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1) Executive Summary 
The project selected for this group is named the Autonomous Mobile Payload 
Vehicle, from here on referred to as the AMP-V. This is a project that has many 
potential applications. The specific purpose of this project is to provide a safer 
environment in situations where objects with an inconveniently high amount of 
weight are required to be safely moved from one location to another. The AMP-V 
is designed to sustain a payload weight of up to 20 pounds, as well as the 25 
pounds that the AMP-V will already weigh, as well as also follow a user within at 
no closer than 2 feet proximity via wireless technology. It will also have the ability 
to travel through inconvenient types of terrain and flooring, as well as climb 
upstairs and downstairs with the use of tank-like, gripping robot tracks. One of 
the most important features of this project is the AMP-Vôs power usage. First of 
all, the AMP-V will be powered by a single, flexible photovoltaic solar cell in 
combination with a custom-designed charge controller, which is connected to two 
twelve-volt nickel-metal hydride rechargeable batteries. This is a critical point in 
the design of the AMP-V because flexible cells are much lighter in mass and 
more durable than flat solar cells. It also has a higher probability to receive solar 
exposure due to the effective angling and bending of flexible cells, as opposed to 
a flat panel, which is limited to one plane for exposure to solar rays. The 
implementation of solar power on the design of the AMP-V also provides an 
effective means of power sustainability, as it is, in effect, self-powered and 
requires no other source of energy to run properly. 
 
The logic control of the AMP-V will be the MSP430 low-power-consumption 
microcontroller, fabricated by Texas Instruments. This unit will control all 
interfaces with components in the AMP-V, which will be described next. There 
will be four electrically-powered motors, two in parallel on the left side and two in 
parallel on the right side of the AMP-V, each parallel set connected to a custom-
designed voltage regulator, which is connected to the battery. These motors will 
provide the motion for the AMP-V. Each voltage regulator will be connected to 
transistors, which will control the current flow from the battery to its 
corresponding set of motors. The motors will be connected to sprockets, which 
align with the teeth inside the tank-like tracks, in order to provide the amount of 
traction needed to enable the AMP-V to climb stairs and in inconvenient terrain 
and flooring. The MSP430 will be interfacing with a wireless component on the 
AMP-V, which will be receiving data from a transmitter or transceiver from a 
homing beacon that will be carried by the user. The MSP430 will also be 
interfacing with four cardinally localized ultrasonic sensors (one on the front-
center, one on the left-center, one on the right-center, and one on the back-
center). The main purpose of these sensors is to ensure that the AMP-V is at the 
appropriate two-and-a-half-foot distance from the user. Also, if the AMP-V loses 
its signal, the sensors will adjust the voltage of the motors in order to maintain 
the AMP-Vôs course towards the user. The AMP-V will be built with a quarter-inch 
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thick poly(methyl methacrylate) chassis. This design choice was made to reduce 
the amount of weight of the AMP-V, in comparison to the construction of a metal 
chassis or a wood chassis. This chassis will be able to sustain the required 
twenty-five-pound weight limit of the AMP-V, as well as up to an additional 20-
pound payload and safely carry the AMP-V across the ground and while climbing 
stairs. 

2) Project Description 

2.1. Motivation and Purpose 
Technology in the world is changing constantly. The visions of engineers have 
excelled how societies will grow in alternative energy recycling environment. 
Where gas optional, where the outlets are not just used to charge cell phones, 
laptops but also hybrid cars. The group members are visionaries of tomorrow 
who desire to make the world one step closer to a cleaner environment. 
Regardless of how diverse or different the background of the members, there is 
one vision and one common goal: ñAMP-V.ò  

The Autonomous Mobile Payload Vehicle (AMP-V) is the new means of 
transporting equipment in a low friendly cost, whether itôs on campus, the airport, 
or even in factories. The goal of AMP-V is to minimize the amount of stress on 
the human body such as college students with tons of books and electronics in 
their backpack, a major corporation using labor, or simply a passenger traveling 
in the airport the luggage. College students can use autonomous mobile payload 
instead of their backpacks to carry load of books, laptops etc as the autonomous 
mobile payload vehicle will follow user using a wireless beacon to their 
destination safely. Autonomous mobile payload vehicle plays a huge roll in 
corporations and helps owners dealing with worker compensation by avoiding 
human labor work such as in airports, therefore, a huge reduction to worker 
compensation law. In airports there are cases where luggages are being 
transported to one destination to another or heavy load equipment being 
transferred by airlines.  

Another application for the AMP-V, are means of new public and commercial 
transportation. A second application is public transportation in airports as one 
bus is filled with passengers a second bus will follow as an autonomous mobile 
payload vehicle (bus) safely to their destination. Once the load on the second 
bus has been loaded on the autonomous mobile payload vehicle it will follow the 
user to their destination wirelessly, while the autonomous sensors will help avoid 
any collisions against any objects and reach the destination safely. The 
Autonomous mobile payload vehicle can have multiple following autonomous 
mobile payload vehicles following the initial AMP-V that is following the user 
much like a snake like chain.  
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Another example of an application of the AMP-V is a Pepsi commercial delivery 
truck is delivering a shipment to a corporate industry, rather than making more 
than one trip and spending money on labor and gas, AMP-V can help eliminate 
that by having the initial deliver truck followed by autonomous mobile payload 
vehicle which will be followed by another autonomous mobile payload vehicle. 
Using this method will help the company save on costs of having multiple users 
for each truck thereby saving time and money. Group oneôs main motivation for 
AMP-V is to design a means of transportation that will revolutionize the standard 
and current means of transportation for the future, minimize human labor, human 
health and safety, and costs of labor by providing an alternative smart choice of 
transportation. 

The AMP-V will be designed to follow the user to their destination with accuracy 
by pairing with a wireless device.  The device on the user will act as a homing 
beacon where the vehicle will constantly aim to maintain the distance to the user 
and be approximately 2 feet of the user. Additionally, the vehicle will be equipped 
with four ultrasonic sensors, one facing each cardinal direction for collision 
avoidance. The autonomous mobile payload vehicle is design to safely maneuver 
to the user destination by following the user approximately two feet behind and 
avoiding collision and retracting itself safely behind the user if lost by using 
ultrasonic sensors as its guide. Furthermore, the autonomous mobile payload 
vehicle has no limitation or roadblocks to its destination. It will be able to navigate 
a variety of terrains such as stairs. An additional functionality of the AMP-V is the 
ability to navigate and climb stairs.  

The vehicle is designed to ascend and descend stairs utilizing tank-like tracks. 
This increases the mobility of the vehicle to non-accessible areas. Tank like tacks 
are also better then wheels because they cover more surface area. Since they 
cover more surfaces they have better mobility and traction which will come handy 
in traveling through uneven planes and climbing stairs. To perform such task, the 
track like tires have rubber to cause friction and grip better as it climbs. Also, 
when climbing the stairs AMP-V will use either an accelerometer to indicate to 
the AMP-V that it is traveling in an incline when it detects a shift in the center of 
gravity. Therefore, the accelerometer will send a signal to the microcontroller 
which will then send then increase the voltage on the motors to gain better slip 
control as it climbs the stairs while carrying weight of total 20 lbs. or less.  

The AMP-V will have four motors and will have a good slip differential, incase if 
one side of AMP-V slips more power can be applied to that side to increase its 
grip to cause the vehicle to line up perfectly and ascend the stairs. Also, trying to 
figure out a way to turn the sensor off when the AMP-V approaches stairs is 
difficult. The group is considering allowing the user to have control of the sensors 
by turning them off manually. Once the AMP-V climbs the stairs successfully, the 
sensors will turn back on and proceed to follow the user. 
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Declining from stairs will be done in same manner, the sensors will turn off in a 
timely manner as the AMP-V will follow the user safely as it descends, once 
again, slip differential will play a huge roll, if one motor slips causing AMP-V to go 
off balance, more voltage will be applied to the opposite motors to cause the 
AMP-V to align itself and safely and slowly descend.  

The AMP-V contains a rechargeable 12 volt battery and maintains charge in this 
battery via a solar panel connected to it through a charge controller. The purpose 
of charge controller to is avoid over flow of electrical current which will cause the 
battery to overload. 

 As a user travels from one destination to another by walking, the vehicle will be 
charged by solar panel, but if the user goes indoors the user can plug in to outlet, 
or also to their laptop to charge a 12 volt rechargeable battery. The photovoltaic 
cells on AMP-V will charge the battery as the user is walking towards their 
destination, the AMP-V will be charging via solar power. These Solar Panels 
supplying energy to the battery will satisfy the renewable and sustainable energy 
topic area of Workforce Central Florida New and Emerging Industries. Being 
powered via solar power is less harmful on the environment and reduces the 
carbon footprint of the day-to-day operation of the vehicle. The goal is to use a 
flexible solar panel rather than a solid solar panel which will provide more 
flexibility in constructing the design in terms of weight and efficiency.  

The AMP-V is designed to make sure the users have full flexibility and a range of 
options for recharging the system when buying the vehicle. The AMP-V will have 
the capability to charge from a 120 volt from wall outlet, a laptop USB 
connection, or a solar panel. The autonomous mobile payload vehicle to be as 
efficient and perfected, its purpose and motivation in its  design is to change the 
world, take it to the next level in a cost efficient autonomous mobile payload 
vehicle and to help reduce human labor by using a renewable energy sourced 
means of transportation.    

2.2. Objective 
The object of the AMP-V, as the senior design project, is to create a low cost and 
self-powering transportation vehicle capable of moving a payload from one 
destination to another. The AMP-V will have the ability to autonomously 
maneuver around objects within its surroundings. The AMP-V will be designed to 
follow the user in a 24 inches range and keep a distance of 18 inches from 
obstacles. The photovoltaic cells will allow the vehicle to operate outside with the 
ability to operate energy collected, making it self-sustainable, provided that sun 
rays are present. The vehicle will recognize the user based off a wireless 
module, often called the transmitting beacon, on the vehicle communicating with 
a receiver on the AMP-V retrieving location. While the vehicle is on, it will 
continuously re-route itself to the user based off the programming algorithms 
within AMP-V controls. A noticeable goal is to have the AMP-V designed to 
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ascend and descend stairs, making the project an ideal robot to carry a payload 
in an environment of a student or manufacturing plant. 

2.3. Project Requirements 
Below are the requirements that the group will try to meet while designing the 
AMP-V. Along with meeting these initial requirements, the group will try to meet 
more additional requirements if time permits. 

The project can be broken down into three basic, yet major functions: 
transportation, communication, and self-sustainability. From a customer stand 
point, below are the preliminary design requirements (PDR) to be expected from 
the AMP-V. 

The transportation aspect of the PDR pertains to the AMP-V(Stated below on 
table 2.3.1). when moving in general. It is a basic understanding of what can be 
expected regarding mobility. Below is a table that details transport functions of 
the AMP-V. In terms of transportation the items represent the minimum 
fundamental capabilities users can expect. 

Transportation 

AMP-V shall be able to move by follow the user 

AMP-V shall operate indoors and outdoors 

AMP-V shall be able to avoid obstacles while in transit to the user 

AMP-V shall be able to carry some sort of payload 

AMP-V shall have the ability to go up and down stairs 

AMP-V shall be able to turn left and right 

Table 2.3.1 - AMP-V Transportation Basic Requirements 

 
The communication aspect deals with the internal and external transmissions 
needed to make the AMP-V succeed with the goals that were laid out for the 
project. Internal communications can deal with the signals regarding the sensors 
data for collision detection and relaying signals from the microcontroller which 
would eventually decide what voltage to place over the motors. External 
communication will be in regards to the wireless modules stationed on the AMP-
V and the wireless modules moving with the user (often called the beacon). 
 
Below is a table(2.3.2) that details the communication functionality of the AMP-V. 
These are the basic responsibilities for AMP-V communication that the customer 
can expect.  



6 
 

Communication 

AMP-V shall receive location information about the user 

AMP-V shall receive sensor data for collision detection 

AMP-V shall utilize sensor data for collision avoidance 

AMP-V shall send data to transport system 

Table 2.3.2 - AMP-V Communication Basic Requirements 

 
In todayôs society, sustainability is sort of a trendy implementation. The AMP-V 
will be designed to contain self-sustainable qualities. The AMP-V will be 
augmented with photovoltaic solar cells that will provide energy while operation in 
the presence of the Sunôs rays. In addition to sustainable energy, the AMP-V will 
be a vehicle that will include rechargeable batteries and the ability to charge via 
wall outlets. 
 
The table 2.3.3 defines the AMP-V self-sustainability attributes. 
 

Self-Sustainability 

AMP-V shall have a sustainable with the use of photovoltaic cells 

AMP-V shall have a rechargeable battery system 

AMP-V shall accommodate several power options 

Table 2.3.3 - AMP-V Self-Sustainability Basic Requirements 

 
In all, the basic functionality will provide a project foundation that is able to 
withstand specification changes that may occur in the future. These requirements 
to ensure that the design fulfills the objectives and goals of the AMP-V; basically 
to make sure it does what it is said to do.  

2.4. Project Specifications 
The project specifications that the AMP-V shall meet can be found below, on 
Table 2.4.1. The statements shown in this table will satisfy the specifications of 
the AMP-V, which were drawn from the three main requirements of the project. 
These specifications below fall under transportation, communication, or self-
sustainability. 
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Project Specifications 

The AMP-V shall not get closer than 24 in. (2 feet) from the user. The AMP-V 
will be programmed to prevent said proximity via use of four ultrasonic sensors 
located on the front-center, rear-center, right-center, and left-center of the 
prototype. 

The AMP-V shall detect objects in its surroundings within an 18 in. (1.5 feet) 
radius. Again, this will be possible with the ultrasonic sensors located on the 
aforementioned locations of the prototype vehicle. It is important for the 
prototype vehicle to avoid collisions with other objects as well as the user, so 
that the AMP-V can be in optimal condition. 

The AMP-V shall not exceed 3 mph. 

The AMP-V shall be able to operate for 1 hour before losing complete charge. 

The AMP-V shall contain a chassis and will the total size of the AMP-V will be of 
the following dimensions: 24 in. by 18 in. by 18 in. (length by width by height). 

The AMP-V shall weigh no more than 25 lb. 

The AMP-V shall be able to support a payload of up to 20 lb. 

The AMP-V shall have a solar cell that provides 40 watt-hours to the system. 

The AMP-V will have four motors that will operate at 12V. 

Table 2.4.1 - AMP-V Project Specifications 

3) Research 

3.1. Modern Technologies 
The main goal of autonomous mobile payload vehicle is to follow the user using 
wireless communication, using the sensors to help implement avoiding obstacles 
as the AMP-V navigates to its destination while caring a weight of 20 lb. and 
charging with its new self-sustainable energy source, the photovoltaic solar 
panel. The autonomous mobile payload vehicle is designed to be able to climb 
stairs and descend down stairs. Able to develop AMP-V design successfully, 
different types of modern technologies had to be researched in order to be able 
to develop a cost efficient, autonomous mobile payload vehicle. The first task in 
understanding the modern technologies of the AMP-V design is figuring out the 
total energy it will require in operating successfully.  

To determine the type of needs of modern technologies needed, group oneôs 
mentor Mr. Michael Felix explained in words of his knowledge in the first meeting 
on 10/17/11, ñThe most efficient way of designing the autonomous mobile 
payload vehicle is to look at it from a consumerôs point of view. If I pay a certain 
amount and purchased the AMP-V what am I expecting it to perform?ò Looking at 
it from a consumer point of view, the group realized that they would need a 
rechargeable battery. The main purpose of a rechargeable battery is that the 
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AMP-V can recharge at any time rather than the user having to buy batteries 
constantly. Thus, the group decided to use rechargeable battery.  

One of the groupôs main design goals is to have a self-sustainable energy source 
for the vehicle. It was decided to use a photovoltaic solar panel instead of solar 
thermal energy in order to fulfill this requirement. The reason that the group 
decided to use a photovoltaic solar panel rather than solar thermal energy panel 
is because photovoltaic solar panel is more efficient in producing energy by using 
direct or exposure of sunlight (even fluorescent lights) and solar thermal energy 
panel converts sunlight to heat and can be used primarily to heat water to 
generate steam which turns a shaft which a generator converts into electrical 
energy. The photovoltaic solar panel will directly charge the rechargeable battery 
which can be used indoors, where the thermal energy collector/panel will not be 
efficient at all indoors because of limited exposure to sun light. Another one of 
group oneôs goal is to create an autonomous mobile payload vehicle that can 
carry 20 lbs. which as well as the weight of the AMP-V itself. Therefore, the 
choice of picking a flexible photovoltaic solar panel instead of a flat photovoltaic 
solar panel helps reduce the weight of the vehicle.  

Though a flat photovoltaic solar panel is more efficient than a flexible solar panel, 
a flexible solar panel is a lot lighter than a flat photovoltaic solar panel. It is easy 
to use and fulfills the purpose of AMP-Vôs design. The flexible photovoltaic solar 
panel will be connected to a charge controller which will be connected to the 
rechargeable battery. The purpose of a charge controller from the flexible 
photovoltaic solar panel is to prevent over charging the battery. Setting an 
adjustment of certain voltage to be send to the battery and maintain its charge 
that way. Also, for indoor purposes there will be other sources of charging the 
battery, example: a USB connector, cig car lighter, and 120V outlet to charge the 
AMP-V when night time or indoors.  

The next hardest task is determining how much energy is gained by the solar 
panel, and how quickly the battery will drain, which will be discuss in project 
hardware. The autonomous mobile payload vehicle has four ultrasonic sensors 
located on the front-center, rear-center, right-center, and left-center. The 
ultrasonic sensors will maintain a range of 2 feet (24 inches) from the user and 
the sensors in the front, back, left and right are there to avoid obstacles and also 
to have the ability to realign itself back to the user safely. Another key aspect in 
designing the autonomous ultrasonic sensors is since the AMP-V is design to 
follow the user in a range of 2 feet apart, if the users speed increases 
autonomous sensors will detect and send the voltage signal to the 
microcontroller which tell the motor control circuit to increase voltage, thus higher 
RPM until the sensor in within 2feet of the user again, thus sending signal to the 
microcontroller once again to reduce voltage sent to motors. AMP-V will be 
designed to detect objects in its surroundings within 1.5 ft. in diameter. To avoid 
injuries the speed of AMP-V as it follows a user will not exceed more than 3 mph.  
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The ultrasonic sensors will determine the distance and send the signal to the 
microcontroller, which will then increase the voltage or decrease the voltage sent 
to the motors. All the motors are sharing the same voltage, therefore, it is not a 
rear wheel drive or front wheel drive, and it is all wheel drive because of the tank 
like tracks. 

AMP-V dimensions will be around 24 by 18 by 18 inches (length by width by 
height), which was concluded by calculating the size of the flexible photovoltaic 
solar panel. To design the chassis of the AMP-V group had to consider using the 
following options: wood, steel, plastic, and Plexiglas sheets. Group first initiative 
was to use pine or fir wood, however, group quickly realized that pine and fir are 
very bulky and heavy. Also, the group considered using oak. However, oak is 
harder to cut and drill and also is too heavy for design. Other types of wood were 
considered such as: bubinga, teak, walnut and rosewood. Bubinga, teak, walnut 
and rosewood are strong wood, but were dismissed by group because they are 
very expensive type of wood. The cost of either Bubinga, teak, walnut and 
rosewood range approximately eight dollars for 1 by 1 by 36 inches in length. 
Another type of wood is called Balsa. Balsa is a strong and very light weight 
wood. When researching other robots that were created before AMP-V, group 
noticed a lot of them used balsa. Creating AMP-V, balsa wood seemed the best 
option. The main goal is to have minimum weight of AMP-V 20 lbs. or less.  

Plastic is much lighter material then wood. Unlike wood, plastic can be molded to 
different shapes upon consumer request. The following types of plastic were 
taken under consideration when designing AMP-V: Acrylic, PVC, polycarbonate, 
urethane resin, and acetyl resin. Acrylic is also known as Plexiglas. Acrylic is a 
very light material, but cannot withhold too much weight which is perfectly fine 
because the total weight including AMP-V and the users input items is 20 lbs. 
Polycarbonate on the other hand is much stronger plastic than acrylic. What 
prevented from using polycarbonate on the design was its density. There is a 
need to drill holes in the design to position it accurately, and drilling holes on 
anything that is dense, will cause it to shatter or break easily. Therefore, 
polycarbonate was not the reliable source for the project.  

Urethane is commonly used with fiberglass. It is also a soft light material which 
can be molded easily. Acetyl, also known as delrin is a softer than metal, very 
dense and strong, at the same time, light weight as well. The last option the 
group considered plastic, PVC. PVC is very commonly used with AC units in the 
house or any other water irrigation. It is very easy to work with because it is a 
light material and low cost. PVC not only comes in pipes but very light sheets as 
well. Questions arose in deciding on what material to use. The following question 
arose: Would the PVC break if climbing stairs? Should AMP-V go stronger 
material then PVC such as metal or prevent any breakage? 

Metal ideally is not a good choice for designing a robot unless your robot is going 
in combat. In that case, AMP-V needs a strong light weight material that can 
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withstand the shock for force being applied to the chassis when AMP-V climbs 
and descends from stairs. There are two types of metal that the group 
considered for the design: Aluminum and steel. Steel is a very strong metal, but 
heavier then aluminum. Where aluminum is consider a soft metal and is a lot 
lighter and easy to work with. The reason that the group couldnôt use steal 
because the weight was too high then preferred. The main goal is to have total 
weight on AMP-V to 25lbs, which includes the weight of AMP-V as well. Also, 
since aluminum is softer metal, it will bend and not hold strong through impact.  

After having a meeting with mentor Mr. Michael Felix, the group came to a 
conclusion that wood and steel will be too heavy. Therefore, PVC pipe or 
Plexiglas is a good option for the autonomous mobile payload vehicle. Titanium 
was the first choice, but the group figured out that titanium is very costly for the 
project, even though it is very light material. If the group were to use metal or 
wood that gave more weight to AMP-V, it will because to reconsider the whole 
dynamic of the design, such as reselecting motors or even a higher energy solar 
panel due to required output energy due to weight. Another  most important 
aspect to pay attention to when designing the chassis or body of a robot is to 
have no sharp edges and making sure that the robot is not harmful or can break 
and harm others. Therefore, the decision was made that the chassis will be 
constructed either using PVC or Plexiglas.  

The AMP-V is design to be able to climb stairs and maneuver over uneven 
surfaces (planes). While thinking of designs for the mobility of AMP-V, group 
considered many different possibilities such as: 8legged spider robot, snake 
robot, basic RV robot, monkey hand bar, and tank like tracks. The spider robot 
was a good consideration. Mainly a spider robot has eight or six legs depending 
on the designer, and each leg works on its own to navigate direction with sensors 
in the front and rear of the spider to avoid collision. Even though spider with eight 
legs was a great idea, it didnôt suit out purpose in the design. For example: it isnôt 
fast enough and climbing stairs would be very difficult with spider like design. 
Next the group thought about snake robot, which was a very creative idea, but 
once again wasnôt fast enough.  

What if AMP-V was to have normal size wheels as a vehicle or RV? Would the 
AMP-V be able to climb stairs? Wheels would make it quiet fast and durable 
among uneven planes and if given enough voltage to the motors, the AMP-V can 
even climb the stairs at high force. Able to construct such design the group 
considered springs. Springs absorbs the torque that the AMP-V puts on its 
wheels when following user weather on an uneven plane or climbing the stairs. 
An example of spring will be in a car. Vehicle design of the wheel is as follows: 
two front wheels and two rear wheels, two on each side, connected in an arm, 
controlled by the handle.  

To the handle will be the sensors and the wireless communication. The wheels 
have springs attached to it, which absorbs the shock and avoids the tires from 
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getting smudged out a lot quickly. Also, the springs helps eliminate the shock, 
which can cause the arm of the wheels to break. The springs on the design has 
to be taken in consideration because it will play a major role once climbing the 
stairs and descending. The reason the group chose not to go with wheels on this 
particular design is because of safety. The group wants the AMP-V to follow the 
user in a range of 1.5 ft. in diameter.  

The problem comes when climbing the stairs. Granted a tire/wheel has traction, 
but that traction is made for water. Thus, if the group was to get a tire with huge 
traction, which was able to climb the stairs, then weôll be facing a problem of 
voltage, for example: each step on the stairway is 6.5 inch high, thus have to 
choose four tires of approximately one 12 inches. For the AMP-V to successfully 
climb the stairs, only voltage going to the motors have to be increased and it will 
climb quickly, but not safely. Wheels can work, however, to make it work the 
group will have to create slip differential to make it a safe climb. Slip differential 
plays a huge role as many sports cars have slip differential to prevent user from 
losing control of the vehicle. Slip differential increases the voltage on the tire that 
has gone in a slip(tire is not gripping traction, thus spinning), by increasing the 
voltage on the slip tire causes friction to the surface and faster regain equilibrium, 
preventing a vehicle from heading toward a disaster.  

Making a slip differential in the design would come in play when AMP-V climbs 
the stairs and if one of the rear tires loses grip, more voltage would be applied to 
it until the vehicle is equilibrium again. Having wheels/tires on a robot is a great 
idea, however, the group decided not to use tires because of three reasons: 
weight of rubber is higher, thus the group will have to create a spring system, and 
a slip control. The weight will again make the group revise the design. The spring 
and slip control would cost more money to have this design built. The goal is to 
have 20 lbs. total on AMP-V and at a lowest cost possible.  

A Monkey bar robot means that it has a robot arm and is mainly design to climb 
hand hang like a robot. To design a monkey bar robot, the group would give it 
four wheels, either plastic or rubber and a robot arm that would rest on top of 
AMP-V. When the AMP-V would approach the stairs the monkey arm would 
expand to a particular stairway, and hook on to the side rail. Then the job of 
monkey arm is to pick the AMP-V up off the ground by bending like an elbow like 
motion in approximately two feet off the ground. Average the rail is 4 feet off the 
ground. Once the AMP-V is two feel off the ground the monkey arm will take the 
AMP-V all the way to the top and drop it off there. How does this work?  

The monkey arm is design as a hook, but has two weeks on each side as it 
hooks on to a rail. Once it has hooked on to the rail tightly, the wheels will start to 
rotate and the safe climb of AMP-V will occur. Problems with this design: Not 
every staircase is same feet, detecting the stairs and the rail will require more 
sensors and algorithm. Also, when the monkey arm has successfully folded 
AMP-V off the ground, it will be scraping the wall as it climbs up. Therefore, the 
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main reason not to use monkey bar is higher cost, property damage, and lack of 
mobility. It is very important to understand that AMP-V has to be independently 
mobile. The monkey bar would only work if there are rails. What if the stairs donôt 
have any rails?    

Goal of AMP-V is to have less than 20 lbs. total and be able to climb stairs 
successfully. That is why the group considered a perfect model that can be made 
into a robot, a Tank. Tanks are used widely for military purposes only, but when 
one observes them correctly they realize that, ñTanks are unstoppable,ò and what 
makes them unstoppable in mobility? Theyôre tracks. Similarly, group decided to 
make the AMP-V in a tank like fashion. AMP-V will have four motors, two in front 
and two in back. Each motor will be connected to two sprockets for better grip. 
The sprockets are plastic material and will grip the tank like track. There are 
many different types of tracks, for example: steel tracks, rubber tracks, plastic 
etc. Steel is commonly used in military tanks. Group also considered using steal, 
however since AMP-V have sprockets that are made from plastic the steal tracks 
would break them. 

 Another reason why the group didnôt use steal tracks was because of the weight. 
Plastic is the cheapest, cost efficient way to go, but not for the design. Plastic 
tracks donôt have any or much friction, which is needed once climbing the stairs 
and since weôre climbing concrete solid stairs, if the AMP-V loses grip while 
climbing the stairs, the plastic tracks would break easy and even end up breaking 
the sprockets. Thus, AMP-V will not to use all plastic tracks. Rubber tracks where 
the best suited for AMP-V. The most important aspect when picking a track is 
friction. AMP-V needs friction to climb the stairs. The steps of the stairs average 
are 6.5inch, and the track will be 3inches wide 1.5inches high, and 1inch space 
between each brackets.  

The AMP-V track like design is 12 inches off the ground, making it easy to grip 
on to the steps and force it up as the gyroscope or the accelerometer will 
increase its y direction output voltage, causing the motors to spin at a faster rpm, 
thus the sprockets would grip and rotate at a fast paste. Rubber is the best 
choice when climbing stairs or dealing with friction. All tires on cars are made out 
of rubber, because they are very durable, long lasting, easy to patch, and holds a 
better grip. Climbing the stairs using rubber creates friction, especially if the stairs 
are solid concrete. The tracks the group chose has rubber in the front, but in the 
reverse it has plastic link sockets for the sprockets to grip on, causing it to rotate. 
There will be two motors on the front, and two motors on the back. Each motor 
will have total of two sprockets. The flexible photovoltaic solar panel will be 
attached on top of AMP-V. It will be treated as a zipper (attach and detachable 
using Velcro). Therefore, the user can easily access any components of AMP-V 
while still being able to store their supplies. The chassis will be made out of 
Plexiglas; therefore the AMP-V will have a stylish advantage as group will be 
able to monitor all the components as AMP-V climbs the steps. This is a brief 
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summary of various modern technologies that are going to be considered for this 
project. 

3.2. Components 
The AMP-V is a complicated vehicle with many different systems all performing 
various functions in order to complete three major requirements of the vehicle. 
The three categories are transportation, communication, and self-sustainability. 
Therefore a list of individual systems was created in order to fulfill these 
requirements. These individual systems will be explored and researched with 
methods and alternative methods to satisfy the requirement that each of the 
following systems require: photovoltaic solar cells, charge controller, voltage 
regulators, battery source, motors, sprockets and track, microcontroller unit, 
sensors, wireless control, and chassis. Each of these individual systems all 
perform functions that lead back to the three main requirements of the AMP-V. 
There may be several approaches to solve the specification that each 
requirement demands of each system and these various methods are discussed 
and dissected in the subsequent sections 

3.2.1. Self-Sustainability   
There are different methods of providing energy to the AMP-V to make it mobile, 
such as: replaceable battery, or rechargeable battery, ups, generator, thermal 
panel, and photovoltaic solar panel. Replaceable battery plays a simple role. 
Once the battery has died, you can jump start it or simply replace it. The reason 
the group decided not to go with replaceable battery is because as a consumers 
perceptive, having the idea to constantly pay for batteries would be ridicules. 
Therefore, rechargeable battery is an ideal source to be used. Uninterruptible 
Power Supply (UPS) is commonly used in Pakistan, India and other counties. 
Uninterruptible power supply is a form of battery that gets charged when the 
power in the house is on. When the electricity in the houses goes away, the 
uninterruptible power supply (UPS) comes on and acts as a backup source of 
energy in a house.  

UPS have an average of 6 to 12 outlet connection and an approximate output of 
350VA-850VA, and are very cost efficient. For example: $850VA for 12outlets at 
$130.00. the specification are: 850VA ultra-compact 120V standby time, LCD 
status and control display, maintains AC output during power failures, 99% line 
mode efficiency, eco option turns off set of four outlets when the computer is not 
in use. The group considered using uninterruptible power supply rather than a 
normal rechargeable battery. However, the idea for AMP-V is to have device that 
will charge the battery while working or not in working condition. The user 
shouldnôt have to find a 120V outlet and wait to charge the AMP-V. The design of 
AMP-V is to have a system that will continue charging the battery as it is mobile 
by the use of alternative sustainable energy source. 
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Another great source considered for the AMP-V is to have an electrical generator 
connected to a rechargeable battery. To design a generator (inducing voltage), 
three basic requirements are taken under consideration: Magnetic field, electrical 
conductor and relative motion between the two above. A generator converts 
mechanical input to electrical output. Resulting voltage level is proportional to: 
strength of magnetic field, length of conductor and speed of relative motion 
(RPM) the initial design is to have a generator, which converts mechanical to 
electrical energy connected to a fully charged rechargeable battery and 
maintaining its charge by the mechanical design. 

 How would this work? To design a generator action (moving magnet relative to 
conductor) while having coil of wires (conductor) and a magnet (magnetic field). 
In a generator the Magnet will move between the coils of wires causing the 
mechanical to be electrical as it will charge the AMP-V rechargeable battery as 
shown in figure 1.1 below. Able for the AMP-V to have relative motion between 
the magnetic field and the electrical conductor the group tried to develop a 
design that would charge the conductor, which will then charge the battery but 
realized that the charge obtain from the generator will not be enough to fully fulfill 
the tasks of AMP-V. No matter how many turns of coil wire wrapped around, 
since there are two 12 volts rechargeable batteries, the total will be 24 volts and 
the generator will not be able to produce quickly enough.  

There are many ways of creating energy, take example power plant: have a 
boiler and a pot full of water, the steam that comes out from the pot will turn the 
turbine. The turbine would be connected to a shaft which would be connected to 
a magnet. As the turbine rotates from the stream, the shaft will rotate with it, and 
the magnet will rotate while being surrounded by wires (conductors). The wires 
(conductors) will be connected to a transmission lines that will charge up any 
device. Figure 1.2 shows how a power plant works. Once again, AMP-V already 
has a rechargeable battery fully charged due to 120AC outlet. When AMP-V is 
detached and following the user can have the turbine connected on top of the 
AMP-V. The wind and speed of AMP-V as it follows the user will cause the 
turbine to spine, thus shaft will rotate connected to a magnetic rotating inside a 
coil wires, connected with transmission line and would continue to charge the 
AMP-V as long as the turbine spins. The design works greatly with power plants 
or with steam. Having a turbine and using it as a windmill might not be as 
efficient as the group desired. There would have to be more than one turbine to 
reach desire output voltage.  

One of the main design goals is to have a sustainable energy source, therefore 
the group decided to use a photovoltaic solar panel instead of solar thermal 
energy. Photovoltaic cells convert photons to electrons, the by trapping the free 
electrons and uses it and energy. Photovoltaic cells were first introduced by 
NASA when constructing satellites. Photo means light and voltaic means 
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electricity, thus photovoltaic converts solar light into electricity. Photovoltaic cells 
are made from semiconductors, such as silicon. The absorbed light is transferred 
to a semiconductor where electrons flow freely. Photovoltaic cells have more 
than one electric field. The electric field forces the freed electrons to flow in a 
certain direction, which is a current. Current is being flowed to a certain direction 
and to obtain it by connecting any external device to absorb and charge any 
device.  

The reason AMP-v uses a photovoltaic solar panel rather than solar thermal 
energy panel is because photovoltaic solar panel is more efficient in producing 
energy by using direct or exposure of sunlight (even fluorescent lights) and solar 
thermal energy panel converts sunlight to heat and can be used as heating water 
to generate steam and create a generator. The photovoltaic solar panel will 
charge the battery which can be used in doors, where the thermal energy 
collector/panel will not be efficient at all indoors because of limited exposure to 
sun light. Photovoltaic cells can be noticed on calculators or even emergency 
contact on highways. The calculator doesnôt have an off button. The only way to 
turn it off is covering light from making contact to the solar panel. The goal of 
AMP-V is to have sustainable energy and recyclable energy. To achieve this 
AMP-V need a photovoltaic solar panel. Another benefit of photovoltaic solar 
panel is theyôre live expectancy. Solar panels from 1970ôs still work today and are 
able to create electricity from the layers they have that absorbs free electrons 
and converts them into energy. The photovoltaic solar panel has 10 to 15 volts at 
2.7 Amps, at total of 50 WH, connected to a charge controller which is connected 
to a 3800MhA 24 volt battery as shown in figure 1.3.  

 

Figure 3.2.1.4 - Solar Power Distribution 

Photovoltaic cells structure is made from crystalline silicon, which is a poor 
conductor because its electrons donôt move around freely. Even though 
photovoltaic cells are made from silicon, they still have impurities. Often when 
impurities are added on purpose they are called doping, which then becomes a 
N-type, which is a better conductor than pure silicon. Doping the solar cell with 
boron it becomes P-type, which carries positive charge. Thus the electric field 

Flexible Photovoltaic Solar Panel: 50Watthour 

Charge Controller  

3800MhA 24 Volt Rechargeable Batteries 
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forms when N-type and P-type come into contact with one another, if they didnôt 
the cells wouldnôt work. Basically, the electrons flow from the P side to the N 
Size, and never the other way around, causing them to be equilibrium.  

In the electric magnetic field course the group had learned about Maxwellôs law: 
D=eE, where E is the electric field, D is an electric displacement vector; e is 
permittivity of free space. Therefore, when electrons are flying around on the 
surface or flow from one direction to another, also known as current. B=uH, B is 
the magnetic field, u is the permeability of free, and H is the magnetizing field, 
thus the electric field created by the current gives the voltage. Now that current 
and voltage are found, it is easy to find power on the photovoltaic solar panel. 
The only downfall in every solar panel is the heat loss which is due to photons 
that are not being converted into electricity and are bouncing around and off the 
panel (which can damage the photovoltaic cell if the solar panel is over heated 
and the heat is not being converted fast enough). To try to minimize heat loss, 
photovoltaic solar panels have an antireflective coating, which reduces the loss 
of photons and increases the like span of the solar cells. 

Heat lost has to be taken into consideration, because too much heat loss on a 
photovoltaic solar panel means lesser efficiency. Extra energy is lost when a 
photon has too much energy needed. This is one of the biggest problems of 
photovoltaic solar panel. To solve these problems, most photovoltaic solar panels 
have metallic grid around the surface to shorten the distance electrons have to 
travel. Some photons get blocked by the grid. Therefore, the efficiency of the 
photovoltaic solar panel goes down. The goal is to create autonomous mobile 
payload vehicle that can carry 25lbs which includes the weight of AMP-V itself. 
Keeping that in consideration, the group chose a flexible photovoltaic solar panel 
instead of a flat photovoltaic solar panel. A flat photovoltaic solar panel is more 
efficient than a flexible solar panel. However, a flexible solar panel is a lot lighter 
than a flat photovoltaic solar panel. The flexible photovoltaic solar panel will be 
connected to a charge controller which will be connected to the rechargeable 
battery. 

 There are three types of photovoltaic construction using silicon: Monocrystalline, 
polycrystalline and amorphous. Monocrystalline solar technologies have been in 
the market for the longest time, they are the most expensive but the most 
efficient cells. When picking a solar panel for the AMP-V, monocrystalline will be 
the most efficient choice. Making a monocrystalline is very costly because it is 
made from one crystal of silicon but is the perfect choice for the most efficiency in 
a photovoltaic solar panel. Monocrystalline cells lifespan is maximum fifty years, 
and minimum of twenty-five years with slight drop of efficiency of 0.5% on 
average per year. The panels installed in 1970ôs are reported to still produce 
electricity even today, also NASA used monocrystalline solar technology in space 
travel. Photovoltaic panels made from monocrystalline are mainly flat panels.  
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One major down fall on a monocrystalline panel is that they are fragile, and since 
they are fragile a rigid mounting is needed. The advantages of monocrystalline is 
that they last very long (minimum 25 years maximum 50 years), and is very 
efficient in the long term. Heat loss is greater on a polycrystalline cell then 
monocrystalline solar panels. If the temperature decreases below 50 degrees 
Celsius the efficiency of monocrystalline will go down. One of the disadvantages 
of monocrystalline solar panels is that they are made from a single cell silicon 
crystal. Making a single cell silicon crystal is time consuming and therefore, 
costly. Another disadvantage is how fragile they are. Monocrystalline solar 
panels are covered by protected glass. However, the group needs to find out if it 
be strong enough to deal with AMP-V descend down from stairs.  

Polycrystalline solar panel is the cheapest panel among all photovoltaic panels. 
Unlike monocrystalline, it is made from multiple crystals, which makes it cost 
efficient. Monocrystalline panels were round in shape with one crystal giving it a 
smooth surface. Since monocrystalline is made from one crystal silicon, it is very 
costly to make, however polycrystalline solar panel are less efficient than 
monocrystalline, but much less expensive, durable and longevity. Also, 
polycrystalline solar panel is weather proof. Efficiency of polycrystalline is lower 
than monocrystalline. Since polycrystalline is made from multiple crystals, all the 
crystals have be exposed to sunlight to gain most efficiency. Polycrystalline 
doesnôt work best under shades like monocrystalline does. 

The lifespan of the polycrystalline panel is up to 25 years or more depending on 
the condition kept. Polycrystalline is also as fragile as monocrystalline. They too 
require a rigid mounting to make it safe from any object that might come to 
impact with due to wind, such as tree branches etc. The greatest advantage of 
polycrystalline is that over time they are being developed more closely to the 
efficiency as a monocrystalline. Also, due to its multi crystals, the cost of 
developing polycrystalline as very low compare to monocrystalline. Therefore, 
photovoltaic polycrystalline gives the consumers closer results of efficiency as 
monocrystalline but at a much lower cost. The disadvantages of polycrystalline 
solar panels are that they are low efficient due to shades on the panel.  

Amorphous is defined as, ñWithout shape.ò It means that the silicon is not highly 
crystallized. They are not difficult or expensive to manufacture. Amorphous solar 
panel represents the future of solar panels. The solar panel for the AMP-V is an 
amorphous solar panel and comes as a flexible solar panel. Amorphous is 
constructed of a special layer silvery, silicon and a protective glass. The special 
layer silvery is divided in to N & P layers of silicon which can be noted on figure 
1.5 below. The group found that the amorphous solar panel was much lighter and 
flexible, which made it easy to work with. Understanding the power generate by 
amorphous solar cells. To understand that amorphous have a very high output 
impedance. Which basically means output voltage will be low if drawn more 
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current. Installing or connecting the amorphous solar panels to the charge 
controller then to a battery is not as easy as it seems. Based on research, 
soldering doesnôt work well.  

The best way to connect the wire is aluminum tape, electrically conductive epoxy 
bonding system, or electrical tape. Conductive tape will prevent minor risk of 
damage to the solar panel. To understand how to attach the wires on an 
amorphous solar panel, attach the two wires on the back to the two outermost óPô 
layers of the solar cells (see figure 1.5 below). Also, even though weôre using an 
amorphous flexible photovoltaic solar panel, the group wants to give AMP-V 
other source of power as well. As consumers, the group doesnôt want to only wait 
on the sun to charge the rechargeable battery. Therefore, there will be a USB, 
cig car charger and 120 volts outlet. Keeping in mind these charges are all AC 
and the battery supply is DC voltage, then the AC will need to be converted to 
DC.  

3.2.2. Charge Controller 

An important requirement of the AMP-V is that it is self-sustainable. It will be 
using a rechargeable Nickel Metal Hydride (NiMH) battery in order to store 
energy for the vehicles subsystems. But one of the major requirements of the 
prototype is that it will be able to sustain battery operation of the vehicle for at 
least one hour. There are two options to solve this problem. One is to purchase 
and install a large enough battery source that will provide the necessary voltages 
to the system. Or finding some way to recharge the battery source would also 
reduce costs of purchasing a larger battery and replacing the battery every time it 
is depleted. This second option of recharging the battery in order to make the 
AMP-V mobile is the option chosen for the vehicle.  

Recharging the battery is simply achieved through forcing an electric current 
through the system from whatever is generating the energy into the battery cells. 
One option to recharge the battery is by using a simple charger (i.e. wall outlet 
converter/charger) that inputs a steady output of DC current into the battery. This 
method usually is very slow and not typically regulated to limit the amount of 
electrical current is applied to the battery. This would not be beneficial to the 
AMP-V because the simple charger would need to control the charge input into 
the battery source. The main issue with a simple charger is that it would continue 
to charge the battery unless physically removed from the system. If too much 
electrical current is forced into the battery then the battery would overheat and 
could potentially explode and cause severe safety concerns for the user and for 
the operation of the vehicle. Additionally, a simple charger would require the cost 
of electricity and pollution due to the infrastructure and methods of creating the 
electricity provided to the simple charger. 

A solution to the mobility of the AMP-V lies in the use of a solar panel. Solar 
panels do not require a connection to a source of power (i.e. wall outlet) but only 
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access to sunlight. Granted the AMP-V will not be solely run outside, but having 
this ability to recharge the battery via solar power would be the most beneficial 
method of recharging the battery. Solar power does require more time and 
components than a simple connection to a wall outlet converter/charger but it is 
more adept at increasing the mobility of the vehicle instead of requiring the range 
of the vehicle to only be near wall outlets. Solar power simply converts energy in 
the form of light waves from the sun and forces an electric current into the line 
and thereby charging the battery. This method provides mobility to the AMP-V. 

Having the AMP-V be self-sustainable is best achieved through the use of solar 
power. If a wall outlet is required for charging the battery then it requires 
resources that other resources were expended in order to provide energy to the 
converter that will provide electrical current to the battery source. Having the sun 
provide energy via light waves will help the self-sustainability of the vehicle 
because the energy from the sun does not need to be processed by other 
resources and is stand-alone technology. Therefore having a solar panel provide 
electrical current to charge the battery is the best option for the AMP-V. 

Now if the AMP-V were simply connected to a solar panel with no control over 
the current the current would simply charge the battery until the battery was 
completely filled with electricity and then keep providing electrical current. If the 
current is continuously provided without some method of stopping the energy 
then the potential difference across the battery terminals would increase to a 
point to where the batteryôs barriers between the positive and negative could not 
contain the amount of sheer energy being provided to the battery. Therefore a 
charge controller would be necessary to limit the amount of energy being forced 
upon the battery. A Charge Controller simply controls the amount of current 
provided to or from the battery system in order to prevent destruction of the 
battery. If too much current is provided to the battery the battery system will 
overload and destroy itself. This could and would be dangerous to the user of the 
product and to the creation of the AMP-V.  

In conclusion, one of the three main components of the AMP-V is to be self-
sustainable. This factor needs to be considered when having a voltage supply. 
The energy supply for the vehicle is a rechargeable NiMH battery source. Making 
the battery be rechargeable means there should be a method to recharge the 
battery after the voltage is drained from it. There are two popular methods to 
recharge the battery that were considered. One is to have a simple charger from 
the wall outlet and the other is to utilize the energizing rays of light from the sun 
in photovoltaic solar panels. The solar panels method was chosen even though it 
provided energy at a slower rate than a wall charger in order to provide mobility 
to the vehicle. The solar panels would charge the battery until the battery could 
hold no more energy and then some more. Therefore, in order to prevent a 
catastrophe and overloading the battery source a controller to limit the amount of 
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electrical current being forced into the battery is necessary for the safe operation 
of the AMP-V. 

3.2.3. Voltage Regulators 

The Battery System shall need to provide adequate power to each individual 
system. In order to accomplish this then a 24 volt battery was determined to be 
necessary. The power from the battery will be stepped down for each subsystem. 
Table 3.2.3.1 below depicts each section of the project and how much voltage 
and current each section requires. The specifications are listed for single items of 
each subsystem and have a number in parenthesis to indicate if a multiple of that 
component is needed. 

  Voltage Current Power 

  Min Max   Pmin Pmax 

Solar Panel 10V 18V 2.78A   50WH 

Battery(2) 12V   3800mAh   45.6WH 

Motor (4) 6V 12V 1.5A 9W 18WH 

Transceiver 2.7V 3.4V 50mA 0.135WH .17WH 

Sensor(4) 3.3V 5.5V 2mA 6.6mWH  11mWH 

MCU(4) 2.2V 3.3V 500nA 1.1uWH  6.6mWH 

Accelerometer 2.0V 3.6V 300uA 0.6mWH 1.08mWH 

TOTAL        36.16 WH 72.24 WH 

(including all 
items) 

Table 3.2.3.1 - Voltage, Current, and Power Specifications of Subsystems 
 

In order to provide the different power requirements to each subsystem of the 
AMP-V there needs to be a circuit component on the end of the line to drop the 
voltage down in most of the cases. One can use one of two methods to modify 
the voltage: Linear Voltage Regulators and Switching Voltage Regulators.  

A Voltage Regulator (Linear Voltage Regulator) is a simple circuit that utilizes a 
voltage divider to dissipate the excess voltage as heat. This circuit is very 
dependable and works according to how one sets up the resistors in the circuit 
and applies the circuit. But it does take a few seconds to linearly regulate the 
voltage to the users desired voltage level. Additionally the excess heat has to be 
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taken care of and dissipated in a fashion that it wonôt damage nearby circuits or 
components. This circuit will work, but now the Switching Voltage Regulator will 
be considered and analyzed.  

The Switching Voltage Regulator works on the same kind of principle as a 
Voltage Regulator except for a few minor differences. Switching Regulators work 
on the same principle as Voltage Regulators. An input of Voltage and a 
predetermined circuit confined output voltage that produces a set output voltage. 
This circuit involves some additional components like inductors but is still 
somewhat simple to set up just like the Voltage Regulator. One major difference 
in the Switching Regulator is that Switching Regulators are based on the duty 
cycle and are pulse controlled. This means that Switching Regulators will be able 
to turn on and turn off the voltage quickly without having to deal with power loss 
or dissipate heat. This does introduce a slight time-delay on the production of the 
output voltage, but it is negligible when considering the Voltage Regulatorôs time-
delay. Table 3.2.3.2 below depicts the advantages and disadvantages of each of 
these Voltage Regulators. 

Parameter Linear Voltage 
Regulator 

Switching Voltage Regulator 

Efficiency Low Medium 

Size Low Low 

Weight Low Medium 

Time 
Constraints 

1-2 ms 20-30 ms 

Complexity Medium- usually 
requires resistors, op-
amps, capacitors 

Medium- usually requires resistors, 
op-amps, capacitors, and inductors 

Cost Low Medium 

Table 3.2.3.2 - Linear Voltage Regulator versus Switching Voltage Regulator 
 
For the purposes of the AMP-V it has been decided that cost is the deciding 
factor when both circuits will work within a reasonable efficiency range. Yes, 
some efficiency is lost when going with a Voltage Regulator over a Switching 
Regulator but the resulting output voltage is still going to be well within the 
operating parameters for the purposes of the overall project. The time-delay 
introduced by the turn-on and turn-off points of the switching regulator is still 
negligent when compared to the overall operation of the vehicle. The cost is 
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comparable for both circuit components but it is desired for several different step-
down voltages to be created so having several of these circuits at various 
voltages will be necessary and as such a lower cost would be appreciated. 
Therefore several Voltage Regulator Circuits will be chosen at different output 
voltages for this project. 

In conclusion, the individual subsystems of the AMP-V have varying degrees of 
power requirements for optimal operation of the vehicle. The battery source will 
be providing 24 volts of energy to the systems. 24 volts is too large of a voltage 
to be supplying to components that only require 2 or 3 volts. If this voltage is 
delivered to the sensitive and limited voltage circuits the circuit components 
would be destroyed. Therefore some method of a DC-to-DC voltage step down 
voltage converter was necessary to be devised. Two methods of stepping down 
voltages were introduced and discussed: linear voltage regulator and the 
switching voltage regulator. The two methods were compared and the linear 
voltage regulator was found to be the best option for the satisfaction of the 
requirements of the AMP-V. 

3.2.4. Battery  

3.2.4.1. Standard Battery versus Rechargeable Batteries  

The AMP-V shall need a Battery to store its excess energy in order to provide 
continuous operation of the vehicle. In order to do this there are two different 
options in terms of two batteries. One can either use a Rechargeable Battery or a 
Standard Non-Rechargeable Battery. If a Standard Battery is utilized then the 
user will have to change out the battery every so often and buy a new battery to 
replace it. Alternatively if a Rechargeable Battery is used then the user doesnôt 
have to worry about constantly buying new batteries, but then the user has to 
recharge the battery in some way or fashion. So it really comes down to the cost 
of which method is cheaper.  

The motors are going to be the largest power drain on the AMP-V. Each motor 
will draw at least 6 to 12 volts, which at 1.5 amps will produce a range of 9 to 36 
watts of power usage per hour. A typical 12 volt battery at about 3.8 amp-hours 
will have about 45 watts per hour utilized. Therefore if the motors are operating at 
maximum voltage the battery could be completely drained by the motors alone in 
just 75 minutes. A typical user would not find it convenient to replace the battery 
every hour and 15 minutes at maximum operational parameters. The more 
efficient method of Battery Source would be utilizing Rechargeable Batteries. 

In terms of cost of buying a Rechargeable Battery over a Standard Battery there 
is a significant difference. The upfront cost of buying a Rechargeable Battery is 
considerable compared to a regular battery. For example if one assumes that a 
typical Rechargeable Battery to cost about 40 dollars upfront and the regular 
battery cost about 5 dollars that is a huge difference in initial cost. But say after 
the user uses the vehicle for 10 hours then the user will have used each battery 
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for 1.25 hours each at a total of 8 batteries costing 5 dollars each. So after just 
using the vehicle for 10 hours the user will have spent 40 dollars on regular 
batteries versus using a rechargeable battery for 10 hours plus at 40 dollars. It is 
assumed by the group that the user of the AMP-V will operate the vehicle for 
more than 10 hours. So, assembling the vehicle with a rechargeable battery 
makes better sense in the long run in terms of cost as well. 

In conclusion, there are two major differences between utilizing a rechargeable 
battery versus a standard battery. If one uses a standard battery it would drain 
itself approximately every hour and need to be replaced which is an 
inconvenience to the user. Additionally the cost of replacing the battery 
approximately every hour adds up to more than the cost of installing a 
rechargeable battery in the vehicle. Therefore, a rechargeable battery will be 
utilized in the AMP-V. 

There are several different battery configurations that can be utilized for the 
rechargeable battery: Nickel Metal Hydride (NiMH), Nickel Cadmium (NiCad), 
Lithium Ion (Li-ion), and Rechargeable Alkaline (R-A). Below the advantages and 
disadvantages of these different batteries will be discussed. 

3.2.4.2. Nickel Metal Hydride 

One of the more popular batteries chosen by users is the Nickel Metal Hydride 
(NiMH) Battery. There are many qualities that make the NiMH battery very 
efficient. For example the NiMH has a low self-discharge rate and a low internal 
resistance. The NiMH also has a low density thereby reducing the overall weight 
of the battery.  

The life cycle time of the NiMH battery is about 300 to 500 times. The NiMH 
battery is a very efficient battery in terms of energy to weight and has all of the 
necessary benefits that a battery for the AMP-V vehicle needs. It is also a 
somewhat low-cost battery compared to other rechargeable batteries. The NiMH 
would be a good fit for the vehicle.  

Nickel Cadmium (NiCad) batteries have been around for over 60 years and are a 
very dependable stable battery source. It utilizes nickel oxide hydroxide and 
metallic cadmium as its electrodes. These chemicals make the battery very hard 
to damage with deep discharges. They are not the best rechargeable battery in 
terms of energy storage versus weight of the battery. NiCad batteries also have a 
large thermal discharge during operation as well, which could damage nearby 
components.  

The life cycle time of the NiCad battery is about 1500 cycles, which is really good 
but maybe not necessary. The NiCad batteries are typically more expensive than 
other rechargeable batteries due to processing requirements and other factors. 
With all of this said, the NiCad battery is still a viable dependable rechargeable 
battery that would fit the necessary requirements for the AMP-V.  
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3.2.4.3. Lithium-Ion 

Lithium-Ion (Li-ion) batteries are one of the more popular battery choices for 
small-scale consumer electronics. The reason they are so popular is the great 
energy-to-weight ratio of the Li-ion batteries. They have a good lifetime with only 
a little loss of charge when not in use. They have only been around since the 
early 1990ôs but are a very viable technology. The high energy density of the Li-
ion batteries makes it a very desirable choice. The energy is stored through the 
use of Lithium ions which provides for a lighter weight requirement. Its life cycle 
depends on the age from the manufacturing date because of the physics behind 
Lithium ions, not necessarily on the number of charge cycles.  

As the batteries age the internal resistance increases which can diminish the 
batteriesô overall efficiency. This high resistance can kill the efficiency when a 
load is applied across the battery terminal that the efficiency is extremely poor. 
One major concern with Li-ion batteries is the high cost because of the high 
demand on the batteries. Additionally if the battery is damaged or broken it can 
be extremely dangerous.  

The final type of battery that will be investigated here is the Rechargeable 
Alkaline (R-A) battery. The R-A battery has a relatively low cost compared to 
other rechargeable batteries. R-A batteries typically hold their charge for years 
and are optimally designed for low in-frequent usage such as flashlights. These 
batteries donôt typically last very long for a continuous use system. They could 
almost be considered similar to regular standard batteries that the user would 
have to interchange out very often.  

R-A batteries also have a high internal resistance and a high thermal discharge 
rate. At continuous use this thermal discharge could be harmful for nearby 
components as well. The larger the load on these batteries the worse the 
resistance and thermal dissipation is and the efficiency of these R-A batteries is 
inexcusable. The R-A battery would not be a great fit for the AMP-Vôs necessity 
of continuous operation.  

3.2.4.4. Battery Selection 

As discussed in the previous sections it has been determined that a rechargeable 
battery would be the most efficient and proper choice for the AMP-Vôs power 
requirements. The four batteries discussed were the Nickel Metal Hydride 
(NiMH), Nickel Cadmium (NiCad), Lithium Ion (Li-ion), and the Rechargeable 
Alkaline (R-A) batteries. Many different facets and characteristics were discussed 
for each of these batteries. In order to make a proper decision on the proper 
battery choice for the AMP-V a table was created that highlights the differences 
between each battery choice. This data was calculated and tabulated below in 
Table 3.2.4.6.1 below. 
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Function Nickel Metal 
Hydride 
(NiMH) 

Nickel 
Cadmium 
(NiCad) 

Lithium Ion 
(Li-ion) 

Rechargeable 
Alkaline (R-A) 

Voltage 1.25 1.25 1.75 1.5 

Charge Capacity 3800 mAh 700 mAh 400 mAh 3000 mAh 

Safety Needs No No No Yes 

Recharge 
Cycles 

100ôs 100ôs >500 10ôs 

Charge Rate 1.8 - 3.8 A ~ 2 A 400 mA  N/A 

Continuous Use 
Performance 

Good Good Good Poor 

Weight Good Okay Good Poor 

Cost Low Medium High High 

Table 3.2.4.6.1 - Comparison Table of the Different Battery Choices 
 

There are several major differences between the four different batteries. The 
differences in the voltages are negligible and the charge capacity is pretty good 
in all of the batteries. There is a safety risk with the Rechargeable Alkaline 
batteries and it does have a poor lifetime performance time. They are all good in 
terms of Continuous usage of the battery except for the Rechargeable Alkaline 
battery. That means the Rechargeable Alkaline battery is pretty much out at this 
point due to several poor factors. 

Nickel Cadmium and Nickel Metal Hydride Batteries are both very similar and 
very efficient but NiMH has a better energy-to-density ratio than the NiCad 
Battery. The NiCad battery has almost half the energy-to-density ratio as the 
NiMH Battery. When considering cost of the batteries the Lithium Ion battery has 
a high cost associated with it when compared to the NiMH battery. Therefore 
after the consideration of many different factors and requirements for the AMP-V 
it has been determined that the optimal battery is the Nickel Metal Hydride 
Battery. 

In conclusion, after much consideration and determining factors a rechargeable 
Nickel Metal Hydride (NiMH) battery will be utilized as the battery source for the 
AMP-V. Four different battery configurations were analyzed and compared side-
by-side, but the best choice for the purposes of the vehicle is the rechargeable 
NiMH battery. It should also be rechargeable in order to maintain the self-
sustainability of the vehicleôs requirements. Therefore, the best battery system 
has been determined to be the rechargeable NiMH battery. 

3.2.5. Motors 

The AMP-V has three major requirements: transportation, communication, and 
self-sustainability. The main requirement involved in this section is transportation. 
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The AMP-V needs to be able to move forwards and backwards, be able to turn, 
and also be able to rotate to make ninety-degree turns. Also, for the stair-
climbing ability of the AMP-V, a series of propelled sprockets and tank-like tracks 
will be needed. Some sort of propulsion is required in order to make the AMP-V 
transport properly. There are several options, like tethered motion, combustion, 
and electrically powered motion. As much of all of these options are reliable, 
efficient, and functional, the group also needs to consider self-sustainability. 
Using combustion would not be a good option for propulsion due to its 
dependence on fossil fuels, which would deem the project non-self-sustainable. 
Not only that, but that has an outstanding impact on costs, as the motors would 
require frequent refueling. The AMP-V will be using photovoltaic cells for the 
sustainability portion of the requirements. This self-sustainable energy can be 
applied into the transportation in the following way: the use of an electrically-
powered motor. Since the AMP-V has, as a requirement, self-propelled 
autonomous movement, an electrically powered motor subsystem will be 
needed. 
 
Electric motors come in various sizes and types, and they are essential to this 
project. It has been determined by the group that the best option for 
transportation is the use of a direct current motor. What a direct current (DC) 
motor does is that it feeds on some incoming current which travels through a 
series of coils, causing the magnet inside of that motor to start spinning. This 
interaction between the current and the magnet induces a magnetic field, which 
causes a voltage drop in the motor. In order to select the most appropriate motor 
for the AMP-V, several factors must be taken into account: size, weight, 
reduction, revolutions per minute (rpm), and price. The AMP-V has to follow the 
user, so it has been decided by the group to design the AMP-V to maintain a 
constant speed of 3 miles per hour. Also, the AMP-V will weigh no more than 25 
pounds by itself. Not only that, but the AMP-V shall be able to carry a payload of 
20 pounds. Therefore, the maximum amount of weight that the AMP-V is 
designed to carry is 45 pounds. From the 45 pounds maximum weight, there will 
be a drag force produced in the direction opposite of the forward motion of the 
vehicle. In order to account for this added weight, the motor has to be able to 
work a little bit harder, and therefore the revolutions per minute has to be 
sufficient to be able to move the AMP-V with that weight. A value of 200 rpm for 
each motor should be enough to handle the 45-pound weight, considering that 
four motors will provide a much higher torque value than two motors, which is a 
design often considered in tank-like vehicles. Another consideration is two-pole 
motors versus four-pole motors. Two-pole motors spin faster than four-pole 
motors, although they are more prone to wear, since two-pole motors have a 
higher rpm than four-pole motors, the amount of torque on two-pole motors are 
actually less. That said, since there are four motors on the AMP-V, a sufficient 
rpm will be provided with the inclusion of torque added from the four motors. This 
will be a combination of both high rpm and high accumulated torque that four-
pole motors would not be able to accomplish. 
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3.2.6. Sprockets and Tracks 

The AMP-V will be designed to operate with sprockets and tracks. The sprockets, 
profiled circular objects with teeth that mesh into the tracks, will be attached to 
hubs and/or the motors to apply motion to the tracks. We opted to use sprockets 
and a track vs. wheels due to the fact the group is trying to get AMP-V to ascend 
and descend stairs. We decided that it would be rather difficult to have the AMP-
V go upstairs without having to worry about the actual mechanics. 

The track design allows for an increase in traction that will latch to every level of 
the stairs. The surface of the track is made from rubber with a 24 hardness pitch, 
which should allow for some flexibility when in contact with the edge of the stairs. 
The rubber tracks should provide a sense of ñgripò when climbing the stairs 
whether itôs going up or down.  

The group opted to use sprockets with nine teeth versus six teeth (both 
applicable to the track design) to increase the rate at which a tooth comes in 
contact to mesh with the track, decreasing any probability of slippage or skips 
that may occur within the track. 

3.2.7. Microcontroller and Control 

3.2.7.1. Arduino 

There are plenty of microcontrollers in the market that will function correctly with 
what the group is aiming to do with the AMP-V. The Atmel and Arduino 
environment is a usual microcontroller option when it comes to senior design. 
The development tools are cross platform and consist of its own hardware and 
software. The Arduino is designed to be user friendly for those who use the tool 
for hobbies. The setup is easy as installing a program on your computer. 

One reason to consider Arduino is the hardware and software interfacing. This is 
done automatically when using the system; it could be considered plug and play 
system. Many of the interfaces available for the chip: wireless modules, USB, 
charger, etc. are made exclusively for the chip and provide steps and tutorials to 
make projects come alive. After communicating with past senior design 
members; the tool has a sufficient library to help interface each port. 

One factor that discouraged the team from the Arduino was the fact that it has its 
own unique coding. After researching the unique code for the Ardunio, it has 
plenty of built in commands and functions that are quite easy to understand as 
long as the user has prior knowledge of programming. This unfamiliar language 
is called ñWiringò, which has a similar syntax to C programming language. With a 
group comprised of three electrical engineers and one computer engineer, it is 
practical to bring all members to speed in programming learning a new 
programming syntax. Unfortunately, there would be a learning curve to utilize the 
tool and its software that may take away from the actual design and building of 
the AMP-V. 
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3.2.7.2. MSP 430 

An alternative to the Arduino is the Texas Instrument MSP 420 Launch Pad as 
the microcontroller of choice. This controller is an ultra-lower power, mixed signal 
microcontroller that is cost effective and contains a vast amount of documents 
and forums. The fact that the controller itself has a low power consumption rate, 
it will help increase the life of the AMP-V. The battery on the AMP-V is a serious 
concern. With a microcontroller that is a low power draw, the intention is to allow 
an increase of duration when the AMP-V in progress. 

With a group comprised of three electrical engineers and one computer engineer, 
the group needed a microcontroller that is somewhat familiar when it comes to 
programming. For the MSP430, the group must utilize C programming in order to 
program the controller. This is a language that the group is familiar with versus a 
microcontroller that has a unique language, requiring a learning curve. C 
Programming is somewhat of a universal language that most individuals that 
program can learn pretty quickly. With this chip, most the issues may arise when 
using and declaring ports as inputs or outputs. Texas Instruments has a variety 
of products that the group may choose to interface the chip with but the members 
in the team lack the experience when it comes to that aspect. At that point, the 
group must refer to the forums offered on the website before reaching for internal 
guidance. 

The software to write the code is similar to that of Eclipse, an integrated 
development environment (IDE) and provides a friendly user interface to 
download and execute code on the board. The Launch Pad kit comes with the TI 
Code Composer Studio, complement with the MSP430, which is easy-to-learn 
with previous experience using Eclipse. Installing the program is quite easy to do; 
the group ran into no issues. This software also allows us to download the written 
code to the board with ease through the use of an USB to mini-USB (attached to 
the experiential board). 

3.2.8. Sensors 

Collision detection and collision avoidance is an important element of the project. 
With ultrasonic range, the AMP-V will able to meet the requirements for safe 
transportation and communication. Infrared proposed a solution but may not 
have been able to provide the functionality of obstacle detection due to its linear 
limits. The sensors must be able to fit on the chassis such that it does not 
interfere with other electronics or obstructed by the vehicle itself. The sensor 
must also draw as little power as it possible could and still have adequate results. 

3.2.8.1. SRF08 Range Finder 

The sensor manufactured by Devantech, is the SRF08 Range Finer. It offers 
detection ranges from three centimeters to six meters. Some advantages are that 
it has the capability to use the I2C bus for communication with the 
microcontroller, a popular method and communication of choice. It would also 
give the capability to measure changes in the light in the direction itôs facing. Like 
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most sensors, it operates with 5V and however, it uses 15mA. Some 
disadvantages with this product over the others are the size of the sensors. The 
dimensions were about twice the size of the others researched. In addition to the 
unfavorable size was the price. Depending on the range level, the product was 
twice or even triple the amount for other sensors considered. Without doubt, the 
sensor is more than capable of doing the job, but with more features not 
necessary for the AMP-V application. 

3.2.8.2. PING Ultrasonic Distance Finder 

This product provides a low-cost and easy method to determine the distance 
from objects. This item is popular in robotics and security systems. It even has 
applications that replace infrared sensors in some applications. Output from the 
sensor provides a variable-width pulse that corresponds to the distance to 
obstacles communication with positive TTL pulses. Standard, the PING operates 
at 5V but unfortunately, has a 20mA power consumption rate. It also has narrow 
acceptance angle not suitable for the desire wide acceptance angle to detect 
obstacles in each cardinal direction and moving people. Another possible issue 
are the three pins located at the bottom (or top) of the sensor that may give 
undesired wiring and soldering issues due to the fact that they protrude. 

3.2.8.3. LV-MaxSonar EZ1 Ultrasonic Sensor 

The EZ1 sensor offers a wide and most sensitive beam pattern within its product 
family. This offers an excellence choice for a high sensitivity environment where 
objects and even moving people can be detection. Unlike the others, this product 
can operate from 3.3V to 5.5V and utilize 2mA as an average current 
requirement if operated at 3.3V. This will aid the design to help prolong the 
battery life of the vehicle. It has a reading rate of 20Hz. In addition to previous 
advantages, the EZ1 is small and light weight. Compare to the others, the EZ1 is 
about half in dimensions. The output comes in a variety, the group may choose 
to have asynchronous serial with a RS232 format of ASCII digits that represent 
the range in inches. Pulse width output is an alternative option to output 
information if low noise chaining was desired. The EZ1 provides a third 
alternative, providing an analog voltage output with a scaling factor of Vcc/512 
per inch. 

The fact that the group is using the sensors for a sensitive application, for 
collision detection of objects and people to later implement collision avoidance, 
the MaxSonar products was an excellent choice. One of the goals is to keep the 
AMP-V a certain distance of any obstacles, thus beam width is an important 
factor. 

Table 3.2.8.3.1 is an ultrasonic sensor comparison table displaying different 
beam width offered by MaxSonar. With the visual below, it is clear why EZ1 is a 
great option given all the other advantages. EZ0 sensor provides a more than 
adequate range for the AMP-V and a slight increase in price. When in testing, if it 
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the EZ1 does not offer an expectable width of the beam, the EZ0 will work in its 
place.  

 

Figure 3.2.8.3.1 ï MaxSonarôs Beam Patterns 
(Reprinted from a public datasheet made available here: http://www.maxbotix.com/products/MB1010.htm) 

 

When operating at 3.3V, the resulting beam wide is still acceptable and yields a 
better width than the others in the product line. This will allow us to prolong the 
battery life though the group is losing the maximum beam width (a minimum 
amount) for an increase in operational time of the AMP-V. 

3.2.9. Wireless 

There are many different applications that can be considered in order to select a 
proper method or means of wireless applications. They are Wireless 
transceivers, Bluetooth, and Infrared. With these different types of applications, 
there are certain limitations and obstacles that one may face regarding some 
certain types of wireless communication. The first one would be the United 
Statesô division and allocation of the EM spectrum into the Federal 
Communications Commission and the National Telecommunications and 

http://www.maxbotix.com/products/MB1010.htm
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Information Administration. The FCC regulates radio communication use for 
state, local government, personal, privatized, and commercial use, while the 
NTIA regulates more of the federal use of radio, like the Army, Navy, FBI, and 
the Federal Aviation Agency.  The AMP-V is a non-federally based project, so 
naturally this project would be regulated and governed by the rules and 
regulations of the FCC. That having been described, there is a specific portion of 
the FCC that regulates the bands for the personal, private, and commercial 
applications. That is the Industrial, Scientific, and Medical bands, initialed ISM.  
This simplifies the research needed for this project, as the devices and 
components for this project would be desired to be in this specific category of 
bands. Infrared will also be considered for research purposes, as it is also a valid 
and usable means for wireless interface and control, and it also completely 
neglects the need as well as interference from radio communications, due to its 
very high frequency band. 

3.2.9.1. Bluetooth 

Bluetooth is a considerable means of communication for short-distanced 
interface for the use of mobile devices and fixed devices.  It enables such 
properties in order to make personal area networks (PANs).  It is a very versatile 
technology, as it can enable the connection of several devices at one time, which 
diminishes many problems with wireless synchronization.  Not only that, but 
Bluetoothôs method of communication is a radio technology called frequency 
hopping, which takes any data that is being transferred from one device to 
another, and cuts it up into several chunks, delivering them chunk by chunk on 
up to 79 different frequencies. In its simplest mode, Bluetooth modulates via use 
of Gaussian frequency-shift keying (GFSK). There are currently three sets of 
Bluetooth communication technologies: 1.0, which achieves a gross data rate of 
about 1Mbps; 2.1, which has a data rate from 1-3Mbps; and 3.0, which has a 
54Mbps data rate. These all operate within the ISM 2.4GHz band. Additionally, 
there are three classes of Bluetooth, which depend on power and transmission 
range ï Class 1, with the capability to use up to 100mW of power and transmit to 
up to 100m; Class 2, with the ability to use up to 2.5mW of power and an 
effective range of about 10m; and Class 3, with uses up to 1mW power and 
transmits to about 1m range. 
 
Given the AMP-V design requirements, either Class 2 or Class 3 can be 
considered, as it only requires interface of no more than 3ft at its worst case. 
There are other things to be considered, however. Since there are many other 
appliances that are clustered in the ISM band, like many transceivers and home 
appliances, as well as Wi-Fi, there can be enough noise to potentially corrupt 
data packets being sent from user to device, which can compromise the 
performance of the AMP-V. Even though Bluetooth is in this ISM band, there are 
ways for Bluetooth to deal with this problem with its protocol. One other thing to 
be considered is that Bluetooth has very poor penetration, namely wall 
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penetration. Fortunately, Bluetooth does not require Line-of-Sight positioning, 
which makes it very versatile, unlike Infrared technology. 
 

3.2.9.2. Infrared 

Infrared uses frequencies from 300GHz to 400THz, thus being significantly 
higher than those of the ISM bands. Transmission with this technology is done 
with the use of a special Infrared LED. The signal by this LED is created by the 
LED being turned on and off; and after this signal has been made, it focuses this 
light through a focusing lens, thus transmitting the light signal to a receiver. This 
receiver reads the beam and filters out any ambient and unneeded light with the 
use of a photodiode and then sends the data to any corresponding devices.  
Such technology is often used in remote-controlled devices, such as television, 
speakers, video games, etc. The higher end of the Infrared Spectrum, called the 
near infrared spectrum, often initialed IR-A, which ranges from 120THz to 
400THz, is defined by the Infrared Data Association (IrDA). This range of the 
spectrum is ideal for the use of cellular phones, mobile computers like laptops 
and netbooks, equipment used for measuring and testing, as well as medical 
instruments. Infrared is potentially a very useful method of communications, 
given its aforementioned properties. However, there are few underlying issues 
that infrared faces with its given technology. One of them is interference caused 
by light. As much as the photodiode receiver is able to filter out ambient light, the 
AMP-V is a solar-powered robot, so direct sunlight can cause enough 
interference to cause confusion during the communications phase of the project. 
Also, as much as it has a good range to work on, it requires direct line of sight 
(LoS) in order to work properly.  Lastly, it is also not very good at transmitting 
data through walls. As much as infrared is immune to radio interference, this 
advantage by Infrared is moot, considering the small range from user to device. 
Also, for the purposes of this project, minimal power usage is most desired, and 
the use of infrared technology would prove too high in terms of power 
consumption when compared to other technologies like RF communication. 

3.2.9.3. Wireless Antennas 

Another type of communication that can be implemented is wireless transceivers 
that operate in the 2.4 GHz ISM band. A few factors are being taken into account 
in order to select a proper transceiver/transmitter-receiver module.  The first one 
is the moduleôs cost; with the budget that has been designated by this senior 
design group, the device selection would be limited by its corresponding costs. 
Another crucial factor that has to be considered is the moduleôs effective 
communication range.  The AMP-V potentially needs communication with an 
interface at an effective range of ideally 2 feet, no more than 2.5 feet.  In general, 
finding a transceiver with at least this required range will not be difficult. Lastly, 
there is the total size and weight of the module.  Ideally, a smaller-sized, lighter 
transceiver would be preferred over a module that is too large for the AMP-V.  
Anything too large may be too compromising for the AMP-Vôs design requirement 
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as well as its ability to perform properly.  This consideration will mainly deal with 
the size of the most basic element of the module, the chip(s). The following 
transceivers were considered in the selection of a proper component for the 
communications subsystem of the AMP-V. 

3.2.9.4. XBee 1mW Antenna ï Series 1 

This is an antenna module from Digi is described to be a low-cost, low power 
network, priced at $25 a module.  It runs on a 250 kbps maximum data rate, and 
comes with either a chip antenna, a wire antenna or a U.FL connection (a coaxial 
RF connector developed by Hirose).  Its maximum interface rate is 115.2 kbps 
and operates on the 2.4 GHz frequency bandwidth.  It is also low-power as it 
runs on up to 3.4 V at 50mA receiving current at a 1mW transmit power.  This 
1mW variant of the XBee antenna module has an effective range of 300ft.  The 
XBee weighs 3 grams and its dimensions are 28 mm by 24.5 mm. The pros of 
the XBee 1mW Antenna module are as follows ï effective range, low power 
consumption, small size, can connect directly to another XBee 1mW in a 
transmitter-receiver series, and a very good data rate. The cons of this module 
are the following ï cost (it is rather high-priced for a transceiver chip), it may 
seem that this kind of module is made for a larger scale project, since the AMP-V 
only requires a five foot range, as opposed to the XBeeôs 300-foot range. 

3.2.9.5. Cypress CYWM6934 WirelessUSB LS Radio Module 

The Cypress CYWM6934 module runs at a range of about 10m.  Its main 
applications are HID, PC, and peripheral gaming devices.  It has a power output 
of 0 dBm (1 mW) and runs on a supply voltage range of 2.7 V to 3.6 V and has a 
built-in antenna.  Its size is 24.38 mm by 16.25 mm, and it is priced at $13.64 per 
chip.  Its maximum data rate is 62.5 kbps, and it also runs on the 2.4 GHz 
frequency band. This Cypress module also features an SPI microcontroller 
interface that allows a transfer rate of up to 2 MHz. The pros of the CYWM6934 
WirelessUSB module are the following ï small size, built-in antenna, and an SPI 
microcontroller interface, within a great range for applications of this project. 
Based on the design requirements of the AMP-V, there are no present cons to 
the selection of this transceiver. 

3.2.10. Chassis 

The AMP-Vôs transportation requirement and its weight budget place a challenge 
in terms of what appropriate structure it shall have in order to transport that 
payload safely and without compromising its structure. As much as this is a 
project meant to test the knowledge and skills earned in the field of electrical and 
computer engineering, another aspect of this project is to have knowledge in 
structural stability. The AMP-V is, in essence, a payload-carrying robot. This 
implies that a structurally sound chassis is needed in order to properly transport 
the AMP-V and to be able to carry a load weight of 25 pounds, as described in 
the project specifications of this documentation. In order to determine an 
appropriate chassis for the AMP-V, two main aspects will be considered: the type 
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of material the chassis is to be made of and the type of structure the chassis can 
have. 

3.2.10.1. Type of Material for Chassis 

The most common materials for robotic chassis have been metals. There are 
different strengths of metals, which vary, in chasse, from materials as weak as 
aluminum to as strong as steel. Of course, strength is only one factor in many 
that metals portray. There is also the actual weight of the metal. There are light 
metals that are either weak or strong, whether they are copper, aluminum, and 
silver, for weak ones, or titanium (with a density of 4.51 g/cm3) and beryllium 
(density of 1.85 g/cm3), as examples of the stronger ones. There are also heavy 
metals like steel, iron alloys, and tungsten alloys, but for the purposes of this 
project, the heavier metals are better to be avoided in order to meet the AMP-Vôs 
required weight budget of no more than 25 pounds by itself. Considering that the 
heavy metals are avoided, the available options of lighter weight metals include 
mainly aluminum and titanium alloys. Budget-wise, titanium alloys are very 
expensive and, not only that, but the cost of milling metals is also high. In terms 
of metals, the best choice for a chassis, given light weight, fair strength, and low 
cost would be aluminum alloys. Another type of material for the chassis that can 
be considered is wood. Wood is easy to shape and can generally be found in 
more inexpensive prices than metals, depending on their availability. In terms of 
structural applications, they have been included in designs for catapults, 
trebuchets, bridges, docks, and boats. The main issue with wood would be, first 
of all, its pricing. Some forms of wood are only available in certain times of the 
year, which make the pricing too high, especially during the winter season. Also, 
availability of wood is dependent on the location. This can also affect pricing of 
the material. Ordering and delivering redwood, which is prevalent in the west 
coast of the United States, would be more costly in terms of the groupôs budget 
as opposed to white pine, which is more available in the east coast. One of the 
main issues with wood is that it is water-permeable and that it expands with 
exposure and contact with water. This can prove to cause great problems with 
the structural stability of the chassis, should the AMP-V get wet. Other composite 
materials have been considered, like carbon-fiber, for example. Carbon fiber is 
very light, and has started to gain many uses in structural applications like 
aircraft, spacecraft, automobiles, and sports gear. Unfortunately, since it is a 
newer type of material, it is very expensive and outside the range of economic 
budget that the group would expect to reach. Lastly, another material that has 
been considered for the chassis of the AMP-V was poly(methyl methacrylate), 
often abbreviated PMMA, also known as acrylic glass, and most popularly known 
by one of its trademark names, Plexiglas. It is strong, very flexible, and also quite 
affordable, given the other options mentioned in this section. Not only that, but 
PMMA is transparent, which is an attribute that metal, wood, and most forms of 
stronger, lighter, and affordable composites do not share. The transparency of 
PMMA will prove useful in displaying the inside of the AMP-V, which includes the 
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circuitry. Also, it has a density of 1.18 g/cm3, which is very low, making it one of 
the lighter options of material. 
 

3.2.10.2. Types of Chassis Structures 

Having considered the possible materials for the chassis of the AMP-V, now the 
focus can go into its structure. The AMP-V is required to maintain at the most a 
dimension of 24ò by 18ò by 18ò (2 ft. by 1.5 ft. by 1.5 ft.), so a rectangular solid of 
dimensions smaller than that has to be considered. If the weight of the materials 
for that structure ends up being high, a pattern of holes in the structure can be 
also implemented so that the structure maintains its shape, but not so much that 
it loses its structural stability. This, of course, depends on the type of material 
being used. It is more optimal to go with this design choice if one was to, for 
example, make this chassis out of metal, as opposed to a light wood, or plastic.  

 
For normal horizontal navigation, this rectangular structure would work with no 
problem. However, since the AMP-V is also required to climb stairs, the structure 
of the chassis has to consider travel at a vertical angle. Ultimately, a purely 
rectangular chassis would cause the bottom of the structure to clash with the 
corner of the stairwell, and the friction between the material and the stair will 
cause damage and possible destruction of the bottom part of the chassis. The 
solution to that would be to adjust the structure in such a way that the middle of 
the chassis would not be compromised, as that is the part of the chassis that 
would most likely interfere with the corner of the stair. That adjustment to the 
chassis can be seen in Figure 3.2.10.2.2 below. 

 

Figure 3.2.10.2.2 - Chassis Adjustment with a Stair-Climbing Consideration 

 

3.2.11. Stair Mode 
One of the more unique attribute of the AMP-V involves climbing stairs. The 
group chose an amorphous photovoltaic solar panel because it weighs 
approximately 4.41lbs and produces at maximum of 15.4V at 300mA. The 
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chargeable battery weights 2.4lbs and the group chose to use Plexiglas rather 
than wooden or steal frame because of weight ratio. The group could have gone 
with titanium but of course, that would be too costly and unreasonable.  

Alterative considerations have been made for designs for the AMP-V to be able 
to climb the stairs successfully. Such as: higher wheels that provide great traction 
at higher rpm that would be able to climb the stairs like an ATV (All-Terrain 
Vehicle). However, due to the high speeds when using wheels, the vehicle can 
become very unsafe for the user.  

In order to climb stairs, the AMP-V must be able to carry the weight of the 
battery, motors, solar panels, and etc. The flexible photovoltaic solar panel 
weighs is 4.41lbs; the battery, 2.41lbs; the motors, 3lbs; the sensors, 1.5; the 
microcontroller, 2lbs; and the track, .82 for a total of 12.32lbs. The maximum 
weight that the AMP-V can carry, which includes its own weight and the weight of 
the payload, is 45lbs. This specification requires that the chassis is low weight 
and durable. When considering options, the group has considered metal, plastic, 
carbon fiber, wood, and Plexiglas for the chassis. 

There are a lot of metals out there that are quiet light in weight, such as 
aluminum, chromium, cobalt, copper, iron, nickel, silver, titanium, and tungsten. 
Tungsten is one of the strongest steals that doesnôt scratch at all, but easy to 
break, thus not a prime candidate. Aluminum would have been a great choice; 
however, not durable for long run. The group considered using titanium or carbon 
fiber, two extremely light metals, easy to work with, yet the cost is extremely 
extensive. To decide on the perfect chassis, such questions arose: ñWhat is the 
lightest but strongest wood that can be used as the chassis on the AMP-V? The 
answer: balsa wood. There were also other woods considered as well. 

Balsa wood is very light which would benefit the weigh concerns for the AMP-V 
with an estimated total of 15lbs. However, balsa wood is not strong at all, which 
would make it really hard to drill on or work with. Then the group considered 
hickory, alder, soft maple, cherry, red oak, hard maple, knotty pine, mahogany, 
rubberwood, red birch, black walnut, and lyptus. Hickory is the right wood to use 
for the design. It is well known for its strength, hardness and durability. Soft 
maple has medium density, strength and hardness. Hickory and soft maple were 
the best options if the group chose to go with wood to design the chassis. 
However, the group still wanted something lighter than wood and more durable.  

When designing the chassis, the group chose to use Plexiglas sheets. Plexiglas 
is an acrylic and comes in different shapes and sheets. There are different types 
of Plexiglas sheets, such as white Plexiglas acrylic, which is not transparent but 
is very light material and easy to work with. However, since the group is using 
Plexiglas acrylic, the design will be clear transparent up to 92% more, which will 
allow the group to monitor AMP-V more accurately for any loose pieces as it 
climbs the stairs or travels through hard surfaces. Plexiglas acrylic is easy to cut 
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with power saws. How the AMP-V dimension are 24 inch by 18 inch by 18 inch. 
The closest the group found to the desire specs was an OPTIX 36 inch by 30 
inch by .093 inch acrylic sheet totaling $23.41 in cost. The Optix acrylic sheet is 
lightweight, impact resistant, translucent, transparent, opaque, and is 20 times 
stronger than glass. It is also shatterproof, which is highly notable in NHL games 
when ice skaters crash into the Plexiglas and it doesnôt shatter. The group found 
the price quote from home depot.  

Weôre going to have three Plexiglas acrylic sheets, one on bottom which will 
support the weight of battery, 2.41lbs; motors, 3lbs; sensors, 1.5; microcontroller, 
2lbs; and the track, .82; totaling 12.32lbs. Two Plexiglas acrylic sheets on each 
slide and on top will be the flexible photovoltaic solar panel, supporting the 
weight of 4.41lbs. The flexible solar panel will act as a cover sheet. For example: 
if the user wants to put a payload inside the AMP-V to carry, he will remove the 
solar panel safely and then insert the payload and then close the top by covering 
it with the solar panel. Another aspect that was considered is the weight of the 
battery that will affect the rear motors. Each motor on a particular side will be 
supplied the same amount of voltage. Since the AMP-V have higher weight in the 
rear and each of the motors on one side working from same source, the group 
will simply increase the voltage of each pair of motors to keep it balanced. The 
most important factor is when AMP-V climbs the stairs. The AMP-V needs to 
have either a gyroscope or an accelerometer that will send a signal to the 
microcontroller, letting it know the AMP-V is no longer parallel to the ground and 
that an increase in voltage is needed to help climb the stairs while carrying the 
weight.  

We considered a monkey bar process. A monkey bar concept is what was 
applied in the of the group members robotics team during high school years. 
Every stairway in University of Central Florida has a rail to hold on to as one 
climbs the stairs. The arm rail is considered to be a monkey bar. The monkey bar 
operation was to have a robotic arm that will open up and hook itself to the bar, 
then lift its own weight off the ground, and climb the rail up. In the monkey bar 
design, it will have set of wheels or small motors that will grip on and safely move 
forward or down ward. The problem with design was property damage, as the 
monkey bar would be applied, it will scrap and scratch the walls or limit the user 
in their mobility as they must stay close to the rail because they are being 
followed by a wireless RF technology. The monkey bar was an idea to help the 
AMP-V climb the stairs, but due to the unsafe condition it will create, the group 
thought of other methods of having AMP-V climb the stairs, tank like tracks.  

Before the group determines the type of track best suited for the AMP-V to climb 
the stairs, the group decided to look at the certain type of stairs that the AMP-V 
will be climbing. The figure below shows an image at the University of Central 
Florida, near the Harris Building stairs located outside of the building. When 
measured, each step of the stairs has a height of 6 inches. Therefore, the AMP-V 
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tracks or wheels must have traction to be able to grip on the 6 inches and move 
forward. Keep in mind the AMP-V will have a sensor in the front. One of the 
obstacles that the AMP-V was: ñIf AMP-V is following the user wirelessly, 
approximately at most five feet behind the user using an ultrasonic sensor, how 
will it climb the stairs if the sensor hits the stairs?  

The AMP-V would just stop. If the AMP-V gets within two feet, then the vehicle 
will not move. The ultrasonic senor determines the distance between the user 
and the AMP-V and sends the signal to the microcontroller which then increases 
or decreases voltage to the motors to minimize the distance in the range. To 
solve this problem, where AMP-V is trying to avoid collision against the wall due 
to the ultrasonic sensors and will not move forward. The group thought about 
making a switch on the AMP-V. That switch would be used to turn off the sensors 
as the AMP-V climbs the stairs and follows the user wirelessly. However, by 
doing that, the AMP-V would be blind; it will not know its distance and will collide 
with objects around it as it tries to follow the user. The other alternative method 
the group thought of was to change the angle for the sensor. The AMP-V stops 
when the front sensor comes within 1.5ft of an object. One possibility to get 
around that issue was to position the angle of sensors from 180 degrees to 45 
degrees on the AMP-V. Therefore, the 6 inches from steps would not be picked 
up by the front sensor as an object, and the AMP-V will be able to continue to 
climb. Another idea the group had was to choose the sprockets 1ft, therefore, the 
AMP-V will be a foot high from the ground and would not pick up the 6 inches 
steps and be able to climb safely. The surface of the stairs is solid concrete. To 
make AMP-V successfully climb the stairs, the group must look into options on 
different types of tracks.  

 

Figure 3.2.11.1 - Harris Building at the University of Central Florida 
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Another problem that the AMP-V faces is maintaining a safe environment when 
in operation. Then the group decided to have the AMP-V utilize tank-like tracks. 
Consisting of four motors, two in front and two in rear, track sprockets will be 
used to attach to the inside lining of the track. The track sprocketsô job is to help 
the track grip on the stairôs surface area, proving rotation movement from the 
motor. The AMP-Vôs movement on the stairs is similar and be compared to an 
escalator or simply a miniature military tank. 

To find the right tracks that can climb the stairs of Harris Building, the following 
tracks were considered: Bike cycle track, roller chain, plastic conveyor chains, 
molded track, hinge track, 200series, 175series, 150series, 105series, and an 
88series. A bike cycle track was the first track built in history which consisted of 
bike chain. However, the disadvantage over using bike cycle chain design as 
history quickly learned is that they are not durable. They donôt grip well and 
perform efficiently as the new designs in later years. However, to alter the historic 
cost efficient design, the group thought of chopping wood to 2 inches by 2 inches 
and having it embedded on the chain to give better support.  

The group quickly realized that the force being applied to the wood as it rotates is 
not a reliable means of transportation. Also, the group considered using rubber 
and having it drilled to the bike cycle links. This method would have been the 
cheapest way of constructing a tank track; however, getting tracks now are as 
cheap as buying bike chains and rubber materials. The group also considered 
using roller chain, which uses one chain that goes all around. A roller chain is a 
stronger chain used for heavy duty, it is hard to bend in any direction and hard to 
install. However, just like bike cycle chain, roller chains also have a possibility of 
derailing or being pushed out of alignment easily.  

The group considered looking into tracks that were already built. Plastic conveyor 
chains come already built and are a strong and light weight material. They work 
like any other type of tracks with sprockets. The group cannot modify the length 
of plastic conveyor chains and must order it correctly. The lowest cost the group 
found for plastic conveyor chain was $78 per track, which included sprockets. 
This came out to be too costly; therefore, the group continued the search. 
Molded track were tracks that were made by individually for tanks, in which the 
group quickly realized the inefficiency of the design and lack of time wasted into 
mold material and make them identical to be used as tracks.  

Another method involves the use of Hinge track. Hinge track is a steel track that 
is composed of screws and nylon lock nuts. This track is also known as 
Kanellopoulus track system (KTP). It required constructing each track individually 
using the screws and nylon lock nuts. The group quickly dismissed using steel 
because steel on steel causes too much friction. However steel on other 
materials might not be as efficient either. Also, steel is a much heavier material 
then any plastic or rubber track. The group could construct its own track by using 
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roller cycle method, but realized the cost of constructing a track is equal or 
greater than pre constructed track.  

In the 200series was a model called 200M1-A1-SA on which the tracks were 
design for commercial vehicles, designed for heavy loads and smooth rides. The 
rubber track is 18 inches (457mm) wide and has anti-torque system, 
recommended to be used in between -38 degree Fahrenheit to 130 degree 
Fahrenheit; sprockets diameter of 22inches (560 mm). The 200series model 
number 200M1-A1-SA wouldôve been great to use if it didnôt limit the AMP-V 
down to maximum of 25lbs. Also, these tracks are huge, 18inches of tracks 
means 22inches diameter of sprockets. Therefore, the group would also mean a 
bigger chassis has to be built to handle such a big track. The advantage of the 
200series track is that the traction is very efficient. However, since the size is so 
big, the group would have to go back and redesign and have to change the size 
of the motors and increase them as well.  

The next series the group looked at was 175 series for track. The 175series 
tracks are design for commercial vehicles as well, but are design for more heavy 
loads and smooth rides. The tire tread was also 18inces. After 175seires the 
group looked at 150 series and 105 series and 88 series, all the tracks made for 
those series were also 18inches, which is very heavy and causes many changes 
to be made in the design by specs. The main reason for the group deciding to 
use tank treads is because it enables the AMP-V to overtake any demanding 
terrain than any normal round wheels.  

The tank treads balances the vehicles weight more equally than wheels. Which 
allows the AMP-V to move more efficiently through though surfaces or uneven 
planes such as sand, soft, uneven surfaces where the one of the wheels if went 
through a dig would end up getting stuck. The tracks on AMP-V makes two 
wheels on each side one, and therefore, is way more efficient than one single 
independent wheel on each side. Furthermore, the tank track covers more 
surface area than wheels. Therefore, the tracks provide more traction. It is critical 
to have more traction for carrying loads up on an incline surface as well.  

If comparing any military tanks tracks, it can easily be noted right away how a 
tank can easily climb over any demanding terrain, where no ordinary wheels will 
be able to. Also, the track covers more surface area, giving the tank much more 
efficiency to dominate over any path or surface it comes in contact with. Another 
one of the tank tracks that was considered was called Tank Tread Kit. The tank 
tread kid has 170 tread links, 4 tank tread drive/idler wheels, 4 double bogie 
wheel assemblies, 2 single bogie wheel assemblies, 12 8-32x1ò Bogie wheel 
support screws, 12 kep nuts. The material type is called Delrin plastic. Its size is 
1.5 inches (38.1mm), wheel diameter 2.375 inches (60.3mm), length 170links 
65.5 inches (1663mm). Technically this tank kit is great, however the width of the 
links are only 1.5inches that is very small. The total cost is $29.99, which is great, 
however the only problem noticed with this tank kit is the 1.5 inches wide. Which 
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means in order for the AMP-V to have better traction, two of 1.5inchs wide tracks 
would have to be ordered. Therefore, this is making it 3 inches wide total. The 
reason that the AMP-V needs 3inches or more in the tracks is because of 
traction. The group wants to cover as much surface area as possible. Therefore, 
to get better grip once AMP-V starts to climb the stairs. Also, another problem 
with this tank kit is, there is no rubber. It is only Delrin plastic. Delrin plastic is a 
crystalline plastic that mimics metal tracks, but no rubber.  

The track as an indention gap between one another of half an inch, and is one 
inch high thus causing friction which is highly needed once traveling up the stairs. 
The group had a meeting with the mentor and discussed this ideal with him, the 
mentor brought a problem to the attention that when AMP-V climbs the stairs, 
what if one side loses its tractions? To prevent AMP-V from losing traction while 
climbing up the stairs, there is an ultrasonic senor in the front. Example, AMP-V 
climbs the stairs and the right side is delaying then the left, then the AMP-V will 
automatically in cease the voltage on one side until it is leveled and decrease on 
the other and climb the stairs safely at a slow rate, traction control.  The track 
that the group decided to use is called a Track Fasteners, it is a nylon snap rivet 
fasteners and have a inserting for the sprockets to grip and rotate as the motors 
all around containing two sprockets each to take it to its destination.   

The figure 3.0 below shows the track sprockets (9 links pair) and the track which 
is 3inch wide by 21 links approximately 23inch long. Weôre ordering five track 
sprockets. There will be two sprockets each attaches to the four gear head 
motors (12vdc 30:1 ratio 200rpm, 6mm shaft) to get a better grip and support of 
the track. The four ultrasonic sensors LV-EZO will send a signal to the 
microcontroller which will then send the voltage to the particular motor to guide it 
correctly to its destination. Therefore, when the AMP-V comes close to the stairs, 
the ultrasonic senor is placed in the front is not in a flat straight line. The reason it 
is not aiming straight with AMP-V is because AMP-V will never be able to climb 
the stairs, the ultrasonic sensor will suspect an object in front and will try to avoid 
collision. The best to avoid such event from occurring was to place the ultrasonic 
sensor 30 to 45 degree on the AMP-V so it will not be able to pick up the stairs, 
but still be able to follow the user, as the user is greater or equal to four feet. The 
sprocketsô job is to grip on to the track and keep it rotating. 

The track as can be noted on the figure below is a rugged polypropylene links. 
Rubber has a shore a hardness of 45. The pitch is 1.07 inches and the width is 
3inches. Polypropylene is a plastic polymer. It has a high level of resistance to 
heat. The melting point of polypropylene compared to other plastics 320 degrees 
Fahrenheit, 160 degrees Celsius. Another great advantage of using 
polypropylene is that it doesnôt absorb water, and can be easily used against wet 
surfaces. Also, the group can easily take the tracks apart to minimize or add 
tracks to the existing polypropylene tracks.   The sprockets are going to grip the 
polypropylene links, while on the side that will be facing outside will be rubber. 
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Rubber is a very useful material, as it can take stress, lasts long, and has better 
friction. Also, rubber like plastic will not absorb or have any problems over wet 
surfaces. The total cost of the track is $38.95 and only weight about 0.82lbs. The 
9 link pair sprockets have minor gap, thus keeping the track in align while 
traveling. The sprocket links are polypropylene. It is very flexible, easy to take 
apart and assemble, light weight, has rubber, and is low in cost.  

 

Figure 3.2.11.2 - Sprockets and Tracks 
(Reprinted from a datasheet that can be found here: http://www.lynxmotion.com/p-512-track-3-wide-x-21-links-23-single.aspx) 

Now that AMP-V tracks have been determined that the group will face one more 
challenge: How does AMP-V knows it is climbing the stairs? And when it has, 
how does that effect the voltages applied to each motor? In constructing AMP-V 
successfully, an important necessity was needed: a gyroscope unit and an 
accelerometer in order to control the voltage as it climbs the stairs. The goal is to 
find the lowest cost friendly gyroscope and an accelerometer that can interface 
easily to a microcontroller and not consume too much power. In deciding the best 
solution for the problem, there were two gyroscopes considered ADXRS150, 
ADXRS300 and etc. 

ADXRS150 is a single chip rate gyro with signal conditioning. It has a 
150deg/sec angular rate sensor (gyroscope) on a single ship. The application the 
ADXRS150 is used in is GPS navigation systems, vehicle stability control, inertial 
measurement units, guidance and control and platform stabilization. It operates 
from 5V supply, ranges of -40 degree Celsius to +85degree Celsius and 
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dimension is 7mm x 7mm x 3mm.  Clockwise rotation is positive output, its 
voltage sensitivity is Vcc=4.75V to 5.25V. Next the group looked at ADCRS300, 
another single chip yaw rate gyro with signal conditioning. This chip has 300 
deg/sec angular rate sensors (gyroscope) and is constructed by two polysilicon 
sensing structures. ADXRS300 dimension are 7mm by 7mm by 3mm and has 
voltage sensitivity of Vcc=4.75V to 5.25V.  

When ADXRS150 is at rest it outputs 2.5 volt. To test the ADXRS150, if the 
group tilts the gyro in any direction the resulting will get an output of +/- voltage, 
change from initial at rest. Then it will send the result to the analog digital 
converter so that the microcontroller can then control the voltage being applied to 
the motors when climbing or descend from the stairs. In the ADXR150, the faster 
the AMP-V tilts while climbing the stairs the larger the change will be in voltage. 
The ADXRS150 retails for $39.90 at analog devices. The only major problem 
with both ADXRS150 and ADXRS300 is that they work only on the z-axis. The z-
axis on a gyroscope means the gravity that the user has put it, therefore, it will 
not work with the design of AMP-V because for AMP-V all three axis x, y, z are 
needed.  

Alternative source instead of using a gyroscope is to look into accelerometers. 
An accelerometer measure any change in speed (acceleration) of any object that 
it is attach on to. Accelerometers are used in cars to deploy airbags, on 
electronics such as touch screen cell phones, wireless motion controllers and on 
laptops to detect when the computer moved and locks up the hard drive, 
preventing it from crashing. The purpose of using accelerometer is to have AMP-
V determine on its own when it climbs the stairs and change its voltage as it is 
inclined up the stairs. An accelerometer only measures force in one direction, 
there for the only know the force on the x, y or z direction, but not all at the same 
time, which is not a problem, the only concern with y output as it climbs the 
stairs. In the z axis is gravity, which is an acceleration -9.81m/s^2. When 
accelerometers experience any acceleration to what they are mounted on or into, 
the micro-structure inside an accelerometer bends due to gravity and 
momentum, which get detected electrically. 

 An accelerometer that is chosen for the AMP-V is called ñBuffered +/- 3g Triple 
Axis Accelerometer (ADXL330).ò It has all three axes, an analog interface which 
operates at a voltage of 2.0V and 3.6V. It also has integrated op amp buffers to 
connect directly to a microcontroller. The ADXL330 is used for motion, tilt and 
slop measurement, shock sensing, position sensing and vehicle acceleration 
logging. Its bandwidth frequency is 500Hz, and has a 2.0V to 3.6V input 
bypassing the regulator. Total current it draws is only 200uA at 2V. When the 
AMP-V is parallel to the ground, y out = 2.0V, with a Vcc of 4.0V, and when AMP-
V climbs the stairs the accelerometer will send the signal to the microcontroller 
which will increase y out to 2.25V. What is the slope when AMP-V climbs in an 
incline up the stairs? 2.50V ï 2.0V= +0.25V with respect to the 0g point. The g 
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means gravity accelerates the object at 0g (g force). The lower the g-force it 
reads the more sensitive it will be to changes in motion. Figure 3.2 below shows 
the schematics of the ADXL330, which shows three out puts of x, y and z.  

 

Figure 3.2.11.3 - Schematic of the Accelerometer 
(Reprinted from a datasheet that can be found here: http://www.analog.com/en/mems-sensors/inertial-

sensors/adxl330/products/product.html) 

For a single axis accelerometer, to calculate the magnitude of acceleration use: 
Maxacceleration = sqrt(x^2) = x. For two axis accelerometer: MaxAcceleration =  
sqrt(x^2 + y^2). Three axis accelerometer = sqrt(x^2 + y^2 + z^2). To calculate 
the force on the accelerometer due to gravity, use: Force= -(g)*(cos(angle), the 
angle is on the z and x axis, or depending on which side is rising. If the group 
knows the force being applied, then the result of measuring the angle can be 
determined by using: angle = cos((valueofsensor*constantconversion)/-g)^-1. 

The ADXL330 sensitivity is 300mV/g, therefore, .25/.300 = .833g. Sin^-1(.833) = 
56.4 degree. The slope of the incline up the stairs in the Y-Axis is 56.4degree. 
One of the down falls of ADXL330 is that it has an output impedance of 
32kohms, which will prevent from gathering reliable measurements when the 
group connects it to an analog to digital converter. Advantage is that ADXL330 is 
works great for high frequency sampling of acceleration because it has a pair of 
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10nF capacitors which limits the noise without losing its bandwidth. Another 
advantage ADXL330 has is reverse voltage. If the user mixed up the VCC and 
the GND and connected it backwards, the P channel MOSFET will stop the 
current from flowing, thus preventing it from getting damage. The cost of the 
buffered +/- 3g triple axis accelerometer (ADXL330) cost for one is $35.00.  

To summarize, the AMP-V have a solid concrete stairway to climb in the 
University of Central Florida, Harris corporate building. AMP-V total design 
weight is 25lbs, which includes user materials. The weight AMP-V is supporting 
is battery 2.41lbs, motors 3lbs sensors 1.5 and microcontroller 2lbs, and track 
.82: total 12.32lbs. Therefore, the AMP-V is within the weight limit. To handle 
such weight, the group had to design a correct low weight, strong and durable 
chassis. To determine the most efficient chassis the following were considered: 
metal, wood, and Plexiglas. There were some light steels; however cutting steal 
is not as easy as cutting plastic or wood. There a lot of woods considered, 
problem with woods is the lighter they are the less durable they are. Plexiglas 
was the best option for the design. Not only is it not easily breakable, it is very 
durable, waterproof, easy to cut and stylish. The AMP-V will have Plexiglas 
sheets as the chassis. The group did considered different types of wood for 
chassis and steel, some were durable and light and others were not. But none 
were as light as a Plexiglas and easy to work with.  

We decided to have three Plexiglas sheets, two on the side and one in the 
bottom. The bottom rear of the sheet of Plexiglas would hold the microcontroller 
and battery. The top will be covered with the flexible solar panel. Beyond 
supplying sustainable energy, the photovoltaic flexible solar panel will work as a 
cover sheet that the user will remove and place their belongings in the AMP-V 
and cover with the solar panel. Some consideration in making the solar panel 
easy to attach and detach was Velcro. The group can stick Velcro in the back of 
the flexible photovoltaic solar panel and attach the opposite end of the Velcro to 
the Plexiglas. Therefore, the user can easy detach one end of the solar panel 
and place supplies inside the AMP-V. Also, the Plexiglas is clear transparent, 
which will allow the user to easily be aware of the supplies inside the AMP-V 
while it will give it a stylish look to the AMP-V. Next the group discussed how the 
AMP-V will climb the stairs while carrying a total weight of 25lbs.  

Each stair steps off the ground are 6inches high. The group decided on choosing 
wheels or tracks to successfully have AMP-V climb the stairs. Also, the group 
had to take into consideration how the chassis, Plexiglas sheets material which 
holds battery weight on the rear motor, and the solar panel weight equally 
distributed on the top would affect the tracks when all four motors voltage are the 
same. One problem the group face is trying to eliminate is the ultrasonic senor in 
the front. The senor is following the user 5ft behind, and when the AMP-V comes 
in a range of 2 feet AMP-V will stop so that the user can get their belonging. The 
problem is when AMP-V approaches the stair steps 6inches high, the ultrasonic 
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sensor will respond by immobilizing the AMP-V. Thus, the AMP-V would not 
climb, it will think itôs near the user and stop.  

To avoid such process the group discussed methods of avoiding this situation. 
Since the steps are 6inchs each off the ground, then design of the AMP-V 
sprockets should be 1foot off the ground, therefore, the senor will never hit the 
6inch steps. Another solution was change the angle of the sensor to 45 degrees, 
therefore, the sensor will never hit an object less than 4feet and will continue 
following the user wirelessly. The last idea was taking away the front sensor. 
Then the use of wireless technology will take play. The goal is to use the wireless 
technology to track the distance between the user and the AMP-V and have 
AMP-V stop wirelessly. For example: In GPS a vehicle is moving at a certain 
velocity toward its destination. Where AMP-V stays certain distance away from 
user, which will allow the AMP-V to not use an ultrasonic sensor in the front and 
still climb the stairs successfully.  

The first thought was of making the tank like tracks to save money. The initial 
idea was to use a bike chain and cut out wood or rubber and have it attached or 
drilled to the chain, connect it with sprockets and have it rotate. The total cost in 
creating the tracks would have cost us $20.00. A tank like track made with plastic 
and rubber connected to 9pin sprockets (18 total pins in one sprocket). The track 
has plastic links, and on the outside has hard rubber. The hard rubber has a z 
axis on the plastic links of approximately 1inches. Therefore, it gives the AMP-V 
chance to grip on the surface it is trying to climb and push up using the track. It is 
very important to have as much friction as possible. Also, having rubber benefits 
the AMP-V to avoid any damped surfaces. Soft materials do not work well under 
wet weather condition. They tend to absorb the liquid and can prevent AMP-V 
from gaining mobility. The benefit of using the track instead of wheels is to cover 
the most amount of surface area as possible. Wheels end up getting stuck in 
different types of surfaces and also cost more to adjust their spring to absorb 
shock and to align them. A tank track works as one giant wheel, preventing it 
from ever getting stuck and making it very mobile in tough surface or even when 
climbing other objects of the same or greater height.  

Another problem faced was the use of either a gyroscope or accelerometer when 
AMP-V climbs the stairs. Two gyroscopes were looked at and were dismissed 
because if they were tilt it would only affect the z-axis. The z-axis measures the 
gravity as the AMP-V moves up and down on the z axis. In other words, the 
ADXRS150 and ADXRS300 are great gyroscopes if our design imitated a robot 
in a human form and if that robot picks up one of his legs, then the z axis will 
determine the force being applied as it goes against the gravity and balances 
itself out from falling. Next the group looked at accelerometers and found 
ADXL330. The accelerometer measured all three axis x, y & z. Which comes 
very handy when the AMP-V is measuring y out as the AMP-V is parallel to the 
ground, and the group were able to determine the slope of the incline by 
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understanding how much y out (voltage)the group would have to change to help 
AMP-V climb the stairs. In other words, AMP-V is following the user at Vcc = 
4.0Volts, and moving in the Y direction at V=2V, to climb the stairs and to get 
better grip such as traction control. The accelerometer would have to increase its 
voltage and decrease the voltage once the AMP-V has reached the top of the 
stairs and is parallel to the top ground. A lot of sports cars have traction control, 
so when one wheel goes in slip mode (losing grip) more voltage is applied to that 
tried to balance it back to 50/50 on each side. Same concept applies here. When 
AMP-V is ready to climb the stairs the accelerometer will send the signal to the 
microcontroller once tilted to increase its voltage to give it a better grip so it will 
easily climb the stairs. This is why the use of an accelerometer in our design to 
increase the AMP-V y out voltage as it goes up the steps, and continues to apply 
the same voltage to the motor until it is safely on a parallel surface again, and 
once it reaches the top the voltage will change back to its initial y out.  

4) Project Hardware and Software Description Details 

4.1. Solar Power Subsystem 
 AMP-V has a sustainable recyclable energy source. Amorphous is defined as, 
ñwithout shape.ò The AMP-V uses a sustainable energy source by using a flexible 
photovoltaic amorphous solar panel. The purpose of using a flexible amorphous 
photovoltaic solar panel is because it is easy to use, install, and is very light 
weight compared to flat solar panel. Also, the flexible photovoltaic solar panel is 
water proof; therefore, it can work under extreme weather conditions as well as 
travel through damped surfaces. The panel is an amorphous photovoltaic panel, 
which means they have monocrystalline cells. One crystalline is more efficient in 
producing energy, however since it has many monocrystalline cells.  

The advantage is when there is shade in one area it will still work in the rest to 
produce electricity. The size of the solar panel is 700 by 580 by 2.5mm (2.75ft by 
1.5ft by 0.0985ft). The AMP-V dimensions are 2ft by 1.5ft by 1/5ft. The flexible 
amorphous solar panel is being used to cover and protect the body of the AMP-V 
from the top part. The chassis consists of Plexiglas will be covering the AMP-V 
from bottom, and the four sides and the top. On the top will be the flexible 
photovoltaic solar panel attached.  

To demonstrate the easy adjustable use of the flexible solar panel, all that needs 
to be done is to turn the flexible solar panel over and peel off the sticker and stick 
on the solar panel to the desired location. The design of AMP-V will have the 
solar panel either flat or in a curve on top being held by Plexiglas. Curving the 
flexible solar panel inward will give us less efficiency in energy because of lesser 
area covered. The best idea is to have the flexible solar panel flex outwards so it 
will cover the sun and will be more exposed.  
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The purpose of this design is to have maximum exposure to the sun, which will 
help charge the battery. The photovoltaic solar panel is less efficient in shaded 
areas, therefore, by flexing the panel outwards, it will cover more area.  Also, the 
flexible solar panel on the AMP-V will act similar to a luggage design. AMP-V will 
have the flexible amorphous photovoltaic solar panel on top and will have a 
design constructed to the chassis where the user can open the top easily and 
insert their belongings and securely close the top with the light weight solar 
panel.  

The solar panel will be connected to the charge controller, and the charge 
controller will be connected to a 24volt rechargeable battery. The purpose of the 
charge controller is to prevent certain voltage from reaching the battery to 
prevent it from overloading and damaging. The figure SolarP1 below shows the 
connection between a flexible photovoltaic solar panel, charge controller and the 
rechargeable battery. The charge control connected to the battery will cut off the 
charge when the battery is fully charged up to 24volt.  

The flexible photovoltaic solar panel minimum voltage is 10V, max voltage is 
18V. The current of the panel is 2.78A equaling the total max power of 50W. 
Open circuit voltage (Voc) is 20.7V and optimum power voltage (VMP) is 18V. 
Also, the shot circuit current (Isc) is 3.06A. The weight on the flexible solar panel 
is 2kg or 4.41lb. The tolerance is +/- 5%, which means the total watt of the 
flexible solar panel is 55W or 45W. However, in the testing component of the 
AMP-Vôs solar panel, the tolerance will be +/- 15%. The reason of using tolerance 
of +/-15% is the clouds, sunlight, and shades.  

When AMP-V will be traveling as it follows the user to its destination, if there are 
trees, buildings, or even the users shadow might come in play where the solar 
panel will not work as efficiently as it should. In such situation the rechargeable 
battery will play a very important role. Able to determine the total power the solar 
panel is supplying, the following voltages have to be considered: ñbatteries, 
motors, transceiver, sensor, microcontroller and accelerometer. The 24Volts 
battery with consist of two 12volt batteries that will be connected parallel to the 
charge controller. The picture below shows flexible photovoltaic solar panel 
connected to a charge controller, which is then connected to battery. 

4.2. Sprockets and Tracks 
AMP-V means of transportation is by the sprocket and track combination. To 
completely understand the sprocket and track setup, the group has to consider 
all the components associated with the mechanical movements that physically 
move the AMP-V from the rotational power supplied by the four motors. 

Below is an itemized list of materials that will be used to construct the physical 
mechanics of the AMP-V. The items listed will be utilized to build the left track 
and the right track. All the components necessary are below, but the list may not 
be exhaustive for future add-ons. 
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Part Type Part Name Qty Dimensions 

Tracks Track - 3" Wide x 21 links ~23" 
5 (for 106 

inches) 
units 

Sprockets Track Sprocket - 9 Link 20 units 

Universal Hub  Universal Hub - 6mm 4 units 

Passive Idler Hub  Passive Idler Hub - 3" 10 units 

Motor Mount Aluminum Motor Mount  4 units 

Snap Rivet 
Fasteners  

Nylon Snap Rivet Fasteners 192 units 

Table 4.2.1 - Tracks and Sprocket List of Materials 

 
The tracks being used on the AMP-V are 3 inches wide, which provides more 
than enough support for a vehicle that is 18 inches in width. With the thickness 
and density of the Plexiglas that will provide the building blocks of the chassis, 
the remaining 12 inches of the width (not directly above the tracks) will be 
adequately supported. The tracks are provided in links that are approximately 
.95833 inches long. Links will connect to another link until a complete track is 
constructed. The left and right tracks of the AMP-V are planned to be 53 inches 
each. The 53 inches of track will not be a tight fit. There will be some slack in the 
tracks to provide some room for the edge of the stairs take up. 

To attach the links of the tracks together, the group is using snap rivet fasteners 
to connect each side of the trackôs internal rod. The rivets will keep the tracks 
from falling apart when the AMP-V is in operation. Each track comes with a 
polypropylene rod that is inserted into the hollow parts of the track (which can be 
describe as the hollow axle of a track) to provide a near frictionless movement to 
occur for the track-like function. The polypropylene rod is the actual area the 
rivets are placed within and contains the tracks together. 

Below, on Figure 4.2.1, there is a visual of the actual track and rivet to be used to 
build the pair of tracks. This implementation of a track will provide us with a 
surface that has enough traction to move the vehicle and the userôs payload. 
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Figure 4.2.1 - Track and Rivets Connection 
(Reprinted from a public assembly guide that can be found here: http://www.lynxmotion.com/p-512-track-3-wide-x-21-

links-23-single.aspx) 

Sprockets, profiled circular objects with teeth that mesh into the tracks, will be 
placed inside the track at fixed positions (to be fixed to the Plexiglas chassis) to 
outline a trapezoid-like shape for a side of the track. The teeth of the sprockets 
will align within the inside of the tracks to provide the physically move from 
rotation. 

Each of the four motors will be attached to universal a hub that has a placement 
for the exact diameters of the shaft to furnish a snug fit. There will be screws 
provided to mount the hub to shaft to prevent the motors front disconnecting. 
With the use of aluminum hubs, the AMP-V is ensured to have durable and 
reliable transportation foundation. Each of the four universal hubs will be 
connected to a passive hub idler that will extend revolving motion through the 
width of the track. 

Passive hub idles will be used and positioned between two sprockets to provide 
what is effectively a sprocket with a width enough to cover the entire width of the 
tracks, 3 inches. These passive idler hubs will continue to provide rotational 
movement as it will connect directly the universal hubs, which are connected to 
each of the four motors (the four motors will be attached the universal hubs that 
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are closest to the ground).  For the set of sprockets and passive idlers that are 
not connected to a universal hub and motor, they will be used to give form the 
track system. 

The graphic below, Figure 4.2.2, displays two sprockets connect to both ends of 
the passive idler hub.  

 

Figure 4.2.2 - Sprockets Connected to a 3" Passive Idler Hub 
(Reprinted from a here: http://www.lynxmotion.com/p-544-track-sprocket-9-link-pair.aspx) 

The width is 3 inches, the same width as the track itself. This will help add some 
fullness to the track and offer an even balance of surface to be distribution over 
the ground. 

The four motors of the AMP-V will be connected to the transportation frame 
through the use of motor mounts. The motor mounds will be screwed to the 
Plexiglas panel thatôs running parallel to the ground. Aside from the motors, the 
left side of the sprocket and track system consists of the sprockets, tracks, 
universal hubs, passive idlers hubs, motor mounts and snap rivets. 

Below, Figure 4.2.3, is the basic side view of the design for the sprocket and 
track system. The trapezoid-like shape will grant the AMP-V the ability to climb 
stairs and provide high ground clearance.  
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Figure 4.2.3 - Tracks Configurations 

 
In the figure, the black trim represents the 53 inches of the track. The blue circles 
are the edge of the sprockets that define the diameter. Notice how four sprockets 
in the each of the four corners define the shape of the track. As mentioned earlier 
in this section, there will be some slack in the tracks to allow the track to take 
shape of the stairs (this image does not display the slack in the track for a visual 
purposes); the fifth sprocket that seems out of place is there for that exact 
reason. This out-of-place sprocket will eventually come into contact with stairôs 
edge or the next available flat surface to aid in traction up the stairs. It will act as 
passive swing idler mechanisms. The green outline and/or circle represent the 
passive idler that will be attached to a pair of sprockets. Passive idlers are 
located in all sets of sprockets. The gray circles represent the universal hubs that 
that are attached to the motors. They are placed only on the bottom set of 
sprockets because they are directly attached to the motors, which are the two 
bottom left set and the two bottom right set. Lastly, the red circles represent the 
motors that will be placed in the four sprockets that are actually touching the 
ground. 

Below, on Figure 4.2.4 are two graphics side by side to give a tight fitting track 
perspective versus a slack fitting of the tracks. 
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Figure 4.2.4 - Tight Fitting Versus Slack Fitting 

 
From the image, notice that if a tight fitting of the tracks were implemented, the 
AMP-V risks not being able to climb the stairs; there is not enough track covering 
the surface area of the flat stair surface. It faces the danger of tipping backwards 
due to the angle and which it sits at; it basically would become a balancing act. 
When equipping the AMP-V with a slack fitting of the track, it will now become 
capable of obtaining more traction. Also, the AMP-Vôs center of gravity becomes 
closer to the stair itself, making it less prone to tipping back all while increasing 
the ñgripò the tracks have on the stairôs surface. 

In all, with the slack fitting of the tracks, a rubber outside surface, a fifth sprocket 
(acting as a passive swing idler mechanism) and four motors, AMP-V will display 
more than adequate results when climbing stairs and general movement. 

4.3. Sensor Subsystem 
Below is a truth table that provides visual representation of the sensor logic that 
will be used within the AMP-V. The content of this section implies that the group 
has chosen to use four of the LV-MaxSonar EZ1 Ultrasonic Sensors place in 
each cardinal direction. While the logic is handled on the microcontroller of the 
system, it is essential to understand the outputs of the sensors to implement 
collision avoidance. Collision avoidance maneuvers are the result of possible 
combinations of potential different conditions be placed over the left front and 
rear motor and the right front and rear motor that will move the AMP-V in such 
directs to avoid objects that were detected. It is important to note that the left 
front and the left rear motors are in parallel and that the right front and the right 
rear motor are circuited in parallel. There is never a moment when two motors on 
the same side are provided different voltage levels. 
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Sensors 
 

Voltage on Motors 

N S W E 
 

Left Right 

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 
 

+ or - - or + 

1 0 0 1 
 

- + 

1 0 1 0 
 

+ - 

1 0 1 1 
 

- - 

1 1 0 0 
 

+ or - - or + 

1 1 0 1 
 

- + 

1 1 1 0 
 

+ - 

1 1 1 1 
 

    

Table 4.3.1 - Sensor Logic Truth Table 
 

There is an obvious amount of possibilities when detection objects from the 
sensors. The truth table in Table 4.4.1 displays all combinations of signals that 
can be received from the north (N), south (S), west (W) and east (E) sensor on 
the vehicle. The table next to the sensor output truth table contains information 
on the voltage that will be placed over the two left motors and the two right 
motors. The given the possibility, the sensors will order the microcontroller to 
communicate to allow a positive voltage (+), a negative voltage (-), a lower 
voltage to supply a decreased amount of current (.) or provide equal voltage over 
both the left pair and the right pair motors. 

In the special case that the microcontrollers decides that the AMP-V needs to 
make a ninety degree turn, one motor will be granted an increase in positive 
voltage (current is increased due an increase in positive voltage) while the other 
receives a negative voltage, thus its current reverses, operating that motor in the 
reverse direction. This motion will allow the AMP-V to rotate in place for a definite 
amount of time before continuing the user. When a signal is received from the 
east and west at the same time, equal voltage will be supplied to overall motors 
to provide the vehicle with motion in a straight line due to the equal current.  

The case where all sensors in each of the cardinal directions are detecting an 
object in this threshold range of 18 inches is not a case the vehicle can handle. 
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With that being said, at this point, the group may have to set a timer for the AMP-
V to wait till the obstacles relocate themselves and have the sensors pulse the 
surroundings once more. If same situation arises, the AMP-V will remain idle; 
otherwise, it will choose to retrieve location information from the user and then 
choose an appropriate voltage to be applied over the motors. 

In the picture below, is a graphic from the data sheet that displays the 
components of each sensor. The pins on the top left are BW, PW, AN, RX, TX, 
+5, and GND.  

 

Figure 4.3.2 - LV-MaxSonar EZ1 Ultrasonic Sensor Circuit 
(REPRINTED FROM A DATASHEET THAT CAN BE FOUND HERE: HTTP://WWW.MAXBOTIX.COM/PRODUCTS/MB1010.HTM ) 

 

For the project, the group will mostly use +5, GND, and AN (or the PW pin that is 
used for pulse width representation). The +5 is the Vcc that allows sensor to 
operate and will be supplied from the positive terminal of the batteries. The GND 
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will connect to a common ground that the other electronically connects to for 
ground. The AN pin provides a voltage with a scaling factor of (Vcc/512) per inch. 
We are given two values for the scaling based a supply of 5V and 3.3V, which 
yields a scale approximately 9.8mV per inch and approximately 6.4mV per inch 
respectively. The sensor operates at a range of 2.5V to 5V. For example, if the 
group supplied 5V to the sensor on the +5V pin, the group would use the 9.8mV 
per inch scale, so if an object was detected at 18 inches, the resulting voltage 
signal of .1764V (.0095 x 18) is sent as an input to the microcontroller. The 
microcontroller would then take the value and apply formulas to retrieve distance. 

The sensors also support serial port communication other than the analog data. 
A great alternative method to receive data from the sensors is through the 
sensorôs PW pin. The Pulse Width (PW) port on the sensor can calculate the 
distance of a detected object and output a pulse-width signal to the 
microcontroller. The distance of the object is calculated with 146 microseconds 
per inch. Letôs say for example that an object is detected at 2 feet (24 inches), 
the conversion .000147 * 24 will take place resulting in .003528 seconds that is 
passed to the microcontroller. When the data is received, the controller will have 
an algorithm to calculate that output back into actual inches to determine whether 
that object is within the threshold range of 1.5 feet (or 18 inches). 

The sensor readings occur at 20 Hz that provides a time period of .05 or 50ms. 
The AMP-V would really be over doing it pulsing at such a frequency, there really 
is no reason to read at such a rate that the vehicle could not mechanically 
respond to. The sensors will be provided voltage for one second and turn off to 
preserve the life of the batteries. When signals are sent to the microcontroller 
from any sensor, they will act as interrupts to the microcontroller. During this 
time, the sensors will be inactive and the AMP-V will choose the appropriate 
voltage to supply to the motors for definite amount of time. After the timer 
expires, the vehicle will continue to move to the target with the sensors active 
once more. 

4.4. Battery Source Subsystem 

4.5.1. Power Requirements of AMP-V 

There are three main capabilities of the AMP-V. One of the major requirements 
of the AMP-V shall be that it will be able to move and transport a load. This 
stipulation indicates that there will be a need for a propulsion system of some 
manner. The propulsion system decided upon by the design group is a motor 
attached to the wheels in some fashion. Furthermore, it has been determined by 
the design group that the AMP-V shall have four individual motors to power each 
wheel of the vehicle. Additionally the AMP-V will be able to traverse up and down 
a typical set of stairs. In order to fulfill this requirement the AMP-V will need a 
larger voltage and power supplied to the motors to successfully climb stairs 
without falling backwards down the stairs thereby damaging the vehicle and the 
payload. Additionally, when the AMP-V is traversing the stairs it will need to 
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detect when the vehicle has a shifted center of gravity and will need to inform the 
microcontroller to increase or decrease voltage to the motors or to reverse 
polarity on the motors to enable reverse direction on the vehicle. Therefore these 
motors and the accelerometer will require some voltage, current, and energy to 
move the vehicle.  

Additionally, the AMP-V will have the capability to avoid obstacles in its path. In 
order to fulfill this requirement the vehicle will have a sensor of some kind in each 
cardinal direction that will transmit information to the control component of the 
vehicle. Therefore these four sensors shall require some form of power supplied 
to them. The vehicle shall also be following a beacon of some sort. So, there will 
need to be a transceiver to communicate and retrieve location data from an 
outside transceiver. Therefore there are going to be some power requirements 
for the onboard transceiver.  

The AMP-V will need a control unit of some kind as well. This control unit will 
handle incoming data from the transceiver, battery, motors, and the sensors. It 
will also transmit commands to control the motion and actions of the vehicle 
based on all of these different inputs to the vehicle. Therefore, this control unit 
will require some form of power in order to operate the AMP-V. 

4.5.2. Power Specifications of AMP-V 

Now that the AMP-Vôs requirements have been discussed, the specifications of 
each subsystem shall be determined. Once the power specifications of the 
vehicle have been determined the design group can determine the specifications 
needed for the battery.  

One of the major power drains of the system will be the motor subsystem. This 
subsystem will consist of four motors, one motor for the two front wheels and the 
two rear wheels of the vehicle. The motors that have been decided upon by the 
design group in order to meet the transportation requirements of the vehicle will 
operate between 6 and 12 volts. Therefore each individual motor of the motors 
subsystem will require somewhere between 9 and 18 WH. Collectively this 
translates into a possible power drain of somewhere between a minimum of 36 to 
72 WH. This is a significant power drain on the battery system when a typical 12 
volt battery has a power rating of 45.6 WH. This is an acceptable supply of 
voltage to each motor that will still provide adequate energy for the AMP-Vôs 
mobile requirements. 

Another subsystem of the vehicle that will drain power from the battery is the 
transceiver. The transceiver decided upon by the group that will fulfill the AMP-
Vôs communication requirements will operate within a voltage range of 2.7 to 3.4 
volts. This translates into a power drain of at least 0.135 WH to a maximum of 
.17 WH. This is significantly smaller than the power drain produced by the 
motors, but it is still a necessary power drain for the operation of the vehicle. A 
third subsystem of the AMP-V is the sensor subsystem. This subsystem will 
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consist of four individual sensors placed on the four cardinal directions of the 
vehicle to fulfill the collision avoidance component of the vehicle. Each of these 
sensors will draw 3.3 to 5.5 volts which translates into a power specification of 
6.6 to 11 mWH. This is an even less significant power drain on the vehicle, but it 
is still a necessary one to be considered in order for the proper function of the 
sensor subsystem.  

Another system that will be requiring a voltage from the battery source is the 
accelerometer. The accelerometer is a stand-alone device, except for the fact 
that it will necessitate energy from the battery source. It requires a range of 2.0 to 
3.6 volts at 300 uA of current. This translates into a power usage of a minimum of 
0.6 to 1.08 mWH. The last major power drain on the AMP-V comes from the 
microcontroller unit (MCU). The MCU will need to operate at a voltage range of 
2.2 to 3.3 volts. This produces a power drainage of 1.1 uWH to 6.6 mWH. This 
may seem like a significantly small power drain to be produced by one of the 
most important components of the AMP-V.  

Table 4.4.2.1 below is a comprehensive table of each subsystem of the vehicle. 
Depicted in the table are the voltage minimums, maximums, and the currents. 
The power minimums and maximums are thus calculated from this data and 
shown in the table as well.  

 Voltage Current Power 

 Min Max  Pmin Pmax 

Solar  10V 18V 2.78A  50WH 

Battery(2) 12V  3800mAh  45.6WH 

Motor (4) 6V 12V 1.5A 9W 18WH 

Transceiver 2.7V 3.4V 50mA 0.135WH .17WH 

Sensor(4) 3.3V 5.5V 2mA 6.6mWH  11mWH 

MCU(4) 2.2V 3.3V 500nA 1.1uWH  6.6mWH 

Accelerometer 2.0V 3.6V 300uA 0.6mWH 1.08mWH 

TOTAL  

(including all items)    36.16 WH 72.24 WH 

Table 4.4.2.1 - Subsystem Power Requirements 
 

In summary, each component of the AMP-V provides a specific power drain on 
the battery. When the power drains of each subsystem are added together then 
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they will equal to a minimum power drain of 36.16 WH to a maximum power drain 
of 72.24 WH. But this is assuming the motors (the largest power drain on the 
system) will be operating at 12 volts, which wonôt be the case for the entire time 
of operation of the vehicle. So, the vehicle will need a battery that will be able to 
efficiently handle that range of power drain during a typical hour of operation of 
the vehicle. In order to determine the right battery that will provide the necessary 
amount of energy to the AMP-Vôs individual systems.  

Therefore, the battery system will need to be able to supply enough energy to 
handle up to 72.24 WH of power drainage by the AMP-V systems. Additionally 
the design group will need to determine how many hours the vehicle will be able 
to properly operate. The design group decided that at least one hour of 
continuous use by the user is more than sufficient for the power requirements of 
the vehicle.  

Using the research obtained during the Research phase of this project it was 
determined that a Nickel Metal Hydride (NiMH) was the best option to utilize for 
the battery component. Therefore, the only question left on the battery supply is 
to determine how large of a voltage is necessary for optimal operation of the 
AMP-V. Suppose a 12 volt NiMH battery is chosen and placed in the system. 
Then, based on the voltage and the possible 3800 mAh the battery can have a 
possible power rating of 45.6 WH. Therefore if one accounts for possible power 
losses due to line losses and when the voltage is converted to lower voltages for 
the individual power requirements of each subsystem, then one can easily 
assume that the operation of the vehicle will last for no more than one hour. 
Additionally, the design team has mandated that operation of the vehicle needs 
to last for approximately one hour, therefore it was determined that a NiMH 
battery of 24 volts (double the 12 volts used in this example) would be the best 
option for the operation of the AMP-V. Since 24 volts of the NiMH battery would 
be necessary for proper operation of the AMP-Vôs functions, the best way to 
accomplish this will probably be to attach two 12 volt NiMH batteries in parallel. 
This will simulate having one battery that has a voltage of 24 volts and will supply 
adequate energy to the entire system for at least one hour and theoretically 
possibly for two hours.  

Another requirement of the project is that it will be self-sustainable. This would be 
accomplished through the use of solar photovoltaic cells that will supply energy 
to be stored in the battery. The panels chosen by the design team are 50 WH 
panels. These panels will provide energy to the battery system via a charge 
controller that will limit the energy provided to the battery when the battery 
reaches its maximum storage capacity. Assuming that the user will operate the 
vehicle in sunny conditions the solar panels should be able to provide energy to 
the battery system and provide replenishment to the battery and help the AMP-V 
maintain its systems for a longer time-frame. Therefore, the battery system could 
theoretically last longer than two hours. 
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Losses are going to be inevitable in any electrical system. However the losses 
can be minimized by several adjustments and utilizations of electrical principles. 
The losses due to the lines can be handled by having the shortest length of wire 
as possible and by keeping the voltages higher and the currents low through the 
lines. These are the same principles that are used in power lines and transfer of 
energy across long distances from power plants to residential and commercial 
buildings. The voltages will be stepped down as close to the load as possible to 
avoid losses due to variety of factors, but the biggest factor is the current that will 
dissipate excess energy in the form of heat at higher ampere levels. So, to apply 
this principle the linear voltage regulators will be placed as close to the end of the 
lines leading from the battery source and next to the loads as close as possible. 
The voltage regulators placed on printed circuit boards will step down the voltage 
and increase the current right before the energy is delivered into the subsystem 
that is acting as a load. This will help to minimize losses in the entire system. 

Another way to reduce losses lies with the correct choice of cable sizes. 
Choosing the correct cable size based on voltages and currents being passed 
through the line will also maximize efficiency and thereby reduce costs. These 
are a couple of ways to reduce losses on the transmission of the power from the 
battery subsystem to the other subsystems. The more efficient the AMP-V 
becomes, the lower the costs and a higher optimization of the vehicle will be the 
final desired result. This falls in line with the requirements of the vehicle for 
consumer needs for the practicality of the AMP-V. 

In addition to all of these design requirements for the AMP-V it was determined 
by the design group that having a manual shut-off switch would be vital for the 
optimal functioning of the battery system. Under this current design when the 
AMP-V is not in use (i.e. following a user) the battery source will still be supplying 
a voltage to each subsystem. There will be times when the AMP-V will not be in 
use and be required to do nothing for the user. If the robot is just sitting there it 
will still be supplying voltages to each subsystem from the limited power supply 
of the battery. This is not an optimal design and will drain the battery completely 
within the first night. Therefore, in order to remedy this situation a manual switch 
will be installed coming from the positive terminal of the battery. This switch will 
stop the voltages from continuously flowing into each subsystem when the AMP-
V is not in use.  

When considering the voltages being sent from the battery source to the motor 
subsystem there will also be a need for a control circuit built on PCBs to control 
the voltages delivered. This control circuit will utilize several transistors and pulse 
wave modulators and this circuit shall be able to turn off, turn on, or adjust the 
voltage levels to the subsystem by supplying voltage control lines to the system. 
The manner in which this motor control circuit is built will enable the motors to 
reverse the polarity through the use of negative voltage and adjust the voltage 
levels to increase or decrease speed of the vehicle. Having the pulse wave 



61 
 

modulators will enable the microcontroller unit to control the amount of voltage 
supplied to each motor and thereby give the microcontroller the ability to adjust 
the RPM of the motors and the speed of the vehicle when necessary. This motor 
control circuit is a critical component of the AMP-Vôs transporting and mobile 
requirements. 

The reason the motor control circuit is mentioned in this power distribution 
section is that this control circuit will need to be strategically placed somewhere 
on the line between the battery source and the motor subsystem. This control 
circuit shall need to be placed after the voltage regulator which will be placed at 
the end of the line right before the motor subsystem. Adding this feature to the 
project will enable turning off the motors when the need for an all-stop arises or 
when it is necessary to back up. This control circuit will also help conserve 
energy from the limited pool of the battery source system. Depicted below in 
Figure 4.4.2.1 is a flow chart of the voltages from the battery source through the 
manual switch through the lines into the voltage regulator and into the control 
circuit that directs the four motors. 

 

Figure 4.4.2.1 - Flow Chart of Voltages from Battery Source to the Motors 
 

In Conclusion, the three main capabilities of the AMP-V were discussed and 
specifications were derived out of these system requirements. In terms of the 
power requirements of the AMP-V, the specific voltage, current, and power 
requirements of each subsystem of the vehicle were also determined. The total 
power drain for the continuous optimal usage of the vehicle components will 
amount up to 72.24 WH. This condition set the requirement for the voltage size of 
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the battery source. It was ascertained that a battery of 24 volts would satisfy the 
maximum power requirements of the AMP-V. From the research phase of this 
project a Nickel Metal Hydride battery was the most logical choice. Additionally 
the input of energy from the solar panels was discussed in this section. Then the 
placement of the printed circuit board along the line was discussed to minimize 
power losses on the system. Additionally, a manual shut-off switch will be placed 
at the positive terminal of the battery source. Then the placement of the control 
circuit for the motors was also determined to be optimally placed at the input of 
the motors and after the PCBs with the voltage regulator. Therefore, the many 
different components of the distribution of the energy from the battery source to 
the individual components of the AMP-V have been discussed and designed in 
order to provide energy to the vehicleôs subsystems. 

4.5. Motors Subsystem 
In order for the AMP-V to be able to move, a motor subsystem will be necessary. 
There are various designs that can be implemented in a motors subsystem. With 
tank-like tracks, the most common form of a motor subsystem is having two 
motors, one on the rear-right side and one on the rear-left side of the robot. Due 
to requirements of the AMP-V, it has to be able to carry up to a maximum weight 
of 45 pounds. Not only that, but it also needs to be able to carry that maximum 
weight while climbing stairs. From that set of requirements, the-two motor 
configuration described previously will not provide the amount of torque that the 
AMP-V will need. From that, the group has concluded that the AMP-V will be 
using a four-motor subsystem, which will provide the amount of torque necessary 
to successfully travel on terrain as well as to climb stairs. 
 
Research indicated that there are many types of motors that could be used in 
order to propel the AMP-V, including motors that run on combustible fuels and 
electrically powered motors. Due to the groupôs budget and design requirements, 
a combustible-run motor subsystem is not meant for the AMP-V, as it requires 
constant refueling and negates the AMP-Vôs self-sustainability requirement. 
Additionally, using combustible fuels adds extensively to the costs of the project 
and, therefore, also exceeding the desired budget of the group. An electrical 
motor is a more desired choice, and a DC motor will work properly to fulfill the 
requirements of the AMP-V. There are many DC motors to choose from, as they 
come in different weights, shapes, and sizes. The two most common and 
economic types of DC motors are two-pole motors and four-pole motors. The 
difference between two-pole motors and four-pole motors is that the revolutions 
per minute of two-pole motors are twice as those of four-pole motors. Be that as 
it may, four-pole motors have twice the amount of torque of two-pole motors. The 
AMP-V requires a combination of high revolutions per minute and high torque, so 
the group has decided that the most proper way to handle this issue is by using 
the four two-pole motors. With the four motors, the AMP-V should have enough 
torque to compensate for the fact that two-pole motors lack in torque, as opposed 
to four-pole motors, while at the same time maintaining its overall revolutions per 
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minute. The motor that has been selected for the AMP-V is the GHM-01 DC 
motor from Lynxmotion, which is rated to 12 volts, has a revolution per minute 
value of 200 rpm and a torque of 63.89 ounce-inches, a reduction of 30:1, which 
makes this motor specially designed for low-speed travel, and a shaft diameter of 
6 mm. Along with each motor, a 6-millimeter universal hub will be required, as 
well as motor mount supports so that the motors can be properly stationed on the 
chassis. Each one of these motors will be connected to a series of sprockets, 
which will use the rotation of the motor to propel the AMP-V forward, backward, 
in leftward and rightward rotations, and in left and right turns. 
 
Another consideration that has to be made is the following: in order for the AMP-
V to move autonomously, it needs to have some sort of automated motor control, 
handled by the AMP-Vôs microcontroller unit. Therefore, a motor control 
component must be added in order for the AMP-V to properly travel to its desired 
destination. Also, it has to be programmed to be able to make adjustments for 
object detection, in order to perform collision avoidance maneuvers. The AMP-V 
also has to adjust its location to make sure that it is following the user. Not only 
that, but the AMP-V also has to be able to stop its motion when it is within the 24-
inch proximity of the user. Many configurations for such motor control 
components exist. However, for the best interest of the group, a number of 
considerations must be taken into account. First of all, the motor control depends 
on use of the microcontroller, so a system of input/output pins must be used. 
More specifically, these pins will provide the connection between the 
microcontroller and transistors, which will act as electrical switches that will 
change the circuit of the motor control given the required type of motion or lack 
thereof. The microcontroller needs a certain number of input/output pins for other 
subsystems in the AMP-V, so it is desired by the group to use as little number of 
pins as possible. Next, since the motors used will be 12-volt rated, the motor 
control component has to be able to provide 12 volts to the motors. It is very 
important for the health of the AMP-V that the motor control is designed so that it 
never short circuits, as this can compromise the structural, electrical, and 
mechanical integrity of the AMP-V. Proper testing between the microcontroller 
unit and the motor control subsystem must be made. Through the use of a 24-
volt battery, there has to be voltage regulation in order to not overload the motors 
with a high voltage and, therefore, cause an overload in power consumption. 
Since motors have the ability to rotate in both directions, a necessary circuit 
system must be made to enable the motors to move in the forward, backward, 
rotate left, rotate right, turn left and turn right directions as well as stop when it 
needs to. With all of this explained, several motor control configurations will be 
considered in the Motor Control Output section of the documentation 

4.6. Wireless Control Subsystem 
The AMP-V is required to interface with a user in order to follow the user. This 
means that the wireless following control subsystem will consist of two main 
parts: a beacon that is attached to the user and a receiver on the AMP-V itself. It 
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is directed by the design group that the beacon on the user will be on before the 
AMP-V is turned on. This wireless beacon will be on for the duration of the 
AMP-Vôs operation. The beacon, which contains a transmitter or transceiver, will 
be sending a continuous signal to the AMP-V. The receiver on the AMP-V will 
receive that signal, process it, and send it to the microcontroller of the AMP-V 
once every cycle. The AMP-V will need an algorithm that determines the distance 
between itself and the beacon. In addition to that, the wireless subsystem will be 
working along with the ultrasonic sensors on the AMP-V. These sensors can 
detect objects within about 6.45 meters. Since the ultrasonic sensors by 
themselves cannot determine whether an object it detects is the user, a logic 
statement will be required with cooperation between the wireless subsystem and 
the ultrasonic sensor. If the sensor detects an object within 24 inches of the 
AMP-V, the microprocessor will send a signal into a conditional statement. The 
wireless receiver, since it is reading the signal of the beacon, will be processing 
the AMP-Vôs distance from the user. If the user is not within 24 inches of the 
AMP-V, then the conditional statement will output a low, which concludes that the 
object that the ultrasonic sensor detected was not the user. If the wireless, on the 
other hand, detects the user to be within that 24-inch distance, then the 
statement will output a high, which means that the óobjectô that the ultrasonic 
sensor detected was indeed the user. This will cause the AMP-V to go on idle 
and stop movement until the user is outside the 24-inch distance. This cycle will 
repeat itself within a programmed cycle. Note that even though the wireless 
receiver does not perform this process, this process is dependent on the input 
given by the wireless receiver. 
 
In order for the subsystem to perform these functions properly, an appropriate 
type of transmitter and receiver would be needed. Transceivers, which can 
function as either transmitters or receivers, would function properly enough to 
fulfill the communication requirements of the AMP-V. One transceiver would go 
into the beacon and function as the transmitter, and the other transceiver would 
go into the AMP-V and function as the receiver of the system. Fortunately, the 
wireless subsystem will undergo a one-way communication, where the 
transmitter on the beacon ótalksô to the receiver on the AMP-V. It is not necessary 
for the AMP-V to send data wirelessly to the beacon. In terms of practicality of 
the Wireless subsystem, the XBee would be the best choice of microcontroller 
due to its low-power output, low voltage requirement, as it can function at 3V, 
which reduces the necessary number of regulators needed for the AMP-V, and 
because it can connect via USB connection, not to mention that it functions at a 
very wide range of 300 feet (about 100 meters). For the simplicity of beacon 
design, the beacon of the wireless subsystem has been determined by the group 
to be the transmitter connected to a module, which is connected to a mobile 
computer, like a laptop or netbook. This way, the beacon has free mobility and 
does not contribute to a higher cost of having to fabricate a custom beacon. 
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4.7. Microcontroller 

4.7.1. Introduction 

Below is a graphic that depicts the outputs and inputs of the microcontroller. The 
sensors will provide data regarding objects within the given proximity of 18 
inches. Using the AN pin on the LV-MaxSonar EZ1 Ultrasonic Sensors, the group 
can have all four sensors provide analog voltage to the microcontroller on four 
dedicated input ports, each for a one sensor. This object detection data retrieved 
from sensors will be used for collision avoidance algorithm. The wireless aspect 
of the AMP-V will be another input for the microcontroller. The data input from the 
wireless modules would allow the AMP-V to be aware of the location of the user. 

For the sensor subsystem, microcontroller will have bidirectional communication 
with the sensors. Object detection information will be input into the 
microcontroller and signals to control sensor toggle will be output from 
microcontroller. The wireless subsystem, specifically the wireless modules that 
make up the user beacon (that will transmitting location of the user); will 
communicate with the microcontroller only to provide location as input. The motor 
controllers will provided output from the microcontroller that controllers the speed 
and direction of the motors. The accelerometer will provide the microcontroller 
with input regarding the change of origin.  

Effectively, the only components in association with the microcontroller are the 
sensors subsystem, the wireless subsystem, the motors controllers and the 
accelerometer.  

In the figure below, one can see graphically, the input and output depiction of the 
microcontroller within the AMP-V. We do not plan for bidirectional communication 
within the electronic components of the AMP-V except for the toggling of the 
sensor voltage.  

 

Figure 4.7.1.1 - MCU Overview Visual 
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4.7.2. Sensor Data 

As mentioned in the pages above, the sensors will toggle on and off in one 
second time intervals. For that to happen there must be a transistor (a switch) 
involved to allow the sensors turn off and on. The graphic below depicts a visual 
of how the group will connect the four sensors, the battery, and the 
microcontroller. With this configuration, the group requires four pins to be set as 
inputs into the microcontroller from each of the four sensors and one more pin on 
the microcontroller to be set as an output from the microcontroller to a transistor 
for toggling. Note that picture below shows the wire from the battery to the 
microcontroller and the transistors in parallel, in reality there are more electrical 
components that the graphic disregards, such as voltage regulators and grounds, 
for visual purposes. 

  

Figure 4.7.2.1 - Sensor Subsystem 

 
The data input from the sensors will be used for collision detection and initiate 
collision avoidance. Through this basic setup with the transistor, the AMP-V can 
gain insight about the surroundings when the toggle is on and save power while 
the output is off. The timing will be tested to ensure that the sensors have 
enough start up time to calibrate themselves, otherwise the data that is 
production will not be accurate. 

The ñN Sensorò, ñS Sensorò, ñW Sensorò, and ñE Sensorò are short for the north 
sensor, south sensor, west sensor, and east sensor respectively. The transistorôs 
Vcc is connected to the battery, the base of the transistor will be connected to an 
output pin of the microcontroller (MCU) and the emitter of the transistor will be 
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sent to the sensors in parallel. We may have to place a resistor between the 
sensors and the transistors provide ample voltage so that the current driven by 
the load is enough to turn sensors. 

In essence, all four sensors will be on at the same time and off for the same time. 
We can ensure that the sensor logic mentioned in Table 4.4.1 is held constant 
throughout the duration of operation. The sensors data is critical for collision 
detection to be able to provide collision avoidance maneuvers. 

The AN and PW pin on the sensor will provide analog input and pulse-width 
respectively. The microcontroller will have the following variables names 
associated with pins on the microcontroller. Below is a table that consists with all 
the elements of the sensor subsystem that needs a pin on the microcontroller. 

Variables Descriptions 

north_sensor_in This is the variable that will be used to associate an input 
pin on the microcontroller with the north sensor. 

south_sensor_in This is the variable that will be used to associate an input 
pin on the microcontroller with the south sensor. 

west_sensor_in 
This is the variable that will be used to associate an input 
pin on the microcontroller with the west sensor. 

east_sensor_in This is the variable that will be used to associate an input 
pin on the microcontroller with the east sensor. 

sensor_pwr 
This is the variable that will be used to associate an 
output pin on the MCU with the transistor to turn off or on 
the sensors for toggling. 

sensor_on 
This Boolean would be used to determine if the sensors 
are on or off. 

Table 4.7.2.1 - Sensor Variables for the MCU Pins 

 
The variables would be used to hold the outputs received from the sensor 
depending whether or not the AN or PW pin is used. Either way, the 
microcontroller can handle either implementation. The variables themselves will 
contain the raw data from the sensors. Conversions into other metric 
measurements can take place with auxiliary code. The values of all four 
directional variables will be checked for threshold values to determine whether a 
distance of interest was received. 
 
The sensor_on is a Boolean that will be used to determine if the sensors are on. 
This will come in handy when troubleshooting and when the group needs to send 
a signal to make sensor_pwr high to start sending voltage to the sensors. 
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Data Structures Descriptions 

sensor_logic[16][4] 
This is a two dimensional array whose to store the sensor 
logic. This array will be used when determining what 
signal should be carried out for the motors. 

sensor_block[4] This is a one dimensional array that will be returned from 
sensor_state(). 

Table 4.7.2.2 - Sensor Data Structures for the MCU 
 

The sensor_block[4] is an array of size 4 that has indices that represent the 
north, south, west, and east sensor bit value respectively. Initially, the 
sensor_block[4] will be initialized with all zeros; it is what the group would call a 
clear state. The resulting array will look like: [ 0 0 0 0 ]. The array will represent 
the sensors in this index manner, [north sensor data, south sensor data, west 
sensor data, east sensor data]. In a particular array index, if the AMP-V sees a 
"0" then the sensor associated with that index has not detected an object with a 
distance of interest. On the other hand, if there is a "1", the sensor associated 
with index, an object of interest was detected. 

These values will change constantly in future sensor readings. For example, if an 
item were to appear in front of the AMP-V and another to the right of the AMP-V, 
the north_sensor_in and east_sensor_in will have values of interests because its 
value exceeded the threshold. The sensor_block will look like this: [ 1 0 0 1 ]. 
Referring back to Table 4.4.1, the current signals sent to the left motors will be 
negative while the current for the right motors will be positive. 

Once a change is found (or the mere fact that the sensor_block[4] is no longer 
clear), the resulting block will be looked up in sensor_logic[16][4]. The 
sensor_logic[16][4] is a 2 dimensional array which will be stored with the sensor 
logic that was discussed in Table 4.4.1. These values will be store in the memory 
of the microcontroller every time the AMP-V is operated. Users would not be able 
to change these values. When sensor_block[4] an exact match is found in 
sensor_logic[16][4], the appropriate currents will be sent of the motors.  

Below is a table that list considerable functions to be used in sensor subsystem. 
The functions relating with sensors have an important role in the AMP-V, object 
detection and the collision avoidance implementation. 
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Functions Descriptions 

sensor_state() 
This function will be used to collect the current state of 
the sensors. The function will return an array of size 4 
that contains a "0" or "1".  

sensor_decision() 
This fuction will decide what current to be communicated 
to the motors via the MCU by comparing current state of 
the sensors with the sensor truth table.  

Table 4.7.2.3 - Sensor Functions for the MCU 

 
The sensor_state() function is called when the AMP-V checks to see if a signal 
was received from the sensors. The parameters are the four sensor variables 
pertaining to the directional sensors (north_sensor_in, south_sensor_in, 
west_sensor_in, east_sensor_in). This state is effective getting the current state 
of the AMP-V with respect to the sensors. These values are then recalculated 
into a desired distance metric and some conditional code is applied. More 
important than any other conditional code is the code that checks each of the 
four parameters for the threshold distance, the distance at which to detect an 
object within the 1.5 feet (or 18 inches), and replaces the element at its 
respective index with a 1 from a 0 if and only if the value does exceed the 
threshold. Once all four sensors are checked and converted to a bit value of 0 or 
1, the array sensor_block[4] is returned. 

The sensor_decision() function will take sensor_block[4] and compare the bit 
values with sensor_logic[16][4]. It will eventually be a match one of the possible 
15 valid combinations. There will be prevention code that will not allow the AMP-
V to continue functioning when it did not find a valid combination. The results of 
the function will yield the next set of data from the microcontroller handle. 

4.7.3. AMP-V Operation 

Considering all the aspects of the AMP-V, the microcontroller dictates control of 
the functionality. While there are components that are oblivious to the 
microcontrollerôs presence, it plays the most important role of the AMP-V and 
deals directly with two of the three basic functional requirements of the project; it 
must transport and it must communicate. 

The microcontroller can be considered the brain of the AMP-V, all things 
considered are done by the microcontroller. When the physical switch is turned 
on the user, the microcontroller enters a continuous cycle until the physical 
switch is turned back off. 

While the microcontroller is on, the wireless module on board the AMP-V will 
attempt to associate itself with wireless modules (often spoken of as the beacon) 
and implement a ñhandshakeò process. It is at this point that the AMP-V is aware 
of the user. For future references, the location of the user will continue to be 
broadcasted while the beacon is on. It is also assume that that when the AMP-V 
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is on, that the beacon itself is on. Also during this process, the sensors are 
calibrated for the first well to configure its hardware and software for object 
detection. Just like the sensors, the accelerometer will be calibrated to determine 
what out is considered level for the AMP-V. 

From this point on, the beacon will communicate the userôs location wirelessly. 
The wireless statements of this paper cover the means to employ these 
transmissions. With the location of the user now known by the AMP-V, the 
vehicle can now begin following executions. Letôs note that for operational 
purposes that the AMP-V is at least 5 feet directly behind the user when starting 
or demonstration the AMP-V. 

Before deciding to move, the AMP-V will run the sensor_state() function to get 
information from the surroundings. If the AMP-V receives no signal from the 
sensors, the sensor_block[4] will be clear (all zeros), and it will decide it is 
acceptable to move forward. Though the sensor_decision() function will 
determine it has all 15 valid combinations available, the AMP-V is designed to 
move in a straight line unless deemed necessary to turn; at this point, the AMP-V 
has the same voltage applied to the left side motors and the right side motors. 
The AMP-V will continue to move in this fashion for a defined amount of the time 
or unless a signal is received from the sensor (a sort of interrupt to stop whatever 
is going on). 

In the case that there are no interrupts, the AMP-V will continue to operation in a 
straight line of motion. A Timer has been implemented in order to check the 
AMP-V from mistakenly continuing on in a straight line over time in the event 
there are no sensor signals ever received. This time will 90 seconds (one minute 
and a half). Once the timer expires, the AMP-V will gather the location of the user 
one again and enter the cycle to poll for sensor data. 

In the event that there is an interrupt while the AMP-V is in its linear movement, 
the AMP-V will come to stop and call run the sensor_state() function to get 
information from the surroundings. The first step is to determine whether the user 
is within the 24 inch range. If the location of the user/beacon and the AMP-V is 
determined to be within range, the AMP-V becomes idle. At this point, the user 
could be taking this time to load or unload the payload off of the vehicle. Also at 
this time, the group will restart the timer for 90 seconds. The AMP-V will wait until 
the timer is expired at would then enter the cycle to retrieve the location of the 
user and poll the sensors. If there are no sensor signals, the AMP-V will assume 
the user is done loading or unloading the payload and is on the move straight. If 
it results of the sensors claim there are still signal inputs from the sensors and 
the user is within the desired range to the user, it will remain for another 90 
seconds. If turns out that the user is no longer within range the group check to 
see if there are objects within 18 inches. 
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When objects are detected within the 18 inch range, as a precaution, it checks to 
see if the user is within the 18 inch range. When that is not the case, the system 
has determined there an unwanted object is in its surroundings. Using the 
functions mentioned in 4.7.2 Sensor Data, the AMP-V enters a period where it 
decides how much voltage to have applied over the motors. 

The AMP-V communicates the necessary voltages based off the sensor logic. 
Here, the mechanical parts take care of the movement. The turning will take 
place within a time ranging from 5 seconds to 10 seconds (depending on the type 
of turn it decided to implement). Once the timer expires, the AMP-V will retrieve 
location data from the user and then restarts the cycle all over again. 

The microcontroller will be programming to run in a while loop to implement the 
cycle process. In the realm of the microcontroller, it just expects to be powered 
and assumes all other components mentioned above are also powered. The 
photovoltaic cells and the battery system are completely independent from the 
microcontroller. 

Below is a graphic that depicts the operational flow of the APM-V. 
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Figure 4.8.3.1 - AMP-V Operational Flowchart 
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The microcontroller cycle can change as new specifications or requirements are 
added the AMP-V project. The accelerometer functions have not been 
considered in the operation flow. The accelerometer was a recent addition for the 
means for the AMP-V to determine when it is on stairs. The accelerometer will 
send signals to the microcontroller and compared to the initial level required from 
when it was calibrated upon startup. If the difference of those levels were 
disturbed with plus or minus fifteen percent, the AMP-V considers this an abrupt 
change in the level and is considered operation in ñstair modeò. 

4.8. Chassis Subsystem 
The AMP-V requires the ability to maintain a stable structure at a weight of at 
least 25 pounds and a maximum weight of 45 pounds, that is, the weight of the 
AMP-V with the support weight of a 20 pound payload. To select the chassis for 
the AMP-V, two main considerations had to be taken into account: the material of 
the chassis and the appropriate structure needed for the chassis that allows the 
AMP-V to travel on ground as well as up and down stairs. After considering many 
different types of materials, based on their density, price, strength, and 
availability, the group has determined that the most appropriate material for the 
purposes of this project would be poly(methyl methacrylate), also known as 
PMMA, and most commonly known by one of its brand names as  ñPlexiglas.ò 

PMMA is readily available in many forms, but the form that has been selected by 
the group is a sheet of thickness of 0.25 inches. This thickness should prove to 
be strong enough to be able to provide support as the main part of the chassis. 
The chassis will be home to the main PCB of the AMP-V and will be able to 
support the AMP-V as well as any additional weight of up to 20 pounds. The 
AMP-Vôs maximized dimensions will be 24 inches length by 18 inches width by 
18 inches height, so the chassis of the AMP-V has to fit within that required 
dimension. Since the AMP-V is defined by the group to have the ability to 
transport itself, a structure has to be made so that it can maintain structural 
stability while in motion. Also, with the stair-climbing ability, adjustments have to 
be made in the bottom part of the chassis so that the AMP-V does not clash with 
any of the stairs while it is traveling at an angle. A visual representation of this 
structure will be described in the next paragraph. 

Since the tank-like tracks of the AMP-V have a width of 3 inches each, to 
maintain the required width of 18 inches, the width of the chassis would have to 
be 11.5 inches, in order to allow a little bit of space between the tracks and the 
chassis so as to not cause friction from the track to the chassis. The distance 
between the bottom centers of each sprocket of the AMP-V is defined to be 12 
inches, so an appropriate length of the chassis will be 13 inches in order to 
provide enough space for the shafts from the sprockets to their corresponding 
motors. Since the defined height of the AMP-V is 18 inches, assuming that the 
photovoltaic cell that is placed on top of the AMP-V is designed to not bend, 
considering the radius of the sprockets to be 1.875 inches, an appropriate height 
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of 16 inches should provide the fulfillment of that requirement. This base 
dimension for the chassis will be within the requirements of the AMP-V. The next 
thing to consider for the chassis of the AMP-V is its lower structure. Since the 
AMP-V will be moving up and down stairs, part of that original base dimensions 
of the chassis have to be trimmed so that the bottom of the chassis does not 
clash with the stairs when climbing. What can be done to the sides of the chassis 
is a trapezoidal cut of lower base length of 9 inches by upper base length of 5 
inches by height of 2.5 inches. This way, when the AMP-V is climbing stairs, the 
center of the AMP-V does not hit the corner of the stairs. To further support that, 
a center sprocket with a PMMA swivel will be located on the center sides of the 
AMP-V to ensure that the track does not bend inwards too far. Finally, there is 
the front and back wall of the chassis, so that the object that the chassis is 
carrying does not fall off of the front or back side. A height of 5 inches has been 
decided, as well as a width of 11 inches, to match that of the floors. The 
thickness, like all of the other PMMA sheets, is also 0.25 inches. A visual of each 
wall and flooring of the chassis can be seen below, in Figure 4.8.1(a,b,c), where 
(a) is one of the two floors of the chassis, (b) is one of the side walls of the 
chassis, and (c) is either the front or back wall of the chassis. 

 

Figure 4.8.1 - (a) floor, (b) side wall, and (c) front/back wall of the chassis 

 
Last, but not least, one has to consider the preliminary total weight of the 
chassis. Given the dimensions of the chassis explained in the previous 
paragraph. One can calculate the total volume of the chassis. Take into account 
the PMMA sheets to have a thickness of 0.25 inches. First, the side walls of the 
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chassis will be 16 inches by 13 inches, each with a trapezoidal cut of 2.5 inches 
height by 9 inches bottom base by 5 inches top base, which totals to two walls of 
47.62 cubic inches total. There will also be a lower base sheet of the chassis to 
be able to hold the circuitry and any other needed components of the AMP-V. 
Since the total width of the chassis is 11.5 inches, taking into account the two 
walls of 0.25 inches thickness each (totaling to 0.5 inches overall), the bottom 
and top plates would each measure 13 inches long by 11 inches wide. The 
volume of each sheet would be 35.8 cubic inches. The total volume of the 
chassis ends up being 166.8 cubic inches. Given the density of PMMA to be 1.18 
grams per cubic centimeter, a conversion of cubic inches to cubic centimeters 
has to be made, giving the total equivalent volume of 2733.4 cubic centimeters. 
Now, by multiplying it by its density of 1.18 grams per cubic centimeter, the 
chassis would be 3225.412 grams, or 3.225412 kilograms. The pound per 
kilogram conversion factor is 2.205 pounds per kilogram, so the total weight in 
pounds of the chassis would be 7.112 pounds. Taking into account the front and 
back wall, with a width of 11 inches, a height of 5 inches, and a thickness of 0.25 
inches, totaling up to 1.172 pounds in weight, the total weight of the chassis is 
now 8.284 pounds. Given this weight, the AMP-V can be within its required 
individual weight of 25 pounds.  

A fully assembled drawing of the chassis, with two side walls, a front and back 
wall, and two floor levels can be found below, in Figure 4.8.2. 

 

Figure 4.8.2 Initial Chassis Assembly Concept 
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4.9. Voltage and Charge Controllers 

4.9.1 Voltage Controller System 

In order to provide the correct amount of voltage to each subsystem of the AMP-
V there will need to be DC-to-DC step down converters installed in between the 
battery source of 24 volts to each subsystem (i.e. sensors, transceiver, etcé). In 
the research phase of this project it was determined through extensive research 
of two different voltage regulator systems that a linear voltage regulator would be 
the most logical and economical method of stepping down the voltage to each 
subsystem. Therefore, there will need to be a design of these linear voltage 
regulators and a discussion of the proper implementation of these linear voltage 
regulators. 

There are five major subsystems of the AMP-V that will all require varying 
voltages and currents for proper functioning of the vehicle. Table 4.9.1.1 below 
shows these five power drainage systems and their specifications. Keep in mind 
that these specifications are for one component of that subsystem. For example, 
the sensors will need four times the amount of power drain as indicated below.  

 Voltage Current Power 

 Min Max  Pmin Pmax 

Motor (4) 6V 12V 1.5A 9W 18WH 

Transceiver 2.7V 3.4V 50mA 0.135WH .17WH 

Sensor(4) 3.3V 5.5V 2mA 6.6mWH  11mWH 

MCU(4) 2.2V 3.3V 500nA 1.1uWH  6.6mWH 

Accelerometer 2.0V 3.6V 300uA 0.6mWH 1.08mWH 

Table 4.9.1.1 - Voltage, Current, and Power Requirements of Subsystems 

 
These five subsystems shown in the table are the motor, transceiver, sensor, 
accelerometer, and the microcontroller unit (MCU) subsystem. The motors will be 
the largest power drain on the system. Therefore, it has already been determined 
that the vehicle will necessitate a linear voltage regulator with an output of 
positive 12 volts and negative 12 volts for the motors. The transceiver will 
operate in a voltage range of 2.7 to 3.4 volts, and the accelerometer will operate 
in a voltage range of 2.0 to 3.6 volts, and the MCU will operate nominally at a 
voltage of 2.2 to 3.3 volts. Therefore, a second linear voltage regulator of 3 volts 
was logically chosen to be utilized for the transceiver, the accelerometer, and the 
MCU subsystem. The fifth subsystem is the sensor subsystem that will operate 
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adequately between 3.3 to 5.5 volts. For this system 5 volts was logically chosen 
to be a sufficient amount of energy supplied to this subsystem. Therefore, the 
AMP-V will require four different linear voltage regulators to supply the correct 
amount of voltage to each subsystem. The vehicle will need a 3, 5, 12, and -12 
volt voltage controllers.  

When considering the motors there are a few items to consider. There will arise a 
time when the motors will need to be operated in a reverse polarity direction to 
enable a reverse direction mode on the AMP-V. There are several solutions to 
induce a negative polarity on the motors but the best option is to create an 
additional voltage regulator that will output a final voltage of negative 12 volts to 
the motor control circuit. The negative 12 volt voltage regulator will provide 
energy to the motor control circuit and be delivered based on a transistor that is 
controlled by the microcontroller unit. Therefore an additional voltage regulator of 
negative 12 volts output will be needed for proper operation of the AMP-V. 

Included below in Figure 4.10.1.1 is a block diagram of the Power distribution 
throughout the entire vehicle. It starts at the top with a block depicting the 24 volt 
battery source with lines leading to each of the four linear voltage regulators. The 
four linear voltage regulators will regulate the voltage to each subsystem at 3, 5, 
12, or -12 volts. Underneath the 3 volt linear voltage regulator are the 
transceiver, the accelerometer, and the MCU subsystems that require 
approximately 3 volts. The 5 volt linear regulator only has one subsystem to 
supply energy toward and that is the sensors subsystem. Thirdly, the positive 12 
and negative 12 volt linear regulator supplies energy to the motors. 

 

Figure 4.9.1.1 - Block Diagram Depicting Power Distribution from Battery Source 
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Having this separation of the five voltage requirements of the various subsystems 
of the AMP-V solves for a lot of potential problems that could harm the other 
components of the vehicle. If the 24 volts was not regulated and controlled to the 
lower level requirements of each component of the AMP-V, then the high levels 
of voltages would basically fry all of the expensive components and thereby 
render the entire vehicle inoperable. Comparable to this situation is if the 12 
voltage regulated energy output that is intended for the motors was sent to the 
wrong subsystem that requires a lower voltage, then serious repercussions 
would occur such as blown circuit components or even starting a fire which is a 
serious safety concern for the users of the vehicle.  

Each of the linear voltage regulators will be designed to step down a voltage 
input of 24 volts down to the four voltages of 3, 5, 12, and -12 volts. The linear 
voltage regulator will use a voltage regulator chip to limit the voltage output down 
to each subsystem operating voltage specifications. Each linear voltage regulator 
circuit will then be placed on a printed circuit board (PCB) through the use of 
various machinery and design using circuit components procured by the design 
group. 

Included below is a diagram in Figure 4.10.1.2 of the design circuit that will be 
utilized to provide the specific step-down output voltages to the motor subsystem. 
The top circuit in the diagram will produce an output voltage of positive 12 volts 
as seen on multimeter-XMM1. This voltage regulator will utilize an LM7812 
regulator that has two 470 ɛF capacitors and a 1kÝ resistor to produce the 
desired output. The second voltage regulator circuit in the diagram below utilizes 
an LM7912 regulator and two 470 ɛF capacitors and a 1kÝ resistor to produce 
an output of negative 12 volts. The second voltage regulator circuit has an input 
of negative 24 volts by simply choosing the reverse polarity on the 24 volt NiMH 
battery of the AMP-V. The LM7912 chip is able to manipulate the negative 
voltage input as well in order to produce the negative voltage output. The result 
of negative 12 volts from the second voltage regulator is shown below in the 
figure under the multimeter-XMM2. 
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Figure 4.9.1.2 - Schematic of Linear Voltage Regulators for Motors Subsystem 

 
The third linear voltage regulator to be considered and integrated into the design 
of the AMP-V is the 5 volt regulator circuit providing voltage to the sensors 
subsystem of the vehicle. Included below in Figure 4.9.1.3 is a diagram of the 
voltage regulator circuit coming from the 24 volt input of the system and 
producing a final output of 5 volts. The critical component of this circuit is the 
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LM7805 regulator chip that will regulate 5 volts out of the system and into the 
sensors.  

 

Figure 4.9.1.3 - 5 Volt Linear Voltage Regulator Circuit Created in Multisim 

 
The fourth and final linear voltage regulator circuit shall need to provide 3 volts to 
the transceiver, the accelerometer, and the microcontroller unit systems. This 
voltage regulator will be different than the three other voltage regulators in that it 
will not use a LM7XXX regulator chip to regulate the voltage of the circuit. The 
LM7805 regulator has a built-in requirement of having an output of at least 5 
volts, and the same requirement belongs to the LM7812 regulator that requires 
an output of at least 12 volts. Instead of these LM7XXX regulator chips a 
regulator can be built based upon an operation amplifier, a transistor, and on a 
combination of various resistors. Included below in Figure 4.9.1.4 is a diagram of 
the 3 volt output voltage regulator circuit with these components. Using 
simulation software with the below configuration it was determined that 2.97 volts 
output would be produced by the following circuit.  
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Figure 4.9.1.4 - 3 Volt Linear Voltage Regulator Circuit Created in Multisim 

 
An additional component to consider of the linear voltage controllers to consider 
is the placement of the PCBs in relation to the AMP-V subsystem. The best 
option for the placement of the linear voltage regulators is at the end of the lines 
leading from the battery source to each subsequent subsystem. The voltage will 
be fed from the battery source through lines that will be able to handle the 
voltage and current to the voltage regulator and passed to the subsystem as 
close as possible to the subsystem. The reason that the PCB will be placed there 
is based on a basic electrical engineering principle of saving energy. If the 
vehicle can keep the voltage as high as possible on the lines coming from the 
battery this will keep the current low until the subsystem will need the current and 
the lower voltage at the subsystem. When the voltage is stepped down to the 
subsystemôs needs then the current must be stepped up because of power. 
Power (P) is equal to current (I) times voltage (V). If the voltage is reduced the 
same power on the line must be maintained therefore the current will be 
increased. Well if the voltage is stepped down as soon as it leaves the battery 
then the current will be high for the wires and the power loss will be apparent in 
the form of heat losses. But, if the voltage regulator is placed at the end of the 
line, a smaller gauge line due to lower current values will save on costs and the 
more power will actually reach the subsystem from the battery. This placement of 
the PCB will save on the limited voltage being supplied from the battery source.  
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In conclusion, there will need to be four different DC-to-DC step-down converters 
in order to provide correct voltages and currents to each subsystem of the AMP-
V. There will be a 3, 5, 12, and -12 volt linear voltage regulator in this system. 
These linear voltage regulators will protect the subsystems and prevent burnouts 
of the circuits which would make the vehicle safer for the user. Additionally, there 
will need to be a correct size wires chosen and the placement of the linear 
voltage regulator in relation to the battery and the subsystems will be considered 
in order to promote optimal placement of the components. This concludes the 
optimal voltage controller designs for the AMP-V linear voltage regulators. 

4.10.2 Charge Controller System 

As discussed in the research phase having a self-sustainable project is a major 
requirement for the operation of the AMP-V. This self-sustainability is to be 
accomplished through the use of solar panels that will charge the battery source 
via electrical current being forced into the battery cells. The electrical current will 
just continue to flood the battery until the battery will physically not be able to 
handle any more current and disintegrate. In order to prevent a meltdown of the 
battery source there will be a need for a controller of some sort that will prevent 
the charge from destroying the battery source.  

This charge controller will limit the amount of energy being provided to the 
battery source and prevent destruction of the battery cells. In order to do this it 
will need to have a set voltage limit on the battery source. The battery source of 
the AMP-V is going to be a 24 volt Nickel Metal Hydride (NiMH) battery source 
which consists of two individual 12 volt NiMH batteries. The 12 volt NiMH battery 
has an Amp Hour Rating of 3800 mAh. Therefore, multiplying the voltage of 24 
volts by the amp hour rating of 3800 mAh will produce a power rating of 91.2 WH 
on the battery source. This means the battery can supply 91.2 Watts for one hour 
to the AMP-Vôs systems. 

When considering the energy influx from the solar panel there are several factors 
to consider. The power rating on the solar panels is a 50 WH rating and will 
provide a significant electrical current to charge the battery system. For the use 
of a 50 WH solar panel a 15% loss of energy is assumed to occur and will result 
in an assumed actual rating of 42.5 WH. This means that during one hour 42.5 
Watts will be supplied to the battery source. 

Therefore, with a maximum of 91.2 Watts potentially leaving the battery each 
hour and 42.5 Watts being delivered to the battery from the solar panels the 
battery will eventually deplete itself of energy, except for the fact that the AMP-V 
will not continuously run at all hours of the day. Even when the vehicle is not in 
use and is in a manual triggered shut-down mode the AMP-V could and would 
still be receiving an influx of electrical current from the solar panels. Theoretically 
the AMP-V could receive 42.5 Watts per hour but only lose 10 Watts in that same 
hour. If this occurred then there would be too much energy being supplied to the 
battery and this would destroy the battery. Therefore a limit needs to be set on 
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the amount of electrical current being supplied from the solar panels to the 
battery source. The charge regulator circuit to be place in between the solar 
panel and the battery source will need to regulate an output voltage of a 
maximum of 24 volts.  

In conclusion, a charge controller will be need to regulate the 42.5 Watts each 
hour provided from the solar panel and being pushed into the battery source that 
can only handle 91.2 Watts in the same hour. The charge controller will prevent 
overloading the battery and set the maximum potential difference across the 
battery terminals to reach 24 volts. A 50 WH solar panel will be installed on the 
vehicle and connected to the rechargeable NiMH battery source in order to fulfill 
one of the three major requirements of the AMP-V: self-sustainability. 

5) Design Summary 
There are three main requirements that the AMP-V shall complete in order to 
assist the user operating the vehicle. The three functions are transportation, 
communication, and self-sustainability. The transportation requirement of the 
vehicle shall have the ability to maneuver to the user, make turns, navigate 
across various terrains, avoid obstacles within range, and ascend and descend 
stairs. With the communication aspect of the vehicle comes the ability to retrieve 
location data from the beacon, obtain and process sensor data for collision 
avoidance, and send control signals to the motor control circuit. In order to fulfill 
the self-sustainability of the vehicle there is the ability to independently recharge 
the batteries via a solar panel. These various functions of the vehicle all relate to 
the three main requirements of the vehicle: transportation, communication, and 
self-sustainability. Now these three requirements need to be translated into a 
final preliminary design for the components to be integrated into the AMP-V. 

The chassis of the AMP-V shall be constructed out of Plexiglas in a box-style 
shape that will have wheels attached underneath the body. The dimensions of 
the entire AMP-V will be set to 24 inches deep, 18 inches wide, and 18 inches 
tall. These dimensions also include the wheels attached on the underside. The 
wheels will also extend to the side of the AMP-V. Basically the main body of the 
vehicle which is made out of Plexiglas will be placed on the axles between the 
wheels. The wheels of the robot will not be the standard round wheels as seen 
on most modern-day vehicles. In order to enable the vehicle to traverse multiple 
terrain surfaces a set of wheels very similar to military tanks will be attached to 
the vehicle. These tank-like wheels will be attached to the side of the chassis 
body and enable the vehicle to traverse smooth sidewalk-style surfaces as well 
as rough unstable terrain such as shifting sand. These wheels also enable the 
vehicle to navigate stairways. The tank-like wheels will simply allow the vehicle to 
just roll up or down the stairs and improve the mobility of the vehicle. Additionally, 
the inside of the Plexiglas body will be accessible to the user in order to store up 
to 20 pounds of various objects to be transported by the vehicle. 
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The devices propelling the tank-like wheels forward will be sprockets attached on 
the inside of the tracks. These sprockets will be rotated forward or backwards by 
the use of four separate motors. Each corner of the vehicle will have its own 
sprocket and subsequently its own motor. All of the motors on each side will be 
connected in parallel. For example, the left side motors on the vehicle will be 
connected together and be treated as one motor. The same principle will be 
applied to the right side motors as well. These four motors will be controlled by 
what is called the motor control system. This circuit utilizes transistors and pulse 
wave modulators to control what motors which side set of motors will be turned 
on or off, the polarity of the motors, and the amount of voltages applied to the 
motors. Having these capabilities in the motor control system allows the vehicle 
to move forwards, backwards, speed up, slow down, and make turns. All of these 
functions in the motor control system will be controlled by the microcontroller via 
low-voltage signals. Included in the AMP-V is a microcontroller that will be 
considered the brain of the vehicle. This component effectively controls the three 
of the other subsystems of the vehicle. It controls the motor control system, the 
transceiver, the sensors, and the accelerometer.  

Included in the AMP-V is a transceiver that will assist in the communications 
requirement of the vehicle. This transceiver will communicate the location data 
from a beacon that will be attached to the user. This beacon will transmit its 
location data continuously into the air and the transceiver when directed by the 
microcontroller will retrieve this distance and direction data, and then transmit 
this information to the microcontroller. The microcontroller will process this 
information, analyze it, and determine which course of action the AMP-V should 
execute in order to maintain a following distance of two feet behind the user. The 
microcontroller will make this decision on whether or not to alter its path and turn 
towards the user or continue in its current path and speed by altering its 
commands to the motor control system. Additionally, the AMP-V shall be able to 
avoid collisions with objects. It will accomplish this function through the use of 
four different ultrasonic sensors placed on both sides of the vehicle, on the front, 
and on the rear of the vehicle. The sensors will sweep the surrounding 
environment in its mandated direction and report back its findings on objects 
within 24 inches. If an object is detected within 18 inches then evasive action will 
be taken by the microcontroller with its signals to the motor control system to 
avoid the object unless it is the user. If the object within 18 inches of the AMP-V 
is the user, then the microcontroller will order an all-stop for the vehicle and allow 
the user to approach the vehicle. Another component being controlled by the 
microcontroller is the accelerometer. The accelerometer will be primarily utilized 
to control the AMP-V when ascending or descending stairs. Once the 
accelerometer has detected that the vehicle is climbing a stairway then it will 
prompt the microcontroller to increase or decrease speed, or reverse the polarity 
on the motors to reverse the direction of the motors.  
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All of these components listed above (transceiver, sensors, microcontroller, 
accelerometer, and the motors) will need energy and voltage in order to operate 
the AMP-V. The energy being supplied to the vehicles subsystems will be 
provided via a 24 volt battery source. This battery source will supply energy into 
each component of the AMP-V through the use of four different voltage regulator 
circuits. The voltage regulator circuits will manipulate and limit the output 
voltages down to a voltage level that will enable the normal operation of each 
component of the vehicle. For example, one voltage regulator will take in 24 volts 
from the battery source and produce an output of 3 volts which will be supplied to 
the transceiver and the microcontroller components of the AMP-V. These 3 volts 
will enable the transceiver and the microcontroller to perform their individual 
functions.  

The battery source will be a rechargeable battery that will be able to take a 
recharge in order to assist the user with not dealing with the hassle of replacing 
the battery every time the battery is drained. The way that the battery source will 
recharge the battery is via a photovoltaic solar panel. Having this photovoltaic 
solar panel enables the vehicle to be self-sustainable and not depend on an 
outside source of energy for the operation of the vehicle. Being self-sustainable 
is one of the main requirements of the vehicle. This solar panel will convert light 
energy from the sun into electrical current and be forced into the battery. The 
current being supplied from the solar panels will be limited to 24 volts with a 
charge controller in order to protect the battery from overloading and being 
destroyed. Additionally, there will be a manual shut-down and start switch placed 
at the positive terminal of the battery and before the voltage is directed to each 
voltage regulator and ultimately each component of the AMP-V.  

Displayed below are the design sketches depicting the top view, side view, and 
the front view of the AMP-V. 
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Figure 5.1 AMP-V Design Sketches 

 
In conclusion, there are ten subsystems that each have a function or several 
functions to perform in order to accomplish the final goal of the AMP-V. The 
subsystems of the vehicle are the chassis, wheels, motors, microcontroller, 
transceiver, sensors, accelerometer, battery source, voltage regulators, charge 
controller, and the solar panel. The chassis, wheels, motors, accelerometer, and 
microcontroller are all used to navigate various terrains, move the vehicle, 
transport items, and ascend or descend stairs. The transceiver, sensors, and the 
microcontroller are all utilized to retrieve location data from the userôs beacon, 
obtain and process sensor data for collision avoidance, and send control signals 
to the motor control system. Additionally, the charge controller and the solar 
panels enable the AMP-V to recharge the battery independently. All of these 
systems work as one cohesive unit to accomplish various functions that fulfill the 
three main requirements of the AMP-V, which are transportation, communication, 
and self-sustainability. 


































































