 infrared receiver has a built-in 

band-pass filter with a small bandwidth and 

filters out all ambient noise, thus only allowing 

infrared light around a 38 kHz value to be 

detected. Powered by a VCC of 5 volts, the 

output of the receiver would output VCC if it 

does not read in 38 kHz signal. Upon reading the 

38 kHz signal, the voltage output would drop. 

This behavior will be used so that the AMP-V’s 

microcontroller can interpret the output voltages 

for proximity purposes. There will essentially be 

four of these TSOP34838 receivers on the front 

of the AMP-V, which means that the IR 

subsystem will require four general purpose 

input/output pins. A visual representation of the 

TSOP34838 is shown on Figure 1 below. Two 

receivers are placed flat on the front-center of 

the vehicle, and the other two are located closely 

to the edges, while slightly angling outward. The 

receivers have an angle of half transmission 

distance of ±45°. This means that the receivers 

can successfully read in 38 kHz signals over a 

total span of 90° before hitting a blind spot. 

Since the receivers are unable to determine the 

relative distance to the beacon (they only 

provide a constant voltage drop when seeing the 

infrared signal), this positioning of the receivers 

will at least alarm the microcontroller that the 

vehicle is close to the user if, for example, the 

two center receivers output a voltage drop but 

the outside receivers do not. The following truth 

table, Table 1, discusses the proximity of the 

AMP-V to the beacon, dependent on the voltage 

readings of the receivers. 

 
Figure 1: TSOP34838 38 kHz Infrared Receiver 

 

LE LC RC RE Relative Location to User 

L L L L Ahead 

L L L H Slightly to the left 

L L H L N/A 

L L H H To the left 

L H L L N/A 

L H L H N/A 

L H H L N/A 

L H H H Sharply to the left 

H L L L Slightly to the right 

H L L H Close ahead 

H L H L N/A 

H L H H Close ahead 

H H L L To the right 

H H L H Close ahead 

H H H L Sharply to the right 

H H H H Not in range 
Legend 

LE: Left Edge   LC: Left Center 
RC: Right center  RE: Right Edge 
H: High    L: Low 

 
Table 1: AMP-V Proximity to IR Beacon 

F. Object Detection 

A critical component of the AMP-V is the 

ability to detect objects in its surroundings. This 

functionality is implemented using the ultrasonic 

sensors. The ultrasonic sensors project a beam 

width ±55° perpendicular to the surface of the 

sensor. The beam angle is generous to allow for 

a wide area to be detectable for the vehicle. 



There will be a total of four ultrasonic sensors 

on the AMP-V, facing each cardinal direction. 

Each sensor can detect objects up to 5 

meters. For specifications, the system will be 

designed to detect objects within 18 inches of 

the actual vehicle. In the case that a object is 

detected, the vehicle will initiate its collision 

avoidance protocol which will be explained in 

the next section. 

The AMP-V uses the SRF05 Ultrasonic 

Ranger that requires transistor-transistor logic 

(TTL). It requires 5 V and utilizes on 4 mA. 

There are four necessary pins to use on the 

SRF05: +5, GND, Trigger and Echo. The first 

two of the aforementioned are pretty self-

explanatory. The other two however needs 

explaining. Both pins are actually interfaced 

with the microcontroller. Seen in the proceeding 

Figure 2 is a visual of the SRF05 sensor. 

 
Figure 2: SRF05 Ultrasonic Ranger 

 

The trigger pin is set as an output from the 

microcontroller and an input into the sensor. 

When the trigger pin's output is set high for 10 

microseconds, the command is given to the 

ultrasonic sensor to send 8 pings to the 

surrounding areas and receive the bounced-back 

ultrasonic sound waves. The sensor requires a 

full 10 microseconds to recharge before another 

period is to begin. 

The echo pin on the ultrasonic sensor is an 

input into the microcontroller. The echo pin 

remains high for the time it detects a detectable 

ultrasonic frequency. The sensor was 

predesigned to go low after 30 milliseconds to 

allow the previous pulses to die out before a new 

pulse is sent out. The SRF05 sensors produce 

40KHz that is 8 periods long. The time that the 

pin is actually high is proportional to the 

distance of the object that was detected. To 

retrieve the distance is matter of a few 

calculations using the Ὢ ὧz  ‗ equation, where 

ὧ is equal to 33000 cm/s; ‗ is wavelength and Ὢ 

is frequency. More important the 

microcontroller will have to convert time to 

distance using the following equation: 
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Equation 1: Sensor Distance Equation 

 

The auxiliary clock is the master clock divided 

by 8, (master clock is running at 8 MHz) 

meaning, that the auxiliary clock is running at 1 

MHz. Once the calculations are made, this data 

can be used as the usable distance of the object. 

This is done for each sensor that detects an 

object. The table below depicts the truth table 

for when the cardinal ultrasonic sensor has 

detected an object within 18 inches. This table is 

used when decisions are made to avoid objects 

and what directions are available for the AMP-V 

to turn. 
  



Sensors 

N S W E 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 0 0 0 

1 0 0 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1 1 1 1 
 

Table 2: Possible Ultrasonic Sensor Detections 
 

G. Collision Avoidance  

The term collision avoidance is the term 

used that describes the maneuvers conducted by 

the AMP-V to avoid collisions. This system is a 

result of the object detection having detected an 

obstacle in the surroundings. The AMP-V 

controls system decides the necessary movement 

to avoid possible collisions. The tables below 

are the truth tables that describe the current and 

the actions of the AMP-V. 

 

 

 

 

 

 

 

 

 

 

 

Current on 
Motors 

 

Actions of the AMP-V 
  

Left Right 
 same same 
 

Continue straight 

reverse forward 

 
Turn to the left 

forward reverse 

 
Turn to the right 

same same 
 

Continue straight 

same same 

 
Continue straight 

reverse forward 

 
Turn to the left 

forward reverse 
 

Turn to the right 

same same 

 
Continue straight 

random random 

 
Randomly turning  

reverse forward 
 

Turn to the left 

forward reverse 

 
Turn to the right 

reverse reverse 

 
Move backwards 

random random 
 

Randomly turning 

reverse forward 

 
Turn to the left 

forward reverse 

 
Turn to the right 

 
Table 3: Motor Current and AMP-V Actions 

 

This implementation is used to increase the 

lifespan of the vehicle by protecting its external 

surfaces or any collisions that may affect the 

internal components as well as the payload. In 

the end, the collision avoidance system decides 

what movements to execute by sending the 

appropriate signals to the motor controls.  
 

H. Motors & Motor Controller 

Since the AMP-V is a mobile vehicle, it 

requires a means of motion. The design of the 

AMP-V implements the use of four DC 

gearhead motors. Due to its weight requirement 

of up to 50 pounds, the vehicle would need a 

calculated RPM level of at least 260 revolutions 

per minute and a continuous stall torque of at 

least 30 Newton-meters. The motors selected for 

the AMP-V have an RPM of 300 revs per 

minute and a stall torque of 30 Nm. There are 

four motors placed on the vehicle: two on the 

left side, electrically connected in parallel, and 



two on the right side, also connected in parallel. 

With a full 50-pound load, the total current 

driven by the motors sums up to about 7 amps, 

so about 3.5 amps per side, or 1.75 amps per 

motor. In order to avoid slipping of the sprockets 

from the tracks, both sets of motors will be in 

motion when the vehicle moves. This will allow 

the AMP-V to do move forward, backward, turn 

left, turn right, rotate to the left, and rotate to the 

right. 

Now, for the motors to conduct these kinds 

of motion, some sort of motor controller is 

needed. The solution is the following: two sets 

of H-bridge configurations, one for each set of 

motors. The H-bridge is controlled by four 

switches, and these switches selected for this 

configuration are two power P-channel FETs 

and two power N-channel FETs. Since the 

AMP-V draws in about 7 amps of current, the 

MOSFETs selected were the IRF9540PBF (P-

channel) and the IRF540PBF (N-channel). 

These were selected due to their high current 

ratings and equal drain-to-source resistance 

(RDS) values, which allow for a more stable 

current flow through the motors. Added to the 

MOSFETs are series of NPN transistors, which 

turn on and off their gates. Some of the NPNs 

are connected on the collector side by the 12 volt 

batteries and some by the 5 volt regulator. The 

method in which these NPN transistors are set 

up allows for the interaction between the 

microcontroller and the motor control system. 

One H-bridge contains three inputs: two inputs 

to control direction of the motors and one input 

for the microcontroller pulse width modulation, 

which will control the overall speed of the 

motors. This means that the motor control 

subsystem will require a grand total of six 

general purpose input/output pins. The motor 

control configuration can be seen in the 

following figure below, split into two figures, 

for visual ease. 

 

 
 

 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

(b) 

Figure 3(a,b): H-Bridge Motor Configuration 



IV. CONCLUSION 

The most important thing to understand 
about the Autonomous Mobile Payload Vehicle 
is its simplistic design. Whether to be controlled 
autonomously or, in future applications, 
controlled remotely, it is a self-sustainable 
vehicle that can carry out several applications. 
The application in this project mainly pertains to 
the assistance of carrying payloads to help 
people with impediments or problems with 
carrying weighted objects over long distances. 
Since the AMP-V is projected to function under 
full power for at least an hour, this project 
proves to have quite the sustainability that helps 
carry out its objectives. 
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