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ABSTRACT

The project is a robot that plays a musical pieageldd on a microcontroller. The robot
has a 4"X 8” keypad as the notes input deviceldygpmusic by strumming a two-string
guitar, using servos and a custom fingering medmanOur project was built using off-

the-shelf electrical components such as: standa®97L stepper driver, dsPIC

microcontroller, and GWS servos, to name a few. Tdigot is user-programmable

through a friendly interface. Our project makes afeptical feedback in order to locate
specific notes across the two-stringed guitarlsib &das a digital filter to demonstrate how
the output signal will be affected. The robot wasigned to work off a standard 110
VAC wall outlets. Our project is simple to manufaet due to its modular design, which
is also allow for straight-forward repair and paplacement. We did not infringe on any
trademarks or copyrights and we are complying witlapplicable standards as well.
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I. EXECUTIVE SUMMARY

Summarized Problem Statement

Our objective is to build an autonomous
robot using a microcontroller that plays a
simple song such as Twinkle little star,
and plays any input notes using the
keypad device

Objectives and Constraints

» The robot must be completely
autonomous working without the aid of a
human.

» The robot should be able to execute the
song to a degree where the tune is
recognizable.

Project Description

The robot is controlled by a
microcontroller in order to play the song.
The robot was designed to mimic the
way a normal human plays a stringed
instrument such as a guitar or bass. The
setup is basically two strings across a
fingerboard will form the robot’s

“guitar” then using a specially designed
fingering system the robot that frets the
required notes on the fingerboard.

The microcontroller finds the correct
notes through the use of an optical
feedback mechanism that tells the
microcontroller when the fingering
mechanism is in position to play the
notes. The system is essentially LED’s
located at specific points which are
controlled by the microcontroller switch
on a photo transistor connected to the
fingering mechanism which in turn
sends a signal to the microcontroller.
The strings themselves are plucked using
two servos which are also connected to
the microcontroller. When the
microcontroller sends the signal the

servos turn hitting the string causing it to
vibrate.

The process repeats until the full song
has been played. The overall design is
shown on the next page. The blocks
indicated modules that show how the
system works.

Conclusions

We believe that this project lends itself
to further development. As it stands it
will be a thorough study of
microcontrollers and a rewarding
venture in the field of biomimicry.
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LED

Figure I-1: Conceptual Figure of Robot
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Il. PROBLEM STATEMENT

The main objective of this project is to design dmuld a functional prototype, which will be
able to play simple tunes that a human user worddram into the robot and then sit back as
he/she watches the robot play the tune they haagrgmmed. The robot will employ such safety
measures as an emergency shutoff switch, andibuataking system. The robot will be wired in
such a way as to prevent it from being an eledthezard. A strong emphasis will be placed on
ease of use and the physical aesthetics of thet,rebbee the robot is primarily designed for
entertainment purposes. The cost of the unitiatibe greater than $200.

A. Project Objectives
Based on the analysis of the problem statemenblectives are as follows:

1. Safety
1.1 Resistant to electrical Hazards
1.2 Robot must be sturdy
1.3 Robot must have emergency off switch
2. Ease of Use
2.1 Robot must be easy tune
2.2 Robot strings must be easy to replace
2.3 Robot should be simple to program
3. Aesthetic
3.1 Must appeal to humans
3.2 Robot should in some way mimic how a humanldvplay the guitar
4. Functional
4.1 Robot must have enough force to play strings
4.2 Robot must play a song to the point wherg iiecognizable

B. Constraints

Our project will be designed to comply with theléaVing constraints as determined from the
problem statement:

The robot needs to be light enough for one persaatry it.
The robot must be powered from an AC outlet
The robot should cost less than $200
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[ll. ASSUMPTIONS AND LIMITATIONS

In this section we include and define the techrisglumptions that will limit our design scope so
as to produce a feasible project within the altbtisne. We also recognize and establish limits to
our robot.

A. Assumptions
All necessary technology and is currently available
The user has no technical programming experience

The musical robot will be used indoors exclusivelywill not be designed to operate in
harsh conditions

B. Limitations

Robot is not able to play harmonics
Robot is unable to play music that spans more t¢im@noctave

Robot is unable to bar chords.

These parameters will guide our focus as we deminginassemble our musical robot to produce a
functional prototype.
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IV. NEEDS FEASIBILITY ANALYSIS
This section covers our marketing research anthtoemation we were able to gather from it.
The needs analysis allowed us to determine ourti@nts, limitations, and objectives.
Feasibility analysis helped us determine if we sth@ursue the project further.

A. Needs Analysis

The following table (Table IV-1) shows the resutdsthe conducted survey. The survey was
carried out among 33 potential designers and iovesiThe official form used is included on
Appendix A.

Survey Outcome

Out of the 33 people surveyed, 7 were female ande€t® male.

100% of the interviewee has some college or highercation
10 % are between 13 and 20 years old, 78.8% aneebat21 and 30 years old, 10%
are between 31 and 40 years old, and 2.2% are hlder50 years old.

10% are experts, 33% has basic knowledge, 57%dgsitar's knowledge

36.36% have a income of 20k a year, 18.18% Hawea@me of 21k to 30k a year,
15.15% have a income of 31k -40k a year, 24.24%6 lhancome of 41k to 50k a year,

and 6.06% have a income of over 51k a year.

The most important thing to all the people in thevey was being attractive and
having a fast response.

The most important aspect for safety is the elezthazard.

Most interviewee favored the system to performothlfast and slow rhythm.

85% of the population preferred to use this produdoor.

100% agreed that the main reason for buying tlodymt is for entertainment.

90% of the population’s opinion to make the producte useful is its high quality.

Most of the population is willing to pay betweer0$100 and $200.00.

Table IV- 1: Survey Outcome List
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The following table was obtained from integratinfiaputs from the client interview, survey
and brainstorming derived from the fishbone diagram

Source Attributes

Client rFiz?:t())Ztniszh:t;JIE be able to play a song to the point vehe it is Objective
Client glj)i?:rt. should in some way mimic how a human would py the Objective
Survey | Product should be simple to operate. Objective
Survey | Product should appeal to human. Objective
Survey | Robot needs to react quickly. Objective
Survey | Robot must cost less than $200.00. Constraint
Survey | Robot must be resistance to electrical hazards. Objective
Survey | Robot should have an emergency off switch. Objective

Table IV- 2: Attributes List and classification
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After the team analyzed, categorized and priowtiziee objectives the following table was
created with the project objectives:

List of Objectives

Robot should in some way mimic how a human wouéy pihe Aesthetic
guitar.
Robot should in some way mimic how a human wouéy pihe Aesthetic
guitar.

Table IV- 3: List of the Project Objectives

Through the fishbone diagram shown below we wele tbidentify other potential
objectives and design parameters that we couldement into out robot.

: Hazard
Fdling offa

table

Servos might not be strong
enough o pul down the
=tring

Hurran
darmage

Fobot unable

S—

Guitar string breaking
Turer slipping
Blectrica motors could
burm out.

hlea=urement for note Construction Fauks
location

Programing Bmors

Adiscarded caise

Conformmed causs

Figure 1V-2: Need Analysis Fishbone Diagram
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B. Feasibility Analysis
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The feasibility analysis is a preliminary studydetermine the projects’ viability. The results
obtained from this analysis will be used to makdeaision whether or not continue with the
project. The one to five (1-5) score method waslusedetermine the reasons of failures and
help us to reach for a solution or course of actiditer the analysis was executed, we finally
arrived at a conclusion through a feasibility diexis

Attribute

Score

Reasons

Solutions

(1-5)

Materials and

All the materials and

Find the ones that are

1

Technology 4 components used are  more suitable for the
Viability available. design
. This project require The person with stronges
Music knowledge. 3 basic music knowledge music knowledge is in
charge of teaching the re
of the members.
Computer programming None of the member hasStudy C language and
skills. 5 previous practice Microcontroller
programming this programming literature.
microchip.
Most of the components Do an extensive researct
Hardware knowledge 3 used are familiar. and study components
specifications.
Experience in robot None of the members Do research and review
operation. 2 has previous experience previous projects.
operating a robot.
Writing Skills Specific writing format ~ Get familiar with writing
4 s need. techniques.
There was not problem
Budget 5 acquiring the money N/A
needed for the project.
A few materials were  Split the work to reduce
only available online anddelays, do weekly
Adherence to Schedule 4 there was sipping meeting and establish
waiting. task’s deadline.
Total 25
Average 3.125

Table IV- 4: Feasibility Analysis Table
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An overage of score of 3.125 out of 5 was obtaifidiik is an acceptable score which means that
the team will overcome the feasibility obstaclespented. We will continue with the
implementation of this project and always consiigithe solution previous mentioned to secure
the success of our project.

V.RISK ANALYSIS

Almost everything we do in today's engineering d@weent business world involves some kind
of risk. Hence formal risk analysis can help youassess this risk and decide what actions to
take to minimize disruptions to our project. Thégoahelped us to decide whether the strategies
we could use to control risk that may be cost-¢ifec

Therefore e risk analysis of our project was carefully stadin order to identify potential
issues and risks ahead of time before these wepode cost and/ or schedule negative
impacts.This is performed thorough studies, consideringoalisible situations, its causes and
effects. After all the situations were carefullydies, our team arrived to conclusions that were
organized and assigned a category in order to ke tabplan and take preventive actions
accordingly.

In order todiscover the risks associated with this projectfti®wing fish bone diagram was
used:

Figure V-1: Risk Analysis Fish-bone Diagram
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The Exposure Matrix defines the risk acceptancestiolds is required in order to define the
level of risk that can be tolerated in our projedanagement of risk is evaluated according to
the class pertaining to the situation in questidtisks in Class | are below the risk acceptance
threshold and do not require active managemerdiss in Class Il requires active monitoring,

risks in Class Il requires proactive managememig aisks in Class IV exceeds the risk

acceptance threshold and requires urgent attention.

Occurrence Probability
Very Likely Possible Unlikely Legend
., Class IV L Low Risk
2 Class Il B,D,J,O,T M, Q Moderate Risk
g| Classl F,G Al R N, S Severe Risk
o Class |
K C,E,HP

Table V-1. : Exposure Matrix

This study allowed us to undertake certain acttorevoid the risks mentioned before and
consequently to fail or do not complete the MusRabot. The following table V-2 relates these
actions.

Risk Actions

Read, understand and follow the safety and stanégrdations guidelines.
Team work and run circuit simulations. Dive thejpobin tasks to easily
identify errors.

Research and study literature. Review similar jtsje

Study C language and microcontroller programmitegditure.
The person with strongest music knowledge is ingdnaf teaching the rest
of the members.

Try to avoid using components that may contain fthraaterials.

Follow standard to ensure safety on every eledtc@anection and part.

I|O|m(m|O|O| @

Split the work equally to each member at every mget

| Order parts with enough time so delay will not effiéhe progress.
Try to follow the schedule and due dates. Moni@nogress on each
weekly meeting.
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Create flexible schedule for meetings. Make thigqmt as a priority.

Consider survey advices and study user's needs.

No action required.

Avoid using non standard parts.

No action required.

Search for alternative parts.

Test circuits before assembly them to calculate budget.

Repair cost was calculated following marketing values and trends.
Order part with time to avoid fast shipping fees. Run circuit simulation before
ordering parts.

4| »w | m|lOo|v|lOo(ZIZ[|X

One person of the team is in charge of managing the budget professionally.

Table V-3: Actions to minimize the occurrence sksi

VI. OPERATING ENVIROMENT

The musical robot can operate in any family, homeé imdoors environment as long as it is a
friendly environment and not exposed to water. Blygest danger to causing this product to
malfunction is water. This product is not wateogdrand will experience a permanent loss of
functionality if exposed to water. This device alss a lot of sensitive and fragile circuits inside
that can malfunction due to being shaken, droppetiraoved in any violent way. This means
this product should not be used in a very hectist paced, unstable or volatile environment.
This can damage the unit permanently or createed fa@ the unit to be repaired. The musical
robot is a family oriented product and should bitrogirs of entertainment to the whole family.

VII. INTENDED USER(S) AND INTENDED USE(S)
A. Intended Users

Intended users for the musical robot are peopl filoe ages of 10 and up. This product can
provided hours of entertainment to adults and child Since the robot has sensitive parts and
guitar strings children should be supervised bydnlt when playing with the robot to prevent
damage to the robot. Young children should espgcisd watched to prevent any injury that
might occur from moving parts or the guitar strgrgapping do to improper use. People of all
ages should be able to enjoy this product as leng B used in a responsible manner. Other
users may include and not limited to people withiaterest in music, robotics, electrical
engineering and science in general. Overall theicalsobot is a fun, safe and enjoyable product
that can be used and enjoyed by members of thes déamily.
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B. Intended Uses

The intended use for the device is entertaining.

VIIl. BACKGROUND

In this section we will examine three projectst thlaow the current technologies used to
execute projects similar to out musical robot. Tin& project is an implementation of optical
feedback to control the brightness of a white LEBick could be used for residential lighting
applications without the drawbacks of conventianathods.

A) Optical Feedback Stabilizes White LED.

This project was accomplished by Assistantddsor Dhananjay V. Gadre at the Netaji
Subhas institute of technology in New Delhi, Inpdil-1].

1. Summary:This is a design project performed by the abovetioeed professor in
which he shows the traditional methods of stalzivhite LEDs pointing out there
respective drawbacks. He specifically mentions kisimg a feedback series resistor
to sense the voltage drop change in the LED ibe'tmhost efficient solution for two
reasons. First the series resistor consumes pohiehwvould be better used in
powering the LED. Second because LED brightness/exsely proportional to
temperature as the LED heats up due to ambienteietyse changes or internal heat
build up the LED begins to dim, the series resi&erdback loop cannot correct this
because the voltage drop across the LED is nadtipeelated to temperature. He
then proceeds to show his design which involvesitigeof an LED as an optical
sensor to implement optical feedback of the LEDighiness back to the voltage
regulator powering the LED so that the regulatqustdthe duty cycle thereby
maintaining the brightness of the LED. The sendéblis connected to an LM358
operational amplifier which amplifies the voltageaage in the sensor LED due to
the brightness of the white LED. That signal istfeedback to the regulator.

2. Technology ReviewThe lighting LED used in this application is dlétbit different
than the ones we typically see. Lighting LED’s ¢eve power ratings of 1-3 Watts
and take currents as high as 100mA. Normal LEDEkexpplode if 1 watt of power is
applied to them. Prof. Gadre makes use of the eesigpe LM358 Dual OP AMP in
the feedback loop to amplify to voltage changehef sensor LED. The great thing
about the LM358 is that unlike the 741 which isualdsupply op amp, the LM358 is
a single supply op amp which simplifies the poveguirements of the overall circuit.
The heart of the LED drive circuit is the LM2575 jAstable Buck Converter from
National Semiconductor. This chip can be used aadamstable step-down DC-DC
converter. The LM2575 adjusts the output voltagednying the output duty cycle at
a rated controlled by the feedback voltage. In way as the brightness of the Output
LED varies the circuit will respond accordingly. &kensor LED is just a simple red
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LED in a transparent enclosure. The transparentipamportant since it allows for
the full spectrum of white light to be absorbedeThst of the circuit is composed of
a switching diode, a capacitor, and an inductqgricgl components of power supply
design.

. System DescriptionThe circuit makes use of feedback in order toiktaba high
brightness white LED. The voltage across a sen&® Is amplified by the LM358
and feedback to the adjustable buck converter. igecéhe DC-DC conversion is
based of Pulse Width Modulation the output of theclB converter is filtered
smoothed out by the inductor capacitor circuit. Tactor also stores energy so that
the LED can still be lighted even when the buckvester is in the off cycle. The
amplifier is setup so that it has a gain of apprately 30; however this figure is not
set in stone and can be adjusted according toittentstances. The circuit and Block
diagram below give full insight into the system.

Figure VIII-1: Block Diagram
Courtesy of Team 7
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Figure VIII-2: Circuit Diagram
Concept Courtesy of Prof. Dhananjay V. Gadre

B) Hurdy Gurdy

This project was built and tested by Dr. Godfriedl®h-Raes of the Logos Foundation
of the Netherlands [VIII-2]. Figure VIII-3.give usn idea of how Hurdy Gurdy looks
like.
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Figure VIII-3: Hurdy Gurdy
Photo Courtesy of Logos Foundation

1. Summary Hurdy is a large robot that plays on 2 stringgva range of 4 octaves. It is
designed to receive MIDI input from a keyboard omputer, and then translate that
information to music it plays on its two stringsurddy uses a bow much like a violin or
cello player would in order to sound notes. Hurdy aecreate all of the traditional
nuances inherent to a bowed instrument a good eramquid be vibrato (when the note
is pushed and pulled out of tune quickly to cremteexpressive sound). The notes are
selected using very strong electromagnets to phdl gtring to a fret on the robot’s
fingerboard. Hurdy also has 2 felt covered dampeder to quiet the strings once the
proper note length has been played or to elimitiadeeffects of sympathetic vibration
which occurs when one string is being played anchibbge both string share the same
bridge and nut the other string will lightly begmvibrate, the dampers always make sure
that the string that needs to be quiet stays quiet.

2. Technology ReviewHurdy is a very complicated robot; it uses thRd€ controllers to
control all of its functions. The first PIC is us&al translate the MIDI note commands
into the switch positions corresponding to fret iposs. MIDI stands for Musical
Instrument Digital Interface, it is the standaratpcol used for interfacing all sorts of
electronic instruments, recorders, drum machinas tlae like. MIDI does not transmit an
audio signal per se, what it transmits is inform@aton pitch, volume, panning cues and
other related parameters in binary format and therawvontroller or computer then
proceeds to interpret that information. The secBi@ microcontroller is used to control
the bowing mechanism as well as a few lights niearftont of the robot. This controller
controls variables such as bow pressure, angledsgeef these variables are critical in
the proper articulation of a note and changes @sdhparameters can change the tone of
the note being produced. The third PIC is usedturol the two soft felt dampers found
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near the bridge which allow precise control of nietegth by muting the strings at the
proper moment. Along with these controllers theotols also equipped with several
power supplies and motors in order to run the werimotors and fretting apparatus. The
robot has more recently undergone an additionalifcation which is the addition of an
electromagnetic string driver. This apparatus adldar the playing of the strings without
having to physically pluck them. They are pushetb inibration using a strong
electromagnetic field.

. System DescriptionThis robot uses sophisticated controllers in ptdeaccomplish what
a human player can do without much thought. Thennsamponents of the system are
the fretting mechanism and the bowing system whiehboth controlled and monitored
using the PIC controllers. The overall circuit isoen below and it is very easily
appreciated the complexity of the system.

Figure VIII-4: Dr.Godfried Willem-Raes Circuit
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C) Yellow Drum Machine

The Yellow Drum Machine (see Figure VIl)-&vas a constructed by Frits Lyneborg, a
member of www.letsmakerobots.com [VIII-3].

Figure VIII-5: Yellow Drum Machine
Photo Courtesy of Frits Lyneborg

1. Summary:This project is really just a little homemade rotiwit exhibits a very complex
behavior. The robot searches for an object to playonce a suitable object is found it
begins to play a little rhythm which it records.eTtobot then plays back that prerecorded
rhythm and plays another beat on top of it. Theotatall also record say a shout while it
is playing the first rhythm and play along with thleout the second time through. Frits
also comments that the robot can match say a footped tempo after hearing it for four
beats, it very interesting to watch.

2. Technology ReviewThe small robot consists of a sound sampler, 6egearotors, 2
speakers, an SRFO005 sonar ranging module, a mongphand a PICAxe 28
microcontroller. One of the most interesting thimdgout this robot is that it doesn’t use
servos, which is surprising since swinging a drumksto a specific position seems
ideally suited to a servo however Mr. Frits perferthe task using a very small dc motor.
The sonar ranging module is on a swivel head alsslaideally suited to a servo since
the head goes left, right, and back to center. drkator explains that he isn’t concerned
with precision he’s only interested in the headim@ing to center, so the head of the robot
is outfitted with spring that pull the module backcenter once power is removed from
the motor controlling the head, it's a very simptdution to the problem of not having a
servo. The sound sampler is a commercial 20s redotdat can be purchased online
which was interfaced with the PICAxe controller.eTRICAxe microcontroller was a
very interesting discovery since | had never he#rduch a brand. As it turns out the
PICAxe Microcontroller is one of the most populaicracontrollers in the United
Kingdom. At the heart of this brand are the 12F &68 family of microcontrollers from
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Microchip. What makes the PICAxe brand is the ofpegasystem they install within the
microcontroller that makes it a PICAxe. These calférs are tailored more towards the
young student; they are programmed using a seablecand a proprietary software
environment. According to the manufacturer the paogning environment is designed
such that an entire program can be designed graphicsing what they call a flowchart
view, thereby simplifying the programming processd asince there’'s no expensive
programmer to buy the entire system is very lowt.cble controller is programmed
textually using a modified BASIC language. One & tinconveniences to this
microcontroller is that the programming languagaegbetween the different models of
the PICAXxe. It's not a large deviation only 5 ord@dmmands however it impedes having
deep knowledge of the PICAxe programming systerthengeneral sense. Technically
these controllers make use of internal ADC, PWM] aapture inputs of whatever PIC
controller they are based on making the PICAxe roflet comparable to any other
microcontroller we might use here in the states.

. System Description Yellow Drum machine searches its surroundingiremwnent
looking for an object suitable to play on such dstle or maybe even a wall using the
sonar ranging sensor. Once the sonar system hksdpip a suitable object the robot
proceeds to line itself up with the object throughseries of small left and right
movements. The robot will turn on the onboard rdeorand play a nice little rhythm.
Once it's done it will play back the little rhythand play another beat on top of the
sampled rhythm. Even though Mr. Frits doesn’t gio iany great detail about the code
below is a flow chart of how we feel the programghgtheme more or less goes.
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Figure VIII-6 Flowchart

IX. INTELLECTUAL PROPERTY CONSIDERATIONS

Intellectual Property is a legal field that reféosthe creations of the brainpower such as artist,
musical, literary work, also invention of namesmbypls, and design used in the commercial
field. This property includes four categories: patecopyright, trademark, and trade secrets.
Intellectual property rights are a collection otksive rights over creations of the mind.

A. Patent Considerations

A patent which is usually our interest in this gaectn which we will be focusing on later, is a
set of exclusive rights granted by a governmerangone who invent or discover any new and
useful process, machine or any composition of mafiee patent is good for a fixed period of
time in exchange for the regulated, public disclesof certain details of the invention. Having
the patent of your invention allow you to prevettiers from assembly, use, offer for sale, sell
the invention throughout the United States, or irtipg the invention into the United States.
The patent usually provides protection of the inenfor 20 years from the filing date. A
patent is an exclusionary right. It gives the patewner the right to exclude others from
infringing on the patent.
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The following existing patents for similar projegtere researched to avoid infringement.
1) Hand control system, method, program, hand, andtrob

United States Patent, 7,289,884
September 20, 2007

By Takahashi, Kazuyuki and Hasegawa, Tadaaki

a) Abstract

This patent is a hand control system, that contitods position and posture of a palm, object
reference point and the hand reference point .Quiie controlling process of the position and
posture of the palm, the operation of a specifiadeir mechanism is controlled such that the
bending posture of the specified finger mechanisadgglly changes This ensures accurate
grasping of an object of an arbitrary shape.

b) Claims Summary

The patent claims a hand control system controlirgrasping operation of an object by a hand
extended from a base and having a plurality of dinghechanisms capable of bending and
stretching. The fourth processor gradually charthesbending posture of the specified finger

mechanism when one or both of a distance betweerolect reference point and the hand

reference point and an angle, the reference veetdrthe hand reference vector reach a value
within a range corresponding to part or all of e, shape, position, and posture of the object
recognized by the first processor. The robot, casimgy the hand control system perform the

grasping operation of an object of which is cotémblby the hand control system.
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Figure IX-1: Perspective view of the robot withglam mechanical

Our musical robot it is going to be based also fimger mechanism, but unlike this previous
patent, our robot it is going to be design to grasmbject. The purpose of the finger is to hold
one of the strings with one hand and pull a spestfing with the other hand in order to produce

the musical note.
2) Robot hand

United States Patent, 7,221,120
May 22, 2007
By Tadano, Hiroyuki

a) Abstract

This patent is about a robot hand that has a el fingers and provide, at a location at which
the robot hand touches an object, with a movingputhes the object and moves the object. It
also provides to the palm side of the robot hardi@rthe finger pad side to the robot hand.
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b) Claims Summary

The invention claims a robot hand that comprisesian base, with a plurality of
articulating fingers attached to it, and at least onoving. It disposes at a location of the main
base and/or said plurality of fingers of the robhanhd for touching and/or moving an object .It
also provides elastic members containing a plyraft pressure chambers such that traveling
waves that can form the respective surfaces otlhstic members by the sequential selective
expansion of each pressure chambers.

Figure IX-2: Robot Hand Mechanism

Unlike our robot, this patent is implemented to mmbjects. Another difference to avoid any
similarity is that our robot’s finger doesn’'t hatiee purpose of rotating, it only perform a
horizontal and vertical movement of its fingers.

3) Multi-finger hand device
United States Patent 6,913,627
July 5, 2005
By Matsuda, Hiroshi
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a) Abstract

This invention is a multi-fingered hand device l@seduced number of actuators as a drive
source for bending and extending finger mechani@nusit is capable of smoothly bending and
extending the finger mechanisms to grip an objeictger mechanisms are biased to an extended
position by springs. A wire is extended from fingeechanisms and a wire is extended from the
finger mechanisms respectively around a pulley.ifews extended from the finger mechanism
and it is trained around a pulley which is drawtoian arm. The pulleys are rotatable and are
held by a pulley holder which is angularly movahl®ut a support shaft and movable toward
the arm. An actuator disposed in the arm pullsr@ wr releases the wire to bend or extend the
finger mechanisms altogether. Even if any of tingér mechanisms touch against an object and
fail to move when they are being bent or extendee,other finger mechanisms can be bent or
extended.

b) Claims Summary

This patent claims a multi-fingered hand devicd tleve a palm assembly mounted on a distal
end of an arm, a plurality of finger mechanismseeging from the palm assembly and
comprising a plurality of inter joined members segsively connected by a plurality of finger
joints. The finger mechanisms are extended to beechto either one of an extended position or
a bent position. Wire members are extended fromfithger mechanisms toward the palm
assembly and the wire members are extending fraanfittger mechanisms against a bias.
Besides the palm assembly is disposed for rotalmout an axis extending substantially in a
longitudinal direction of the arm, and said driveans comprises means having at least one
drive wire member extending from said pal. A drfeece is applied to the drive wire member
who is tending to pull the drive wire member inte arm.
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Figure IX-3: Perspective view of the multi-fingéi@nd device

The musical robot also includes a bending fingechrmaism but in order to avoid any infraction
our robot’s finger is going to have only one bewgdinstead of the multiple bending that it is
going to facilitate the vertical movement of theger. Likewise this project, the musical robot’s

finger will be bent by using a pulley and a stribgt in this case each finger it is going to be
drive by a servo motor.

A. Copyright, Trademark, Service Mark considerations

Copyright is a set of exclusive legal rights essddd by most governments for a limited time
to protect the particular structure, system or methn which an idea or information is
articulated. Generally, it is the right to copy litualso gives credit to the copyright holder for
his work. Copyright is different from a patent eademark because copyrights protect original
works of authorship, while a patent protects inwerg or discoveries and trademarks protects
words, phrases, symbols, or designs identifying drsdinguishing the source of goods or
services of one party from another.

Trademark is to specially recognize the commefoiahdation or origin of products or services,
and that is legally reserved for the exclusive atd¢hat owner, The owner of a registered
trademark may begin legal proceedings for tradenmdringements to prevent unauthorized use
of that trademark, this does not mean that tradersav prevents the use of that mark by the
general public. A common word, phrase, or othen sign only be removed from the public
domain to the extent that a trademark owner is tbtaaintain exclusive rights over that sign in
relation to certain products or services, assurthiege are no other trademark objection.
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1) Project Name

The project was named “Musical Robot” and the deamcthe United States Patent and
Trademark Office resulted in no companies, robmtg@roject using the term.

2) Team Name

The team decided to come up with a name that repteshe team itself and the project as
well. The team name “Music Tech” was chosen aftexcking that do not coincide with
any active names in the robotic industry. Howeaféer a carefully searching two similar
names were found as shown bellow:

Serial Reg. Number  Word Mark Check Status Live/Dead
Number
1 78635379 MUSITEC TARR DEAD
2 78083568 2567626 MUSICTECHTARR LIVE
COLLEGE
3 74029913 1750471 MUSIC TARR DEAD
TECH

Table 11: Trademark List

After analyzing the project we concluded that themenot trade secrets related to the Musical

Robot project
X. STANDARDS CONSIDERATIONS

Standards are industrial guidelines that exisatilifate collaboration between organizations.
When developing the product, a team needs to utashelshe standards involves. Failure to
adhere to standards can cause delays in developmantifacturing and sales. Also, often times
an engineer must turn to the standard to understaomd in depth the topic they are working on.
Bellow some of the standards related to our Musizlabt are explained:

A. US Department of Labor Standard STD 01-12-002-PUB.8 — Guidelines For
Robotics Safety

1) Safety Systems

The proper selection of an effective robotics sasgistem must be based on hazard analysis of
the operation involving a particular robot. Amoihg factors to be considered in such an analysis
are the task a robot is programmed to performsthg-up and the programming procedures,
environmental conditions and location of the rolbetuirements for corrective tasks to sustain
normal operations, human errors, and possible noladfunctions. Sources of robot hazards
include:
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. Human errors

. Control errors

. Unauthorized access

. Mechanical hazards

. Environmental hazards

. Electric, hydraulic, and pneumatic power sources

OO WNPE

2) A-4 OSHA Instruction PUB 8-1.3 SEP 21, 1987 Officef Science and Technology
Assessment

An effective safety system protects operators,regggis, programmers, maintenance personnel,
and others who could be exposed to hazards assoeigh a robot's operation. A combination
of methods may be used to develop an effectivaysajstem. Redundancy and backup systems
are recommended, particularly if a robot can createus hazardous conditions.

3) Guarding Methods:
1. Interlocked Barrier Guard

This is a physical barrier around a robot work déowe incorporating gates equipped with
interlocks. These interlocks are designed so thatigomatic operations of the robot and
associated machinery will stop when any gate isiegeRestarting the operation requires
closing the gate and reactivating a control swibciated outside of the barrier. A typical
practical barrier is an interlocked fence desigsethat access through, over, under, or around
the fence is not possible when the gate is closed.

2. Fixed Barrier Guard

A fixed barrier guard is a fence that requires gofdr removal. Like the interlocked barrier
guard, it prevents access through, over, underaround the fence. It provides sufficient
clearance for a worker between the guard and apgt n@ach, including parts held by an end-
effecter, to perform a specific task under congéitonditions.

3. Awareness Barrier Device

This is a device such as a low railing or susperatexn that defines a safety perimeter and is
intended to prevent inadvertent entry into the wenkelope but can be climbed over, crawled
under, or stepped around. Such a device is acdeptaly in situations where a hazard analysis
indicates that the hazard is minimal and inter éatlor fixed barrier guards are not feasible.
Interlocked or fixed barrier guards provide a pesitprotection needed to prevent worker
exposure to robotic systems hazards.

4. Presence Sensing Devices
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The presence detectors that are most commonly insezbotics safety are pressure mats and
light curtains. Floor mats (pressure sensitive atsd light curtains (similar to arrays of
photocells) can be used to detect a person stejppim@ hazardous area near a robot. Proximity
detectors operating on electrical capacitanceasginic’s, radio frequency and laser.

4) A-5 OSHA Instruction PUB 8-1.3 SEP 21, 1987 Officef Science and Technology
Assessment

These television principles are currently undergaieliability testing in research laboratories
because of recognized limitations in their capgbitf detecting the presence of personnel.
Although some of these devices are already availebthe safety equipment marketplace, care
must be used in their selection to insure adeqmatety and reliability. At this time, such
proximity detectors are not recommended for suehurdess a specific analysis confirms their
acceptability for the intended use. Effective presesensing devices stop all motion of the robot
if any part of a worker's body enters the protec®ade. Also, they are designed to be fail-safe so
that the occurrence of a failure within the devigk leave it unaffected or convert it into a mode
in which its failed state would not result in artigent. In some cases this means deactivation of
the robot. Factors which are considered in thecsele of such devices include spatial
limitations of the field, environmental conditioafecting the reliability of the field, and sensing
field interference due to robot operation.

5) Emergency Robot Braking

Dangerous robot movement is arrested by dynamikirigasystems rather than simple power
cut-off. Such brakes will counteract the effectgasot arm inertia. Cutting off all power could
create hazards such as a sudden dropping of dg@wt or flinging of a work piece.

6) Audible and Visible Warning Systems

Audible and visible warning systems are not acd#ptsafeguarding methods but may be used
to enhance the effectiveness of positive safeguaius purposes of audible and visible signals
need to be easily recognizable.
A standard is a rule or principle that is used hasis for judgment. Standards are essential in
engineering because they address many things fafetysenvironmental issues and even
production of electronic resources. Without staddave would have no common ground or
foundation that all engineers can adhere too. Wigatie into consideration the following
standards into our design.
5 Emergency Robot Braking. Our team wants to in@@e a button to stop the robot
arm on its rail. This system will work as a brakestop all motion in progress.

Safety System hazard analysis. We will need toyaeabur design and take the following
precautions into account, human errors, contralrsyitunauthorized access, mechanical
hazards, environmental hazards and electric hydrantl pneumatic power sources.
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B. US Department of Labor Standard TED 01-00-015[TEBRO115A]
1) Introduction.

Industrial robots are programmable multifunctionschanical devices designed to move
material, parts, tools, or specialized devices ugho variable programmed motions to
perform a variety of tasks. An industrial robotteys includes not only industrial robots
but also any devices and/or sensors required ®rdbot to perform its tasks as well as
sequencing or monitoring communication interfaces.
Robots are generally used to perform unsafe, hamardighly repetitive, and unpleasant
tasks. They have many different functions such aderal handling, assembly, arc
welding, resistance welding, and machine tool l@adl unload functions, painting,
spraying, etc. See figure IV-1 for common defim8o Most robots are set up for an
operation by the teach-and-repeat technique. Jrttude, a trained operator (programmer)
typically uses a portable control device (a teashdant) to teach a robot its task manually.
Robot speeds during these programming sessions arglow.
This instruction includes safety considerationsessary to operate the robot properly and
use it automatically in conjunction with other pdmeral equipment. This instruction
applies to fixed industrial robots and robot systesnly. See figure IV-2 for the systems
that are excluded.

2) Accidents: Past Studies

Studies in Sweden and Japan indicate that manyt ratmdents do not occur under normal
operating conditions but, instead during prograngniprogram touch-up or refinement,
maintenance, repair, testing, setup, or adjustnizuring many of these operations the operator,
programmer, or corrective maintenance worker mayptearily be within the robot's working
envelope where unintended operations could resutjuries.

Typical accidents have included the following:

A robot's arm functioned erratically during a pramming sequence and struck the operator.

A materials handling robot operator entered a rebwork envelope during operations and
was pinned between the back end of the robot aadedy pole.

A fellow employee accidentally tripped the powertstv while a maintenance worker was
servicing an assembly robot. The robot's arm stthhekmaintenance worker's hand.

3) Robot Safeguarding.

The proper selection of an effective robotic saéeding system should be based upon a hazard
analysis of the robot system's use, programmingjnaantenance operations. Among the factors

to be considered are the tasks a robot will benaraghed to perform, start-up and command or

programming procedures, environmental conditiomgation and installation requirements,
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possible human errors, scheduled and unschedulédtemance, possible robot and system
malfunctions, normal mode of operation, and alspanel functions and duties.

An effective safeguarding system protects not aggrators but also engineers, programmers,
maintenance personnel, and any others who work @t robot systems and could be exposed
to hazards associated with a robot's operationorbination of safeguarding methods may be
used. Redundancy and backup systems are espe@eatynmended, particularly if a robot or
robot system is operating in hazardous conditionshandling hazardous materials. The
safeguarding devices employed should not themsedwastitute or act as a hazard or curtail
necessary vision or viewing by attending human atoes.

4) Types and Classification of Robots.

Industrial robots are available commercially in adev range of sizes, shapes, and
configurations. They are designed and fabricateith different design configurations and a
different number of axes or degrees of freedomsé&Hactors of a robot's design influence its
working envelope (the volume of working or reachspace). Diagrams of the different robot
design configurations are shown in Figure 1V-1.
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Figure X-1: Robot Arm Design Configurations.
5) Servo and Nonservo.

All industrial robots are either servo or nonsecemtrolled. Servo robots are controlled through
the use of sensors that continually monitor theotsbaxes and associated components for
position and velocity. This feedback is comparedpte-taught information which has been
programmed and stored in the robot's memory. Neonsesbots do not have the feedback
capability, and their axes are controlled througlystem of mechanical stops and limit switches.

6) Type of Path Generated

Industrial robots can be programmed from a digtanc perform their required and
preprogrammed operations with different types ofhpagenerated through different control

techniques. The three different types of paths ig¢ee are Point-to-Point Path, Controlled Path,
and Continuous Path.
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1. Point-to-Point Path. Robots programmed and controlled in this mannepeogrammed
to move from one discrete point to another wittie tobot's working envelope. In the
automatic mode of operation, the exact path takethé robot will vary slightly due to
variations in velocity, joint geometries, and pospgatial locations. This difference in
paths is difficult to predict and therefore canateca potential safety hazard to personnel
and equipment.

2. Controlled Path. The path or mode of movement ensures that theoktie robot's arm
will follow a predictable (controlled) path and entation as the robot travels from point
to point. The coordinate transformations required this hardware management are
calculated by the robot's control system comp@éservations that result from this type
of programming are less likely to present a hatagersonnel and equipment.

3. Continuous Path A robot whose path is controlled by storing aygéanumber or close
succession of spatial points in memory during ahigey sequence is a continuous path
controlled robot. During this time, and while thebot is being moved, the coordinate
points in space of each axis are continually meedoon a fixed time base, e.g., 60 or
more times per second, and placed into the cosyisiem's computer memory. When the
robot is placed in the automatic mode of operatibba,program is replayed from memory
and a duplicate path is generated.

7) Robot Components

Industrial robots have four major components: thecmanical unit, power source and control
system (Figure 1V: 4-2).
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Figure X-2: Industrial Robots Major Components.

1. Power Sources

Energy is provided to various robot actuators dvelrtcontrollers as pneumatic, hydraulic, or
electrical power. The robot's drives are usuallghamical combinations powered by these types
of energy, and the selection is usually based uppplication requirements. For example,
pneumatic power (low-pressure air) is used generédr low weight carrying robots.
Hydraulic power transmission (high-pressure oilusially used for medium to high force or
weight applications, or where smoother motion aantan be achieved than with pneumatics.
Consideration should be given to potential hazafdses from leaks if petroleum-based oils are
used.

Electrically powered robots are the most prevailemdustry. Either AC or DC electrical power
is used to supply energy to electromechanical mdtioen actuating mechanisms and their
respective control systems. Motion control is mbeltter, and in an emergency an electrically

powered robot can be stopped or powered down nededysand faster than those with either
pneumatic or hydraulic power.

2. Control Systems

Either auxiliary computers or embedded microproaesare used for practically all control of
industrial robots today. These perform all of tleguired computational functions as well as
interface with and control associated sensorspgrg tooling, and other associated peripheral
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equipment. The control system performs the necessguencing and memory functions for on-
line sensing, branching, and integration of otlegrigment. Programming of the controllers can
be done on-line or at remote off-line control stas with electronic data transfer of programs by
cassette, floppy disc, or telephone modem.

Self-diagnostic capability for troubleshooting andintenance greatly reduces robot system
downtime. Some robot controllers have sufficienpasty, in terms of computational ability,
memory capacity, and input-output capability toveealso as system controllers and handle
many other machines and processes. Programmirapof controllers and systems has not been
standardized by the robotics industry; therefohe manufacturers use their own proprietary
programming languages which require special trgiihpersonnel.

C. USDepartment of Labor Standard Number 1910.303

» Part Number: 1910

* Part Title: Occupational Safety and Health Standards
* Subpart: S

» Subpart Title: Electrical

 Standard Number: 1910.303

* Title: General requirements.

1) Examination

Electric equipment shall be free from recognizeddnds that are likely to cause deat
serious physical harm to employees. Safety of egeipg shall be determinedsing the
following considerations:

- Suitability for installation and use in conformityth the provisions of this subpart
Suitability of equipment for an identified purpasay be evidenced by listing or
labeling for that identified purpose
Mechanical strength and durability, including, parts designed to enclose and
protect other equipment, the adequacy of the ptiotethus provided
Wire-bending and connection space
Electrical insulation
Heating effects under all conditions of use
Arcing effect
Classification by type, size, voltage, current @dyaand specific use

Other factors that contribute to the practical gaggding of persons using or likely to cc
in contact with the equipment.
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2) Installation And Use

Listed or labeled equipment shall bestialled and used in accordance with any instrog
included in the listing or labeling.

3) Insulation Integrity

Completed wiring installations shall be free fronog circuits and from grounds other than
those required or permitted by this subpart.

4) Interrupting Rating

Equipment intended to interrupt current at faeldls shall have an interrupting rai
sufficient for the nominal circuit voltage and tbarrent that is available at the line termi
of the equipment. Equipment intended to interryorent at other than fault levels shall r
an interrupting rating at nominal circuit voltagaffcient for the current that must
interrupted.

5) Circuit Impedance and Other Characteristics

The over current protective devices, the total idgree, the component shaiteuit curren
ratings, and other characteristics of the circait le protected shall be selected
coordinated to permit the circuit protective desgicesed to clear a fault to do so without
occurrence of extensive damage toe¢hextrical components of the circuit. This fadlal be
assumed to be either between two or more of tlweiiticonductors, or between any cir
conductor and the grounding conductor or enclosietpl raceway.

6) Deteriorating Agents

Unless identifiedor use in the operating environment, no condwgctrrequipment shall
located in damp or wet locations; where exposedatges, fumes, vapors, liquids, or o
agents that have a deteriorating effect on the wctods or equipment; or where exposed t
excessive temperatures.

7) Mechanical Execution Of Work

These are some of the mechanical requirementsdogxecution of work:
Electric equipment shall be installed in a neatwodkmanlike manner.
Unused openings in boxes, raceways, auxiliary ggjttabinets, equipment cases
housings shall be effectively closed to afford pobibn substantially equivalent to
wall of the equipment.
Conductors shall be racked to provide ready and asatess in underground
subsurface enclosures that persons enter for lgitsbal and maintenance.
Internal parts of electrical equipment, includingsbars, wiring terminals, insulatc
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and other surfaces, may not be damaged or conttadibg foreign materials such
paint, plaster, cleaners, abrasives, or corrogsa&lues.

There shall be no damaged parts that may advemsi#fct safe operation
mechanical strength of the equipment, such as plaatsare broken, bent, cut,
deteriorated by corrosion, chemical action, or beating.

8) Mounting and Cooling of Equipment
Electric equipment shall be firmly secured to th&face on which it is mounted.
9) Guarding of Live Parts

Except as elsewhere required or permitted by thaisdard, live parts of electric equipment
operating at 50 volts or more shall be guardedrsgaiccidental contact by use of approved
cabinets or other forms of approved enclosureyy@nly of the following means by:

Location in a room, vault, or similar enclosurettis accesible only to qualifie
persons

Suitable permanent, sstiantial partitions or screens so arranged saoothigitqualifiec
persons will have access to the space within reathe live parts. Any openings
such partitions or screens shall be so sized aratdd that persons are not likel
come into accidaetal contact with the live parts or to bring contilug objects int
contact with them

Placement on a suitable balcony, gallery, or platfaso elevated and otherw
located as to prevent access by unqualified persons

Elevation of 2.44 m (8.0 ft) or more above the floo other working surface.

XI. HEALTH AND SAFETY CONSIDERATIONS

All products have health and safety considerattbias need to be addressed. The mu
robot is no different. It is very unlikely that hproduct can cause any ses injury to th

general public if used in a responsible manner. Theee main health and saf
considerations that need to be addressed for tbdupt are moving parts, electric shock

guitar strings. The guitar strings can cause ynjorthe huan body if they snap in clc
proximity to the body. If the strings make contadth the body at the same time they ¢
they can cause minor injury. Also, any moving pa#s cause minor injury, if body parts

put in front of them. Both these issuare only a problem if the product is used i
improper way. For example, when tuning the stripgs have to be careful to not apply
much pressure to the guitar string. Applying to mpeessure can break the string and ¢
a super facial injuryln the same way sticking your fingers or body partfont of moving
objects can cause minor injury. This product camseaa serious injury if dropped or pla
into a body of water. This can cause a severer@estiock that can result in serious iryju
Yet again if this product is used responsibly therao danger of any kind. Injury can o
occur do to user error, improper use or carelessnes
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XII. ENVIRONMENTAL CONSIDERATIONS

The human being needs a place to live with cleaarad water, food which is not harmful, and
an environment which will not threaten our healtid safety. Therefore, it is the obligation of
every engineer to design products that are enviemnatly friendly. As designer of the Musical
Robot and as future engineers, it is in our best@sts to protect those resources that sustain us.

Even thought our team has the purpose to createyaled product there its still the possibility
of creating a product that somehow may affect tidrenment. As any electronic robot, this
product is power from an AC wall outlet. Nowadayelfis the main source to produce
electricity, so when creating this project we arelpmg to increase consuming of this
nonrenewable resource. With time and with a greatahd of this robot, thousands of kilowatts
may be consumed. Therefore we have the alterngtitzeild an invention that is as economic as
possible. In order to do that the cost will be lafty dollars. On the other hand Scientifics are
researching hard in looking for natural and rendev@ources to supplement the fuel and they
predict that there is chance of twenty percent thahe next years every electrical plant uses
only this type of sources. In this case there wilt be any negative effect on the environment
and there were not reason to build an economictrdhd there is still the possibility that a big
mass production has to be updated because it isideyed by the users as “non economic
device.” On this case, we will have an incremenhiokty dollars in the production cost of the
Musical Robot.

To resolve this dilemma, an environment risk analygll be used to decide whether or not to
build an economic device. There are two possikieRs:

a: Built an economic device
&: Not to build an economic device.

There are also two different probabilities:
W3 : Electricity will be generated from a renewalbdeixe so there will not be effect on the
environment.

W, Electricity still will be generated from fuel.

In order to find the risk according with each acttaken the following formula was used:
R(a) = L(a [w)P(w)+L(a [w,)P(w,)

Table XlI-1 shows the results obtaining when perfimig the environmental risk analysis:
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Table XlI-1: Environmental Risk Analysis Table

After analyzing the results on column number two may conclude that action number one:
built an economic device, is the best option toidamy negative impact to the environment and
the increment in the production cost of the musichbt.

Besides there are other environmental considematibat will be addressed to the designing
process of the Musical Robot:

using goods that have recognized environmentatiatas labels

specifying environmentally beneficial goods and/gers

considering whole of life costs when purchasing

buying from suppliers who are concerned about teawironmental performance and
who are able to demonstrate policies and procedaraddress environmental issues
minimizing waste

recycling products

Any work performed must comply with Environmentalotection Agency (EPA), National
Recycling Coalition (NRC) and other federal, stated local regulations. In addition all parts
used will be RoSH and WEEE compliant. The RoHS&ive stands for "the restriction of the
use of certain hazardous substances in electmchEBectronic equipment”. This Directive bans
the placing on the EU market of new electrical atettronic equipment containing more than
agreed levels of lead, cadmium, mercury, hexavaler@dmium, polybrominated biphenyl (PBB)
and polybrominated diphenyl ether (PBDE) flamenddats. The WEEE Directive imposes the
responsibility for the disposal of waste electrieald electronic equipment (WEEE) on the
manufacturers of such equipment. Those companiesidhestablish an infrastructure for
collecting WEEE, in such a way that "Users of gleat and electronic equipment from private
households should have the possibility of retur’igEE at least free of charge”.
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XIII. SUSTAINABILITY CONSIDERATIONS

1) The Hannover Principles

The purpose of the following section is to explagw we will comply with the following
Hannover Principles.

Principle number 4 states as follows: Accept resgmlity for the consequences of design
decisions upon human well-being, the viability atural systems and their right to co-exist.

- Our group takes full responsibility for the consences of the negative effects that are
design decisions could have upon human well-bembtle effect it could have on
natural systems. We completely agree that allrahfiystems have the right to co-exist.
Because of this we have taken great effort to enthe safety of natural systems and
human well-being. Furthermore, in our researchestafour design, we made sure to not
use any materials that are harmful to the envirarinteart of our research also included
studying how are product could cause harm to tHeleéng of a human being. We have
conclude that our product can only cause harmhienaan being if is used in an improper
manner. We go into more detail in the Health aridtgaonsiderations of this report on
how this product can be used in an improper mamaititionally, our team takes full
responsibility of any consequences deemed neceasaryesult of damage to a natural
systems and the well being of human beings.

Principle number 5 states as follows: Create shjeots of long-term value. Do not burden
future generations with requirements for mainteeasrcvigilant administration of potential
danger due to the careless creation of produatsepses or standards.

- Our product will not burden any future generatianih any maintenance or vigilant
administration of potential danger. Our designas made of any material that requires
such vigilant administrations of potential dangérere are no toxic materials in this
device that can create any catastrophic dangeittoef generations. Therefore this
product does not require any long term adminisiratif potential danger. Also there is
no long term maintenance required in this prodQcice the product has lived past its
useful life cycle it can be safely placed in thebgae for disposal. We have made sure of
this by mostly using materials that are biodegréelakhis product is mostly made of
wood, metal and electronic circuits. We have mirixlithe use of plastic and any other
materials that can take long periods of time talbgrade. Therefore this product has a
very long life span and does not require any l@mmtmaintenance.

Principle number 8 states as follows: Understaedithitations of design. No human creation
lasts forever and design does not solve all probldrhose who create and plan should practice
humility in the face of nature. Treat nature asael and mentor, not as an inconvenience to be
evaded or controlled.
Our group shows great humility in the face of natWe have no wish to try to control,
evaded and or treat nature as an inconveniencetiéally, we have great respect for
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nature and all living things. Our group will usgture as a model and mentor to
demonstrate the limits of how far we can go befeeecreate environmental damage. In
other words, we understand the limitations of a&sigh. And will use nature to help us
understand the limits of what can be done. Thikesonly way to ensure we will not
create any product that will destroy or damageemwironment. Our group will comply
with this principle by researching how our prodwdt affect nature. We understand that
no design lasts forever; and the implications asigh has on nature will be taken into
considerations in the design. By doing so we ceuee our product will have a positive
impact on the environment.

2) The Restriction of Hazardous Substances DirectiRoHS)

This directive restricts the use of six hazardoasemals in the manufacture of various types of
electronic and electrical equipment. RoHS is ofeferred to as the "lead-free" directive, but it
restricts the use of the following 6 substancedl &ercury, Cadmium, Hexavalent chromium
(Chromium VI or Cr6+), Polybrominated biphenyls @BPBDE (polybrominated diphenyl
ether), PBB and PBDE are flame retardants usedrireglastics.
- Before assembling and building our product we netes all the materials involved to
make sure none of the six hazardous materialsl lefbeve were used. Our product has no
Lead or Cadmium used in its construction. Thewefnitely no Mercury or any other
toxic material in our device. We have a list of gveomponent used in the construction
of our product. These components have all beemlglessearched to show none of these
toxic elements below would be incorporated intofaral product.

RoOHS is often referred to as the lead-free directiwt it restricts the use of the following six
substances:

Lead

Mercury

Cadmium

Hexavalent chromium (€%
Polybrominated biphenyls (PBB)
Polybrominated diphenyl ether (PBDE)

ok wnE

3) Design for easy disassembly

Our product can be very easily disassembled if @@dd be. The entire unit has been put
together using screws, metals and wood. These saraw be easily removed if needed to be.
This means the whole unit can be separated intmdisidual components in under one hour.
Furthermore, our product is relatively small arghtiweight. It also is made of very few pieces
which will also allow for easy of disassembly.
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4) Life Cycle Impact Assessment (LCIA)

The Life Cycle Impact Assessment (LCIA) phase oL @A is the evaluation of potential human
health and environmental impacts of the environaler@sources and releases identified during
the LCI. Impact assessment should address ecolagickhuman health effects. Our team will
compare steal or aluminum in the construction ef Musical robot. Hence we will first take a
look at the different effects steel and aluminuni aéave on our environment. Once the results
have been gathered, we can decide which of thesariala will be better for the environment.
The following figures show the aluminum analysis.

Figure # XllI-1. LCIA Using Aluminum
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Figure # XllI-2.LCIA Diagram Using Aluminum

Figure # XllI-3. Characterization Graph Using Alumaiim
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Figure # XllI-4. Normalization Graph Using Aluminum
Weighting

Figure # XllI-5. Weighting Graph Using Aluminum
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Figure # XllI-6. Single Score Graph Using Aluminum

The following figures show the steal analysis.
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Figure # XllI-7. LCIA Using Steal
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Figure # Xl11-8.LCIA Diagram Using Steal

Figure # XllI-9. Characterization Graph Using Steal
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Figure # Xl11-10. Normalization Graph Using Steal

Figure # XllI-11. Weighting Graph Using Steal
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Figure # XllI-12. Single Score Graph Using Steal

After analyzing the methods for two different maks: aluminum and steal, we may conclude
that steal creates higher amounts of pollution thlaminum. Therefore using steal instead of
aluminum in the construction of the Musical robaiul be a really bad choice. The pollution
created by steal was more than doubled that of ialum Steal even contributed to acid and
other toxic materials that aluminum did not cresttall.
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XIV. MANUFACTURABILITY CONSIDERATIONS

Our team took in consideration the manufacturabitift our project to obtain the maximum
efficiency and success in the functionality of ddusical Robot. Therefore each component of
our product was carefully analyzed and designedné®t the functionality and service life
requirements so that it could be produced econdipica

Simplicity demands that our product was implement@tt the minimum required components
in order to minimize cost. In addition the use @nslard materials and components enable the
benefit of a mass production of this product. Tfaeemany standard and off-the-shelf materials
were used in the implementation of the Musical tahah as wood, standard guitar strings and
pieces of metals.

A transformer will be built and implemented in aywhat the robot is powered from a regular

110V wall outlet. Many voltage regulators are usedjet the desire output voltage using the
same transformers. Also few fuses were incorporetiedthe implementation of the transformer

to protect the line and devices. These are stantdardmp and 3Amps that are easy to replace
by the users in case they may burn out withoutrgafor a professional service.

Standard hex screws will be used to manufacturerdbet and standard cables to make the
electrical connections. The use of standard caltedd eliminate the need for custom cabling

and provides the user with option of changing defécables. This reduces repair costs and
consumer annoyance with the product.

One of the worries when designing the Musical Rabdhe dependence on just one brand of
microcontrollers. The brands of microcontroller®@sbn meet all the requirements for our project
and also the manufacture company is a recognizikel se there is less probabilities for this
company to close. However there is still a charfadiszontinuing this microchip. On the other
hand, the servos used are compatible with mosioeoatrollers’ brand, so that if this Microchip
is discontinued, another device could be instatistead.

There was barely human labor added to the valudisfproject because there is not need for
potentiometers or manual adjustment switches. ddsteltage regulators will be used.

Many electrical and functionality test will be rtim detect any manufacture defect before they
affect the consumers. Also in general an analgsithe whole system will be performed to
create at the end a product that is needed, ecoraomdiwell manufactured.
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XV. ETHICAL CONSIDERATIONS AND SOCIAL IMPACT

Our team recognizes the immense importance thapmmject may have over the quality of life
and the safety of the consumers. Therefore evaim tmembers has the commit to maintain the
most ethical and professional conduct on any issla¢ed to our project.

Designing and constructing a musical robot may Iwerais in a series of ethical dilemmas. We
analyzed carefully the IEEE Code of Ethics and ASME Code of Ethics of Engineers and
even thought both codes were suitable to our projee decided to use Ethical Theory Model to
resolve any ethical issue addressed to our MuBiohbt project.

A. Recognize Ethical Issues

Musical Business is one of the most controversidustries nowadays. Millions of dollars are
being lost when the piracy and the technology aexdtogether. Consequently, designing and
implementing a musical robot involve us in manyieghconflicts such the followings:

The first issue is the potential loss of the job tftose who play any string instruments.
Having a technology that may be able to play anggsat is more affordable than
contracting a person who does it.

We may be at risk of using or creating an instruntéat may play songs that are
copyrighted. Besides if using it with malevolentrpase, this music could be sold and
earned economic benefits.

It also involves the economic impact on the persamasical instrument in the market.
A robot manufacturer who has the exclusive righprieduce and sell the integrated device
on their products may have an unfair advantage ther new competitors. This will lead
to a manufacturer monopoly on the device makigss affordable for consumers.

Indeed, we may be loosing culture values. Chantfiegart for technology could have a
negative impact on many countries’ cultural tramftithat is based on this type of

instrument.

B. Stakeholders

The stakeholders for this project include the prim@nsumer, the music companies, and may
be find it useful if being modifying for childreratety to the toy and hobby industry.

C. Determine the Options
Positive Paradigm: The robot will be used with ategainment purpose.

Negative Paradigm: The robot will be used to plapyighted music and with a malevolent
illegal-economic purpose.



Page|56
Senior Il Report
Musical Robot

Options:

1. Assuming that the robot will not be used to repaliliegal music.
2. Limit the robot to be sold only to the entertainmealustry.
3. License to all manufacturers and sellers to beidiged as a whole unit that can be used in

the toy or hobby industry.
4. Limit the use of the musical robot for the competitonly.

D. Ethical Theories Study

According to John Stuart Mill’s: “Utilitarianism ithe idea that the moral worth of an action is
solely determined by its contribution to overalilityt in maximizing happiness or pleasure as
summed among all persons”.[XV-1] The only optiomttimost benefits the larger number of
people is option 3 because there is bigger poggilhd satisfy to more people than a negative
effect that may cause on others.

The ethical egoism is supported by all options pkder option 1 because the team will earn
pride, recognition, and wealth. Specially optionir2 which manufacturers can make a
particularly lucrative offer in exchange for exdles distributive rights. In this case
entertainment industry will also benefit by negdbigi marketing costs and reduced liability.
Kantian Ethics principle is supported by optionntl &, both limiting the robot to be sold to the
entertainment industry and manufactured by the eoyhobby industry .No having the
documentation available for the public would avdie possibility of cheating, copying and
reproduction of its design or to reproducing nothatized music using this robot Options 1 and
3 support the right ethics theory. These optionge ghe possibility to the consumer to a
reasonable competition in the marketplace. Opliamplies a non economic disadvantage and
option 3 give to only one manufacturer a monopalytlee reproduction and sale of the musical
robot.

E. Option Analysis

After relating all the ethical theories with thdfdient options the following line drawing table
and graph were obtained:

Options/ Utilitarianism  Ethical Kantian Rights = TOTAL
Theories Egoism

Option 1

Option 2
Option 3
Option 4

Table XV-1: Line Drawing Table
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Figure XV-1: Line Drawing Graph

As shown in the above Modified Line Drawing tablealple XV-1) and graph (Figure XV-2),
option 3 is supported by the most ethical theoriestunately, this will be the best option to

resolve some of the ethical issues. This optiorh mot lead to manufacture monopoly on the
device marketing being more affordable to consumer.

XVI. CONCEPT DEVELOPMENT

We designed a musical robot that is lightweightremical and can work with a typical 60Hz

power wall outlet. We began by developing a conéaptwith design solutions. The diagram is
shown below:

Figure XVI-1: Musical Robot’'s Concept Developmerggbam
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A. Different Solutions
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From the concept fan, we analyzed three possithlgisos using the concept combination table.
The three solutions along with their respectiveaadages and disadvantages are shown below:

PICK-UP AMP PROGRAM

Active Transistor Output Hard-wire tunes

Passive Audio Amp IC User Programmable
Option 1

Advantages Disadvantages

Relatively Cheap Complex

Good Output power

Flexible

Excellent Sound
Table XVI-1: Option 1Analysis

PICK-UP AMP PROGRAM
Active Transistor Output Hard-wire tunes
Passive Audio Amp IC User Programmable
Option 2
Advantages Disadvantages
Very Cheap Not flexible
Less Output Power
Simple
Good Sound
Table XVI-2:
Option 2 Analysis
PICK-UP AMP PROGRAM
Active Transistor Output Hard-wire tunes
Passive Audio Amp IC User Programmable
Option 3
Advantages Disadvantages
High Output Power  Not flexible
Simple Expensive

Excellent Sound
Table XVI-3:
Option 3 Analysis

FINGERING
MECHANISM

Humanoid
Non Humanoid

FINGERING
MECHANISM

Humanoid
Non Humanoid

FINGERING MECHANISM
Humanoid
Non Humanoid
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From these options, we used a scoring system dmngl to 5. After giving the relative
scores for each of the options, we used a decmgnix in order to weigh the scores of each
option. At the end, we had the best option selected

Opl Op 2 Op3
Constraints

Lightweight Y Y Y
Powered from AC

outlet Y Y Y
Less than $200 cost Y Y Y
Parameters

Sound Quality 4 3 5
Programmability 5 1 1
Low Cost 3 5 2
Aesthetics 5 3 5
Totals 17 12 13

Table XVI-4: Decision Matrix
It seems that option 1 is by far the best solut@mrthe constraints and properties required of our
musical robot. To make sure applied the decisiotriria order to weigh the various parameters

in order of importance. The weight values showihia table was derived using the following
formula:

GMean=(A- A~ - A"

This equation gives the geometric mean as the wéaglor for our various parameters. It is said
that this equation makes the calculation less stilgge even though no proof is given. We used
it and it gave us the following factors.

Sound Low

Q. Program. Cost Aesthetics
Sound Q. 1 0.75 2 1
Program. 1.333 1 4 3
Low Cost 0.5 0.25 1 1
Aesthetics 1 0.33 1 1
Param. Wit.

Sound Q. 1.106682
Program.  1.074503
Low Cost  0.840896
Aesthetics 1

Table XVI-5: Geometric and Weight Factor

The following factors are multiplied by the scofeseach of the parameters and we obtained the
following final adjusted scores:
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Opl Op 2 Op3
Constraints

Lightweight Y Y Y
Powered from AC

outlet Y Y Y
Less than $200 cost Y Y Y
Parameters

Sound Quality 4.4 3.3 55
Programmability 5.35 1.07 1.07
Low Cost 2.52 4.2 1.68
Aesthetics 5 3 5
Totals 17.27 11.57 13.25

Table XVI- 7: Final Adjustment
As can be seen from the above figure, option hesdest option and this is the option we used to

design and build the Musical Robot. Option 1 wdssas a passive pick-up with an Audio Amp
IC and humanoid features. The robot is also ussgrammable.

XVIl. END PRODUCT DESCRIPTION AND OTHER DELIVERABLE S

The following pages demonstrate the musical robmiiscept as well as how the different
modules are functioning relative to each other.sehmodules have been built and tested.

A. Level O

The following figure shows the level O diagram lo¢ tMusical Robot.

Figure XVII-1: Musical Robot’s Level 0 Diagram

Inputs

User input through easy to use interface

110 VAC Power

Potentiometer controls volume out of audio amplifie
Outputs



Page|6l
Senior Il Report
Musical Robot

The robot has an electrical voltage output sigrfattvcould be connected to a computer
or other signal processing device. It could alsadr@nected to a larger amplifier if need
be.

Since strings are physically moving displacing g robot generates an audible signal
even without the internal amplifier on.

C. Level 1

The following figure shows the level 1diagram of tusical Robot.

Figure XVII-2: Musical Robot’s Level 1 Diagram

Modules
The Power module consists of regulator circuitrgt thulfills all the energy needs of the
robot, and it is not controlled by the PIC moduléis module includes an AC to DC
rectifier as well as voltage regulators to lowed aegulate the voltage to +5 and +9 V
for all of the onboard circuitry.
The user interface is the system through whichuber is able to program a particular
song for the robot to play.
The PIC controller module controls all other funatiof the musical robot. It converts
the user inputted song to a set of commands thtaidhe mechanical strum module.
The mechanical strum system controls the pickingoseand the robotic hand playing
the notes. It takes the instructions from the ndordroller and executes them using the
optical feedback system.
The Pickup and amplifier module is the second medut is independent from the PIC
controller. This module takes the signal obtaimednfthe magnetic pickup and amplifies
it routing it to the output port and speaker.
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D. Level 2 Power

The following figure shows the level 2 power diagraf the Musical Robot.

Figure XVII-3: Level 2 Power Diagram

The transformer is used to step down the 120VA@proximately 18VAC.

The rectifier stage uses diodes to convert the 68Eisine wave to a DC voltage.

The filter smoothes out the DC ripple coming frdm tectifier. The filtered DC voltage
is fed into the Regulator where it is clipped te tkquired level and further smoothed.
Small capacitors on the output remove any highueegy ripple.

E. Level 2 User interface

The following figure shows the level 2 user intedaliagram of the Musical Robot.

Figure XVII-4: Level 2 Interface Diagram

The Keyboard setup was made to look like an orgip&ano keyboard. The keyboard
was implemented using a keypad configuration. 8gedXVII-5 for more details.

The columns have internal pull up resistors thantaas the high state while the switch
is open.

Nine lines were used to represent eighteen switicts¢sad of having one line for each
switch.

Nine lines are connected to the microcontroller.

The PIC constantly scans if a switch is closed.
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Figure XVII-5: Keyboard Implementation

E. Level 2 PIC Controller

The following figure shows the level 2 PIC conteslbf the Musical Robot.

Figure XVII-6: Musical Robot’s Level 2 PIC ContreilDiagram

The PIC controller’s job is to interpret the infation obtained from the user interface
module and send the appropriate commands to the (M8&&hanical Strum System)

module. The MSS module has some PIC program conmp®hewever those will be
included in the MSS section.
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F. Level 2 Mechanical Strum System

The following figure shows the level 2 PIC mechah&trumsystem of the Musical Robot.

Figure XVII-7:Level 2 PIC Mechanical Stru@ystem

The PIC Controller manages all the mechanical hardwassociated with the playing
process. The code flow diagram is shown in levedgh

The Fingering mechanism is composed of a hand meéhaon a rail moved by an L297
stepper chip running a stepper motor back and fdahg the fingerboard.

The fingerboard’'s LEDs guide the fingering mechants the right note position. These
LEDs are lit under the microcontroller’s controlifveach note being assigned an LED
and a string.

The strum servos perform the physical action ofipgthe strings. Each string is
assigned and individual strum servo also underdei@rol.
G. Level 3 MSS PIC Code

The following figure shows the Level 3 Level 3 MB& code of the Musical Robot.

Figure XVII-8:Level 3 MSS PIC Code
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The program receives the key input and then sdr@lsdmmand that turns on the
appropriate note LED.

The program waits till the fingering mechanism detehe LED confirming that the
fingering system has reached the appropriate note.

Once the fingering mechanism has reached the sdlecte, the mechanical finger is
placed to the fingerboard.

The strum servo then plays the string assignedea@tirrent note.
H. Pickup and Amplifier

The following figure shows the pickup and amplifteagramof the Musical Robot.

Figure XVII-9: Pickup and Amplifier Diagram

The magnetic pick-up uses the principal of elecagnetic induction to generate an
output voltage signal. The steel strings on théagwary the magnetic field generated
from the magnetic pickup’s permanent magnets;itidaces current in the pickup coil
generating and output voltage through a low-pasS Ritcuit.

The amplifier portion is made up of an audio anglifC that amplifies the signal from
the Pickup to audible levels

The speaker output is an internal connection td kpeaker on the unit itself that can
be used without resorting to an external amplifier.

If an external amp is necessary or for signal psite applications the mono output can
be used to extract the pickup’s output.
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XVIIl. PLAN OF ACTION

This section covers the steps we took to buildrobot and the amount of time the project took
us from design to existence.

A. Statement of Work

Our musical robot was designed and built both BeFU and at the particular homes of the

team members.

In order to obtain a final product, we completeel fibllowing tasks:
The fingerboard apparatus was built and LEDs westalled at relative note locations.
We designed and built a fingering mechanism whielypthe various notes on the
fingerboard. The fingering mechanism includes seosome other device to physically
strum the strings.
Finally we programmed the PIC microcontroller tatrol the other systems. This step
includes the design and assembly of the interfacaitry necessary to operate the other
modules.

The entire process from design to final prototy@es wompleted within 2 semesters, with the
prototype fully operating at the end of Senior II.

B. Work Breakdown Structure

At this moment, it was completed the functioningtptype along with a simple instruction
manual for any prospective user.

The figure below shows the overall work breakdowncture:

Figure XVIII-1: Work Breakdown Structure
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Our budget for the project is summarized in théetdlelow:

ITEM COST
Labor U$ 6912.00
Parts U$ 453.99
TOTAL U$ 7365.99

Table XVIII-1. Budget Table

See table XXI-1 and XXI-2 for more budget details.

C. Project Milestones

At this point of the project, there were certairlgsiones that were achieved in order to stay on
track. The table below shows the major milestomesthe date they were finished.

DATE MILESTONES

8/07/08 Robot strums strings under program control
9/15/08 LEDs assembled on board and functioning
10/15/08 Fingering mechanism designing and functiamg

11/10/08 User interface(Keyboard) fully operationgRobot Completed)

Table XVIII-2: Milestone Schedule

D. Gantt Chart & Pert Chart

The charts shown below give a graphical representaf our work breakdown structure and
show the special dates we completed them.
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Figure XVIII-2: Gantt chart
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Figure XVIII-3: Pert Chart
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XIX. MULTIDISCIPLINARY ASPECTS

The objective of our team is to design and builchasical robot. Our team is composed of
different disciplines and by combining our differeaxpertise’s, we were able to complete our
objective. The team is comprised of the followinggeering students Jorge Garcia, Andre
Gonzalez, Yeysy Truijillo, and Donny Davis. Buildimgmusical robot required knowledge in
electrical engineering, controls, communicationsl aomputer programming. Every team
member contributed in their field in order to tacklch a diverse engineering problem.

Jorge Garciais currently pursuing a bachelor’'s degree in Eieat Engineering. He is
knowledgeable in circuit theory and advanced matims1 Jorge has soldering
experience and a good knowledge of assembly tegbsigvhich will be useful in the
advancement of this project. He enjoys sharing kmewledge with others through
tutoring here at FIU, and other teaching orientesks. He plays bass and has a strong
knowledge of musical theory which will be of use fiee project. Jorge is interested in all
aspects of electrical engineering from filter destgp power and it is this thirst for
knowledge that will be helpful to the implementatiof our musical robot. Jorge also has
experience programming micro controllers.

Andre Gonzalezis pursuing a bachelor’'s degree in Computer Erging. He has over

5 years of experience with computer programmingemdys working with code. Andre
has taken many courses in computer programminghwhaiudes beginning and advance
C++ programming, Java 1 and 2 programming, Advdhag programming and

software engineering. Furthermore he also has d goderstanding of circuit theory and
enjoys working with electronics. Andre has beemkivy for the last year as a Network
Engineer and has gained experience in project nesmegt and in the design of network
infrastructure.

Yeysy Trujillo is pursuing a Bachelor degree in Electrical Engiiimgy. She has a strong
natural ability in circuit theory and communicatsorShe also has a strong knowledge of
advance mathematics and controls. Not just is sty wapable and proficient in
communications but also finds it very enjoyable. &other note she wants to specialize
in communications devices and systems. She is mifgsgorking for AT&T where she
has had the opportunity to earn experience in timencunication field. Her experience at
AT&T has taught her about wireless communicatio@lgphone infrastructure and digital
communications systems.

Donny Davisis pursuing a Bachelor degree in Electrical Engiimg. His main course of
studies has been electronics and circuit theoryistd¢so very well versed in logic design
and controls. Donny is very responsible and havgrao have strong management
skills. Furthermore, he has seven years of expegievorking for an electrical company
and was promoted to the head of the communicatemardment for lon Electric. He is
also a very accomplished writer and is very prefitiin technical writing. Donny has a
great over all ability in management and Electri€agiineering.
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Each member of our team contributed in their owecs&d way. For example Jorge
Garcia handled most of the soldering and electriwatk. He also contributed to
programming the micro controller. Andre Gonzalentdbuted with his programming
experience, computer experience and experiencédunits. Yeysy Trujillo handled all
the communications aspects of the project as wetirguit design. Donny Davis greatly
contributed with his experience in electronics caminations and logic design. Once we
combined all of our talents, we had every aspectHs project covered. Furthermore
we kept in touch throughout the break and stayedsed and organized on completing

our objective.
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XX. PERSONNEL

Jorge Garcia

931 W 80th PL
Hialeah, FL 33014
Home 305-362-8931
garciajorgel@bellsouth.net

Objective

» To obtain an entry level position as an eleatrangineer

Education

B.S., Electrical Engineering, 2008

Florida International University, Miami, FL
GPA: 3.533

H.S. Diploma, 2005

Hialeah Miami Lakes Senior High, Hialeah, FL
GPA: 4.33 (Weighted)

Employment History

FIU, Miami, FL
Tutor, 2008 — Present

* Assisted students with understanding the mat#regt cover in various undergraduate
courses.

* Tutored weekly in the following courses: Circuitsnd II, Electronics |, Power |, Static,
and Logic Design.

* Currently working on a power project involvingethise of photovoltaic cells.
Government Insurance, Miami, FL

Registered Customer Service Rep, 2006 - 2007

Assurance Providers, Hialeah, FL
Mailroom manager, 2005 — 2006
» Handle difficult situations with shipping compasi
» Experience filing and office duty
» Worked with fax machines, copiers, scanners,ggestnachines, and folding machines.

Computer Skills
*Able to use Microsoft Word, Adobe Acrobat, Excahd PowerPoint
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Yeysy Truijillo

6330 SW 19th Terrace
Miami, FL 33155
305-775-7051

ytruj001@fiu.edu

Objective

» To obtain an entry level position as an eleatrangineer

Education

B.S., Electrical Engineering, 2008

Florida International University, Miami, FL
GPA: 3.76

Associate, 2006

Miami Dade College, Hialeah, FL

GPA: 3.89

Employment History

AT&T Southeast, Miami, FL

Intern, Electrical Engineer, 2008 - Present

» Supported company line conditioning operationdtditure service upgrades under the
Project Light Speed initiative.

 Prepared conditioning assignments by providiigematics, service details, and budgetary
reports.

* Assisted senior engineers in correcting andimestiing past assignments.

* Created detailed work's spreadsheet.

 Coordinated with technicians in the field.

Dolex Dollar Express, Miami, FL

Cashier, Customer Service Rep, 2005 - 2007

* Implemented money transfer operations and bapksits.

» Experienced balancing registers, handling lamgeunt of money and different forms of
payments.

* Provided excellent customer service in a bilegenvironment.

* Resolved customer complaints.

Computer Skills

* Proficient working with Windows XP andsta and Microsoft Office Internet
» Knowledge of C++ and Pascal programming
» Experienced in working with PSpice, MATLAB, andi®CAD.
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Donny Davis

6330 SW 19th Terrace
Miami, FL 33155
786-299-6500
ddavioO07@fiu.edu

Objective

» Seeking a position where | can develop a prafess career in the Electrical and
Communications Engineering field.

Education

B.S., Electrical Engineering, 2008
Florida International University, Miami, FL
GPA: 3.57
Associate in Arts, 2006
Miami Dade College, Miami, FL
GPA: 3.49
Employment History

lon Electric, Miami, FL

Lead-man, 2007 - Present

 Leaded a technology team.

» Coordinated lay out of phone data security aivdlass devices with all the trades.
» Checked technology drawings for revisions.

» Supervised employee's work.

Regency Electric Company, INC., Miami, FL

Foreman, 2004 - 2007

* Lead an electrical team.

 Attended MEP and Sub-Contractor meetings.

* Planned the daily and monthly work and repodaitly tasks.
» Supervised employee's work.

» Created employee's time sheets.

Computer Skills

» Experienced working with Windows XP and Vistaldaviicrosoft Office
» Knowledge of C++ programming and AutoCAD drawing
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Andre Gonzalez

951 E 27" St
Hialeah, FL 33013
305-733-0217
Agonz147@fiu.edu

Objective

To pursue my degree in Computer Engineering fronUFand find a position where | can
advance and grow in.

Education

B.S., Computer Engineering, 2008
Florida International University, Miami, FL
Associate in Arts, 2005

Miami Dade College, Miami, FL

Employment History

City of Coral GablesCoral Gables, FL

Network Engineering, 2007- Present

* Police and Fire Department, City Web Page

» Designed and built fiber networks at over 25 lwaas within the city
* Managed and coordinated projects and projectsudtentation.

Florida International University, Miami, FL
Computer Technician and Networking IT Department, 2007 — 2007

» Performed hardware maintenance of laptops anktajesincluding taken apart and
reassembled of any part.

» Complete data backups.

* Provided a complete networking service includimgible shooting switches, finding bad
ports, using toner to find ports and testing cablgls wire mapping to find bad wires.

AT&T wireless Hialeah, FL

Key holder and store operations assistant mangeg003 - 2005
* In charged of opening and closing stores

* Verified money reports and all transactions

» Performed store inventory

» Promoted sale of cell phones, product and service

Computer Skills

Proficient working with Microsoft Windows, MicrosbiWord, Microsoft Excel and
Microsoft Office.
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XXI. BUDGET

The budget for the project was principally compobgdarts used to build our project and the
labor required to design, build, and develop thesigll Project. Table XXI-1 illustrates the
money expended in tool and materials for our ptojébese expenses were equally subsidized
for each member of the team.

Cost Per  Quantity Total (Includes Shipping ,
Unit Used

Tools and Materials

Handling and Taxes )

Development Board $185.00 1 $197.33
Servos $16.95 4 $55.84
Connectors and Header $35.53 $48.96
Tuner $7.00 1 $7.00
Pick up $8.00 1 $8.00
Strings $1.99 2 $4.27
18 V CT Transformer $9.99 1 $10.67
12V AC Adapter $22.99 1 $24.60
LM350K $9.99 2 $21.38
1N5400 Diodes $0.99 6 $6.36
Fuse Holders $3.65 3 $10.95
1.5 A Fuse $2.99 1 $3.20
3 A Fuse $2.99 2 $6.40
Capacitors $4.65 2 $9.30
Heat Sink $6.10 2 $12.20
Bridge Rectifier $1.99 2 $4.20
Solenoids $15.95 2 $31.90
Other Building Materials _ _ $240.32
TOTAL $702.88

Table XXI-1: Tools & Materials Expenses

Table XX1-2 shows the labor expenditure for the MaisRobot.

Member’'s Name Wage Per Hours per Week Number of Salary Per
Hour Weeks Person

Jorge Garcia $18.00 8.00 $3456.00
Yeysy Trujillo $18.00 8.00 24 $3456.00
Donny Davis $18.00 8.00 24 $3456.00
Andre Gonzalez $18.00 8.00 24 $3456.00
Total $13,824.00

Table XXI-2: Labor Expenses
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XXIl. RESULTS EVALUATION

We were able to succeed in our venture to buildigical robot. Unfortunately, we had some
programming difficulties and the robot is not atdeplay Twinkle, Twinkle little Star, as we
desired. However a few tones can be heard.

On the other hand, we were able to meet our canstrd he robot is light enough for one person
to carry it, and it runs with the standard off ®¥AC wall outlet in order to avoid the need of
expensive batteries.

XXIII. LIFE-LONG LEARNING

The Music Robot is a very attractive project thah e use for different objectives such as
entertainment, learn some melodies, and to justvshao anyone. The robot can be used in
different environments if reconstructed to diffdrespecifications. The most important
requirement to get this project into the market Wé the approval of this product. After that,
surveys and client interviews will be performedeTture of this project was estimated based
on prospect, contest and technology. The next\siktfe to see which manufacturers propose
greater price and quality. After all these stegscmver, the Music Robot must be able to set out
to construction and to the market.

The members of our team, who worked hard in accisimpl every objective, designing and in

the construction of this robot, are all memberwvafious lifelong organizations such as SHPE
and IEEE. The contacts will continually provide wsth up to date information on new

technologies and products which may help us tdhé&urimprove the musical robot. The product
will be monitored because upgrades will need tainfq@emented after a set period of time or in
case of a new component revolutionizes in the malisabotic industry. And the marketing of

the product will be necessary to maintain the piderbuyers informed about the robot’s

capabilities and specifications.

As engineers it will be our responsibility to keagrselves current by continuously studying and
learning the new technologies that are constargiggodeveloped and researched. It is vital that
the robot grow with the times and improving as kamwledge also improves.

The Music Robot has a good potential to go intapotion and it meets all the standards, health,
environmental, and many other considerations ajremeéntioned in different parts of the
proposal which speed up the product manufacture.
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XXIV. CONCLUSION

Our musical robot project will be a worthwhile verg into the field of robotics. The robot runs

off from standard 110VAC, and is light enough faregperson to carry. Our expenses give us
security in that the robot will be feasibly manutaed for sale at a cost of U$200 or less. Our
design is not able to perform all the motions andntes that a human could give to an
instrument, however with further development thp gl close.

The robot includes several safety measures suetm &mnergency shut off switch and. We also
took into account that our design must be safechildren, who may be in the vicinity of our
product while it is operating.

Since the robot has been design with a modularitaotare, we were able to limit waste, by
giving the consumer the ability to replace brokenoat dated modules with new ones. The
device is upgradeable; serving it is consumer &ary to come.

This type of robot is not able to replace a humarsiman at least not now; however that is not
its purpose. The robot was designed with the minafbringing entertainment to its user, since
there is a certain spark or curiosity when you olese machine doing something a human
would normally do.

At this point in time, we were not able to play Tklie, Twinkle Little Star, but with more time
to program the microcontroller, it may be able uadtion as desired. However, a few tones can
be heard. We met the 110VAC requirement by buildingower supply for the robot, and it is
light enough for a single person to carry it.
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XXVI. APPENDICES

A Survey

Musical Robot Research Survey

Project Name Musical Robot
Team Name Music Tech
Date: June 3, 2008
Prepared By:.

Jorge Garcia

Yeysy Trujillo

Donny Davis

Andre Gonzalez

Instructions:
To your criteria, please choose (X) the closestvan$o each question, knowing that in many
cases more than one option may be accepted. Torenafion provided on this survey will be
used to help us to group answers according tordiftecriteria and it will not be disclosure.

Survey Questions
A. Personal Information

Al. Age

<13
13-20
21-30
31-40
41-50
50+

O O O O O O

A2. Gender
o Male

o Female
A3. Marital Status

o Single
o Married
o Divorce/ Widow/ Separated
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A4. Heritage

O O O O O

White not Hispanic
Hispanic

African American
Asian

Others

A5. Education

0]
(0]
(0]
(0]
(0]

If University. What is your major?

High School
Some College
College
University/Master
Doctor
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A4. Income Range

A5. What type of musical instrument do you likeptay?

<20K
21K - 30K
31K - 40K
41K — 50K
> 51K

O O O O O

A6. Favorite Song
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A7. Guitar Knowledge

o0 Expert
0 Basic
o None

A8. If you play the guitar, how often do you pldy i
o Often

0 Sometimes
o Barely
B Product Information

Product Description

A robot that is able to play basic notes on a timng instrument. This robot is mainly
composed by two hand mechanism that is going td &odl/or pull the strings in order
to produce musical notes.

B1. Overall perception of the product describedvabo

o0 Excellent
o Good
0 Average
o Poor

B2. What do you like most about this product?
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B3. What do you like least about this product?

B4. What features do you consider are importantHsr project?
Durable

Safe

Low Cost
Attractive

Fast Response

O O 0O O o

B5. What safety features does the product shouldha

B6. Where would you use this product?
o Outdoor

o Indoor
o0 Both

B7. In your opinion, what would make the projeadrmuseful?
Value

Best Performance
High Quality
Name Recognition
Convenience

O O O O O

B8. Would you like this robot to perform?
o Fast rhythm

0 Slow rhythm
o Both

B9. If this product were available in the marketuld you be interested in buying it?

Very Interested
Somewhat Interested
Indifferent

Not Interested

o O O O
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B10. What would be your main reason for buying grisduct?
o Professional Purpose

0 Entertainment
o0 Teaching
o Others

B11. How much are you willing to spend on this prci?

$100
$101 - $200
$201 - $300
$301 — $400
$401 — $500
$501

O O O 0O O O

B12. Would you be likely to select this product peéher offerings in the market? Why or Why
not?

B13. Would you like to add any comment or suggestmthis project that has not been covered
before?
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B. IEEE Code of Ethics

We, the members of the IEEE, in recognition of ithportance of our technologies in affecting
the quality of life throughout the world, and incapting a personal obligation to our profession,
its members and the communities we serve, do heretnynit ourselves to the highest ethical
and professional conduct and agree:

1.

8.

9.

to accept responsibility in making decisions caesiswith the safety, health and welfare
of the public, and to disclose promptly factorstthaght endanger the public or the
environment;

to avoid real or perceived conflicts of interestawbver possible, and to disclose them to
affected parties when they do exist;

to be honest and realistic in stating claims aneses based on available data;

to reject bribery in all its forms;

to improve the understanding of technology, itsrappate application, and potential
consequences;

to maintain and improve our technical competenak tarundertake technological tasks
for others only if qualified by training or expemiee, or after full disclosure of pertinent
limitations;

to seek, accept, and offer honest criticism of méxdl work, to acknowledge and correct
errors, and to credit properly the contribution®tifers;

to treat fairly all persons regardless of suchdets race, religion, gender, disability,
age, or national origin;

to avoid injuring others, their property, reputati@r employment by false or malicious
action;

10.To assist colleagues and co-workers in their peid@sl development and to support

them in following this code of ethics.



Page| 86
Senior Il Report
Musical Robot

C. ASME Code of Ethics of Engineers

THE FUNDAMENTAL PRINCIPLES

Engineers uphold and advance the integrity, hamt,dignity of the Engineering profession by:

1.
2.

3.

using their knowledge and skill for the enhancenoémuman welfare;

being honest and impartial, and serving with figetihe public, their employers and
clients, and

Striving to increase the competence and prestigeeoéngineering profession.

THE FUNDAMENTAL CANONS

w N

N

Engineers shall hold paramount the safety, healthveelfare of the public in the
performance of their professional duties.

Engineers shall perform services only in the aofdkeir competence.

Engineers shall continue their professional develept throughout their careers and
shall provide opportunities for the professionalelepment of those engineers under
their supervision.

Engineers shall act in professional matters foheanployer or client as faithful agents
or trustees, and shall avoid conflicts of interest.

Engineers shall build their professional reputagion the merit of their services and shall
not compete unfairly with others.

Engineers shall associate only with reputable perso organizations.

Engineers shall issue public statements only inkgactive and truthful manner.
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XXVII. Department of Electrical & Computer Engineer ing
Florida International University

(A full proposal must be submitted and approved ajonith this form No later
than the end of EEL-4010 each semester. All inforiimen must be completed)

Course Number: EEL 4011 Semester: Fall Year: 2008
Reference Number: 54227 Faculty Name:_Jeffrey Fan

Senior | Instructor’'s Name: Wilmer Arellano

Team Leader Name: Jorge Garcia PID: 1782503
Major: Electrical Engineering Discipline / Specialization: Power & Communicaiso

Telephone: 305-733-2015

Other Member Informatian

Student ID # Major Discipline / Area of
(e.g. Electrical, Specialization
Computer, Civil) (e.g. Communications,
Powers, Transportation)
Andre Gonzalez 1942946 Computer
Yeysy Truijillo 2222135 Electrical P
Donny Davis 2217486 Electrical #$ L

Proposed Project (Summary Only)

A. Project Title_The Musical Robot

B. Design Specifications (Please List items)
Humanoid Robot
User Programmable
Light enough for one person to carry

C. Design Constraints (Standards, Economic FactotenBa Safety, Reliability, Ethics,
Social Impact).
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Following safety standards the robot will have aremency shut down switch. The
robot will be designed so as to be financially sbuimth consumer price of two
hundred dollars. The robot does not infringe on @unyent patents.

D. Initial research results. Analysis and synthgsigcedures to be pursued.
Evaluation of alternate solutions.
Initial research indicates that the concept of telhioat play musical instruments is
nothing new. Some of the robots analyzed were gsiee, playing a beat or some
other rhythmic figure. We choose to have our projeark using a gquitar which we
felt would be more interesting than a drum. Ourotolill find the notes to play using
an optical feedback system, a method which we tgbe in any of the musical
robots researched.

E. Project Evaluation/Testing Criteria.
The success of the project will depend on whetherdbot can play a programmed
tune, and if the programmed tune is recognizablehliaman listener. The other
important aspect is whether the robot could be remured and sold for U$200.00

F. Multi-Disciplinary Areas Involved in the Project
Microcontroller Programming, Power supply desigmplifier design, Knowledge
of music theory and musical instrument constructiorotor control both stepper and
servo style motors, and PCB board techniques.

G. Team Assignments (Who will do what)
Jorge Garcia and Andre Gonzale&tepper Controller, Programming, and half of the
assembly (Modify fingerboard, servos).
Donny Davis and Yeysy Trujille Power supply, audio amplifier, and half of the
assembly (Hand Mechanism).

H. Attach a schedule, including two or three intermagzlimilestone.
DATE  MILESTONE |
8/07/08 Servos are strumming the strings under PI@rogram control.
10/20/08 Hand mechanism and optical feedback systeare in place and
functional
11/17/08 User interface should be operational, ewghing should be complete.

l. E-mail address and phone number and PID of ALL tesambers (Must be
Completed)
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Name
Jorge Garcia
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Phone Number
305-733-2015

Andre Gonzalez

305-733-0217

Donny Davis

786-299-6500

Yeysy Trujillo

305-775-7051

Group Leader

PID E-mail Address

1782503 Jgarc063@fiu.edu

1942946 Agonz147@fiu.edu

2217486 Donnydavislll@gmail.com

2222135 ytrujilom@yahoo.com.mx
PRINT SIGNATURE

Jorge Garcia

DATE

Team Member

Andre Gonzalez

Team Member

Donny Davis

Team Member

Yeysy Trujillo

Senior Design Il
Coordinator

Wilmer Arellano

Mentor

Jeffrey Fan




