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ABSTRACT

“The Arm” is a five degree of freedom (DOF) robot arm that
is able to play a single mounted string, a small keyboard, and
various percussion instruments. It is able to move around each
of these instruments, playing one at a time. “The Arm” is able
to playback MIDI sequences created by the keyboard to allow it
to “play” multiple instruments at the same time. The
accompanying string instrument will change its pitch through a
stepper to allow “The Arm” to simply strum to generate a
stringed pitch. “The Arm” will be able to vary timbre,
dynamics, and be visually appealing to create unique songs and
environments.

1. MOTIVATION, PURPOSE, AND
CONCEPT

1.1 Motivation

Multi degree of freedom (DOF) arms allow for a wide range
of musical capabilities since they can emulate human arms in a
limited fashion. This allows the arm to be able to play some of
the instruments that human players can with their hands. In
addition, our team is composed of robotics engineering majors,
who all have experience with multi-DOF arms from RBE3001.
This allows us to know the capabilities, limitations, and
requirements of any robot arm we would develop to play
musical instruments.

1.2 Purpose

The purpose of this machine is to be able to play many
different instruments using the same robotic arm. This will
make the robot versatile, with the potential to play a range of
sounds, including drums, strings, and piano. The robot will be
able to imitate the necessary gestures in order to play these
instruments as “human” as possible, inspiring a compelling
visual scene for an audience to enjoy. The targeted audience
will be anyone with an appreciation for music and technology,
and only basic music theory will be needed to compose for this
machine. As for maintenance and transportability, our team has
the capability to manage both.

1.3 Background and Prior Art

With most multi-DOF arms that are able to play musical
instruments, they use pre-existing robot arms. These robot arms
are big and expensive, reducing the amount of people that can
replicate the robot. These robots are, however, a solved system
and are very precise for what they do. We wanted to develop a
multi-DOF arm that would be able to play many instruments
without needing to buy specialized expensive equipment. We
will accomplish this by using low cost motors with position and
feedback control, 3D printed components, and low cost
electronics.

We will borrow many of our concepts from the ABB
percussion robot®. This robot uses an existing 6-DOF industrial
robot arm to control the end effector with many different
strikers attached to it. This system has the advantage of being
able to play many different percussion instruments without
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needing to swap end effectors. It can also move around
relatively quickly and is able to make varied motions, such as
pinching a cymbal or striking against a row of pipes. It is
limited to only playing percussive instruments, requires a huge
amount of space to play, and is very expensive to develop. To
make our machine more varied, we are inspired by Automatica,
since it is able to play many different types of instruments'. It
also uses robot arms but is restricted to playing one instrument
at a time, though very well. This system is able to play
instruments quickly, precisely, and reliably, making it very good
at making compelling music. It is limited to, again, requiring a
significant amount of space and needing a lot of money. We
have also found a robot arm created by DECIMAI1, which
mainly uses a pen to interact with keyboards and midi
controllers®. This robot arm is small and compact, making it
much more accessible to makers. It is limited, however, by
having a low moving speed, only being able to play keyboard
type systems, and being able to only play one instrument at a
time.

We aim to combine aspects of these different machines to
make a machine that can play multiple instruments at the same
time, can play many different types of instruments, has
relatively easy access to duplicate, and be relatively precise in
its movements.

1.4 Concept

Our concept is to have a multi-DOF robot arm that can play
various musical instruments. The robot arm will be in the
middle with various instruments laid around it. The arm will be
able to play one instrument at a time as it rotates around to play
its specified instrument. To accomplish this, we will make use
of a generic end-effector which is capable of interacting with
multiple kinds of instruments (pressing a key, holding a string,
or covering a valve, for example).

If successful, we may additionally develop specialized
end-effectors to more effectively play individual instruments (a
multi-pronged effector for keyboard, for example). Once we
have a reliable single arm which can play multiple instruments,
we may introduce more arms which will cooperate with each
other. While this will introduce coordination complexity, it
would allow for the simultaneous use of multiple specialized
end-effectors, allowing for more musical freedom.

2. MUSICAL REQUIREMENTS

Instruments of interest are:

Percussion:
e Tom
o Cowbell
e Cymbal
o Chimes
Midi Keyboard

Single stringed instrument

The percussion instrument will feature one of the listed
options and may be swapped as needed. Each will have a



unique sound, capable of making an interesting and exciting
timbre.

Because the keyboard plays in midi format, there are many
options at our disposal in terms of sound and software effect.
The robot should be able to play a full octave and dyads as well.

Similarly for the stringed instrument, the pitch should be
adjustable up to a full octave. It may be dampened and struck to
create compelling accents.

Perhaps the most important requirement is timing and rhythm.
The arm is limited in its mobile speed so we must account for
this in our composing. Further, we will have playback
repeatability such that the music can be layered on top of itself,
overcoming this hurdle. With this in mind, the rhythmic
requirements are that it can move fast enough to play repeated
quarter notes at around 100 bpm. The speed capability will
diminish, however, if the robot has to move to a different
instrument or note.

3. PRELIMINARY DESIGN
3.1 Gripper

There are various types of grippers that are used in multi-DOF
arms. The two most common ones are a linear gripper and a
revolving gripper. When considering our design for the type of
gripper we were using, we decided to go with a linear gripper as
it would make it easier to code, more rigid, and more accurate.

3.2 DOF

One of the biggest decisions we had to make is how many
degrees of freedom our robot would need to be able to perform
all of its functions. With our design goals, we would need at
least 5 axes in order to play flat instruments around the machine
and to change the orientation of the end effector to be able to
play the keyboard. We didn’t consider 7 or more axes since
redundant axes, while helpful, wouldn’t be necessary for our
robot. With 6 DOF, we decided that while it would give us
some more playing capabilities, it wouldn’t be necessary for a
base robot and would be much more complicated than 5 DOF.
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33 String

We had also designed a simple string instrument that would
accompany the keyboard to provide another source of pitch
production and be unique to the machine. In the initial design,
there was a stepper motor that was on a linear rail. This motor
would then rotate to move it on the rail, adjusting the bridge of
the string to effectively change its pitch. This design got
changed to having the motor on the side, having metal supports
instead of plastic, and changing the bridge to something that
would be less affected by the metal string.

3.4  Electronics

To control our robot, we had designed a custom PCB that
would allow a Tennsy 4.1 to control serial bus servos to change
the position of the arm. We also added a slot for a stepper motor
driver to control the servo motor that would be changing the
pitch of the custom string instrument. In addition, multiple
safety systems were added such as an integrated power switch
and a fuse. We also added extra header pins coming off of the
Teensy to account for any potential future changes that would
be made since we wouldn’t be able to change the PCB.
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4. PROTOTYPING AND TESTS

4.1 Piano Prongs

When we finished building our initial prototype of the robot
arm, we conducted testing to ensure that the arm would work as
intended in the final product. The first component we tested was
the piano prongs. We tested to make sure that they would be
able to play at least a full octave of notes from a mechanical
standpoint after verifying they would be an adequate size in the
CAD. During this testing, we also tested notes in between the
octaves to verify that the prongs could move to those positions.
While doing this, we figured out that the arm would only be
able to play all white keys or all black keys at the same time,
reducing the musical complexities the robot could play.

4.2 String Mounting

In addition to our prongs, we had to also test the custom string
instrument we were designing. We did this by mocking where
the components would be and then seeing if the robot arm could
actuate the string in ideal conditions. We also tested that the
linear carriage could move freely as it was fixed while the metal
brackets weren’t. During this testing, the string was verified so
that it would fit on the carriage and not rub up against the other
parts of the carriage or the metal brackets. To test the servo
motor works, we did run some test code on its own to verify the
stepper motor driver worked and that it could control the motor
accurately given commands to rotate

4.3 Arm Simulation

At this point in the design, we didn’t have a working link
between the code and moving the arm into position so we
created a simulation to make sure the arm would move properly.
With this visualization, we could see the ideal position of the
arm and verify the code was giving correct trajectories and
positions quickly without having to hook up the arm and having
to deal with mechanical defects.
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4.4 Changes

With this testing, we had changed some designs we had
originally. We added a pickup for the string instrument as we
realized the noise coming from the servo and stepper motors
would drown out any natural string sound. We also would
elongate the original string placement to allow for lower octave
strumming while still having the ability for higher octaves. We
would include pegs for mounting the keyboard to the base
board instead of having it be floating.

S. FINAL DESIGN

In the final design of the string instrument, the brackets were
placed farther apart to achieve a lower register. This allows us
to tune the string to a low pitch, due to its length, but have the
ability to have it be a high pitch, due to tension. This would
have to be controlled by a human beforehand and wouldn’t be
adjustable on the fly with the machine.



The third linkage was re-printed using PLA instead of PETG
to reduce bending, and the linear rail for the gripper was printed
from PLA instead of using the steel one. This has fixed many of
the weight-related issues we saw. Previously, the servo motors
would overheat due to exerting too much force and would cause
the linkages to dip from the weight.

The keyboard can play up to one octave of notes with the keys
needing to be on the same white or black row. The arm,
however, can move over the entire length of the MIDI keyboard
placed on the base, enabling a range of 2 octaves. The keyboard
will be able to have its MIDI sequences that were played by the
robot recorded to play later in the piece without having to
actually play the notes again. It also, through effects through
Ableton Live, is able to arpeggiate notes played to add more
style to the dyad chords.

The string will have a new pickup implemented to amplify the
signal from the string to play the sound. The bridge motor was
moved from being on the bridge directly to being offset to help
with rigidity and to make it easier to move.

The drum stick holder was redesigned to allow the drum stick
to vary in rotation to allow for knockback when hitting the
percussive instruments. This is done by having the stick rotate
around a screw with another screw to prevent it from going too
far down. The stick is then held against the screw by a rubber
band to allow it to bounce in an oscillating fashion.

For the percussive instruments, we decided to use a snare and
a splash, with those instruments being available in the MPR lab.
While there is a snare in the MPR lab, its actuator has only one
DOF, allowing our robot to vary the timbre in more unique
ways. With the splash, it wasn’t mounted on any machine so it
provides a new sound to the robots in the MPR lab.

5.1 Code

The final code was written in Python, making use of the
‘mido’ library for midi parsing. Midi files were parsed into note
sequences, broken up by instrument segment (since the arm can
only play one instrument at a time). These note sequences were
then converted into trajectories using a different
algorithm/position for each instrument. The algorithm for
generating piano notes was more complex than the algorithm
for the drum or cymbal, and functioned by first mapping notes
to press and release positions, and then generating control
points to ensure smooth motion. These control points were then
interpolated between using cubic trajectory generation.

Inverse kinematics was performed for the arm using a 3-DOF
approach, where the target position of the wrist was calculated
from known positions for the drum and cymbal, and from a
known position and per-note offsets for the keyboard. Gripper
positions were calculated using a lookup table of pre-computed
interval positions. Once the wrist position was obtained, the

fourth and fifth joints were posited based on the instrument
being played. For the drum and cymbal, the joint positions are
hard-coded, since the playing positions are static. For the piano,
the fourth joint position was calculated such that it pointed the
end-effector straight down given the wrist position, and the fifth
joint was positioned to align the gripper axis with the axis of the
keyboard, to allow for multiple notes to be played
simultaneously.

6. RESULTS

Our final machine

With the final robot built, we did come across some problems
that hindered the capability of the robot. The first of which is
that we fried the stepper motor driver for the string instrument
shortly before it was supposed to be demoed without any quick
fix considering there were other systems that we still had to get
work. If this weren’t the case, we would have had code finished
to move the motor and had the entire string mechanism
mounted, with the only changes being interpreting MIDI codes
and calibrating positions for notes.

Another issue we had with the robot was the play in the
mechanisms. Each servo motor had a slight amount of play,
along with the linear slide carriages on a plastic metal slide.
With the lengths of the linkages, this play makes the robot’s
position unreliable when trying to play a note. This can result in
playing a note next to one it is trying to play. It also had an
issue with the linkage sometimes hitting the black keys while
the prongs were trying to play the white keys.

That said, the robot was capable of playing the piano with
accuracy within one note, and with an accurate thythm. It was
additionally capable of playing both a drum and a cymbal fairly
well. The play rate on all instruments leaves something to be
desired, but neither that nor the accuracy of the motion can be
resolved without either slower motion or significantly more
expensive components.




6.1 Future Recommendations

For any future attempts of this project, we would suggest
finishing the string instrument with working components,
expand the amount of percussive instruments that can be
played, add more playable instruments, and add more DOF.
With the intended goal of having a string instrument accompany
the robot, getting this fixed and working would help make it
achieve the initial goals for the project. Adding more percussive
instruments to the root would allow it to have more sounds that
aren’t pitch controlled and would be able to have unique sounds
that typical drum pieces don’t have. Adding more playable
instruments would enable the machine to play more varied
music and allow it to play more culturally different music.
Finally, adding more DOF would allow the robot to play white
and black keys at the same time and have more ways to vary the
timbre of played instrument.
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8. APPENDICES
Github Group: hitps:/github.com/Multi-DOF-Musical-Arm
Video: https://voutu.be/kwMFyV-nk M

BOM:

Category |Part Manufacturer |Part Number Specs Quantity | Unit Cost | Cost Link
10, 13, 17, 26, 36,

String and 46 gauge nickel

Instrument | String Ernie Ball B0002M6CVC  |string 1 $6.99 $6.99 [Amazon

String

Instrument | String Tuner OZXNO BOD3TYRSZN |Rotary peg tuner 1 $8.99 $8.99 |Amazon
1.75mm 1kg PLA

Hardware |PLA Elegoo BOBM739JRF for custom parts 2 $13.99 $27.98 |Amazon
440 m3 screws and

Hardware |M3 Screws qiwuhai BOBMQFHDBH |nuts 1 $9.99 $9.99 |Amazon
12mm linear rail

Hardware |Linear Carriage |uxcell BOCR68NQGG  |carriage 2 $9.99 $19.98 |Amazon

String Small Linear 28cm metal rail with

Instrument | Rail w Carriage [ReliaBot BOD3TR6QGN  |carriage 1 $21.99 $21.99 |Amazon

String Jameco 2.25V 1.5A bipolar

Instrument | Stepper Motor |Reliapro BO7F821Y2X stepper motor 1 $22.42 $22.42 | Amazon

String 2.5-10.8V 1.5A

Instrument | Stepper Driver |Pololu Pololu Item: 2134 |stepper driver 1 $7.95 $7.95 |Pololu
6mm width belt, 4x
20 teeth Smm bore
pulley, 4x idler, 8x
spring tensioner, 4x

String gear clamp, allen

Instrument | GT2 Pulley Set |Zeelo BO8SMFM3Z6 |key 1 $16.99 $16.99 |Amazon

Electronics |PCB JLPCB NA 100x100 mm 5 $0.40 $2.00 [JLPCB
45kg-cm 9-12.6V

Mechanics |Bus Servo Hiwonder HTD-45H Serial bus servo 6 $24.99 $149.94 |Hiwonder

3D Printer PETG, Black,

Mechanics |Filament ELEGOO BOD41Y3WWZ |1.75mm lkg 80 $0.08 $6.08 |Amazon
Aluminum U bracket

Mechanics | Servo U-bracket|Delmitian B09B3RJ4ANQ for mounting servo |1 $10.00 $10.00 |Amazon

Electronics |Teensy 4.1 PJRC TEENSY41 N/A 1 $31.50 $31.50 [PJRCI
AC 110V 220V to

12V Power DC 0-12V 40A

Electronics | Supply DROK BOB18JVDGP 480W 1 $43.00 $43.00 |Amazon

String Home

Instrument | Corner Bracket |Play Star 203294607 Sin x 8in 2 $14.30 $28.60 [Depot
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https://github.com/Multi-DOF-Musical-Arm
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https://www.amazon.com/Ernie-Ball-Regular-Slinky-Nickel/dp/B0002M6CVC?crid=1IWERI5270MN7&dib=eyJ2IjoiMSJ9.TCY72Cp67mjZRkHBJ8oe5V2XVDvNXJGl5T0OKytVi9HzReuYdWfvygcfi-E5SKJ3qXUpf8QHdILpL0a9JsIxysecGl3owvtea2Uv5M7bnf3ebXVhZyvauYaiOPhK6JNrfMdemw3dF1UtNbUyFbPRmZYe3IV8eO_nZQGrd07Y1EkyJ6cCcU5UmKslRYQmzv_l2_xgnYP_VlbPa3N2Vr4sztPIlzeltwzYdknx4Snc9J2SuyJD926EOedmUXh_8mY41sdhbmiZfcm9IdWXjt2fuDr3IUDNd0wefUNcnIEX_cU.a7kWMCIhsAKitdGAze9e5Wna0Rhc79Cg8nU39oHiaL8&dib_tag=se&keywords=guitar%2Bstring&qid=1731614559&sprefix=guitar%2Bstring%2Caps%2C88&sr=8-6&th=1
https://www.amazon.com/OZXNO-Classical-Guitar-Machine-String/dp/B0D3TYRSZN?crid=1USY1FFIA6Q5N&dib=eyJ2IjoiMSJ9.lj_zMTGWu9_C_M4dGAUWW1jGoyPyJalVJyUIdYgzgZFD8Pd30DuCgwxAk6WxQ7DeGeG7DrX3jv_ErrAcAYFqr8sUcHbgUNmQDdAqWoE0DJrKzLIRDJS3ObARaH5GkjKhijQDCWfys2phtiwVgirU4-PdYuJZWpm0L6IZpmRwCsonkazB0bpXUhKEhtFjlhuYqPqrfo5gD17WjefFdb6rHkHthOEkBWlCfjOPibu4BvxCjqWUWXGtvp2KklEIl4d0xBrQIVcMFBtfL2SQS2ZLyPkbYK2IbYQ7NfsRFWlAY7g.UhcQ47VxhZ6i6iW_vUf9aO7gfu24TsQreSiezdUBCRo&dib_tag=se&keywords=guitar+string+peg+tuner&qid=1731614800&sprefix=guitar+string+peg+tuner%2Caps%2C82&sr=8-46
https://www.amazon.com/ELEGOO-Filament-Dimensional-Accuracy-Cardboard/dp/B0BM739JRF?ref_=ast_sto_dp&th=1
https://www.amazon.com/Assortment-Stainless-Replacement-Machine-Fastener/dp/B0BMQFHDBH?crid=313XV5ZGY1RQU&dib=eyJ2IjoiMSJ9.P_MOBrskKLS2bpPXZVnpjNLI5lJwFhf4K9AihT8oL_slar0_v1o6w5kypLd5l5WCYPZOiZ6Eaz_CshUspEXxC6aRC7Ptz5hsmAe7-hiERSevtvkmb0jUoIalzRDKTrsMngeSk-f6TEFe6Z55sRfYcr2976c8qC3GjjZAcj_RjlD0n_TVEydkdcsdDFENKkebDPRtCgY675SLeYNu1L92qWxIZG0jW4r584FtTYuIWyI.beGBfr0BuGEs8xV7paYYyNZXX6N95I_N7FkgJnhItZ8&dib_tag=se&keywords=m3+screws&qid=1731634878&sprefix=m3+screws%2Caps%2C83&sr=8-3
https://www.amazon.com/uxcell-MGN12C-Stainless-Carriage-Linear/dp/B0CR68NQGG?dib=eyJ2IjoiMSJ9.KjLBx7mxP238a_yrjPjHUUQtzwN11c9WO0nrjXihB7wsiWJjdv6hD4Ioc5Pg1vP9g2nIzPyz9CCAFMH54RgVcVLHdoJOQOcvfJ_oJ8bp4cL6KwF8GE0xnsD20mB1Qx_6QiDk3-F2ZSanpvV7bEJzFr3d32w9bMHOyORVKTumck34dHCIgnXgKZaAyy6vpaYWhrDCuxboq4p5WggFeU8iq9FvMJDu5ZZFSA4PaRSHkKE.xbkW958pCMXLt0qddU_3zKWg2-gVYdjplr9ElysvJSg&dib_tag=se&keywords=12mm+linear+rail+slide&qid=1731616940&sr=8-10
https://www.amazon.com/ReliaBot-Linear-Carriage-Printer-Machine/dp/B0D3TR6QGN?crid=1HVQICJLG3X3S&dib=eyJ2IjoiMSJ9.NnU3L7S7kGTY-kdb5AmqJmpbW4Kc5IKl6TJRaFt3xJbDz1_1FH6JEDysItXHH8bKtQdQRSHggbEkwbpsfJIWmVczSA0BhFvcZGNFFiYAzhPMeO6TZjwI6FkIXu7xiKXDFbLHqiRxWDOxnUcyClzA8T8AjDmJ6bmW8Jgp2ZlwM3fF7AkmmkT5YMWh54rdS1TRt2RUbRZRMveg72ck8nDvmIVMMpYgBt3b5Dp-xb-aM0o.74zycW6t7Rl1PnZB3bxqWtJQcC7HX23qzW1mK6DXeZM&dib_tag=se&keywords=mgn12h%2Brail%2B280mm&qid=1731618432&sprefix=mgn12h%2Brail%2B280mm%2Caps%2C72&sr=8-3&th=1
https://www.amazon.com/Jameco-Reliapro-1124278-Bipolar-Stepper/dp/B07F8Z1Y2X
https://www.pololu.com/product/2134
https://www.amazon.com/Zeelo-Timing-Tensioner-Torsion-Printer/dp/B08SMFM3Z6?crid=23J5HBY0N7KEM&dib=eyJ2IjoiMSJ9.u4enHURSVj8rqPIKPWnFpYGHDQEj4kC9tfDFUfRvbTBPnO0mfW3bwKQKqe7mL482xaDOTdkbf7FG2t63Pg_VpTApzC1YLyXqAKEtIG9DZaAz23b57m4xLbswvDZkRFhVdGSv3Upy2gDHTJK3WA08ilHL4GM4u_xLAD41DFXO8ZGsdWbWgI_ocbdqAL6NBbd1Mpk_cUvLO-PwEMXTFiMG7NCW3R-Pfpjw2-JXJ3YBv9s.8Wq_d4CBVutySEMx6DjR0leP8qBWWOCnfoCnAWtjLZI&dib_tag=se&keywords=gt2%2Bpulley&qid=1731972956&sprefix=gt2%2Bpulley%2Caps%2C97&sr=8-8&th=1
https://jlcpcb.com/
https://www.hiwonder.com/products/htd-45h?variant=39969169440855
https://www.amazon.com/ELEGOO-Filament-Dimensional-Accuracy-Printers/dp/B0D41Y3WWZ?crid=2FRIWW2DOHNT4&dib=eyJ2IjoiMSJ9.tdoLkzjZ-pV9y2TvvuPbA9OZWsBK0Ym10xOpr4ITZbyF52c6V152OQXgjgqWUYzpRMc4UpW8kls7I0S4CvowAU-nyBwzdGB1HS6-qKsV6AxFEgsPsrfHvBLGvZRRw7BbOLcTzGyIniiE-JsdfQGDE0gg3w1jW6w95dimThDhyVIswo6RcqbS7HAyPOVBK_pHCbPBwfa9lwdbYkDP_7GrbaTu-7qA9NKy2raZp-M-zFE.-QxjuB2CAfM4FYSQymBgNVWxxcezCfOejRBGcsUvZco&dib_tag=se&keywords=petg+filament+1.75&qid=1734080331&sprefix=petg%2Caps%2C131&sr=8-8
https://www.amazon.com/Replacement-F03711-Servo-Spare-Parts/dp/B09B3RJ4NQ
https://www.pjrc.com/store/teensy41.html
https://www.amazon.com/DROK-110V-220V-Converter-Adjustable-Transformer/dp/B0B18JVDGP?dib=eyJ2IjoiMSJ9.scXFmn7GJFoZ-PYhLwZ3QKKvem8gKAu2TEyolQOCxCMbuBQhjdXJdLtbCF3lGpdMuAuGANne4XQ5Cnes0XgdyspoDpW6O3HEeqx8h--mLu6hb_3kgD9AtNmVm8fFBwJgQzTzolA1sWdUPLKPK3zya1SWJSwn501av31xLIFScEvc2OdRIxr5CCEixkteCkuMOpYTgraIGo8dqhAcFkxo-t5yKl3ZSge7Eb9hgziUJXJxiPAZeRCqH9Uro7D8XIuTG2NH7wUkrTOKMgV3dmLsGd0L5BgXPjDH3uCcrdZdSG0.ezKP3Uqr8odRWVt4kTECJoxF-TTnqvTAhalQPec97YA&dib_tag=se&keywords=12v%2Bvariable%2Bpower%2Bsupply&qid=1731690068&sr=8-40&th=1
https://www.homedepot.com/p/PlayStar-Commercial-Grade-Inside-Corner-Bracket-PS-1011/203294607
https://www.homedepot.com/p/PlayStar-Commercial-Grade-Inside-Corner-Bracket-PS-1011/203294607

String G1194XZ04DCA
Instrument | Pickup SUPVOX 4 Single string pickup $21.49 $21.49 |Amazon
Percussion
Instrument | Drum Stick WOGOD BO6XBLH7RT  [4x 5A drim sticks $7.48 $7.48 |Amazon
Percussion Snare and stand,
Instrument | Snare Drum EASTROCK |[B08861827K 14x5.5 in $85.99 $85.99 | Amazon
Percussion
Instrument | Splash Cymbal |Avedis Zildjian [BO829LCGVL 10in $90.00 $90.00 |Amazon
Percussion Adjustable stand for
Instrument |Cymbal Stand | Seteol BOD87LGCWL  |cymbals $42.99 $42.99 |Amazon
2 octave MIDI
keyboard with beat
pads, smart chords,
scale modes, and
Keyboard [Mini Keyboard |M-Audio B092XJ45ZB arpegiator $129.00 [$129.00 | Amazon



https://www.amazon.com/gp/product/B0816DR6TJ/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.com/WOGOD-Drum-Sticks-Maple-Drumsticks/dp/B06XBLH7RT?crid=2J31YEIJFNA26&dib=eyJ2IjoiMSJ9.B8Ti0H_1H2ABFmPjXu9xxcVCJ03dPcIOm97XPJKSlnGag8ulOS-LZmSKu5NAyjyl1pF13AT0gWsVGLN7J-GaogfC5XADw7wbd9kAJpRrepYsiyk9fMdPgOJZTvR3wdYsdS9-cogLvjga8tkR510SX81zpBX9kXAQesejrRie25Y4P5lLRzUQ4cH6_eiVOeoAWAjdPQaHkJlpyZk7fMRqIST1j80ukqgh8PxRK_CKxlek-EPwqaYuIOoh1E8ijedFm4Eae1Q26XXM-jUH3mUdt0YlS6GHnifSQet9SrhcPw0.mjgysSW_cbZKPCjov3tSfUNrEA5Bg849cTucji5zT2k&dib_tag=se&keywords=drum%2Bstick&qid=1734079276&s=musical-instruments&sprefix=drum%2Bstick%2Cmi%2C100&sr=1-4&th=1
https://www.amazon.com/EASTROCK-14X5-5inch-Students-Beginners-Practice/dp/B08861827K?crid=2NANM5JP5EHRC&dib=eyJ2IjoiMSJ9.JvHXrhWd-oUJA-Oi-tu9W-vJbU4vGVgtM7pSflN555WZDtLL4aI1xOz7irL5lgfBhV9KCm5C6KXuh04DYvG1Efr8HZy1WV4iIWGY71NIjwzQMu8Jrvr62CMNbL-MwQdool-UsZV-WEZMBwnlPHswr7aD68m-T0AbBXYJnJN7yacUNXO0fHpKz0B-49U8sYGp2ILz7KVBcKWTRdNkLzt4wP9wlDEjgIhISVwvr4AZWbOdSGYvDoFeE73w_JqLrMykz0tsw3gw03XiR0H-S_K9JS8vrs4z6OO0Nrv1pQCuQ3k.Ne-JyHFtT209KL8OyxG6cHM1Pt4eaAOPT7CJXdVWBns&dib_tag=se&keywords=snare+drum&qid=1734079408&s=musical-instruments&sprefix=snare+drum%2Cmi%2C105&sr=1-4
https://www.amazon.com/Zildjian-Family-Splash-Cymbal-ILH10S/dp/B0829LCGVL?crid=EDD9P0CCDTQI&dib=eyJ2IjoiMSJ9.aA1kb3hmLCn0PVjRJiUQbCXrNN5ItqWfn_KIyFX75al4DIlR4m9jA_PwbrK3G0-z96cIaOsMevcx0YDNFxp78OgV5GnCsCk5C5qKoooTwvvEOuTNeQFCkISYYVSsgNsFGz6tw4La1y7VeIQsmtg4IQX-HV-J__eqMg81FxHxdGZW-AupHjpK6rtKau5sZtB8Jjz0MVkpZo0qv1vCY-r8OnJ0ER6QaLzgzX58tKiS8w0OYmJMI99ElvxMrEmAzOH6zSjQ8nBe5vq4pYhmJ-n-Wpaxsq_cwi6R_HuVXhRI8nE.XGjug6POQF4WjN3XKeYtYh7EjfAa4TwEgC8N3D4x1uY&dib_tag=se&keywords=splash%2Bcymbal%2Bkit&qid=1734079557&s=musical-instruments&sprefix=splash%2Bcymbal%2Bkit%2Cmi%2C87&sr=1-8&th=1
https://www.amazon.com/Adjustable-Hardware-Percussion-Mounting-Cymbals/dp/B0D87LGCWL?crid=2H42HUVR5C6WK&dib=eyJ2IjoiMSJ9.sEa29Ejau6JUzxo1NzjdYE-fe0O4ZQtaDKIL5ZdGU9fl-TWmuhtJhW9vUJxV_hCkjpru6-kySuQEAk47ysQEcJErOmd8PRODnqQrvTuxCqCe20Vd6YLq-UapXC4m962LjWMTePsiE2W_k1lJsS93mFbEC4e3L3IASOZiiOyASPC2tPHoIfMFuxaHayayoM8pojwhsKkR7VGnl4AdCah1eia9BfuWckyD9NCwA3J64Su9UjiQ1TC6caEBXgZoYTWBQAgZ7Mtjvjr30V9bN4ysP15z59mP0XqZtrTWl_t_F9g.AWpTvTInUmc46K_J-mSAOUuU7D1mjHPcN0Gv04dxHBw&dib_tag=se&keywords=cymbal%2Bstand&qid=1734079650&s=musical-instruments&sprefix=cymbal%2Bstand%2Cmi%2C99&sr=1-5&th=1
https://www.amazon.com/M-Audio-Oxygen-25-MKV-Arpeggiator/dp/B092XJ45ZB?crid=4F6UFZPWUNW2&dib=eyJ2IjoiMSJ9.SWeXlmxHU8UoBmiX2lwbyf7hyIA726eiLuXi6BGvz2W1_HGHUAsB-AV7VpSkJUcVFRGvOAC-OhXk0kYoU8ceflxDMU-q0vuertIk2h53FfzYAopePvnbhENaH119-37CQX1hiVE3b6qWCfg_RA5JXUxCro7p6S6QemOpm7k5fcHCG95BBIll_Azyc8kcbxzzbByk92SyS5Xvpnqv5POlg8zHrjhC6cSf5kjEf8h5thpVpHib3f2iKR4rsV07VmbkF9FD5b9soohUCWtSYfCyiYZcYrhiqsS9OA205c9t2Fs.RtDlivsHHvWp5OASu2rOPNff5t99oikL70KV6T8BlgA&dib_tag=se&keywords=mini%2Bmidi%2Baxiom%2Bkeyboard&qid=1734079785&sprefix=mini%2Bmidi%2Baxiom%2Bkeyboard%2Caps%2C84&sr=8-1&ufe=INHOUSE_INSTALLMENTS%3AUS_IHI_3M_HARDLINES_AUTOMATED&th=1

