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ABSTRACT

The Self-Piloted Tennis Ball Collector is basically autonomous car made out of
aluminum, and it counts with sensors, a camerauitiy designs and motors that when
programmed by the microcontroller will give the tbevthe ability to operate by itself.
This project requires a lot of research and hardkw®his is a perfect opportunity to
demonstrate the capability of the team membersiteract between disciplines and to
coordinate in order to obtain a successful finadpict.

The purpose of this prototype is to avoid any dbfeand on its way and pick up
tennis balls by detecting where they are and uphgatthem to the canister attached to it.
The collector will comply with all regulation as Wvas patents, standards, and ethical
consideration that may apply.
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I. EXECUTIVE SUMMARY

Self-Piloted Tennis Ball Collector
Team name: Team # 8 Team Leader: Karina Chang
Team Member: Rodrigo Barbosa Team Member: Juaragalu
Team Member: Luxon Laborieux Team Member:
Mentor: Jeffrey Fan Mentor Signature:

Summarized Problem Statement

Tennis players develop their skills by repetitionorder to achieve that goal they practice
with several balls one after the other. After thésbare finished, the player and the instructor
have to pick up the balls to continue the trainimgsting money and valuable time.

Objectives and Constraints

To enhance the productivity of tennis players lnsiing more time training/practicing rather
than picking up balls around the tennis court.

Project Description

If you are looking for a tennis partner that islng to pick up the balls for you while
you are training, here we present “The Self-Pilokednis Ball Collector.” This machine
will sense where the tennis balls are located lnigaa system which allows this device
to move freely around a tennis court in searctenhis balls. Once the balls are located,
the collector will pick up the tennis balls andrstthem in the attached canister.

Sections
1. Ethical

Our project consists of a tennis ball collectoraambot, it includes ethical issues and it
may contain hazardous material. In this case, IERfe of Ethics will be followed.

2. Advantage

The Self-Piloted Robotic Tennis Ball Collector mrfable enough to take anywhere.



3. End Product Description

The Self-Piloted Tennis Ball Collector will utilizsnage recognition software to sense the
tennis balls and send coordinates to the micraaitertto direct it where to go.

4. Conclusion

The main goal of our project is to apply engingggoncepts into the sports industry. As a
team, we agreed to make accountability and efigieur priorities.

[-10



[I. PROBLEM STATEMENT

The main goal of this project is to design and dwl prototype of a tennis ball
collector which will be useful indoors and outdaorse prototype is able to walk freely
on the floor avoiding obstacles. The prototypehke do locate tennis balls and pick them
up. The unit must be safe, prevent overheating, avmdd shocking. Its cost must not
exceed $500.

A. Project Objectives
The following is the list of objectives of the S&lfioted Tennis Ball Collector

1. Safe
1.1 Can operate under different weather condition
1.2 Protects user from accidental shock.
1.3 Circuits are sealed to prevent tampering.

2. Marketable

2.1 Easyto use
2.1.1 Easy to set-up and operate.
2.1.2 Easy to turn on/off.
2.1.3 Easy to recharge.
2.1.4 Easy to store.

2.2 Durable
2.2.1 Prevents over-heating.
2.2.2 Made of long-lasting material

3. Useful
3.1 Useful outdoors/indoors.
3.2 Faster than performed by hand.
3.3 Can be use while charging.

4. Prevents fatigue
4.1 Self operated to maneuver freely.
4.2 Avoids human to bend excessive times.
4.3 Portable machine since it is light weight.

B. Constraints

=

The SPTBC costs less than $500.

2. The SPTBC meets CPSC (Consumer Product Safety Cssium)
standards.

3. The SPTBC meets the FCC (Federal Communication Cssion)
requirements.

4. The SPTBC has three wheels.



5. The SPTBC is able to turn 360
6. The SPTBC avoids obstacles.



[ll. ASSUMPTIONS AND LIMITATIONS

Assumptions were made and some limitations were irsebrder to start the
elaboration of the Self-Piloted Tennis Ball Coltagtwhich it is abbreviated as SPTBC in
future reference.

C. Assumptions

1. The maximum number of hours that the SPTBC canatag two hours.
2. The SPTBC has three motors.
3. The SPTBC have at least three sensors.

D. Limitations

The SPTBC picks up two tennis balls at the same.tim

The SPTBC stores a maximum of ten tennis ballsatime.

The maximum speed of the end product is 5 MPH.

The SPTBC can maneuver freely on a field of a ®oourt and free space (60' X
120").

PwpNPE



IV. NEEDS FEASIBILITY ANALYSIS
In this section we conducted two analyses. One waseeds analysis which
determines the needs of the client, designer, @®il and the other was a feasibility
analysis which determines if the project is doable.

E. Needs Analysis

GENDER
Male Female
70% 30%
AGE
7-18 19-35 35 - Higher
15% 65% 20%

TENNIS PLAYER PARTICIPANTS

Yes No
55% 45%
SKILL LEVEL
1 2 3 4 5
18% 18% 55% 9% 0%
BALLS USED WHILE PALYING
<50 50 - 100 100 - 200 > 200
27% 27% 36% 10%
PRICE USER WILL PAY
$400-$500 $500-$600 > $600
36% 46% 18%

Table 4.1 — Survey Results

[-14




To obtain more information about the client neeals, team conducted an interview to
the client (refer tAPPENDICES section), a survey to possible users, and a teasian

of brainstorming. The client interview revealedtttiee client needs a device that is able
to pick up tennis balls without supervision. ltingplied that device can avoid obstacles
on a tennis court located either indoor or outddtwe purpose of this machine is to take
advantage of this time practicing more. The deadiinfinish this project is December of
2008.

The survey was performed by the four team memhetsvénty (20) people, 14 males
and 6 females. The actual survey can be found enAPPENDICES section of the
proposal. The results are shown in Table 4.1.

As we can clearly observe on the result shown dileTd.1, the majority of participants

were between 19 and 35 years old. Only 11 of theantiged tennis. We were interested
on their answers since they are our potential cousts. The results show that most of
them use between 100 — 200 tennis balls on a sprglaice. Others use 50 or 100 balls,
but that is still a large number of balls to bekpid up. All participants liked the idea of a
machine that will pick up tennis balls while theyw playing. 5 out of the 11 participants
consider $500- $600 a reasonable price for the mach

A cost-and-effect diagram, known as Fishbone DiagfRigure 4.1), was used to show

new ideas that came up when brainstorming. Thentt@iming session was very helpful

since it made us realized that some characteristee not needed on the design,
therefore we disregard those ideas. This can berobd those ideas on red background
on Figure 4.1. The ones on green background arsetltbat we consider relevant

according to the client’s needs.

[-15
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Figure 4.1 — Fishbone Diagram

F. Feasibility Analysis

Attribute Solution

Technical Feasibility

There are no advantages
with the current

2 | technology. Technology is contemporary.
Not many high tech
components needed.

Is the project possible
with current technology?,

How much technical risk

is there? 4 | Can get burned or damag( Use safety measures.

Resource feasibility

We have sufficient The search facilitated the
Sufficient equipment? 5 | research. process of the project.
Difficult to program
Sufficient skills? 4 | microcontroller. Should be taught better.
Sufficient group .
members? 5 Enough people. Not required.

Economic feasibility

l-16



Is the project possible,
given resource

Sometimes so much mong
needed.

Limit the budget or find a
sponsor.

constraints? 3
Are the benefits worth The benefit is passing the
Get a good grade.
the cost? 5 | course.
Schedule feasibility
What are the chances of The team member will
meeting the preliminary meet every week to
design review accomplish the preliminary Work hard to accomplish the
requirements? 5 | requirements. require datelines.
Operational feasibility
If the system is
developed, will it be Market demand.
used? 5 Not require.
Legal feasibility
Laws of regulation Make sure there is no
limiting the project? 4 | infringement. Do enough research.
TOTAL 42
AVERAGE 4.2

Table 4.1 — Feasibility Analysis

The feasibility analysis is to test the successwfproject. The analysis itself is in the
form of a table, Table 4.1, which include the rexgeof six areas of feasibility such as
technology, resources, economics, scheduling, tpesa and legal. The attributes are
rated in a scale of 1 to 5 with five being the misportant and 1 being the least
important. Based on the outcome we can proceedtitiproject.

I-17




V. RISK ANALYSIS

When developing a product a risk analysis is anomgmt key to successful
productions. Almost everything we do in today'sibess world involves a risk of some
kind: customers habits change, new competitors apgdactors outside your control
could delay our project. But formal risk analysisdarisk management can help us to
assess these risks and decide what actions totdéak&nimize disruptions our plans.
Some strategies include transferring the risk wttzer party, avoiding the risk, reducing
the negative effect of the risk.

In order to avoid any type of delays or misfortunes design a fishbone diagram call
the Fault Tree Analysis. In this diagram, six arease analyzed for possible risk in the
project. These areas are marketing, resourceatipeal, safety, economic and schedule.
The color red means that there is a high possilwfithat the area becoming a problem in
the project so before we begin any production wedrte address those issues and come
up with a solution that will fix the problem. Tlaeeas in yellow indicate that the risk is
at a medium level but just as the high risk areaslation is needed before there is any
production. And the color green means there’saarlsk and it's ok to go ahead with the
production.

l-18



Figure 5.1 — Fault Tree Analysis

After doing the fault tree analysis, Figure 5.1r taam runs a low risk of not having
our project in full functionality by the due dat&ome of the areas that put us at such a
high risk are schedule, economic. As college sttedear funds are very limited if we do
not come up with the funds, we may not be ableuy the parts need to complete the
project and that can set us back. Since we all kiifferent schedule that is also a set
back because we have to manage other class, exangsvath this project. Therefore it
is very important that we come up with a solutiorthese risks. | now with dedication
and good team work we will overcome any obstacle.

-19



VI. OPERATING ENVIRONMENT

The Self-Piloted Tennis Ball Collector is designojerate on a flat surface, mostly
design to function on a tennis court but can opeiradoors as well. The robot has to be
big enough to collect tennis ball around the teromart. Since its main function is to
operate outdoors, therefore the circuitry for thkat will to be sealed inside a Plexiglas
to protect from water and also to avoid being tadnpéh.

Our robot is design to withstand rough surfacesyen floors and the wheels allow it
to withstand these conditions. The Self-Piloted nigrBall Collector has no problem
operating on grass because the wheel will be skesptance. Therefore our robot is well
equipped to operate outdoors and to perform theitagas design for.



VII. INTENDED USER(S) AND INTENDED USE(S)

G. Intended user(s)

The intended user of the Self-Piloted tennis balléctor is primarily tennis coaches and
tennis players that would like to maximize the @éfncy of their time, either teaching or
practicing. The age is not an issue in order tothisedevice.

H. Intended use(s)

The intention of this project is to optimize andprove the time tennis players spend
during each section in their practice. By using $&f-Piloted Tennis Ball Collector the
player is able to practice more without spendimgetipicking up balls. In addition, if
anyone wants to make a more futuristic view of prgject, they would have to extend
our research and see if they can apply this sameepd to mine-sweepers which are very
useful for many countries around the world.



VIIl.  BACKGROUND

In this section we are going to show different potg which are related to the
project in which we are working for senior desighe Self-Piloted Tennis Ball Collector.
We are going to explore different current and pasjects that have been made with
related technology as the one we are going torusari project. In this way, we are going
to have a better understand and give a better aplprto accomplish the goal that we
want to aim in this project.

A. The Golden Retriever

In fall 2005 Jeffrey Ferris, who is a Mechanicabifreer from Drexel University had the
idea of creating a robot that will detect tennidildb@n a court and retrieve them
autonomously. He called his project “The Goldenrigeér.”

1) Summary: This project was made as a requirement to passdmior design class.
His team was composed by John Brown and Katy Tham#uch were Electrical
engineer students also working on this for themi@eDesign. In addition, by doing
this project they were aiming to win the AISTS @mtational Academy of Sport
Science and Technology) contest in Switzerland whic

provides a grant for those who apply engineerimtrielogy

to sports.

The main purpose that these students had for bgilthis

project was that they realized the necessity ofifntpa

machine that will optimized the time the instructord the

student spend picking up balls around the courtngps

valuable time in the improvement of sport technguéhe

idea was to have a machine with no human supervisio

which was able to do this job while the instruci®rgiven

directions and taking advantage of every minut¢hefeach practice. The figure on

the right shows the end product.
Figure 8.1

2) Technology Review:This Project uses a technology that they calledni®a
Ball Mower” which basically is describe as a systesed for a device to collect balls
by manually pushing it around. As a result, thegktthat technology and modified it
to accept a top-mounted power train. Microchip RBEA621, Allegro 3967, Lithium
Polymer Batteries, H39BYG401A pair DeWalt of 12 tvalrill motors and
transmission, Sharp GP2D120 IR Sensors, National
Semiconductor LM2675, 4 Layer PCB Board, a Chassid,some

resistors, capacitors, and inductors, are soméefdevices they

used in their design.



Most of this technology used in this project is nat of date. Indeed, there are many
things that we can analyze and see if we can img¢rsome of their ideas to our
senior project.

Figure
8.2

Especially, we would like to take a deep look te thotor system that they design
(Figure 8.2). With a better approach we will beeatd use this system for our own
project.

3) SystembDescription: In addition, they built this machine with two itecal drive
trains, so that, each drive wheel would be cordegarately. As a result, the device
will have a zero turn radius and a more simplegiesio be able to move this device,
they used bicycle chains power up by a motor. Sitheee were using drill motors, it
is known that they use a reasonably high curremtthat, they had to implement
Victor motor controllers to safely be able to cocted them to the microcontroller.
In addition, “The Golden Retriever” used image gguton software to be able to
sense the tennis ball and at the same time be tablend coordinates to the
microcontroller to direct the device where to gbese images will be captured every
half of a second. Therefore, it will close the langhe control system. The Figure 8.3
shows a block diagram of the approach that the teakn

Figure 8.3

This project was created in fall 2006 at Cornellivénsity, to participate in the
Intelligent Ground Vehicle Competition (IGVC).

1) Summary The specifications for the robot were taken friw@ requirements of the
Intelligent Ground Vehicle Competition and from eliary research regarding
landmine detection. At the beginning the group pnfieeers was compose of 33
member, however as the project was being made tnesehe necessity to add more
to the group. This project at the beginning wagioélly planned to have 5 sub-
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groups: Frame design, Power Controls, Sensors, Gongpand business. The main
purpose for developing this project was the desireffering humanitarian solutions
for countries that are in need of the sophisticaiedce.

$$ $

For this project the design process started byhtpkito account the low cost of the
device, for this purpose they used a lead acigba#tnd two motors to push the robot.
This robot will have six wheels drive train whichllvprovide traction to any type of
road conditions. Each motor will be in charge akthwheels in that way they will
transmit equal torque to all of them. For the pssoe the computer team decided to
use the Verdex XL6P by Gumestix. This part provites power consumption at 1.0
watts and the best part it is really small (80m&0rm). This microprocessor can be
programmed using C, C++, awk, Java, Perl, pyth@ahTdrC. In addition because this
processor was so ship the team decided to spemndnihi@ey buying two advance
cameras CMUCaml. This type of camera would incltite image processing
software, so that, the programming part is not tiaat.

The minesweeper will used two microcontrollers, ThieMega32 and the Atmel
ATMega 128. These two will be sitting on a custossign circuit board. On one
hand, the Mega32 will be able to connect the mmntroller to the power source at
the same time the RF receivers for the emergeray. stOn the other hand, The
Mega32 would be controlling the motors. Figure 8hwws the final design of the
board.



Figure 8.6

Figure 8.4

% &
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This project was presented in July 18 2006 at Ganefectric for a patent
competition to create a massive production oftype of devices.

1) Summary In January 2007 Shai Abramsom, Shalom Levin aad Raslavshy
invented“the Robotic vacuum Cleaner.” This robotl wnprove the systems and
methods that we have nowadays in the market. Thetrtype of robots is usually
design for indoor areas, operating autonomoushhaut human supervision. This
apparatus would be able to freely move in a rooth\aatuum it completely without
getting stock or hit any wall. In addition thisvitee can function in hard floor of
carpets without having to change nozzles, brushresnything like that. Most
importantly this design can avoid obstacles andecdkie room or designated area
with minimal repetition predetermined by the ownéhne control system includes a
processor and a microprocessor, which are goinget@onfigured for integrating
operations of the payload, drive system and nawvigatystem.

2) TechnologyReview:This apparatus (shown in figure 8.7) representsrention

in an its excellent configuration as a robotic waoucleaner. The apparatus includes a
cover, formed of sections with openings in the bangection. There is also a control
panel which is the user interface, this containgmety of control knobs, indicators
(Light Emitting Diodes (LED) or the like), as wels a socket for receiving a cord for
charging the apparatus in an electrical outleherlike.

FigFigure 8.7

In addition, it includes sensors that are part efsing systems. Door detection
sensors in its openings are on or close to theaigudinel. The front side of the Robot
vacuum cleaner includes outline sensors for latdvatacle and wall detection. These
sensors receive signals, typically infrared (IRhti signals, from a remote controller
or a coded transmitter.

I-26



The apparatus is formed of multiple systems, inogi@ power system, drive (motion)
system, navigation system, payload, or vacuumirggesy, bumper system, sensing
(including obstacle detecting) systems, all coupgted control system , allowing for

autonomous operation. In this way, this autononuperation includes for example,

vacuum cleaning or vacuuming, and other surfacanahg operations and movement
therefore, by the apparatus.

3) System Description: Since the robot essentially imitated the randomkwal
algorithm incorporated in the most common comméraigomatic sweeper, This
specially design experience that the electronigsiired to implement it were surely
within the ability of the designer to reproduce ilgasnd without too many
complication as we will see in Figure 8.8 (Bloclgliam). However, the mechanical
aspects are very difficult to perfect in the prgpgt. Since commercial most
commercial robots are manufactured from expensigéenals and it is no surprise
that they would probably be more reliable than sivigeper robot. In addition, since
the mechanical side of the project became more afatienge as time went on, the
designers had to start with more robust parts,ipaty wheels, and be slower just
in that way they were able to stick things together

Figure 8.8
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IX. INTELLECTUAL PROPERTY
CONSIDERATIONS

In this section, we will discuss three patents tieddites to our project. The idea of
manufacturing a tennis ball collector has been shbefore, patents exist that must not
be infringed upon. We found patents from the Unibéates Patent and Trademark Office
and describe three key components related to osigmleWe begin by giving a brief
summary of the patents:

A. US Patent 6354643 - Tennis ball holder and retrer

This device was patented by Mariusz Podejko on NMda2 of 2002 and is described as
follow:

1) Summary The tennis ball holder and retriever reducesimgi and instructor
fatigue. A tennis ball holder and retriever easilgvable about the court with four
swivel caster assemblies at its corners. The h@ddrretriever include a wireform
basket-like structure with a bottom wall designedpick up tennis balls when
pushed down over the balls. The swivel caster astesnhave small diameter
wheels and are mounted to the corners of the basketshikecture with downwardly
spring-biased telescopic tubular assemblies thsitipo the basket above the balls
for rolling movement about the court yet permit tha&sket-like structure to be
depressed to its ball pick-up position. Figure 4 the description, taken out of
www.patenstorm.us

Figure 9.1 — Tennis Ball
Holder and Retriever

2) Claim Summary There are around 16 claims for this patent. Gnligw of
them apply to our project. Second claim: “A tenball holder and retriever as
defined, wherein the wheel assemblies include dveasters” www.patentstorm.us
Sixth claim: “A tennis ball holder and retriever @sfined in claim 5, including a
wireform for fixing the upper tubular portion toettbasket-like structure including a
generally circular portion surrounding and fixedth® upper tubular portion and




generally perpendicular, generally horizontal arontipns fixed at one end to the
circular portion and fixed at the other end to ltlasket-like structure”.

Our model does not infringe the second claim sithee wheels on our design are
controlled by motors, not by swivel casters. It slo®t infringe the sixth claim neither
since out basket-like storage is not located onadfofne prototype. Our basket-like will
be located on the bottom of the device, and doégven have wheels on it; therefore it
does not need to be hold in the upper tubular guorti

B. US Patent 4721428 - Tennis ball retriever

This device was patented by David C. Rohrer andidddn Rohrer on January 26 of
1988 and is described as follow:

1) Summary Figure 9.2 describes a tennis ball retrievingaaipfus comprises a

wheeled vehicle having a front end and a rear &hd. vehicle has a ball storage
container disposed at a level enabling ready reimmiViaalls done by a person next
to the vehicle while the person is in a standingipan. There is a pair of horizontal

ball gathering arms at the front of the vehicleaged in V formation to provide an

apex portion to which gathered balls are fed. A pawheels is in traction contact

with the surface on which the vehicle is suppoti@de driven thereby in rotary

fashion as the vehicle is moved over the supporsogace. The wheels are

supported with the lower portions of the tires gghfrom one another less than the
diameter of a tennis ball so as to grip the samernwdball is fed thereto. A chute
extends from the area just rearwardly of the lop@tions of the tires upwardly to

the storage container. The feed wheels are opelgbliccessively feeding balls

into the chute to cause previously fed balls bygugl contact to be fed upwardly

to deposit the balls into the storage container.

Figure 9.2 — Tennis Ball Retriever

2) Claim Summary Taken out ofvww.patentstorm.yshis patent has 4 claims.
First claim: “A tennis ball retrieving apparatusngarising: a wheeled vehicle to
ride upon a tennis court playing surface or likefete, gathering means for
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gathering balls on said surface as the vehicleetsatherealong, and for directing
the balls to a loading zone, a pair of feed wheelsaid vehicle having opposed
portions to grip each ball at the loading zone feed each ball toward a conveying
zone, said feed wheels being driven by tractiortainwith the play in surface, a
storage means providing a storage zone for the bhathted at a level above the
loading zone, and conveying means at the convegang to direct balls upwardly
to the storage zone”.

Second claim: “An apparatus as described in clajrwvierein said chute has an
entry mouth, means at said mouth to prevent bafise entering the mouth, from
freely rolling therefrom”.

Third claim: “A tennis ball retrieving apparatusngprising a wheeled vehicle
having a front end and a rear end, said vehiclanigaa ball storage container
disposed at a level enabling ready removal of hhksefrom by a person next to
the vehicle while the person is in a standing pmsjta pair of horizontal ball
gathering arms at the front of said vehicle arrdngeV formation to provide an
apex portion to which gathered balls are fed, aands being disposed at a level just
above that of the surface supporting said wheeéddcle, a pair of the wheels of
said wheeled vehicle being in traction contact wii# surface on which the vehicle
is supported to be driven thereby in rotary fastasrithe vehicle is moved over the
supporting surface, said feed wheels being opefabkiccessively feeding balls to
said chute to cause previously fed balls by nudgmgtact to be fed upwardly to
deposit said balls into said storage container”.

Fourth claim: “An apparatus as described in clainm3which said wheels are
mounted for rotary movement in upwardly diverginigediral planes, said gathering
arms being pivotally mounted for movement from theperative V formation
positions upwardly to parallel inactive positiossop means to hold said arms in
substantially horizontal positions when said armesraoved from their inactive to
their operative positions, said arms in their inacpositions blocking access to the
entry mouth of said chute from a direction at ttenf of said vehicle, means locally
of the mouth of said chute to prevent reverse maverof balls fed into said chute”.

Our design will not infringe any of the claims miened above. For example, the first
claim does not apply since we will make a self tgdb machine, without the need of
being push around a tennis court. For the secaithckven though we are applying this
principle (otherwise it will not be able to pick tipge tennis balls), our design will not use
gathering arms to catch the balls. Our design camtaheels on it too, but as seen on
Figure 9.2, and as mentioned on the third clairay tlised one front wheel and two back
wheels. Our design consists on two front wheels@mback wheel. The team will not
infringe the fourth claim since we are not usinghgang arms as part of our design.

C.US Patent 5125654 - Tennis ball retrieving system

This device was patented by Wilbert Bruno on Jun®f31992 and it is described in the
next sections



1) Summary The invention is shown on Figure 9.3. It compsiseball retrieval
arm mechanism extending from the base line toahgri$ net on a tennis court and
can be moved along the net. During the retrievirag@ss, the retrieving arm moves
only one time during each passage in a transvdrsetion over one half of the
tennis court. The retrieving arm continues its
movement until it reaches one side edge of the
tennis court. Ball receiving channels are provided
along both sides of the tennis court, into one of
which the balls are thrust by the retrieving arms
and transported by conveyor belts to one top end
of the tennis court. The ball receiving channels
have connections to a conveyor chute by which
the balls are transported from the corners of the
tennis court to a ball retriever placed in the nedd
of the top of the tennis court or to a ball reteev
directly. The retrieving arm is preferably guided
only at one end thereof by a guide rail extending
along the top of the tennis court.

Figure 9.3 — Tennis Ball

Retrieving System

A constant alignment of the retrieving arm transeeo the net and the guide rail is
provided by a sensor scanning the angle betweeretheving arm and guide rail.
The sensor controls electric motors driving travghvheels of the retrieving arm to
maintain a correct angle. A ball throwing machiseprovided, the ball throwing
machines preferably have wheels which can be auicafig raised and lowered
alternately to allow the retrieving arm to passrébeneath. The ball retriever is
selectively connected to the ball throwing machwmre another ball receiving
container.

2) Claim Summary According towww.patentstorm.uthere are 9 claims on this
patent. The ones applicable to our design are:

Second claim: “A system as claimed in claim 1, aebtarized in that endless
conveyor belts (40) are guided in the ball recgvaimannels (20, 22) so that the
tennis balls (42) can be transported to a top eténnis court”.

Third claim: “A system as claimed in claim 2, chaemized in that the ball
receiving channels (20, 22) have connections ontadipeof the tennis court to
conveyor belts (68, 70) extending along a top e¢mcugh which the tennis balls
(42) can be transported to a ball retriever (26)”.

Fifth claim: “A system as claimed in claim 4, chatexized in that the ball receiving
channels (20, 22) on the side turned away fromretrgeving arm (16, 18) have a
shallow rising oblique surface (48) which is broatean the diameter of a tennis
ball (42)".

Our design does not infringe these claims. Thersbataim is not applicable since
our prototype will move where the ball is; the hallnot the one moving. According to
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the third claim, receiving channels are used tesethe tennis balls, instead we will use
a software that will send information to the miaotroller. As mention before, gathering
arms will not be used; therefore the fifth claimedamot apply to our design.
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X. STANDARDS CONSIDERATIONS

What are standardsStandards are defined as a "documented agreenntsring
technical specifications or other precise critetta be used consistently as rules,
guidelines or definitions of characteristics, te@m that materials, products, processes”,
web dictionary. We are going to review three stadslathe U.S. Consumer Product
Safety Commission (CPSC), the Federal Communicat@ommission (FCC), and the
International Electrotechnical Commission (IEC 60R0These standards are directly
related to our project.

. CPSC -287

The U.S. Consumer Product Safety Commission (CREC)73, safety regulations were
set under the Federal Hazardous Substance Actébyi8. Consumer Product Safety
Commission for the manufacturing, constructionsg goerformance requirements of
electrical toys. Based on these regulations, oneldmot purchase an electrical toy for a
child that is too young to operate it safely. tastions for the toy must be included with
the toy and read to a child before use. Supenvisgoa must but just how much
supervision is need can be determined by the typeycand the age and maturity of the
child.

1) Scope CPSC Document #287 regulations address three ntaj@gories,
electrical, mechanical and thermal hazards of etedtdevices.

2) Definition: The electrical device must meet the current WC®nsumer
Product Safety Commission (CPSC), which is to réedinstruction that comes
with the product carefully, be aware of the hazawtisnisusing of the devise.
Supervise the use of any electrical product. Keégmt and toddler out of the area
where the device is being use.

3) AcceptanceCriteria: Any electrical devise that are manufactured musetm
the (CPSC) regulation in other to be sold in th&.UThere are three major
categories the devise must comply with. Electncadix: electrical plugs must
have a finger grasping area and must have a ssthetid to protect small fingers
from accidental shock when plunging into an outléechanically, ex: All devise
potentially hazardous moving parts must be enclasegliarded to minimize the
chance of contact. And Thermal, ex: Product mustexgeed maximum surface
temperature requirements. These temperatures aeendeed on the basic of
accessibility of a particular surface, and the maltérom which it is made.

J. FCC-1.47CFR
The Federal Communications Commission (FCC) remgulaapplies to electrical and

electronic product that may interfere by produaiadio spectrum noise. And structured
under chapter 1 (47 CFR) is responsible for theagament of radio spectrum in the US.
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The FCC protects against “radio and broadcast pafiyy both by enforcing standards
and by regulating electromagnetic noise sourcessdhvaves may thus eventually affect
other electrical currents in other product, andseaunwanted interference.

1) Scope The FCC, 47 CFR address two categories, an iotaadtradiator and
an unintentional radiator.

2) Definition: All electrical components must be securely enaostehese
enclosures must be design so that they cannot baedpeven with common
household tools. Switches, motor, transformers, tnimgs securely mounted to
prevent any non-functional movement and possibieadge. FCC protect against
“radio and broadcast pollution” both by enforcirigrelards of broadcast decency,
and by regulating electromagnetic noise sources.

3) AcceptanceCriteria: FCC regulation required that any product that may
produce radio frequency pollution must undergo feoment authorization
procedure.” Because those waves may thus eventa#fig¢et other electrical
currents in other products, and cause unwantedenéace.

K. IEC - 60204

The International Electrotechnical Commission (IEC 6@R0egulation applies to the
application of electrical, electronic and progranbheaelectronic equipment and systems
to machines not portable by hand while workingJudag a group of machines working
together in a co-ordinate manner. Some of the itapoissues that are clearly indicated,
the terminal for each incoming supply is to be tedain the vicinity of the phase
conductor and it must accommodate a copper condustoonductor required by some
measures for protection against electric shock.

1) Scope the IEC document 60204 addresses all electridaktrenic and
programmable electronic equipment and systems tohim@s not portable by
hand while working. All electrical devices must rhégese provisions to be sold
in the U.S. While these standards and regulatenre heduce the risk of injury
from electrical devices, adult are responsible ifmpecting them periodically,
repair, replace, or discard the devices properly.

2) Definition: The IEC document 60204 addresses all electridattrenic and
programmable electronic equipment and systems tohimas not portable by
hand while working.

3) AcceptanceCriteria: FCC regulation required that any product that may
produce radio frequency pollution must undergo feoment authorization
procedure.” Because those waves may thus eventa#figget other electrical
currents in other products, and cause unwantedfenémce. The IEC 60204
required that all Electric contacts must have @&daliopening mechanism, and



Consideration must be given to the following itemisen a wire is used as an
actuator. After the requirements are met it is isafe to be sold in the U.S.

In conclusion, those regulations are directly teelato our project is the following
electrical regulation. “Switches, motors, transfers, and the like must be securely
mounted to prevent any non-functional movement podsible damage.”(Document
#287). And the (FCC, 47 CFR) prevent electrical alettronics product from frequency
pollutions. And all live electrical components murg securely enclosed.(IEC 60204).
We are going to comply with the following standards

US Consumer Product Safety Commission (CPSC Docu#287).
Federal Communications Commission (FCC, 47 CFR).
International Electrotechnical Commission (IEC 6020



XI. HEALTH AND SAFETY CONSIDERATIONS

When designing a robot that is going to be usedhbygeneral public, safety is the
number one priority. A safe design simply meang tha user will have no fear when
operating the robot, because testes has been dosestire that the design is safe and
cannot harm the general public health. Taking attoount the risks associated with the
design and manufacturing processes of an Autonomensis Ball Collector is common
practice in the field. Tools such as the Failuredeland Effect Criticality Analysis
(FMECA) are used to determine any malfunction of ttevice during the design and
manufacturing process.

A robot is generally used to perform unsafe, haamasd highly repetitive, and
unpleasant tasks. They have many different funstisach as material handling,
assembly, arc welding, resistance welding, and madwol load and unload functions,
painting, spraying, etc. Therefore it is importémit the robot is design to perform its
duty as effective as possible.

The table below shows the different critical comnfaiures and the best way to
handle them taking in consideration the respectie¢hod of control.

Critical Failure Modes Method of Correction
Power shortage Back up power pack system
Electronic control unit failure Back up unit
Sensor failure Feedback system
Programming errors Back up comp with program ihesdal
Parts Failure Spare parts will be available forchase

Table 11.1 - Failure modes and method of control



Xll. ENVIRONMENTAL CONSIDERATIONS

Since our Autonomous Tennis Ball Collector is beitsg mostly outdoors we have to
take into consideration the environment and howcae protect it. There are several
environmental guidelines that we have to follow #mere are also several principals and
directives such as the Hannover Principles andRi&triction of Hazardous Substance
Directive (RoHS). Electronic waste (e-waste) ig broken electronic equipment that we
normally just throw in the garbage not realizingttit could be toxic [9]. This type of
waste is one of the reasons why the principlesdirettives had to be made to try and
prevent improper design and disposal of it.

They are nine Hannover Principle that when desmroor project we will try to
follow. The nine principles all are to protect tineman rights and safety. Our project is
being design to help the life of tennis trainershiaying this robot to help them during
tennis lessons by going around the tennis couledoilg tennis balls for the trainer;
therefore he can maximize his training time. ThédRaestricts six substances and they
are as follow: Lead (waste mainly found in the fasfrieaded glass in cathode ray tubes
(CRTs) of computer monitors and televisions), Meytof which some electronics
contain recoverable amounts), Cadmium(mostly cofn@® nickel-cadmium (NiCd)
batteries, can cause flu-like symptoms), Hexavatbnbmium (Chromium V6 or Cr6+),
Polybrominated biphenyls (PBB), and Polybrominadgzhenyl ether (PBDE). Some of
the materials use to design the Autonomous Tenalis®llector are programmable chip,
Batteries, electronics components, Plexiglas, ssremetallic frames, dc motors, sensors
and wheels.



XIll. SUSTAINABILITY CONSIDERATIONS

Sustainable development does not focusysalelenvironmental issues. To act in
accordance with the following Hannover principlelifinate the concept of waste.
Evaluate and optimize the full life-cycle of protsi@nd processes, to approach the state
of natural systems in which there is no waste’e@hargeable battery, which is the only
risky component being use, will be utilized to alannecessary waste of resources and
to help maintaining the ecological equilibrium. Abe same time, the used of
rechargeable batteries not only decreases the budmgealso will guarantee that no
additional costs are required for future consumers.

An optimized product should comply with aigtquality control, health, and safety
regulation. This is why, The Tennis Ball Collecteill be design in such way to avoid
pollution and preserve nature by the reuse of naserThe project will not require the
use of any of the RoOHS components and any othdc tavaterials, so no potential
environmental impacts will occur.



XIV. MANUFACTURABILITY CONSIDERATIONS

Designing for manufacturability was one of the tiagportant objectives of this
project. The marketing investigation phase was nigdeoking at conceptual and design
phases in which we divided the production of th#-Bioted Tennis Ball Collector. In
this way, it was important for us to differentidtetween the final product and the product
that we had in mind at the beginning of the semes$® that, the process for
manufacturing started by conditioning tolerancestemals and determining which
manufacturing process should ultimately be used.

To do this, we developed an investigation in whticé main goal was to gather
information regarding quantities and target manui@eg costs. This information on
guantities was necessary to optimize the seledfaime products which were used for
fabrication and assembly techniques. It was cleau$ that by minimizing the number of
pieces, the cost of the project was going to becéffely reduce as a result. For instance,
to build the chassis of the robot there were maratenals which were taken into
consideration, however, we decided to build ountob
using aluminum (shown on Figure 14.1). Even though,
the tools use to manipulate this material are more
expensive than if we would have used other matgrial
the rigidness of the material gave us the oppantuni
of using less aluminum and assure that the whdels o
the robot will not go to any other direction bu¢ thne
order by the microprocessor (the awareness of this
problem was brought to our attention by doing testi
with other materials such as wood and plexiglass).

These materials would make this project less
expensive but the quality of the end product wdadd

directly affected.
Figure 14.1 — Self-Piloted
Tennis Ball Collector

The features of the overall design and each indalidomponent must ensure a
consistent quality at a competitive cost. If tlEsbt achieved, the product can fail in the
market place irrespective of how efficient the r&sthe manufacturing organization may
be. As a result, the final product has been debigranswering the most simple but
important questions in manufacturing. We were dblelevelop the Self-Piloted tennis
Ball Collector considering that the materials usemte inexpensive when thinking about
its functionality and durability. In addition, tliesign permits the use of standard cutting
tools which will let the aluminum be assembled isimple manner as well as being
disassembled easily if required. Another aspedhefdesign that we should mention is
that this robot can be easily transported with@ing any type of special transportation.



PRODUCT COST -VS- TIME

Figure 14.2 — Product Cost Vs Time Graph

The graph shown above illustrates the time outQff% that the team has spent
on each task. The tentative time is representeolua color, but the actual time spent is
the one on black. According to the team, the tggtert was the hardest one since we had
to deal with a variety of issues and time lost.



XV. ETHICAL CONSIDERATIONS AND SOCIAL IMPACT
A. Ethical Considerations

With the intention of manufacturing and designiogmpanies in any specific field have
to follow certain business regulations and codetbics. The Self-Piloted Tennis Ball
Collector is intended to be reliable, easy to asgl efficient. In the process, the entire
team commits to go behind the IEEE code of ethiosesour project might comprise
some ethical issues. To act in accordance withER# code, the design of the tennis
ball collector will be as secure as possible, usimgferials that are not defective and
having any client aside from electrical piece ouipment. As far as environment
concerns, it will be ensuring the right treatmeinaioy hazardous materials that we might
be using such as batteries and toxic productshénptocess of building our project, a
collection of all documentation about the work viaé done. In this way, it can be used in
the future as a reference of how to operate the Babted Tennis Ball Collector in an
appropriate method.

Technology develops so fast that it could causeumher of problems, nowadays.
Employment may perhaps be one of them. The dediguroprototype is intended to be
supportive; basically, after a tennis practice ligkipng up the balls all around. This
machine might replace the person who picks up #iks,lsometimes known as a caddy,
and do the work. Very often, these caddies makeembwy doing this job which they will
not be able to do any longer if the Self-Pilotedl Bzollector is implemented. Such
situation might turn out to be an ethical dilemrsen though a person can be affected
by our project in term of labor our intention wouldt interfere with employment by
false or malicious actions as stated in the IEEd#eanf ethics.

The goal of the team is to improve the way tentéygrs are coached by implementing
this innovative device and take advantage of thee tsaved using it. In any case, the
IEEE code might not be sufficient to solve emplopmiessues. Therefore an arduous

study of the possible solutions is presented onlelTdb.1. Table 15.2 shows an
evaluation of each possible solution accordindnéodifferent ethical theories.

POSSIBLE SOLUTION

1. Ignore the fact
2.Not to create the ball collector at all
3.Let the problem to the user decision

4 Restrict the use of the machine to certain users



Table 15.1 — Possible Solutions of an Ethical Dilema

1 0 1 0 0 1

2 0 0 0 0 0
3 1 0.75 1 0.25 3
4 0.25 0.75 0.25 0 1.25

Table 15.2 — Ethical Theory Model

According to the table shown above, obviously, dine which score more is Option 3
(Let the problem to the user decision), therefoed ts our choice. The second one is not
even an option since the team members will notlde B0 graduate. According to our
belief, ignoring the fact will be complete egoi€ption 4, is not considered to be a bad
choice, but is not the best.

B. Social Impact

Robots are going to be used frequently in dailg; lifor instance, vacuum robots,
automated cars just to name a few are signs ofndwg technology. The Self-Piloted

Tennis Ball Collector has a good prospective ingdtaetice of this sport and many others
if it can dramatically be developed to higher piemeg ideas. In that case, it will

definitely have a social impact as a future appiica

The main stakeholders of this prototype will be:

Tennis coaches and students,
Retail stores,
Tennis clubs.



XVI. CONCEPT DEVELOPMENT

A good concept is the foundation for an effectiwasidgn; a thoughtfully prepared
concept eases the entire process of project designmplementation. In this project our
main goal is to design a product with high qualitydo this it is really important to make
sure that every single aspect is being coveredallysim the design process of a product
there are many directions in which the designergmdepending on the priority of steps
in which the development is done. In this case, @esign would we would try to
establish a level of priorities without forgettimgd keeping in mind that every part is
vital to develop a product complying with the oltifjees and constrains in the best
possible way.

Objectives

1.

Useful

1.1 To enhance the productivity of tennis players

1.2 No human supervision needed

1.3 This machine will sense where the tennissbaik located by having a
system which allows this device to move freely aba tennis court in search
of tennis balls This machine will sense where #rais balls are located by
having a system which allows this device to moeelfy around a tennis court
in search of tennis balls

1.4 For Personal and commercial used

2. Marketable
2.1 Will have good presentation
2.2 Quality components
2.3 Small size
2.4 Priced about $300 dollars
3. Safe
3.1  Will not need professional assistance talile to use it
3.2 Will cause low pollution
3.3 Safe to use indoor and outdoor
4. Specifications
4.1 Self- Piloted Tennis Ball Collector with alectronic and mechanical
mechanism
4.2 Will avoid obstacles in the tennis court anthe same detect tennis balls
4.3 A microcontroller will be used to control tapand sensors
Constraints

Should cost no more than $300 dollars
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Portable enough to take anywhere.
a device that collects balls by manually pushirayaund
Images will be captured every half of a secondslelosing the loop in the
control system
Concept Fan:

The following scheme will show the idea behind Bedf-piloted Tennis Ball Collector.
Figure 16.1 shows that the power source gives tpprogriate voltage to the
microprocessor in order to control the sensorsthadanotors.

Figure 16.1 — Concept Fan

A. Different Solutions

During the process of developing ideas and condeptsur design we have to put in the
table different options which are necessary to leégiated and tested to see the best
strategy to develop the design. Once a projectbkeas selected one must weight their
options with numbers and figures, where everytltag be view in a larger scale. In this
part of the Design process we are going to comgdferent solutions to better fulfill
with the objectives and constrains of the projedere we are going show two different
routes that could be taken to obtain the final glescomparing their advantages and
disadvantages to find the best possible result.



Concept combination table: Option 1

to control the
movement of the robot

Sensors

to detect the tennis
balls

Microprocessor

To move the Robot
around teh tennis court

Dc Motor

To Power up the Velcro
which is going to pick
the balls and put them
into the basket

Figure 16.2 - Concept Combination Optionl

1) Advantages

DC motors will have more power

The durability of these motors are greater thamaser
2) Disadvantages

More Expensive

Programming part is more difficult
Control mechanism will slightly increase the price
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Concept combination table: Option 2

To control the
movement of the robot

Sensors

To detect the tennis
balls

Microprocessor

To move the Robot
around teh tennis court

Servo Motors

To Power up the Velcro
which is going to pick
the balls and put them
into the basket

Figure 16.3 - Concept Combination Option2

1) Advantages
Easy to install
Programming this motors is easier
This motors cheaper.

2) Disadvantages

These motors have short life of operation
These motors do not have enough power to supplgebds of the robot
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Concept Selection

In order to make a decision to decide which opt®better for us we must weight our
objectives in terms of importance. In a scale dfthe weights of the objectives are:
(The sum of the weights should be 1)

Safety= 0.5
Marketable= 0.3
Comply with Specs 0.2

For each option there is a scale from 1-5 in tesmblow they comply with the objectives
of the project. Then, we multiply the weight of baaf the objectives with the weight of
the option

Option 1 Option 2
Comply with Yes Yes
Constrains
Objectives Weight
Safety 0.5 4 2.0 4 2.0
Marketable 0.3 4 1.2 2 0.6
Comply with Specs 0.2 4 0.8 2 04
TOTAL 4.0 3.0

Table 16.1 - Constrains

From the selection table 16.1 we can conclude@miibn 2 is more convenient to a
successful project development



XVII. END PRODUCT DESCRIPTION AND OTHER DELIVERABLE S

After an extensive research and testing of compsné&he Self-Piloted Tennis Ball
Collector is implemented with two DC motors thatlwirive the two front wheels and
one DC motor to operate the belt. A third back whek be utilized and will spin freely,
so the car is able to rotate 360°. A dsPic30F4(1ip s used for the EASYdsPIC4
microcontroller will be the brain of the whole syist. The frame of the car is made of a
very light aluminum bars that attach to each otheny easily and will give a good
stability to de design. The device includes anastinic sensor which will detect
obstacles by sending an analog signal and thenecomg it to digital through the
converting feature. This sensor is mounted on & $88&v0 motor that rotates and scans
the sides whenever an obstruction is found toriwat f Since the purpose of the system is
to locate tennis balls and pick them up an imagegsition system is to be implemented
as well. This sensor is attached at front of the ca

The car has a stand in the middle of it whereradl ¢ircuitry and the 7.2V battery are
going to be placed. The battery is connected iallghito get the most out of the power
supply. The circuitry is comprised of a voltageulagor that help to reach desire voltages,
and two h-bridges that permit the functioning af tvo DC motors. A raised stand will
also be use to locate the microcontroller with dppropriate source code to make the
system work.

Figure 17.1 - Functionality Diagram

Figure 17.1 shows a functionality diagram of theafiproduct. A 7.2 V power supply for
the whole system is used, sending the voltage wefede¢he chip (dsPIC30F4011) which
controls the H-bridges and the ultrasonic sensor.



When the program is run the microcontroller wilhdecurrent through the H-bridge
circuit and depending on what direction the currientiowing, that will let the motor
know whether to go forward or in reverse. Wheneserobstacle is detected by the
sensor a signal is sent to the microcontroller thiglat the same time has to send a signal
to shut the motors down so the car can stop. Ttrasoinic sensor then has to scan the
sides. If an obstacle is detected on one side titemon the opposite side will remain off
and the other one will turn on so the car can turn.

As far as finding and picking up the balls the imagcognition devise such as a camera
is programmed to identify the shape or form oflitaéls. The car will locate the ball run it
over so it can store it in the ball container urithercar.



XVIII. PLAN OF ACTION

Planning ahead is always a suitable mean for aessf@d outcome. A significant tool
used for our project scheduling and management thas software called Open
Workbench. This application was very useful considgthat any project, such our Self-
Piloted Tennis Ball Collector, is conformed by aie® of stages (tasks) to be performed.
Those tasks can be easily recognized on the warkkdown structure created. This
section will also include the Gantt and PERT chattich gives a detail outline of the
dependencies and time spend on each task. Worklsschet us assign resources in
order to complete a certain task. After planning getting a sense of orientation, the
team wanted to commit on establish deadlines ieraxmdo not leave the project behind.

A. Statement of Work (SOW)

SOW is a common tool used in project managementel design structure will allow
us to establish most of the tasks to be perforrthezlighout the project; it will also let us
plan and assign each task in advance.

1) Scope of WorkThis machine senses where the tennis balls aatelddy having
a system which allows this device to move freelyuad a tennis court in search of
tennis balls. Once the balls are located, the cuwliewill pick up the tennis balls
and store them in the container under it. In ordedo this, our design uses a
camera which is programmed to recognize shapeslarades them. The Self-
Piloted Tennis Ball Collector will utilize image aegnition software to sense the
tennis balls and send coordinates to the microobtetrto direct it. In addition, the
mechanic design of the machine will have a motacem that has three wheels: two
powered front wheels and one not-powered back whéet way, the cart turns in
the direction of the motor that was shut off.

2) Location of WorkAll of the work is performed in the Engineeringi@er using
the equipments that are available for students.

3) Period of PerformanceThe allowable time it takes to finish the projeEbr
instance, the number of days, hours that can Entakto account when it comes to
assure the work it is done properly.

4) Deliverables Schedul@ tentative schedule for the entire semester been
made, dividing the project in different assignment®rder to meet deadlines; this
is shown in the Gantt chart on Figure 18.3.

B. Work Breakdown Structure (WBS)

The complete WBS can be seeing below. As you wilice, the 100% Rule was applied

on this WBS (See Figure 18.1). According to ThecBea Standard for Work Breakdown
Structures (Second Edition), published by the Rtojdanagement Institute (PMI)
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defines the 100% Rule states that “The WBS includ¥#o of the work defined by the
project scope and captures all deliverables —nateexternal, interim — in terms of the
work to be completed, including project managem&he 100% rule is one of the most
important principles guiding the development, deposition and evaluation of the WBS.
The rule applies at all levels within the hierarcthe sum of the work at the “child” level
must equal 100% of the work represented by theefgérand the WBS should not
include any work that falls outside the actual scab the project, that is, it cannot
include more than 100% of the work... It is importémtremember that the 100% rule
also applies to the activity level. The work repmed by the activities in each work
package must add up to 100% of the work necessamynplete the work package”.

Figure 18.1 — Work Baizdown Structure
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The project has been divided into nine phasesserigion of each one is given below:

Phase 1.1 — Chassis
" Objective: To begin the process of building thetptype.
Approach: After an arduous research on possiblemadg, consideration of
what is the best size of the model, and the pralctdesign; the hands-on
experience should start.
Expected Results: From this stage, the base o$é#ifePiloted Tennis Ball
Collector is expected.

Phase 1.2 — Motors

" Objective: To determine the motor/motors to be usethe prototype in
order to make the device to move by itself andbtate the inner rubber belt.
Approach: Research will be the most efficient way ihcrement our
knowledge on motors. We know in advanced that ani@or will be used,
in order to determine which one, we have to comsidew much force is
required to move the system, how far does the sysi@ve to go, and how
fast does the system has to go.
Expected Results: After building and implementihg tnotor/motors, it has
to be connected to the chassis which will have pbeer supply already
attached. We are expecting an efficient model tisatable to get to
coordinates by itself.

Phase 1.3 — Wheels
" Objective: We use three wheels for this prototype.
Approach: Realizing studies and some testing valpho achieve our goal,
which is to make a stable design.
Expected Results: Once the wheels are construetitalch them to the
chassis, power supply and motor.

Phase 1.4 — Sensors
" Objective: We use sonar sensor to send the adeigtmals to the

microcontroller, taking in consideration how sensitdo they need to be.
We need sensor to make the prototype avoid obstaatel to allocate the
tennis balls.
Approach: Once again, research is the key elem&lsb, a theoretical
design can help to minimize bugs and practical time
Expected Results: Once we have the sensors retsalgh shem to the
chassis. This will let us test the prototype in@enefficient way.

Phase 1.5 — Camera for the balls
Objective: To collect the balls we are using a cante detect it and store it
under the car in a container.



Approach: Different materials could be used, sushagharm. As another
option we are considering Velcro material to fié fhurpose.

Expected Results: After the camera is attached pgpondrammed we will
have no problem collecting the balls.

Phase 1.6 — Power Supply

Objective: To build the electrical source for thbale machine. Choosing
whether if linear, switched-mode, or an uninteritblptpower supply will be
used.

Approach: Research the topic, create a theorediesign and then build it.
Satisfactory testing process to avoid future damefieequipment and
components.

Expected Results: A powerful source that will alldhe prototype to
navigate by itself.

Phase 1.7 — Ball Storage Container
Objective: Build a container that store in ordemaintain the tennis balls
that have already been picked up.
Approach: Using different materials to build a cer.
Expected Results: A container that supports heaight of about 15 tennis
balls. This container is build under the chassithefprototype.

Phase 1.8 — Integration
Objective: Viewing the project as a whole.

Approach: Dividing the complex project into simpbesks. After finishing
with one part, attach it to the previous part built

Expected Results: A finished prototype ready totdsted in a variety of
ways.

Phase 1.9 — Project Management
Objective: Establish a well organization throughtingt entire project.

Approach: Using different resources, such as Openkidénch application,
to make graphs and charts. For example, Gantt BRTRharts.

Expected Results: A reliable and efficient selbpald tennis ball collector.

C. Project Milestones

It was very complex for us to choose our projedestones, at the beginning we thought
they were too few, but at the end they were tooyn@hat is when we started to look for

key events that will help us to determine how Wik project be doing on a time manner.
Open Workbench allows us to mark milestones onraady created WBS (Figure 18.2).

After a long debate, we conclude our project milest to be:
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Chassis ReadybDecide what material will be used, and built thetual
chassis.

Power Supply ReadyOnce deciding whether a 7.2 V, 9 V, or 12 V will
provide the appropriate voltage to our prototypeN/QFF button
installation.

Motors and Wheels Readwfter deciding whether DC motors or servo
motors, elaboration of the circuits with the H-Byg$ included,
programming, and testing.

Sensors ReadAfter research and build the circuit needed togpam the
sensors.

Camera and Container ReadVhis milestone includes obtaining the camera
that will locate the balls. Elaboration of the ainer used to keep the tennis
balls.

Figure 18.2 — Milestones

D. Gantt Charts

Gantt Chart is sort of a bar chart that represalhthie stages or tasks to be completed in
order to terminate the project. It also shows tationship of dependency of one task to
the other. The different colors help us to recognihat tasks we have completed, started,
or even not started yet. Figure 18.3 represent&trdt Chart of the Self-Piloted Tennis
Ball Collector.

By looking at the chart, it is quite noticeable tin@in assignments in which the entire
project is divided: chassis, motors, wheels, senstamera, power supply, ball storage,
integration, and project management. After comptettach of them a milestone was
established in order to keep track of our workteslawith time. Each of the assignments
is divided into several points which include: reska practical design, obtaining the
materials needed, construction, and testing.

The colors of the bars indicate the different est#tthe tasks. The purple bar indicates
that the task has been started and completed xaarme: Under Chassis, the research on
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possible materials is done. The red bar indicated the task has not been started
therefore not completed. For example: The entineera assignment was not started.

The Integration assignment it is considered 50% pietad, that is why the grey color
over the purple. The Self-Piloted Tennis Ball Ccite has been divided into two
semesters of work. The first part (Senior | Prgjedgtl be done by August of 2008, and
the completion of the prototype (Senior Il Projeei)l be done by December of 2008.
The Gantt Chart shows what should be finished bystiecified time frame.

Figure 18.3 — Gantt Chart



The next figure, Figure 18.4, shows the Projectl&ateon and Review Technique
(PERT). This graph let us analyze the time requiocedeach task. It is useful to find the
critical path, since is the longest pathway frorgibring to end to accomplish the project.

Again, same as previous case, the purple coloesepts that the tasks are completed and
the red color represents that the task has not $teeted.

Figure 18.4 — PERT Chart
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XIX. MULTIDISCIPLINARY ASPECTS

Our team consists of three Electrical Engineeringjors and one Computer
Engineering major. We complement each other inrdevavays; the following is a list of
each team member and the individual strengthslihieyg to our project.

Rodrigo Barbosa has knowledge and experience infitheé of electronics, filter
design, motors, and power systems. His experiendd@ hands on process, lead
us to the early beginning of the project developimen

Luxon Laborieux has knowledge and experience infible of electronics, filter
design, and power supply. He has a very positivelugrbeat attitude which makes
him easy to work with. His ability on fast answeesupcoming problems will
help us to solve difficulties.

Juan Zuluaga has knowledge and experience in #idsfiof electronics, sensors,
specializing in the field of Power Systems. Additdly, he has a strong technical
background, and a motivating personality. He ig/\eksciplined with his work.

Karina Chang has a wide knowledge in the field @mputer Science. She has
worked extensively with Java, C/C++ which has giben the programming part

for this project. She shows excellent leadershigp @mmunication skills which
have placed her in a very important role.

Figure 19.1 — Project Division

I-57



In order to keep milestones on time, the team bhdigided the work into mini-team
and each mini-team is formed by two members, wiea@sponsible of specific tasks, of
course if they need extra help they will not hesita contact the other team members.
For example, Rodrigo and Juan are in charge otlimglthe chassis of prototype. Motor
will be designed by Rodrigo and Luxon. The wheel$ lve done by the four of us. Juan

and Karina are in charged of the sensors. The peugply will be designed by Luxon
and Karina.

Although the decisions in our group are made byigrconsensus, Karina has taken
charge of overseeing the project. Even though dagllthe of the project is on December,
our team decided to start the performing stageaaly @s possible. Since this is our
Senior Il Project, we are keeping working on itthe next semester; we already have
found out that no one is going on extended vacatiorthe two week recess between
semesters, therefore we will work on it withoutpgtimg.



XX. PERSONNEL

RODRIGO A. BARBOSA
10813 SW 228 Terrace, Miami, 33170
Mobile: (305) 877-2873
Cascaretas18@hotmail.com

OBJECTIVE To gain experience in an establish company whdearionstrate my abilities.
EDUCATION Florida International University Miami, FL
Bachelor in Science, Electrical Engineering (DecemB008)
New York Institute of Technology New Yoty
Bachelor in Science, Electronics Engineering Tetdmo(June, 2005)
Hostos Community College Bronx, NY
Associate in Arts, Graduated Cum Laude, GPA 3.48y(\N2004)
Member, Phi Theta Kappa Honor Society
Inem Santiago Perez, Bogota, Colombia
High School Diploma - Graduated with Honors (Decem001)
Native Spanish Class, Student Representative
EXPERIENCE | 02/2007 - Present  ABB, Inc (Asea Brown and Boveri) Miami FL
[Assistant Sales Engineer]
06/06 - 08/06Network for Earthquake Engineering Simulation Davis CA
[Intern]
06/2005 - 06/2006 J.Q Roofing Miami, FL
[Roof Designer}
06/2004 - 08/2004  Goldwater Memorial Hospital New York, NY
[Bio-medical Technician]
COMPUTER Windows XP " PowerPoint
SKILLS Internet Explorer " Access
Microsoft Word " AutoCAD
Microsoft Excel
LANGUAGE
SKILLS Bilingual. Fluent in English and Spanish (speakdreand write)
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KARINA CHANG
7010 NW 177 ST. C-106, Miami, FL. 33015

Mobile: (786) 547-7720
kchan002@fiu.edu

OBJECTIVE

Computer Engineering with special interest in safvsystems engineering.
Interest in Linux Operating Systems, Network Sdagwand Hardware Design

EDUCATION

Florida International University Miami, FL
Bachelor in Science, Computer Engineering (Deceni#8)

Miami Dade College Miami, FL
Associate in Arts, Computer Engineering (May, 2004)
GPA: 3.35

Michael M Krop Senior High School Miarkil,.
High School Diploma (Jun, 2002)

EXPERIENCE

02/2005 — 09/2007 SUNTRUST BANK INC Miami, FL
[Regional Operational Manager]

09/2002 — 12/2004 ZARA, USA Miami, FL
[Head Cashier]

09/2000 — 07/2002 BRUKA, INC Miami, FL
[Cashier]

COMPUTER
SKILLS

Microsoft Office " Unix/Linux
Internet Research " PSpice

Software application: Auto-CAD - MATLAB
Software Development: Java ~ Open Workbench

COURSE
PROJECT

Senior Design Project2008
[Self-Piloted Tennis Ball Collector]

Software Engineering 2008
[FIU Dating Website]

LANGUAGE
SKILLS

Bilingual. Fluent in English and Spanish (speakdreand write)
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LUXON LABORIEUX
1091 NW 196 ST, Miami, FL. 33169
Mobile: (786) 683-6688
llabo001@fiu.edu

OBJECTIVE To obtain an entry- level position as an Electrieagineer
EDUCATION Florida International University Miami, FL
Bachelor in Science, Electrical Engineer (Decemb@dg)
Miami Dade College Miami, FL
Associate in Arts, Electrical Engineer (April, 2004
EXPERIENCE |07/2005 - Present Penauille Servisair Miami, FL
[Fuel Aircraft and help mechanic at Miami Interoat@l Airport]
03/2004 - 07/2005 Lowe’s Miami, FL
[Paint Specialist, Electrical Dept and Customewiset
11/2003 - 12/2004 Home Depot Miami, FL
[Paint Team leader]
COMPUTER Auto Cad Drawing " Excel
SKILLS C++ Programming " Power Point
Word Perfect “ Power world simulator
Microsoft Word
COURSE Urban Rail System by Alternating Power System
PROJECT Design urban rail system using two alternate s@urce
Light Sensitive Alarm
Design a circuit for an alarm system with electcsrsomponents
Pspice Simulation to simulate the circuit to fiheé tvoltages and currents.
LANGUAGE English, Creole, Limited French
SKILLS
HONORS/ Member of IEEE professional affiliated
ACTIVITIES

Impact Movement/Campus Crusade for Christ
Little Haiti Refugee center, volunteer as tutofakign students
M.E.C Church of Christ, president of the youth choi
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JUAN ESTEBAN ZULUAGA
1122 NW 133 CT, Miami, FL. 33182
Mobile: (786)554-1889
juanes65@hotmail.com

[72)

OBJECTIVE Seeking a position as an intern in the field of EDRICAL ENGINEERING
where my skills and educational background candmstcuctive to the succes
of the organization.

EDUCATION Florida International University Miami, FL
Bachelor in Science, Electrical Engineering (DecemB008)

Miami Dade College Miami, FL
Associate in Arts (April, 2006)

EXPERIENCE 05/2008 — Present AT&T Miami, FI

[Student Intern]
01/2005 — 05/2008 Prisma Colors Corp. Miami, FI
[Shipping Supervisor]
12/2002 — 10/2003 EFEX Design Miami, Fl
[Manager Assistant]
04/2002 — 09/2002 UPS (United Parcel Service) Miami, Fl
[Revenue Services Supporter]
COMPUTER Microsoft Word AutoCAD
PowerPoint
OTHER Document all maintenance activities through wordeos
SKILLS Work well under time and accuracy pressures
Research and problem-solving skills, able to fihdraative solutions
Work effectively with team members

LANGUAGE Bilingual. Fluent in English and Spanish (speakdreand write)

SKILLS

HONORS/ IEEE (Institute of Electrical and Electronics Enggms)

ACTIVITIES SHPE (Society of Hispanic Professional Engineers)
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XXI. BUDGET

This purpose of this section is to illustrate tkpenses done for the completion of the
project. We have included a list of the compondrasght whether in a local electronic
store or over the web, shown on Table 21.1. Altiatds is a project required in order to
graduate, we made a list of the team members aid rdspective salary for the time
worked, shown on Table 21.2. Finally the last tdblgble 21.3) represents the cost of the
Electronics Lab located on the third floor of thegiheering Building; most of the hands
on experience were performed there using the laipewents which is include on our list
too.

COMPONENTS QUANTITY COST
EASYdsPIC4 1 120.00
dsPIC30F4011 3 0.00
Serial Cable & 9V Power Supply 1 54.00
PC Board 1 11.00
1
1
1

PING))) Sensor 30.00
PobEye Camera 280.00

Aluminum Chassis & Body 46.00
DC Motor 3 45.00
7.2V Battery 1 21.00
Other (Screws, cables, etc) 30.00
TOTAL 637.00

Table 21.1 — Components Budget

WAGE/ | HOUR/ | #OF
MEMBER HOUR | WEEK | WEEKS |COST
Barbosa, R. $20.0p 6 10 $1,200
Chang, K. $20.00 6 10 $1,200
Laborieux, L. $20.00 6 10 $1,200
Zuluaga, J. $20.0p 6 10 $1,200
TOTAL $80.00| 24 40 $4,800

Table 21.2 — Labor Budget

LAB LAB # OF
SPACE/HR [INST/HR | HRS/WEEK | WEEKS | COST
$1.00 $2.75 6 10 $225.00

Table 21.3 — Lab Budget
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XXII. RESULTS EVALUATION

Success can be evaluated in many different waysigiwout this project since it is
divided in different parts. For the fact that twajors are working on the same project,
the Electrical and Computer Engineering Departms&untcessfully demonstrated the
completion and functionality of the electrical eswitware components in the project. For
example, a complete construction of the softwarplementation that will monitor and
control the displacement of the car was established

In brief, the project can lead to more improvemantsts area of development by
putting in a more complex code and within the etautally components which can lead
to a more sophisticated device. To our believe réselts obtained were satisfying, and
we are very please with it.
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XXIII. LIFE - LONG LEARNING

Beyond all the knowledge acquire in robotics andvab getting a very good
understanding on programming microcontrollerspatbur team members agreed that the
most valuable lesson we have learned on this psase® work as a team. We strongly
believe that our motivation was not only a gradeybe that helped a little, but the
satisfaction of looking at our prototype finishedsamore important for us.

Working in team was not easy, considering that edals had other activities to do
too (such as jobs, family, friends, etc.), but sbave we manage to divide our time to
meet our milestones taking in consideration difiertames, such as time and budget.
Planning and organization was the key to solveppoblems. Since did not wait until the
last time to start the hands on process, we hagltiindlo numerous research whenever we
realized that something was not coming out the wagxpected.

We established a tentative schedule at the beginmirBummer-2008 semester and
we tried to follow it as close as possible. Eveoutjht personal emergencies occurred
during the semester they were not a problem forEvery team member was truly
committed to the completion of the project since first class of the semester.
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XXIV. CONCLUSION

This unique experience has helped us to developy rskitis such as team work and
organization on a time frame. This project has digfped us to acquire a better
understanding on programming microcontrollers whishtaken in consideration on
future job interviews. Also, as a team we haverledrhow to deal with unexpected
problems, it is just matter of analyze them, resegplace the option on a table, apply our
knowledge, and retrieve the best solution.

The interesting part of the project was to implem@mdesign starting from scratch
and applying the knowledge from all the years ilege, and working along the finest
line of the hardware and software implementatimojding errors in order to complete a
task. Also, without noticing, information regardipgoject management was used. This
includes selecting a team leader, attending meeatmdime, giving valuable thoughts
while brainstorming, etc exactly the same way reguired on a real job.

On the other hand, we achieved what we desiredn& prototype is ready to be
shown; it avoids obstacles and runs by itself waith V battery and a voltage regulator
that brings it down to 5 V. The processor contitbls two DC motors and the PING)))
sensor is ready to scan the surface to detectakestand also a camera to detect shape
for the tennis balls. This prototype uses only éhsensors that are mounted on the front
of the car. The camera will scan the surface andtéthe balls. In this report, we have
included numerous references of similar produat$ellectual properties and patent
infringement, trademarks, standards, ethical camattbns and so on. By doing so, we
make sure that every facet of the product is desiga meet the client’s and user’s needs,
while at the same time remaining within standardsl guidelines associated with
engineering design.
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XXVI. APPENDICES

L. Survey




M. Client Interview

QUESTION

ANSWER

Why do you want this product(

? To help make tennis players life a little easie

When are you planning to u
this product?

56 As soon as possible, the earlier the better.

When does the product have
be completed?

to I need this project to be completed by this
December 2008.

Who  will
product?

be wusing this

All tennis players and mostly coaches.

What are the requirements fo
the elaboration of the product

—

It must avoid obstacles, self pilot, must colleg
Pall tennis balls on the court, and must contain a
basket to store the balls when done.

Are there any similar produc
on the market?

s Alot!

If the answer of previous
question is yes, What do you
like/dislike about them?

As far as | know, there are a couple of patented
inventions. Most of the devices are in charge of
throwing the ball at the player for practicing
purposes.

What is the maximum cof
limit for the elaboration of th
project?

5t The maximum cost will be between 300 to 500
xdollars.

Table

4.1 — Client Interview
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XXVIl. SENIOR-DESIGN — [l PROCEDURES

Department of Electrical & Computer Engineering
Florida International University

SENIOR PROJECT PROPOSAL SUMMARY FORM
(A full proposal must be submitted and approved ajonith this form No later than the end of EEL-

4010 each semester. All information must be comgtht

Course Number: EEL 4011

2008

Semester:

Summer

Year:

Reference #. 54227 Faculty Name: _Department of Computer and Electrical

Engineering

Senior | Instructor's Name:

Team Leader Name:

Wilmer Arellano

Karina Chang

1397627

Major:

Computer Engineering

Networking
(786) 547 — 7720

Other Member Informatian

PID:

Discipline / Specialization:

Telephone:

Major Discipline / Area of
Name Student ID # (e.q. Electriqail, (e gS?:%CrLarlr;ia;ltilggtions
CEmEIEET S) Powers, Transportation
Rodrigo Barbosa 1920812 Electrical Biomedical
Luxon Laborieux 1946824 Electrical Power System
Juan Zuluaga 2052147 Electrical Biomedical

PROPOSED PROJECT

A. Project Title:

Self-Piloted Tennis Ball Collector




B. Design Specifications:
Width:
Heigth:
Length:
Weight:
C. Design Constraints (Standards, Economic Factors, Rents, Safety,
Reliability, Ethics, Social Impact).
It should costs less than
$500
It should meet CPSC (Consumer Product Safety Cogiomys
standards
It should meet the FCC (Federal Communication Casaimn)
requirements
It should have three
wheels
It will be able to turn
360
It should avoid
obstacles
D. Initial research results. Analysis and synthesigrocedures to be
pursued. Evaluation of alternate solutions.
In_order to make our prototype reliable, the resegorocess is very
necessary and important. The knowledge acquire feswarch is the one
that will let us handle any alternate solution.geré technology is always
changing and similar project can provide us a tarif ideas to the
elaboration of our prototype. That is why they vin# used as reference,
not as base.
E. Project Evaluation/Testing Criteria.

In_our experience, we conclude that testing is hhedest task of the
project, frustrating at the same time becausewhsn you realize all the
mistakes made. A detailed analysis of existing miateallowed us to
design a prototype in such a way that we do notingé any of
them.
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Multi-Disciplinary Areas Involved in the Project

The team is made out of three electrical enginesjers (Rodrigo, Luxon,
and Juan) and one computer engineer major (Karifs is a very
complex project therefore the knowledge of fourfaldnt people is
required to complete this task.

Team Assignments (Who will do what )

In order to keep milestones on time, the team hbdigided the work into
mini-team and each mini-team is formed by two membevho are

responsible of specific tasks, of course if anybodgds extra help we will
not hesitate in contact the other team membersekample, Rodrigo and
Juan are in charge of building the chassis of pypt Motor will be

designed by Rodrigo and Luxon. The wheels will baelby the four of
us. Juan and Karina are in charged of the sensbespower supply will

be designed by Luxon and Karina.

Attach a schedule, including two or three intermecdhte milestone.

DATE MILESTONE
June 18th, 2008 Chassis should be built
July 7, 2008 Power supply ready
July 28", 2008 Sensors installed and programmed
August ', 2004 Motors and wheel ready

E-mail address and phone number and PID of ALL teammembers (Must
be Completed)

Name PID E-mail Address Phone
Number

Barbosa, 1920812 cascaretas18@hotmail.co(B05) 877-

Rodrigo 2873

Chang, Karina 1397627 kchan002@fiu.edu (786) 547-
7720

Laborieux, 1946824 llabo001@fiu.edu (786) 683-

Luxon 6688

Zuluaga, Juan 2052147 jzulu003@fiu.edu (786) 554-
1889




PRINT

SIGNATURE

DATE

Group Leader

Team Member

Team Member

Team Member

Senior Design | Coordinato

Mentor




