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ABSTRACT 
 

The project is a robot that plays a musical piece based on a microcontroller. The robot 
has a 4”X 8” keypad as the notes input device. It plays music by strumming a two-string 
guitar, using servos and a custom fingering mechanism. Our project was built using off-
the-shelf electrical components such as: standard L297 stepper driver, dsPIC 
microcontroller, and GWS servos, to name a few. The robot is user-programmable 
through a friendly interface. Our project makes use of optical feedback in order to locate 
specific notes across the two-stringed guitar. It also has a digital filter to demonstrate how 
the output signal will be affected. The robot was designed to work off a standard 110 
VAC wall outlets. Our project is simple to manufacture due to its modular design, which 
is also allow for straight-forward repair and part replacement. We did not infringe on any 
trademarks or copyrights and we are complying with all applicable 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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    Figure I-1: Conceptual Figure of Robot 
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II. PROBLEM STATEMENT 

The main objective of this project is to design and build a functional prototype, which will be 
able to play simple tunes that a human user would program into the robot and then sit back as 
he/she watches the robot play the tune they have programmed. The robot will employ such safety 
measures as an emergency shutoff switch, and built in braking system. The robot will be wired in 
such a way as to prevent it from being an electrical hazard. A strong emphasis will be placed on 
ease of use and the physical aesthetics of the robot, since the robot is primarily designed for 
entertainment purposes.  The cost of the unit will not be greater than $200. 
 
A. Project Objectives 
 
Based on the analysis of the problem statement our objectives 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 human would play the guitar 
4. Functional 
 4.1 Robot must have enough force to play strings 
 4.2 Robot must play a song to the point where it is recognizable 
 
B. Constraints 
 
Our project will be designed to comply with the following constraints as determined from the 
problem statement: 
 

·  The robot needs to be light enough for one person to carry it. 

·  The robot must be powered from an AC outlet 

·  The robot  should cost less than $200 
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III. ASSUMPTIONS AND LIMITATIONS 

In this section we include and define the technical assumptions that will limit our design scope so 
as to produce a feasible project within the allotted time. 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 exclusively, so will 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 than one octave 

·  Robot is unable to bar chords. 

 
These parameters will guide our focus as we design and assemble our musical robot to produce a 
functional prototype. 
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IV. NEEDS FEASIBILITY ANALYSIS 
 

This section covers our marketing research and the information we were able to gather from it. 
The needs analysis allowed us to determine our constraints, limitations, and objectives. 
Feasibility analysis helped us determine if we should pursue the project further. 
 
A. Needs Analysis 
 
The following table (Table IV-1) shows the results of the conducted survey. The survey was 
carried out among 33 potential designers and investors. The official form used is included on 
Appendix A. 

 

Table IV- 1: Survey Outcome List 

Survey Outcome 

Out of the 33 people surveyed, 7 were female and 26 were male. 

100% of the interviewee has some college or higher education 

10 % are between 13 and 20 years old, 78.8% are between 21 and 30 years old, 10% 

are between 31 and 40 years old, and 2.2% are older than 50 years old. 

10% are experts, 33% has basic knowledge, 57% has no guitar’s knowledge 

36.36% have a income of 20k a year, 18.18% Have a income of 21k to 30k a year,  

15.15% have a income of 31k -40k a year,  24.24% have a income 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 the survey was being attractive and 

having a fast response. 

The most important aspect for safety is the electrical hazard. 

Most interviewee favored the system to perform in both fast and slow rhythm. 

85% of the population preferred to use this product indoor. 

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

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

Most of the population is willing to pay between $100.00 and $200.00. 
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The following table was obtained from integrating all inputs from the client interview, survey 
and brainstorming derived from the fishbone diagram: 

 

Source Attributes Class 
Team Robot must be sturdy. Objective 

Team Robot must have enough force to play strings. Objective 

Team Robot must be easy to tune. Objective 

Team Robot is not able to play harmonics. Limitation  

Team Robot cannot play music that spans more than one octave. Limitation  

Team Robot’s strings should be easy to replace. Objective 

Team  Robot should be simple to program. Objective 

Team The product should be light enough for one person to be able to carry it. Constrain 

Team The robot is not able to bar more than one chord at the same time. Limitation  

Team The robot has to be powered from an AC wall outlet. Constrain 

Client Robot should be able to play a song to the point where it is 
recognizable. 

Objective 

Client Robot should in some way mimic how a human would play the 
guitar. 

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 prioritized the objectives the following table was 
created with the project objectives: 

 

Table IV- 3: List of the Project Objectives 

Through the fishbone diagram shown below we were able to identify other potential 
objectives and design parameters that we could implement into out robot. 

 
Figure IV-2: Need Analysis Fishbone Diagram 

List of Objectives Class 
Robot must be easy to tune. Easy to use 
Robot’s strings should be easy to replace. Easy to use 
Robot should be simple to program Easy to use 
Product should be simple to operate. Easy to use 
Robot must be sturdy. Safety 
Robot must be resistance to electrical hazards. Safety 
Robot should have an emergency off switch. Safety 
Robot must have enough force to play strings. Functional 
Robot should be able to play a song to the point where it is 
recognizable. 

Functional 

Robot needs to react quickly. Functional 
Robot should in some way mimic how a human would play the 
guitar. 

Aesthetic 

Robot should in some way mimic how a human would play the 
guitar. 

Aesthetic 
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B. Feasibility Analysis 

 
The feasibility analysis is a preliminary study to determine the projects’ viability. The results 
obtained from this analysis will be used to make a decision whether or not continue with the 
project. The one to five (1-5) score method was used to determine the reasons of failures and 
help us to reach for a solution or course of action. After the analysis was executed, we finally 
arrived at a conclusion through a feasibility decision.  
 
 

 
Table IV- 4: Feasibility Analysis Table 

 

Attribute Score 
(1-5) 

Reasons Solutions 

Materials and 
Technology 
Viability 

4 
All the materials and 
components used are 
available.  

Find the ones that are 
more suitable for the 
design 

Music knowledge. 
 
 

3 

This project require 
basic music knowledge 

The person with strongest 
music knowledge is in 
charge of teaching the rest 
of the members. 

Computer programming 
skills. 
 
 

2 

None of the member has 
previous practice 
programming this 
microchip. 

Study C language and 
Microcontroller 
programming literature.  

Hardware knowledge 3 
Most of the components 
used are familiar. 

Do an extensive research 
and study components 
specifications.   

Experience in robot 
operation.  
 

2 
None of the members 
has previous experience 
operating a robot. 

Do research and review 
previous projects. 

Writing Skills 
 

4 
Specific writing format 
is need. 

Get familiar with writing 
techniques. 

Budget 5 
There was not problem 
acquiring the money 
needed for the project. 

N/A 

Adherence to Schedule  4 

A few materials were 
only available online and 
there was sipping 
waiting. 

Split the work to reduce 
delays, do weekly 
meeting and establish 
task’s deadline. 

Total 25   
Average 3.125   
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An overage of score of 3.125 out of 5 was obtained. This is an acceptable score which means that 
the team will overcome the feasibility obstacles expected.  We will continue with the 
implementation of this project and always considering the solution previous mentioned to secure 
the success of our project.  
 

V.RISK ANALYSIS 

Almost everything we do in today's engineering development business world involves some kind 
of risk. Hence formal risk analysis can help you us assess this risk and decide what actions to 
take to minimize disruptions to our project. They also helped us to decide whether the strategies 
we could use to control risk that may be cost-effective.  

Therefore the risk analysis of our project was carefully studied in order to identify potential 
issues and risks ahead of time before these were to pose cost and/ or schedule negative 
impacts. This is performed thorough studies, considering all possible situations, its causes and 
effects. After all the situations were carefully studies, our team arrived to conclusions that were 
organized and assigned a category in order to be able to plan and take preventive actions 
accordingly. 

 In order to discover the risks associated with this project the following fish bone diagram was 
used:  

 

 

 

 

 

 

 

 

 

 

Figure V-1: Risk Analysis Fish-bone Diagram 
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The Exposure Matrix defines the risk acceptance thresholds is required in order to define the 
level of risk that can be tolerated in our project.  Management of risk is evaluated according to 
the class pertaining to the situation in question.  Risks in Class I are below the risk acceptance 
threshold and do not require active managements, risks in Class II requires active monitoring, 
risks in Class III requires proactive management, and risks in Class IV exceeds the risk 
acceptance threshold and requires urgent attention. 

 

Occurrence Probability  
  Very Likely Possible Unlikely Legend 
Class IV     L Low Risk 
Class III   B, D, J, O, T M, Q Moderate Risk 
Class II F, G A, I, R N, S Severe Risk 

O
ut

co
m

es
 

Class I 
  K C, E, H,P 

Catastrophic 
Risk 

 

Table V-1. : Exposure Matrix 

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

 

Risk Actions 

A Read, understand and follow the safety and standard regulations guidelines. 

B 
Team work and run circuit simulations. Dive the project in tasks to easily 
identify errors. 

C Research and study literature. Review similar projects. 

D Study C language and microcontroller programming literature. 

E 
The person with strongest music knowledge is in charge of teaching the rest 
of the members. 

F Try to avoid using components that may contain hazard materials. 
G Follow standard to ensure safety on every electrical connection and part. 
H Split the work equally to each member at every meeting. 
I Order parts with enough time so delay will not affect the progress. 

J 
Try to follow the schedule and due dates. Monitoring progress on each 
weekly meeting. 
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Table V-3: Actions to minimize the occurrence of risks 

 
VI. OPERATING ENVIROMENT 

 
The musical robot can operate in any family, home and indoors environment as long as it is a 
friendly environment and not exposed to water.  The biggest danger to causing this product to 
malfunction is water.  This product is not water proof and will experience a permanent loss of 
functionality if exposed to water. This device also has a lot of sensitive and fragile circuits inside 
that can malfunction due to being shaken, dropped and moved in any violent way. This means 
this product should not be used in a very hectic, fast paced, unstable or volatile environment.  
This can damage the unit permanently or create a need for the unit to be repaired.  The musical 
robot is a family oriented product and should bring hours of entertainment to the whole family.  
 

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

 
A. Intended Users 
 

Intended users for the musical robot are people from the ages of 10 and up.  This product can 
provided hours of entertainment to adults and children. Since the robot has sensitive parts and 
guitar strings children should be supervised by an adult when playing with the robot to prevent 
damage to the robot. Young children should especially be watched to prevent any injury that 
might occur from moving parts or the guitar string snapping do to improper use.  People of all 
ages should be able to enjoy this product as long as it is used in a responsible manner. Other 
users may include and not limited to people with an interest in music, robotics, electrical 
engineering and science in general. Overall the musical robot is a fun, safe and enjoyable product 
that can be used and enjoyed by members of the entire family.  

K Create flexible schedule for meetings. Make this project as a priority. 
L Consider survey advices and study user's needs. 
M No action required. 
N Avoid using non standard parts. 
O No action required. 
P Search for alternative parts. 

Q Test circuits before assembly them to calculate budget. 

R Repair cost was calculated following marketing values and trends. 

S Order part with time to avoid fast shipping fees. Run circuit simulation before 
ordering parts. 

T One person of the team is in charge of managing the budget professionally. 
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B. Intended Uses 
 

The intended use for the device is entertaining. 
 
 

VIII. BACKGROUND 
 
 In this section we will examine three projects that show the current technologies used to 
execute projects similar to out musical robot. The first project is an implementation of optical 
feedback to control the brightness of a white LED which could be used for residential lighting 
applications without the drawbacks of conventional methods. 
 
 A) Optical Feedback Stabilizes White LED. 
    
     This project was accomplished by Assistant Professor Dhananjay V. Gadre at the Netaji 
Subhas institute of technology in New Delhi, India [VIII-1]. 
 

1. Summary: This is a design project performed by the above mentioned professor in 
which he shows the traditional methods of stabilizing white LEDs pointing out there 
respective drawbacks. He specifically mentions how using a feedback series resistor 
to sense the voltage drop change in the LED isn’t the most efficient solution for two 
reasons. First the series resistor consumes power which would be better used in 
powering the LED. Second because LED brightness is inversely proportional to 
temperature as the LED heats up due to ambient temperature changes or internal heat 
build up the LED begins to dim, the series resistor feedback loop cannot correct this 
because the voltage drop across the LED is not linearly related to temperature. He 
then proceeds to show his design which involves the use of an LED as an optical 
sensor to implement optical feedback of the LED’s brightness back to the voltage 
regulator powering the LED so that the regulator adjust the duty cycle thereby 
maintaining the brightness of the LED. The sensor LED is connected to an LM358 
operational amplifier which amplifies the voltage change in the sensor LED due to 
the brightness of the white LED. That signal is then feedback to the regulator. 

2. Technology Review: The lighting LED used in this application is a little bit different 
than the ones we typically see. Lighting LED’s can have power ratings of 1-3 Watts 
and take currents as high as 100mA. Normal LEDs will explode if 1 watt of power is 
applied to them. Prof. Gadre makes use of the inexpensive LM358 Dual OP AMP in 
the feedback loop to amplify to voltage change of the sensor LED. The great thing 
about the LM358 is that unlike the 741 which is a dual supply op amp, the LM358 is 
a single supply op amp which simplifies the power requirements of the overall circuit. 
The heart of the LED drive circuit is the LM2575 Adjustable Buck Converter from 
National Semiconductor. This chip can be used as an adjustable step-down DC-DC 
converter. The LM2575 adjusts the output voltage by varying the output duty cycle at 
a rated controlled by the feedback voltage. In this way as the brightness of the Output 
LED varies the circuit will respond accordingly. The sensor LED is just a simple red 
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LED in a transparent enclosure. The transparent part is important since it allows for 
the full spectrum of white light to be absorbed. The rest of the circuit is composed of 
a switching diode, a capacitor, and an inductor, typical components of power supply 
design. 

3. System Description: The circuit makes use of feedback in order to stabilize a high 
brightness white LED. The voltage across a sensor LED is amplified by the LM358 
and feedback to the adjustable buck converter. Because the DC-DC conversion is 
based of Pulse Width Modulation the output of the Buck converter is filtered 
smoothed out by the inductor capacitor circuit. The inductor also stores energy so that 
the LED can still be lighted even when the buck converter is in the off cycle. The 
amplifier is setup so that it has a gain of approximately 30; however this figure is not 
set in stone and can be adjusted according to the circumstances. 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. Godfried Willem-Raes of the Logos Foundation 
of the Netherlands [VIII-2].  Figure VIII-3.give us an 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 strings with a range of 4 octaves. It is 
designed to receive MIDI input from a keyboard or computer, and then translate that 
information to music it plays on its two strings. Hurdy uses a bow much like a violin or 
cello player would in order to sound notes. Hurdy can recreate all of the traditional 
nuances inherent to a bowed instrument a good example would be vibrato (when the note 
is pushed and pulled out of tune quickly to create an expressive sound). The notes are 
selected using very strong electromagnets to pull the string to a fret on the robot’s 
fingerboard. Hurdy also has 2 felt covered dampers in order to quiet the strings once the 
proper note length has been played or to eliminate the effects of sympathetic vibration 
which occurs when one string is being played and because both string share the same 
bridge and nut the other string will lightly begin to vibrate, the dampers always make sure 
that the string that needs to be quiet stays quiet. 

2. Technology Review: Hurdy is a very complicated robot; it uses three PIC controllers to 
control all of its functions. The first PIC is used to translate the MIDI note commands 
into the switch positions corresponding to fret positions. MIDI stands for Musical 
Instrument Digital Interface, it is the standard protocol used for interfacing all sorts of 
electronic instruments, recorders, drum machines, and the like. MIDI does not transmit an 
audio signal per se, what it transmits is information on pitch, volume, panning cues and 
other related parameters in binary format and the microcontroller or computer then 
proceeds to interpret that information. The second PIC microcontroller is used to control 
the bowing mechanism as well as a few lights near the front of the robot. This controller 
controls variables such as bow pressure, angle speed all of these variables are critical in 
the proper articulation of a note and changes in these parameters can change the tone of 
the note being produced. The third PIC is used to control the two soft felt dampers found 
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near the bridge which allow precise control of note length by muting the strings at the 
proper moment. Along with these controllers the robot is also equipped with several 
power supplies and motors in order to run the various motors and fretting apparatus. The 
robot has more recently undergone an additional modification which is the addition of an 
electromagnetic string driver. This apparatus allows for the playing of the strings without 
having to physically pluck them. They are pushed into vibration using a strong 
electromagnetic field. 

3. System Description: This robot uses sophisticated controllers in order to accomplish what 
a human player can do without much thought. The main components of the system are 
the fretting mechanism and the bowing system which are both controlled and monitored 
using the PIC controllers. The overall circuit is shown 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 VIII-5) was 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 robot that exhibits a very complex 

behavior. The robot searches for an object to play on, once a suitable object is found it 
begins to play a little rhythm which it records. The robot then plays back that prerecorded 
rhythm and plays another beat on top of it. The robot will also record say a shout while it 
is playing the first rhythm and play along with the shout the second time through. Frits 
also comments that the robot can match say a foot stomped tempo after hearing it for four 
beats, it very interesting to watch. 

2. Technology Review: The small robot consists of a sound sampler, 6 geared motors, 2 
speakers, an SRF005 sonar ranging module, a microphone and a PICAxe 28 
microcontroller. One of the most interesting things about this robot is that it doesn’t use 
servos, which is surprising since swinging a drum stick to a specific position seems 
ideally suited to a servo however Mr. Frits performs the task using a very small dc motor. 
The sonar ranging module is on a swivel head also a task ideally suited to a servo since 
the head goes left, right, and back to center. The creator explains that he isn’t concerned 
with precision he’s only interested in the head returning to center, so the head of the robot 
is outfitted with spring that pull the module back to center once power is removed from 
the motor controlling the head, it’s a very simple solution to the problem of not having a 
servo. The sound sampler is a commercial 20s recorded that can be purchased online 
which was interfaced with the PICAxe controller. The PICAxe microcontroller was a 
very interesting discovery since I had never heard of such a brand. As it turns out the 
PICAxe Microcontroller is one of the most popular microcontrollers in the United 
Kingdom. At the heart of this brand are the 12F and 16F family of microcontrollers from 
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Microchip. What makes the PICAxe brand is the operating system they install within the 
microcontroller that makes it a PICAxe. These controllers are tailored more towards the 
young student; they are programmed using a serial cable and a proprietary software 
environment. According to the manufacturer the programming environment is designed 
such that an entire program can be designed graphically using what they call a flowchart 
view, thereby simplifying the programming process and since there’s no expensive 
programmer to buy the entire system is very low cost. The controller is programmed 
textually using a modified BASIC language. One of the inconveniences to this 
microcontroller is that the programming language varies between the different models of 
the PICAxe. It’s not a large deviation only 5 or 10 commands however it impedes having 
deep knowledge of the PICAxe programming system in the general sense. Technically 
these controllers make use of internal ADC, PWM, and capture inputs of whatever PIC 
controller they are based on making the PICAxe controller comparable to any other 
microcontroller we might use here in the states. 

3. System Description:  Yellow Drum machine searches its surrounding environment 
looking for an object suitable to play on such as a bottle or maybe even a wall using the 
sonar ranging sensor. Once the sonar system has picked up a suitable object the robot 
proceeds to line itself up with the object through a series of small left and right 
movements. The robot will turn on the onboard recorder and play a nice little rhythm. 
Once it’s done it will play back the little rhythm and play another beat on top of the 
sampled rhythm. Even though Mr. Frits doesn’t go into any great detail about the code 
below is a flow chart of how we feel the programming scheme more or less goes.  
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Figure VIII-6 Flowchart    

 
 

IX. INTELLECTUAL PROPERTY CONSIDERATIONS  
 
Intellectual Property is a legal field that refers to the creations of the brainpower such as artist, 
musical, literary work, also invention of names, symbols, and design used in the commercial 
field. This property includes four categories: patent, copyright, trademark, and trade secrets. 
Intellectual property rights are a collection of exclusive rights over creations of the mind. 

 
A. Patent Considerations 

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

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 controls the position and posture of a palm, object 
reference point and the hand reference point .During the controlling process of the position and 
posture of the palm, the operation of a specified finger mechanism is controlled such that the 
bending posture of the specified finger mechanism gradually changes This ensures accurate 
grasping of an object of an arbitrary shape.  

b) Claims Summary 

The patent claims a hand control system controlling a grasping operation of an object by a hand 
extended from a base and having a plurality of finger mechanisms capable of bending and 
stretching. The fourth processor gradually changes the bending posture of the specified finger 
mechanism when one or both of a distance between the object reference point and the hand 
reference point and an angle, the reference vector and the hand reference vector reach a value 
within a range corresponding to part or all of the size, shape, position, and posture of the object 
recognized by the first processor. The robot, comprising the hand control system perform the 
grasping operation of an object of which is controlled by the hand control system.  
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Figure IX-1: Perspective view of the robot with finger mechanical  

 
Our musical robot it is going to be based also in a finger mechanism, but unlike this previous 
patent, our robot it is going to be design to grasp an object. The purpose of the finger is to hold 
one of the strings with one hand and pull a specific string 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 plurality of fingers and provide, at a location at which 
the robot hand touches an object, with a moving. It touches the object and moves the object. It 
also provides to the palm side of the robot hand and/or the finger pad side to the robot hand. 
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b) Claims Summary 

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

 
Figure IX-2: Robot Hand Mechanism  

 
Unlike our robot, this patent is implemented to move objects. Another difference to avoid any 
similarity is that our robot’s finger doesn’t have the 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 has a reduced number of actuators as a drive 
source for bending and extending finger mechanisms and it is capable of smoothly bending and 
extending the finger mechanisms to grip an object. Finger mechanisms are biased to an extended 
position by springs. A wire is extended from finger mechanisms and a wire is extended from the 
finger mechanisms respectively around a pulley. A wire is extended from the finger mechanism 
and it is trained around a pulley which is drawn into an arm. The pulleys are rotatable and are 
held by a pulley holder which is angularly movable about a support shaft and movable toward 
the arm. An actuator disposed in the arm pulls a wire or releases the wire to bend or extend the 
finger mechanisms altogether. Even if any of the finger mechanisms touch against an object and 
fail to move when they are being bent or extended, the other finger mechanisms can be bent or 
extended.  

b) Claims Summary 

This patent claims a multi-fingered hand device that have a palm assembly mounted on a distal 
end of an arm, a plurality of finger mechanisms extending from the palm assembly and 
comprising a plurality of inter joined members successively connected by a plurality of finger 
joints. The finger mechanisms are extended to be moved to either one of an extended position or 
a bent position. Wire members are extended from the finger mechanisms toward the palm 
assembly and the wire members are extending from the finger mechanisms against a bias. 
Besides the palm assembly is disposed for rotation about an axis extending substantially in a 
longitudinal direction of the arm, and said drive means comprises means having at least one 
drive wire member extending from said pal. A drive force is applied to the drive wire member 
who is tending to pull the drive wire member into the arm.  
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Figure IX-3: Perspective view of the multi-fingers hand device 

The musical robot also includes a bending finger mechanism but in order to avoid any infraction 
our robot’s finger is going to have only one bending instead of the multiple bending that it is 
going to facilitate the vertical movement of the finger. Likewise this project, the musical robot’s 
finger will be bent by using a pulley and a string, but 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 established   by most governments for a limited time 
to protect the particular structure, system or method in which an idea or information is 
articulated. Generally, it is the right to copy, but it also gives credit to the copyright holder for 
his work. Copyright is different from a patent or trademark because copyrights protect original 
works of authorship, while a patent protects inventions or discoveries and trademarks protects 
words, phrases, symbols, or designs identifying and distinguishing the source of goods or 
services of one party from another. 
Trademark is to specially recognize the commercial foundation or origin of products or services, 
and that is legally reserved for the exclusive use of that owner, The owner of a registered 
trademark may begin legal proceedings for trademark infringements to prevent unauthorized use 
of that trademark, this does not mean that trademark law prevents the use of that mark by the 
general public. A common word, phrase, or other sign can only be removed from the public 
domain to the extent that a trademark owner is able to maintain exclusive rights over that sign in 
relation to certain products or services, assuming there are no other trademark objection. 
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1) Project Name 

The project was named “Musical Robot” and the search in the United States Patent and 
Trademark Office resulted in no companies, robots, or project using the term.   

2) Team Name 

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

 Serial 
Number 

Reg. Number Word Mark Check Status Live/Dead 

1 78635379  MUSITEC TARR DEAD 
2 78083568 2567626 MUSICTECH 

COLLEGE 
TARR LIVE 

3 74029913 1750471 MUSIC 
TECH 

TARR DEAD 

 Table 11: Trademark List 

After analyzing the project we concluded that there are not trade secrets related to the Musical 
Robot project 

X. STANDARDS CONSIDERATIONS 
 

Standards are industrial guidelines that exist to facilitate collaboration between organizations.  
When developing the product, a team needs to understand the standards involves.  Failure to 
adhere to standards can cause delays in development, manufacturing and sales. Also, often times 
an engineer must turn to the standard to understand more in depth the topic they are working on.  
Bellow some of the standards related to our Musical robot are explained: 
 

A. US Department of Labor Standard STD 01-12-002-PUB 8-1.3 – Guidelines For 
Robotics Safety 
 

1) Safety Systems  

The proper selection of an effective robotics safety system must be based on hazard analysis of 
the operation involving a particular robot. Among the factors to be considered in such an analysis 
are the task a robot is programmed to perform, the start-up and the programming procedures, 
environmental conditions and location of the robot, requirements for corrective tasks to sustain 
normal operations, human errors, and possible robot malfunctions. Sources of robot hazards 
include:  
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1. Human errors 
2. Control errors 
3. Unauthorized access 
4. Mechanical hazards 
5. Environmental hazards 
6. Electric, hydraulic, and pneumatic power sources.  

 
 

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

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

3) Guarding Methods:  

1. Interlocked Barrier Guard  

This is a physical barrier around a robot work envelope incorporating gates equipped with 
interlocks. These interlocks are designed so that all automatic operations of the robot and 
associated machinery will stop when any gate is opened. Restarting the operation requires 
closing the gate and reactivating a control switch located outside of the barrier. A typical 
practical barrier is an interlocked fence designed so that 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 tools for removal. Like the interlocked barrier 
guard, it prevents access through, over, under, or around the fence. It provides sufficient 
clearance for a worker between the guard and any robot reach, including parts held by an end-
effecter, to perform a specific task under controlled conditions.  

3. Awareness Barrier Device  

This is a device such as a low railing or suspended chain that defines a safety perimeter and is 
intended to prevent inadvertent entry into the work envelope but can be climbed over, crawled 
under, or stepped around. Such a device is acceptable only in situations where a hazard analysis 
indicates that the hazard is minimal and inter locked or fixed barrier guards are not feasible. 
Interlocked or fixed barrier guards provide a positive protection needed to prevent worker 
exposure to robotic systems hazards.  

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

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

Assessment  
 
These television principles are currently undergoing reliability testing in research laboratories 
because of recognized limitations in their capability of detecting the presence of personnel. 
Although some of these devices are already available in the safety equipment marketplace, care 
must be used in their selection to insure adequate safety and reliability. At this time, such 
proximity detectors are not recommended for such use unless a specific analysis confirms their 
acceptability for the intended use. Effective presence sensing devices stop all motion of the robot 
if any part of a worker's body enters the protected zone. Also, they are designed to be fail-safe so 
that the occurrence of a failure within the device will leave it unaffected or convert it into a mode 
in which its failed state would not result in an accident. In some cases this means deactivation of 
the robot. Factors which are considered in the selection of such devices include spatial 
limitations of the field, environmental conditions affecting the reliability of the field, and sensing 
field interference due to robot operation.  

5) Emergency Robot Braking  

Dangerous robot movement is arrested by dynamic braking systems rather than simple power 
cut-off. Such brakes will counteract the effects of robot arm inertia. Cutting off all power could 
create hazards such as a sudden dropping of a robot's arm or flinging of a work piece.  

6) Audible and Visible Warning Systems  

Audible and visible warning systems are not acceptable safeguarding methods but may be used 
to enhance the effectiveness of positive safeguards. The purposes of audible and visible signals 
need to be easily recognizable. 
A standard is a rule or principle that is used as a basis for judgment. Standards are essential in 
engineering because they address many things from safely, environmental issues and even 
production of electronic resources. Without standards we would have no common ground or 
foundation that all engineers can adhere too. We will take into consideration the following 
standards into our design. 

·  5 Emergency Robot Braking. Our team wants to incorporate a button to stop the robot 
arm on its rail. This system will work as a brake to stop all motion in progress.  

·  Safety System hazard analysis. We will need to analyze our design and take the following 
precautions into account, human errors, control errors, unauthorized access, mechanical 
hazards, environmental hazards and electric hydraulic and pneumatic power sources.  
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B. US Department of Labor Standard TED 01-00-015[TED 1-0.15A] 
�

1) Introduction.   
�
Industrial robots are programmable multifunctional mechanical devices designed to move 
material, parts, tools, or specialized devices through variable programmed motions to 
perform a variety of tasks. An industrial robot system includes not only industrial robots 
but also any devices and/or sensors required for the robot to perform its tasks as well as 
sequencing or monitoring communication interfaces.  
Robots are generally used to perform unsafe, hazardous, highly repetitive, and unpleasant 
tasks. They have many different functions such as material handling, assembly, arc 
welding, resistance welding, and machine tool load and unload functions, painting, 
spraying, etc. See figure IV-1 for common definitions. Most robots are set up for an 
operation by the teach-and-repeat technique. In this mode, a trained operator (programmer) 
typically uses a portable control device (a teach pendant) to teach a robot its task manually. 
Robot speeds during these programming sessions are slow.  
This instruction includes safety considerations necessary to operate the robot properly and 
use it automatically in conjunction with other peripheral equipment. This instruction 
applies to fixed industrial robots and robot systems only. See figure IV-2 for the systems 
that are excluded.  

 

2) Accidents: Past Studies.  

Studies in Sweden and Japan indicate that many robot accidents do not occur under normal 
operating conditions but, instead during programming, program touch-up or refinement, 
maintenance, repair, testing, setup, or adjustment. During many of these operations the operator, 
programmer, or corrective maintenance worker may temporarily be within the robot's working 
envelope where unintended operations could result in injuries.  

Typical accidents have included the following:  
·  A robot's arm functioned erratically during a programming sequence and struck the operator.  
·  A materials handling robot operator entered a robot's work envelope during operations and 
was pinned between the back end of the robot and a safety pole.  
·  A fellow employee accidentally tripped the power switch while a maintenance worker was 
servicing an assembly robot. The robot's arm struck the maintenance worker's hand.  

3) Robot Safeguarding.  

The proper selection of an effective robotic safeguarding system should be based upon a hazard 
analysis of the robot system's use, programming, and maintenance operations. Among the factors 
to be considered are the tasks a robot will be programmed to perform, start-up and command or 
programming procedures, environmental conditions, location and installation requirements, 
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possible human errors, scheduled and unscheduled maintenance, possible robot and system 
malfunctions, normal mode of operation, and all personnel functions and duties.  

An effective safeguarding system protects not only operators but also engineers, programmers, 
maintenance personnel, and any others who work on or with robot systems and could be exposed 
to hazards associated with a robot's operation. A combination of safeguarding methods may be 
used. Redundancy and backup systems are especially recommended, particularly if a robot or 
robot system is operating in hazardous conditions or handling hazardous materials. The 
safeguarding devices employed should not themselves constitute or act as a hazard or curtail 
necessary vision or viewing by attending human operators.  

4) Types and Classification of Robots.  

Industrial robots are available commercially in a wide range of sizes, shapes, and 
configurations. They are designed and fabricated with different design configurations and a 
different number of axes or degrees of freedom. These factors of a robot's design influence its 
working envelope (the volume of working or reaching space). Diagrams of the different robot 
design configurations are shown in Figure IV-1.  
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Figure X-1: Robot Arm Design Configurations. 

5) Servo and Nonservo.  

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

6) Type of Path Generated 

 Industrial robots can be programmed from a distance to perform their required and 
preprogrammed operations with different types of paths generated through different control 
techniques. The three different types of paths generated 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 manner are programmed 
to move from one discrete point to another within the robot's working envelope. In the 
automatic mode of operation, the exact path taken by the robot will vary slightly due to 
variations in velocity, joint geometries, and point spatial locations. This difference in 
paths is difficult to predict and therefore can create a potential safety hazard to personnel 
and equipment.  

2. Controlled Path. The path or mode of movement ensures that the end of the robot's arm 
will follow a predictable (controlled) path and orientation as the robot travels from point 
to point. The coordinate transformations required for this hardware management are 
calculated by the robot's control system computer. Observations that result from this type 
of programming are less likely to present a hazard to personnel and equipment.  

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

7) Robot Components 

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

 

1. Power Sources 

Energy is provided to various robot actuators and their controllers as pneumatic, hydraulic, or 
electrical power. The robot's drives are usually mechanical combinations powered by these types 
of energy, and the selection is usually based upon application requirements. For example, 
pneumatic power (low-pressure air) is used generally for low weight carrying robots.  
Hydraulic power transmission (high-pressure oil) is usually used for medium to high force or 
weight applications, or where smoother motion control can be achieved than with pneumatics. 
Consideration should be given to potential hazards of fires from leaks if petroleum-based oils are 
used.  
Electrically powered robots are the most prevalent in industry. Either AC or DC electrical power 
is used to supply energy to electromechanical motor-driven actuating mechanisms and their 
respective control systems. Motion control is much better, and in an emergency an electrically 
powered robot can be stopped or powered down more safely and faster than those with either 
pneumatic or hydraulic power.  

�

2. Control Systems 

Either auxiliary computers or embedded microprocessors are used for practically all control of 
industrial robots today. These perform all of the required computational functions as well as 
interface with and control associated sensors, grippers, tooling, and other associated peripheral 
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equipment. The control system performs the necessary sequencing and memory functions for on-
line sensing, branching, and integration of other equipment. Programming of the controllers can 
be done on-line or at remote off-line control stations with electronic data transfer of programs by 
cassette, floppy disc, or telephone modem.  
Self-diagnostic capability for troubleshooting and maintenance greatly reduces robot system 
downtime. Some robot controllers have sufficient capacity, in terms of computational ability, 
memory capacity, and input-output capability to serve also as system controllers and handle 
many other machines and processes. Programming of robot controllers and systems has not been 
standardized by the robotics industry; therefore, the manufacturers use their own proprietary 
programming languages which require special training of personnel.  

�
 
 
 

C.  US Department 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 recognized hazards that are likely to cause death or 
serious physical harm to employees. Safety of equipment shall be determined using the 
following considerations: 

·  Suitability for installation and use in conformity with the provisions of this subpart 
·  Suitability of equipment for an identified purpose may be evidenced by listing or 

labeling for that identified purpose 
·  Mechanical strength and durability, including, for parts designed to enclose and 

protect other equipment, the adequacy of the protection thus provided 
·  Wire-bending and connection space 
·  Electrical insulation 
·  Heating effects under all conditions of use 
·  Arcing effect 
·  Classification by type, size, voltage, current capacity, and specific use 

 
Other factors that contribute to the practical safeguarding of persons using or likely to come 
in contact with the equipment. 
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2) Installation And Use  
 
Listed or labeled equipment shall be installed and used in accordance with any instructions 
included in the listing or labeling. 
 

3) Insulation Integrity 
 
Completed wiring installations shall be free from short circuits and from grounds other than 
those required or permitted by this subpart. 
 

4) Interrupting Rating 
 
 Equipment intended to interrupt current at fault levels shall have an interrupting rating 
sufficient for the nominal circuit voltage and the current that is available at the line terminals 
of the equipment. Equipment intended to interrupt current at other than fault levels shall have 
an interrupting rating at nominal circuit voltage sufficient for the current that must be 
interrupted. 
 

5) Circuit Impedance and Other Characteristics 
 
The over current protective devices, the total impedance, the component short-circuit current 
ratings, and other characteristics of the circuit to be protected shall be selected and 
coordinated to permit the circuit protective devices used to clear a fault to do so without the 
occurrence of extensive damage to the electrical components of the circuit. This fault shall be 
assumed to be either between two or more of the circuit conductors, or between any circuit 
conductor and the grounding conductor or enclosing metal raceway. 
 

6) Deteriorating Agents 
 
Unless identified for use in the operating environment, no conductors or equipment shall be 
located in damp or wet locations; where exposed to gases, fumes, vapors, liquids, or other 
agents that have a deteriorating effect on the conductors or equipment; or where exposed to 
excessive temperatures. 
 

7) Mechanical Execution Of Work 
 
These are some of the mechanical requirements for the execution of work: 

·  Electric equipment shall be installed in a neat and workmanlike manner. 
·  Unused openings in boxes, raceways, auxiliary gutters, cabinets, equipment cases, or 

housings shall be effectively closed to afford protection substantially equivalent to the 
wall of the equipment. 

·  Conductors shall be racked to provide ready and safe access in underground and 
subsurface enclosures that persons enter for installation and maintenance. 

·  Internal parts of electrical equipment, including busbars, wiring terminals, insulators, 
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and other surfaces, may not be damaged or contaminated by foreign materials such as 
paint, plaster, cleaners, abrasives, or corrosive residues. 

·  There shall be no damaged parts that may adversely affect safe operation or 
mechanical strength of the equipment, such as parts that are broken, bent, cut, or 
deteriorated by corrosion, chemical action, or overheating. 

 
8) Mounting and Cooling of Equipment 

 
Electric equipment shall be firmly secured to the surface on which it is mounted. 
 

9) Guarding of Live Parts 
 
Except as elsewhere required or permitted by this standard, live parts of electric equipment 
operating at 50 volts or more shall be guarded against accidental contact by use of approved 
cabinets or other forms of approved enclosures or by any of the following means by: 
 

·  Location in a room, vault, or similar enclosure that is accessible only to qualified 
persons 

·  Suitable permanent, substantial partitions or screens so arranged so that only qualified 
persons will have access to the space within reach of the live parts. Any openings in 
such partitions or screens shall be so sized and located that persons are not likely to 
come into accidental contact with the live parts or to bring conducting objects into 
contact with them 

·  Placement on a suitable balcony, gallery, or platform so elevated and otherwise 
located as to prevent access by unqualified persons; or 

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

 XI. HEALTH AND SAFETY CONSIDERATIONS 

All products have health and safety considerations that need to be addressed.  The musical 
robot is no different. It is very unlikely that this product can cause any serious injury to the 
general public if used in a responsible manner. The three main health and safety 
considerations that need to be addressed for this product are moving parts, electric shock and 
guitar strings.  The guitar strings can cause injury to the human body if they snap in close 
proximity to the body. If the strings make contact with the body at the same time they snap 
they can cause minor injury. Also, any moving parts can cause minor injury, if body parts are 
put in front of them.  Both these issues are only a problem if the product is used in an 
improper way. For example, when tuning the strings you have to be careful to not apply to 
much pressure to the guitar string. Applying to much pressure can break the string and cause 
a super facial injury. In the same way sticking your fingers or body parts in front of moving 
objects can cause minor injury. This product can cause a serious injury if dropped or placed 
into a body of water. This can cause a severe electric shock that can result in serious injury. 
Yet again if this product is used responsibly there is no danger of any kind. Injury can only 
occur do to user error, improper use or carelessness.  
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XII. ENVIRONMENTAL CONSIDERATIONS 
 

The human being needs a place to live with clean air and water, food which is not harmful, and 
an environment which will not threaten our health and safety. Therefore, it is the obligation of 
every engineer to design products that are environmentally friendly.  As designer of the Musical 
Robot and as future engineers, it is in our best interests to protect those resources that sustain us.   
 
Even thought our team has the purpose to create a recycled product there its still the possibility 
of creating a product that somehow may affect the environment. As any electronic robot, this 
product is power from an AC wall outlet. Nowadays fuel is the main source to produce 
electricity, so when creating this project we are helping to increase consuming of this 
nonrenewable resource. With time and with a great demand of this robot, thousands of kilowatts 
may be consumed. Therefore we have the alternative to build an invention that is as economic as 
possible. In order to do that the cost will be of thirty dollars. On the other hand Scientifics are 
researching hard in looking for natural and renewable sources to supplement the fuel and they 
predict that there is chance of twenty percent that in the next years every electrical plant uses 
only this type of sources. In this case there will not be any negative effect on the environment 
and there were not reason to build an economic robot. But there is still the possibility that a big 
mass production has to be updated because it is considered by the users as “non economic 
device.” On this case, we will have an increment of ninety dollars in the production cost of the 
Musical Robot.  
To resolve this dilemma, an environment risk analysis will be used to decide whether or not to 
build an economic device. There are two possible actions: 
 
a1: Built an economic device 
a2:  Not to build an economic device. 
 

There are also two different probabilities: 
 
W1 :  Electricity will be generated from a renewable source so there will not be effect on the 
environment. 
W2 :  Electricity still will be generated from fuel. 
 
In order to find the risk according with each action taken the following formula was used: 
 

)()|()()|()( 2211 wPwaLwPwaLaR iii +=  
 
Table XII-1 shows the results obtaining when performing the environmental risk analysis: 
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Table XII-1: Environmental Risk Analysis Table 

 
After analyzing the results on column number two we may conclude that action number one: 
built an economic device, is the best option to avoid any negative impact to the environment and 
the increment in the production cost of the musical robot. 
 
Besides there are other environmental considerations that will be addressed to the designing 
process of the Musical Robot: 
 

·  using goods that have recognized environmental standards labels  
·  specifying environmentally beneficial goods and services  
·  considering whole of life costs when purchasing  
·  buying from suppliers who are concerned about their environmental performance and 

who are able to demonstrate policies and procedures to address environmental issues  
·  minimizing waste  
·  recycling products 

 
Any work performed must comply with Environmental Protection Agency (EPA), National 
Recycling Coalition (NRC) and other federal, state, and local regulations.  In addition all parts 
used will be RoSH and WEEE compliant.  The RoHS Directive stands for "the restriction of the 
use of certain hazardous substances in electrical and electronic equipment".  This Directive bans 
the placing on the EU market of new electrical and electronic equipment containing more than 
agreed levels of lead, cadmium, mercury, hexavalent chromium, polybrominated biphenyl (PBB) 
and polybrominated diphenyl ether (PBDE) flame retardants.  The WEEE Directive imposes the 
responsibility for the disposal of waste electrical and electronic equipment (WEEE) on the 
manufacturers of such equipment. Those companies should establish an infrastructure for 
collecting WEEE, in such a way that "Users of electrical and electronic equipment from private 
households should have the possibility of returning WEEE at least free of charge".  
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XIII. SUSTAINABILITY CONSIDERATIONS 
 

1) The Hannover Principles 
 
The purpose of the following section is to explain how we will comply with the following 
Hannover Principles.  
Principle number 4 states as follows:  Accept responsibility for the consequences of design 
decisions upon human well-being, the viability of natural systems and their right to co-exist.  

·  Our group takes full responsibility for the consequences of the negative effects that are 
design decisions could have upon human well-being and the effect it could have on 
natural systems.  We completely agree that all natural systems have the right to co-exist. 
Because of this we have taken great effort to ensure the safety of natural systems and 
human well-being. Furthermore, in our research stage, of our design, we made sure to not 
use any materials that are harmful to the environment. Part of our research also included 
studying how are product could cause harm to the well-being of a human being.  We have 
conclude that our product can only cause harm to a human being if is used in an improper 
manner. We go into more detail in the Health and safety considerations of this report on 
how this product can be used in an improper manner. Additionally, our team takes full 
responsibility of any consequences deemed necessary as a result of damage to a natural 
systems and the well being of human beings.  

 
Principle number 5 states as follows: Create safe objects of long-term value. Do not burden 
future generations with requirements for maintenance or vigilant administration of potential 
danger due to the careless creation of products, processes or standards.  

·  Our product will not burden any future generations with any maintenance or vigilant 
administration of potential danger.  Our design is not made of any material that requires 
such vigilant administrations of potential danger. There are no toxic materials in this 
device that can create any catastrophic danger to future generations. Therefore this 
product does not require any long term administration of potential danger. Also there is 
no long term maintenance required in this product. Once the product has lived past its 
useful life cycle it can be safely placed in the garbage for disposal. We have made sure of 
this by mostly using materials that are biodegradable. This product is mostly made of 
wood, metal and electronic circuits. We have minimized the use of plastic and any other 
materials that can take long periods of time to biodegrade. Therefore this product has a 
very long life span and does not require any long term maintenance.  

 
Principle number 8 states as follows: Understand the limitations of design. No human creation 
lasts forever and design does not solve all problems. Those who create and plan should practice 
humility in the face of nature. Treat nature as a model and mentor, not as an inconvenience to be 
evaded or controlled. 

·  Our group shows great humility in the face of nature. We have no wish to try to control, 
evaded and or treat nature as an inconvenience. Additionally, we have great respect for 
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nature and all living things.  Our group will use nature as a model and mentor to 
demonstrate the limits of how far we can go before we create environmental damage.  In 
other words, we understand the limitations of are design. And will use nature to help us 
understand the limits of what can be done. This is the only way to ensure we will not 
create any product that will destroy or damage our environment. Our group will comply 
with this principle by researching how our product will affect nature.  We understand that 
no design lasts forever; and the implications our design has on nature will be taken into 
considerations in the design.  By doing so we can ensure our product will have a positive 
impact on the environment.  

 
2) The Restriction of Hazardous Substances Directive (RoHS) 

 
This directive restricts the use of six hazardous materials in the manufacture of various types of 
electronic and electrical equipment. RoHS is often referred to as the "lead-free" directive, but it 
restricts the use of the following 6 substances Lead, Mercury, Cadmium, Hexavalent chromium 
(Chromium VI or Cr6+), Polybrominated biphenyls (PBB), PBDE (polybrominated diphenyl 
ether), PBB and PBDE are flame retardants used in some plastics. 

·  Before assembling and building our product we researched all the materials involved to 
make sure none of the six hazardous materials listed above were used. Our product has no 
Lead or Cadmium used in its construction.  There is definitely no Mercury or any other 
toxic material in our device. We have a list of every component used in the construction 
of our product. These components have all been clearly researched to show none of these 
toxic elements below would be incorporated into are final product.  

RoHS is often referred to as the lead-free directive, but it restricts the use of the following six 
substances: 

1. Lead  
2. Mercury  
3. Cadmium  
4. Hexavalent chromium (Cr6+)  
5. Polybrominated biphenyls (PBB)  
6. Polybrominated diphenyl ether (PBDE)  

3) Design for easy disassembly 
 

Our product can be very easily disassembled if needed to be. The entire unit has been put 
together using screws, metals and wood. These screws can be easily removed if needed to be. 
This means the whole unit can be separated into its individual components in under one hour. 
Furthermore, our product is relatively small and light weight. 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 of an LCA is the evaluation of potential human 
health and environmental impacts of the environmental resources and releases identified during 
the LCI. Impact assessment should address ecological and human health effects. Our team will 
compare steal or aluminum in the construction of the Musical robot. Hence we will first take a 
look at the different effects steel and aluminum will have on our environment. Once the results 
have been gathered, we can decide which of these materials will be better for the environment.  
The following figures show the aluminum analysis.  
 

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

 
Figure # XIII-3. Characterization Graph Using Aluminum 
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Figure # XIII-4. Normalization Graph Using Aluminum 

Weighting

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

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

 
Figure # XIII-9. Characterization Graph Using Steal 
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Figure # XIII-10. Normalization Graph Using Steal 

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

 
After analyzing the methods for two different materials: aluminum and steal, we may conclude 
that steal creates higher amounts of pollution than aluminum. Therefore using steal instead of 
aluminum in the construction of the Musical robot would be a really bad choice. The pollution 
created by steal was more than doubled that of aluminum. Steal even contributed to acid and 
other toxic materials that aluminum did not create at all.  
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XIV. MANUFACTURABILITY CONSIDERATIONS 
 
Our team took in consideration the manufacturability of our project to obtain the maximum 
efficiency and success in the functionality of our Musical Robot. Therefore each component of 
our product was carefully analyzed and designed to meet the functionality and service life 
requirements so that it could be produced economically.   
 
Simplicity demands that our product was implemented with the minimum required components 
in order to minimize cost. In addition the use of standard materials and components enable the 
benefit of a mass production of this product. Therefore many standard and off-the-shelf materials 
were used in the implementation of the Musical robot such as wood, standard guitar strings and 
pieces of metals.  
 
A transformer will be built and implemented in a way that the robot is powered from a regular 
110V wall outlet. Many voltage regulators are used to get the desire output voltage using the 
same transformers. Also few fuses were incorporated into the implementation of the transformer 
to protect the line and devices. These are standard 1.5 Amp and 3Amps that are easy to replace 
by the users in case they may burn out without paying for a professional service. 
 
Standard hex screws will be used to manufacture the robot and standard cables to make the 
electrical connections.  The use of standard cables would eliminate the need for custom cabling 
and provides the user with option of changing defected cables. This reduces repair costs and 
consumer annoyance with the product. 
 
One of the worries when designing the Musical Robot is the dependence on just one brand of 
microcontrollers. The brands of microcontrollers chosen meet all the requirements for our project 
and also the manufacture company is a recognized seller so there is less probabilities for this 
company to close. However there is still a chance of discontinuing this microchip.  On the other 
hand, the servos used are compatible with most microcontrollers’ brand, so that if this Microchip 
is discontinued, another device could be installed instead.  
  
There was barely human labor added to the value of this project because there is not need for 
potentiometers or manual adjustment switches. Instead voltage regulators will be used.   
 
Many electrical and functionality test will be run to detect any manufacture defect before they 
affect the consumers.  Also in general an analysis of the whole system will be performed to 
create at the end a product that is needed, economic and well manufactured.  
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XV. ETHICAL CONSIDERATIONS AND SOCIAL IMPACT  
 

Our team recognizes the immense importance that our project may have over the quality of life 
and the safety of the consumers. Therefore every team members has the commit to maintain the 
most ethical and professional conduct on any issue related to our project.  
Designing and constructing a musical robot may involve us in a series of ethical dilemmas. We 
analyzed carefully the IEEE Code of Ethics and the ASME Code of Ethics of Engineers and  
even thought both codes were suitable to our project, we decided to use Ethical Theory Model to 
resolve any ethical issue addressed to our Musical Robot project.  
 

A. Recognize Ethical Issues 

Musical Business is one of the most controversial industries nowadays. Millions of dollars are 
being lost when the piracy and the technology are used together. Consequently, designing and 
implementing a musical robot involve us in many ethical conflicts such the followings: 

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

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

·  It also involves the economic impact on the personal musical instrument in the market.  
A robot manufacturer who has the exclusive right to produce and sell the integrated device 
on their products may have an unfair advantage over their new competitors.  This will lead 
to a manufacturer monopoly on the device making it less affordable for consumers. 

·  Indeed, we may be loosing culture values. Changing the art for technology could have a 
negative impact on many countries’ cultural tradition that is based on this type of 
instrument. 

 
B. Stakeholders 

The stakeholders for this project include the primary consumer, the music companies, and may 
be find it useful if being modifying for children safety to the toy and hobby industry. 

C. Determine the Options 

Positive Paradigm: The robot will be used with an entertainment purpose. 

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

1. Assuming that the robot will not be used to reproduce illegal music. 
2. Limit the robot to be sold only to the entertainment industry. 
3. License to all manufacturers and sellers to be distributed as a whole unit that can be used in 
the toy or hobby industry. 
4. Limit the use of the musical robot for the competition only. 
 

D. Ethical Theories Study 
 

According to John Stuart Mill’s: “Utilitarianism is the idea that the moral worth of an action is 
solely determined by its contribution to overall utility in maximizing happiness or pleasure as 
summed among all persons”.[XV-1] The only option that most benefits the larger number of 
people is option 3 because there is bigger possibility to satisfy to more people than a negative 
effect that may cause on others. 
 
The ethical egoism is supported by all options except for option 1 because the team will earn 
pride, recognition, and wealth.  Specially option 2 in which manufacturers can make a 
particularly lucrative offer in exchange for exclusive distributive rights.  In this case 
entertainment industry will also benefit by negligible marketing costs and reduced liability. 
Kantian Ethics principle is supported by option 1 and 4, both limiting the robot to be sold to the 
entertainment industry and manufactured by the toy or hobby industry .No having the 
documentation available for the public would avoid the possibility of cheating, copying and 
reproduction of its design or to reproducing non authorized music using this robot Options 1 and 
3 support the right ethics theory. These options give the possibility to the consumer to a 
reasonable competition in the marketplace.  Option 1 implies a non economic disadvantage and 
option 3 give to only one manufacturer a monopoly on the reproduction and sale of the musical 
robot. 

 
E. Option Analysis 

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

 
Options/ 
Theories 

Utilitarianism Ethical 
Egoism 

Kantian Rights TOTAL 

Option 1 0 0 1 1 2 

Option 2 0 1 0 0 1 

Option 3 1 1 0 1 3 

Option 4 0 1 1 0 2 

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

 
As shown in the above Modified Line Drawing table (Table XV-1) and graph (Figure XV-2), 
option 3 is supported by the most ethical theories. Fortunately, this will be the best option to 
resolve some of the ethical issues. This option will not lead to manufacture monopoly on the 
device marketing being more affordable to consumer. 
 
 
 

XVI. CONCEPT DEVELOPMENT 
 
We designed a musical robot that is lightweight, economical and can work with a typical 60Hz 
power wall outlet. We began by developing a concept fan with design solutions. The diagram is 
shown below: 
 

 
Figure XVI-1: Musical Robot’s Concept Development Diagram 
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A. Different Solutions 
 
From the concept fan, we analyzed three possible solutions using the concept combination table. 
The three solutions along with their respective advantages and disadvantages are shown below: 
 

PICK-UP AMP PROGRAM 
FINGERING 
MECHANISM 

Active Transistor Output Hard-wire tunes Humanoid 

Passive Audio Amp IC User Programmable Non Humanoid 
 

Option 1   
Advantages Disadvantages 
Relatively Cheap Complex 
Good Output power  
Flexible  
Excellent Sound  
 Table  XVI-1: Option 1Analysis 
  
  

PICK-UP AMP PROGRAM 
FINGERING 
MECHANISM 

Active Transistor Output Hard-wire tunes Humanoid 

Passive Audio Amp IC User Programmable Non Humanoid 
 

Option 2   
Advantages Disadvantages 
Very Cheap Not flexible 
Less Output Power  
Simple  
Good Sound  
  
  

Table  XVI-2: 
Option 2 Analysis 

PICK-UP AMP PROGRAM FINGERING MECHANISM 

Active Transistor Output Hard-wire tunes Humanoid 

Passive Audio Amp IC User Programmable Non Humanoid 
 

Option 3   
Advantages Disadvantages 
High Output Power  Not flexible 
Simple Expensive 
Excellent Sound  

Table XVI-3: 
Option 3 Analysis 
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From these options, we used  a scoring system going from 1 to 5.  After giving the relative 
scores for each of the options, we used a decision matrix in order to weigh the scores of each 
option. At the end, we had the best option selected. 
 
 Op 1 Op 2 Op 3 
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 solution for the constraints and properties required of our 
musical robot. To make sure applied the decision matrix in order to weigh the various parameters 
in order of importance. The weight values shown in the table was derived using the following 
formula: 
 

N
NAAAMeanG

1

21 )(. ···= �  
 
This equation gives the geometric mean as the weight factor for our various parameters. It is said 
that this equation makes the calculation less subjective, even though no proof is given. We used 
it and it gave us the following factors. 
 

 
Sound 
Q. Program. 

Low 
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. Wt.    
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 scores for each of the parameters and we obtained the 
following final adjusted scores: 
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 Op 1 Op 2 Op 3 
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 5.5 
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 1 is the best option and this is the option we used to 
design and build the Musical Robot. Option 1 was setup as a passive pick-up with an Audio Amp 
IC and humanoid features. The robot is also user programmable. 
 
 

XVII. END PRODUCT DESCRIPTION AND OTHER DELIVERABLE S 
 

The following pages demonstrate the musical robot’s concept as well as how the different 
modules are functioning relative to each other. These modules have been built and tested.  
 
A. Level 0 

 
The following figure shows the level 0 diagram of the Musical 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 amplifier 

Outputs 
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·  The robot has an electrical voltage output signal which could be connected to a computer 
or other signal processing device. It could also be connected to a larger amplifier if need 
be. 

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

 
C. Level 1  

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

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

 
Modules 

·  The Power module consists of regulator circuitry that fulfills all the energy needs of the 
robot, and it is not controlled by the PIC module. This module includes an AC to DC 
rectifier as well as voltage regulators to lower and regulate the voltage to +5 and +9 V 
for all of the onboard circuitry. 

·  The user interface is the system through which the user is able to program a particular 
song for the robot to play. 

·  The PIC controller module controls all other function of the musical robot. It converts 
the user inputted song to a set of commands that control the mechanical strum module. 

·  The mechanical strum system controls the picking servos and the robotic hand playing 
the notes. It takes the instructions from the microcontroller and executes them using the 
optical feedback system.  

·  The Pickup and amplifier module is the second module that is independent from the PIC 
controller. This module takes the signal obtained from the 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 diagram of the Musical Robot. 

 
 

 
Figure XVII-3: Level 2 Power Diagram 

 
·  The transformer is used to step down the 120VAC to approximately 18VAC. 
·  The rectifier stage uses diodes to convert the 60Hz AC sine wave to a DC voltage. 
·  The filter smoothes out the DC ripple coming from the rectifier. The filtered DC voltage 

is fed into the Regulator where it is clipped to the required level and further smoothed. 
Small capacitors on the output remove any high frequency ripple. 

 
E. Level 2 User interface 

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

 
 

 
Figure XVII-4: Level 2 Interface Diagram 

 
·  The Keyboard setup was made to look like an ordinary piano keyboard. The keyboard 

was implemented using a keypad configuration. See figure XVII-5 for more details. 
·  The columns have internal pull up resistors that maintains the high state while the switch 

is open.   
·  Nine lines were used to represent eighteen switches instead 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 controller of the Musical Robot. 

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

 
 

·  The PIC controller’s job is to interpret the information obtained from the user interface 
module and send the appropriate commands to the MSS (Mechanical Strum System) 
module. The MSS module has some PIC program components however 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 mechanical strum system of the Musical Robot. 
 

 
Figure XVII-7: Level 2 PIC Mechanical Strum System 

 
·  The PIC Controller manages all the mechanical hardware associated with the playing 

process. The code flow diagram is shown in level three. 
·  The Fingering mechanism is composed of a hand mechanism on a rail moved by an L297 

stepper chip running a stepper motor back and forth along the fingerboard. 
·  The fingerboard’s LEDs guide the fingering mechanism to the right note position. These 

LEDs are lit under the microcontroller’s control, with each note being assigned an LED 
and a string.  

·  The strum servos perform the physical action of playing the strings. Each string is 
assigned and individual strum servo also under PIC control. 

 
G. Level 3 MSS PIC Code 
 
The following figure shows the Level 3 Level 3 MSS PIC 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 sends the command that turns on the 
appropriate note LED. 

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

·  Once the fingering mechanism has reached the selected note, the mechanical finger is 
placed to the fingerboard. 

·  The strum servo then plays the string assigned to the current note. 
 
H. Pickup and Amplifier 
 
The following figure shows the pickup and amplifier diagram of the Musical Robot. 
 

 
Figure XVII-9: Pickup and Amplifier Diagram 

 
·  The magnetic pick-up uses the principal of electromagnetic induction to generate an 

output voltage signal. The steel strings on the guitar vary the magnetic field generated 
from the magnetic pickup’s permanent magnets; this induces current in the pickup coil 
generating and output voltage through a low-pass RLC circuit. 

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

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

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

This section covers the steps we took to build our robot 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 here at FIU and at the particular homes of the 
team members. 
In order to obtain a final product, we completed the following tasks: 

·  The fingerboard apparatus was built and LEDs were installed at relative note locations. 
·  We designed and built a fingering mechanism which plays the various notes on the 

fingerboard. The fingering mechanism includes servos or some other device to physically 
strum the strings. 

·  Finally we programmed the PIC microcontroller to control the other systems. This step 
includes the design and assembly of the interface circuitry necessary to operate the other 
modules. 

 
The entire process from design to final prototype was completed 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 functioning prototype along with a simple instruction 
manual for any prospective user. 
 
The figure below shows the overall work breakdown structure: 

 
Figure XVIII-1: Work Breakdown Structure 
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Our budget for the project is summarized in the table below: 
 
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 certain milestones that were achieved in order to stay on 
track. The table below shows the major milestones and the 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 functioning 
11/10/08 User interface(Keyboard) fully operational(Robot Completed) 

 
Table XVIII-2: Milestone Schedule 

 
 

D. Gantt Chart & Pert Chart 
 
The charts shown below give a graphical representation of 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 

: 
 
 



P a g e | 70 
Senior II Report 
Musical Robot 

 

 

 

 

XIX. MULTIDISCIPLINARY ASPECTS 
 

The objective of our team is to design and build a musical robot. Our team is composed of 
different disciplines and by combining our different expertise’s, we were able to complete our 
objective. The team is comprised of the following engineering students Jorge Garcia, Andre 
Gonzalez, Yeysy Trujillo, and Donny Davis. Building a musical robot required knowledge in 
electrical engineering, controls, communications and computer programming. Every team 
member contributed in their field in order to tackle such a diverse engineering problem.  
 

·  Jorge Garcia is currently pursuing a bachelor’s degree in Electrical Engineering. He is 
knowledgeable in circuit theory and advanced mathematics. Jorge has soldering 
experience and a good knowledge of assembly techniques which will be useful in the 
advancement of this project.  He enjoys sharing his knowledge with others through 
tutoring here at FIU, and other teaching oriented tasks. He plays bass and has a strong 
knowledge of musical theory which will be of use for the project. Jorge is interested in all 
aspects of electrical engineering from filter design to power and it is this thirst for 
knowledge that will be helpful to the implementation of our musical robot. Jorge also has 
experience programming micro controllers.  

·  Andre Gonzalez is pursuing a bachelor’s degree in Computer Engineering.  He has over 
5 years of experience with computer programming and enjoys working with code. Andre 
has taken many courses in computer programming which includes beginning and advance 
C++ programming, Java 1 and 2 programming, Advance Unix programming and 
software engineering. Furthermore he also has a good understanding of circuit theory and 
enjoys working with electronics.  Andre has been working for the last year as a Network 
Engineer and has gained experience in project management and in the design of network 
infrastructure.   

·  Yeysy Trujillo  is pursuing a Bachelor degree in Electrical Engineering. She has a strong 
natural ability in circuit theory and communications. She also has a strong knowledge of 
advance mathematics and controls. Not just is she very capable and proficient in 
communications but also finds it very enjoyable. On another note she wants to specialize 
in communications devices and systems. She is presently working for AT&T where she 
has had the opportunity to earn experience in the communication field. Her experience at 
AT&T has taught her about wireless communications, telephone infrastructure and digital 
communications systems.   

 
·  Donny Davis is pursuing a Bachelor degree in Electrical Engineering. His main course of 

studies has been electronics and circuit theory. He is also very well versed in logic design 
and controls. Donny is very responsible and has proven to have strong management 
skills. Furthermore, he has seven years of experience working for an electrical company 
and was promoted to the head of the communication department for Ion Electric. He is 
also a very accomplished writer and is very proficient in technical writing. Donny has a 
great over all ability in management and Electrical Engineering. 
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Each member of our team contributed in their own special way. For example Jorge 
Garcia handled most of the soldering and electrical work. He also contributed to 
programming the micro controller. Andre Gonzalez contributed with his programming 
experience, computer experience and experience in circuits. Yeysy Trujillo handled all 
the communications aspects of the project as well as circuit design. Donny Davis greatly 
contributed with his experience in electronics communications and logic design. Once we 
combined all of our talents, we had every aspect for this project covered.  Furthermore 
we kept in touch throughout the break and stayed focused 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 electrical engineer 

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 material they cover in various undergraduate 
courses. 
• Tutored weekly in the following courses: Circuits I and II, Electronics I, Power I, Static, 
and Logic Design. 
• Currently working on a power project involving the use 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 companies. 
• Experience filing and office duty 
• Worked with fax machines, copiers, scanners, postage machines, and folding machines. 

 
Computer Skills 

•Able to use Microsoft Word, Adobe Acrobat, Excel, and PowerPoint 
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Yeysy Trujillo 
 

6330 SW 19th Terrace 
Miami, FL 33155 

305-775-7051 
ytruj001@fiu.edu 

 
Objective 

 • To obtain an entry level position as an electrical engineer 

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 operations for future service upgrades under the 

Project Light Speed initiative. 
 • Prepared conditioning assignments by providing schematics, service details, and budgetary 

reports. 
 • Assisted senior engineers in correcting and resubmitting 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 bank deposits. 
 • Experienced balancing registers, handling large amount of money and different forms of 

payments. 
 • Provided excellent customer service in a bilingual environment. 
 • Resolved customer complaints. 
  
Computer Skills 

        • Proficient working with Windows XP and Vista and Microsoft Office Internet 
• Knowledge of C++ and Pascal programming 
• Experienced in working with PSpice, MATLAB, and AutoCAD. 
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Donny Davis 

 
6330 SW 19th Terrace 

Miami, FL 33155 
786-299-6500 

ddavi007@fiu.edu 
 

Objective 

 • Seeking a position where I can develop a professional 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 

 Ion Electric, Miami, FL 
 Lead-man, 2007 - Present 
 • Leaded a technology team. 
 • Coordinated lay out of phone data security and wireless 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 reported daily tasks. 
 • Supervised employee's work. 
 • Created employee's time sheets. 
 

Computer Skills 

 • Experienced working with Windows XP and Vista and Microsoft Office 
• Knowledge of C++ programming and AutoCAD drawing 
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Andre Gonzalez 

 
951 E 27th St 

Hialeah, FL 33013 
305-733-0217 

Agonz147@fiu.edu 
 

Objective 

��To pursue my degree in Computer Engineering from F.I.U and find a position where I 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 Gables, Coral Gables, FL  
Network Engineering, 2007- Present 
• Police and Fire Department, City Web Page 
• Designed and built fiber networks at over 25 locations within the city 
• Managed and coordinated projects and project’s documentation.  

 
Florida International University, Miami, FL                                 
Computer Technician and Networking IT Department, 2007 – 2007 
• Performed hardware maintenance of laptops and desktops including taken apart and 
reassembled of any part. 
• Complete data backups. 
• Provided a complete networking service including trouble shooting switches, finding bad 
ports, using toner to find ports and testing cables with wire mapping to find bad wires.  

 
AT&T wireless, Hialeah, FL 
Key holder and store operations assistant manger, 2003 - 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, Microsoft Word, Microsoft Excel and 
Microsoft Office.  
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XXI. BUDGET 
 
The budget for the project was principally composed by parts used to build our project and the 
labor required to design, build, and develop the Musical Project. Table XXI-1 illustrates the 
money expended in tool and materials for our project. These expenses were equally subsidized 
for each member of the team.  
 

Tools and Materials Cost Per 
Unit 

Quantity 
Used 

Total (Includes Shipping , 
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 Musical Robot. 
 
Member’s Name Wage Per 

Hour  
Hours per Week  Number of 

Weeks  
Salary Per 

Person  
Jorge Garcia $18.00 8.00 24 $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 



P a g e | 77 
Senior II Report 
Musical Robot 

 

 

 

 

XXII. RESULTS EVALUATION 
 

We were able to succeed in our venture to build a musical robot. Unfortunately, we had some 
programming difficulties and the robot is not able to play Twinkle, Twinkle little Star, as we 
desired. However a few tones can be heard. 
 
On the other hand, we were able to meet our constrains.  The robot is light enough for one person 
to carry it, and it runs with the standard off a 110VAC wall outlet in order to avoid the need of 
expensive batteries.  

 
 

XXIII. LIFE-LONG LEARNING 
 

The Music Robot is a very attractive project that can be use for different objectives such as 
entertainment, learn some melodies, and to just show it to anyone. The robot can be used in 
different environments if reconstructed to different specifications. The most important 
requirement to get this project into the market will be the approval of this product.  After that, 
surveys and client interviews will be performed. The future of this project was estimated based 
on prospect, contest and technology. The next step will be to see which manufacturers propose 
greater price and quality.  After all these steps are cover, the Music Robot must be able to set out 
to construction and to the market. 
 
The members of our team, who worked hard in accomplishing every objective, designing and in 
the construction of this robot, are all members of various lifelong organizations such as SHPE 
and IEEE. The contacts will continually provide us with up to date information on new 
technologies and products which may help us to further improve the musical robot. The product 
will be monitored because upgrades will need to be implemented after a set period of time or in 
case of a new component revolutionizes in the musical robotic industry. And the marketing of 
the product will be necessary to maintain the potential buyers informed about the robot’s 
capabilities and specifications. 
 
As engineers it will be our responsibility to keep ourselves current by continuously studying and 
learning the new technologies that are constantly being developed and researched. It is vital that 
the robot grow with the times and improving as our knowledge also improves. 
 
The Music Robot has a good potential to go into production and it meets all the standards, health, 
environmental, and many other considerations already mentioned in different parts of the 
proposal which speed up the product manufacture. 
 
      

 
 
 



P a g e | 78 
Senior II Report 
Musical Robot 

 

 

 

 

XXIV. CONCLUSION 
 

Our musical robot project will be a worthwhile venture into the field of robotics. The robot runs 
off from standard 110VAC, and is light enough for one person to carry. Our expenses give us 
security in that the robot will be feasibly manufactured for sale at a cost of U$200 or less. Our 
design is not able to perform all the motions and nuances that a human could give to an 
instrument, however with further development the gap will close. 
 
The robot includes several safety measures such as an emergency shut off switch and. We also 
took into account that our design must be safe for children, who may be in the vicinity of our 
product while it is operating. 
 
Since the robot has been design with a modular architecture, we were able to limit waste, by 
giving the consumer the ability to replace broken or out dated modules with new ones. The 
device is upgradeable; serving it is consumer for years to come. 
 
This type of robot is not able to replace a human musician at least not now; however that is not 
its purpose. The robot was designed with the mindset of bringing entertainment to its user, since 
there is a certain spark or curiosity when you observe a machine doing something a human 
would normally do.  

At this point in time, we were not able to play Twinkle, Twinkle Little Star, but with more time 
to program the microcontroller, it may be able to function as desired. However, a few tones can 
be heard. We met the 110VAC requirement by building a power 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 closest answer to each question, knowing that in many 
cases more than one option may be accepted. The information provided on this survey will be 
used to help us to group answers according to different criteria and it will not be disclosure. 

 
Survey Questions 
A. Personal Information 

A1. Age 

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

A2. Gender 
o Male 
o Female 

A3. Marital Status 

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

o White not Hispanic 
o Hispanic 
o African American 
o Asian 
o Others 

 

A5.  Education 

o High School 
o Some College 
o College 
o University/Master 
o Doctor 
 

If University. What is your major? 

 

A4. Income Range 

o < 20K 
o 21K – 30K 
o 31K – 40K 
o 41K – 50K 
o > 51K 

 

A5. What type of musical instrument do you like to play?  

 

 

A6. Favorite Song 
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A7. Guitar Knowledge  

o Expert 
o Basic 
o None 

A8. If you play the guitar, how often do you play it? 
o Often 
o Sometimes 
o Barely 

B Product Information 

 

 

 

 

 

 

B1. Overall perception of the product described above 

o Excellent 
o Good  
o Average 
o Poor 

 

B2. What do you like most about this product? 

 

 

 

 

 

Product Description: 

A robot that is able to play basic notes on a two string instrument. This robot is mainly 
composed by two hand mechanism that is going to hold and/or pull the strings in order 
to produce musical notes.  
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B3. What do you like least about this product? 

 

B4. What features do you consider are important for this project? 
o Durable 
o Safe 
o Low Cost 
o Attractive 
o Fast Response 

B5. What safety features does the product should have? 
 
 
 

 
B6. Where would you use this product? 

o Outdoor 
o Indoor 
o Both 

B7.  In your opinion, what would make the project more useful? 
o Value 
o Best Performance 
o High Quality 
o Name Recognition 
o Convenience 

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

 

B9. If this product were available in the market, would you be interested in buying it?  

o Very Interested 
o Somewhat Interested 
o Indifferent 
o Not Interested 
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B10. What would be your main reason for buying this product? 
o Professional Purpose 
o Entertainment 
o Teaching 
o Others 

 

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

 

o �  $100 
o $101 – $200 
o $201 – $300 
o $301 – $400 
o $401 – $500 
o �  $501 

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

 

 

              
  

B13. Would you like to add any comment or suggestion to this 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 the importance of our technologies in affecting 
the quality of life throughout the world, and in accepting a personal obligation to our profession, 
its members and the communities we serve, do hereby commit ourselves to the highest ethical 
and professional conduct and agree: 
 

1. to accept responsibility in making decisions consistent with the safety, health and welfare 
of the public, and to disclose promptly factors that might endanger the public or the 
environment; 

2. to avoid real or perceived conflicts of interest whenever possible, and to disclose them to 
affected parties when they do exist; 

3. to be honest and realistic in stating claims or estimates based on available data; 
4. to reject bribery in all its forms; 
5. to improve the understanding of technology, its appropriate application, and potential 

consequences; 
6. to maintain and improve our technical competence and to undertake technological tasks 

for others only if qualified by training or experience, or after full disclosure of pertinent 
limitations; 

7. to seek, accept, and offer honest criticism of technical work, to acknowledge and correct 
errors, and to credit properly the contributions of others; 

8. to treat fairly all persons regardless of such factors as race, religion, gender, disability, 
age, or national origin; 

9. to avoid injuring others, their property, reputation, or employment by false or malicious 
action; 

10. To assist colleagues and co-workers in their professional development and to support 
them in following this code of ethics. 

 
�		
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�������
���������
�������

���
�����
�
��
�� ����  
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C. ASME Code of Ethics of Engineers 
 
THE FUNDAMENTAL PRINCIPLES  
 
Engineers uphold and advance the integrity, honor, and dignity of the Engineering profession by:  
 

1. using their knowledge and skill for the enhancement of human welfare;  
2. being honest and impartial, and serving with fidelity the public, their employers and 

clients, and  
3. Striving to increase the competence and prestige of the engineering profession.   

 
THE FUNDAMENTAL CANONS  
 

1. Engineers shall hold paramount the safety, health and welfare of the public in the 
performance of their professional duties.   

2. Engineers shall perform services only in the areas of their competence.   
3. Engineers shall continue their professional development throughout their careers and 

shall provide opportunities for the professional development of those engineers under 
their supervision.   

4. Engineers shall act in professional matters for each employer or client as faithful agents 
or trustees, and shall avoid conflicts of interest.   

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

6. Engineers shall associate only with reputable persons or organizations.   
7. Engineers shall issue public statements only in an objective 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 along with this form No later 
than the end of EEL-4010 each semester. All information must be completed) 

 
 

Course Number:  EEL 4011  Semester:  Fall  Year: 2008 

Reference Number: 54227  Faculty Name:  Jeffrey Fan 

 
Senior I Instructor’s Name: Wilmer Arellano_ 
 
Team Leader Name: Jorge Garcia                   PID: 1782503 
Major: Electrical Engineering  Discipline / Specialization: Power & Communications 

     Telephone: 305-733-2015 

Other Member Information:  
 

Name Student ID # Major 
(e.g. Electrical, 

Computer, Civil) 

Discipline / Area of 
Specialization 

(e.g. Communications, 
Powers, Transportation) 

Andre Gonzalez 1942946 Computer �
Yeysy Trujillo 2222135 Electrical  �!�
�"�
Donny Davis 2217486 Electrical #�$

��!�� �!�
�"�
   
    
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 Factors, Patents, Safety, Reliability, Ethics, 

Social Impact). 
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Following safety standards the robot will have an emergency shut down switch. The 
robot will be designed so as to be financially sound with consumer price of two 
hundred dollars. The robot does not infringe on any current patents. 
 

D. Initial research results.  Analysis and synthesis, procedures to be pursued.  
Evaluation of alternate solutions.  
Initial research indicates that the concept of robots that play musical instruments is 
nothing new. Some of the robots analyzed were percussive, playing a beat or some 
other rhythmic figure. We choose to have our project work using a guitar which we 
felt would be more interesting than a drum. Our robot will find the notes to play using 
an optical feedback system, a method which we didn’t see in any of the musical 
robots researched.   
                                                                                                                                                      

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

 
F. Multi-Disciplinary Areas Involved in the Project                                     

Microcontroller Programming,  Power supply design,  Amplifier design, Knowledge 
of music theory and musical instrument construction,  motor control both stepper and 
servo style motors, and PCB board techniques.  

 
G. Team Assignments (Who will do what)                                                                   

Jorge Garcia and Andre Gonzalez – Stepper Controller, Programming, and half of the 
assembly (Modify fingerboard, servos). 
Donny Davis and Yeysy Trujillo – Power supply, audio amplifier, and half of the 
assembly (Hand Mechanism). 
 

H. Attach a schedule, including two or three intermediate milestone. 
 

DATE MILESTONE 
8/07/08 Servos are strumming the strings under PIC program control. 
10/20/08 Hand mechanism and optical feedback system are in place and 

functional 
11/17/08 User interface should be operational, everything should be complete.  

 
I. E-mail address and phone number and PID of ALL team members (Must be 

Completed)  
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Name PID E-mail Address Phone Number 
Jorge Garcia 1782503 Jgarc063@fiu.edu 305-733-2015 
Andre Gonzalez 1942946 Agonz147@fiu.edu 305-733-0217 
Donny Davis 2217486 Donnydavis111@gmail.com 786-299-6500 
Yeysy Trujillo 2222135 ytrujillom@yahoo.com.mx 305-775-7051 
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