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Final Project Proposal: Drum Robot “John Bot-ham” 
 
Motivation and Concept 
 

 
 
What does this picture mean, you ask? Let’s explore.  
 
Both of us are musicians so we wanted to build a music based project. We were inspired by a 
fire alarm bell found in the parts cabinet to make a robot of sorts that will play physical 
instruments. There are many kinds of instruments to choose from, but out of personal 
experience and mechanical convenience we decided on percussion. A robot drummer just 
sounds cool. In short, we built a machine to hit things with sticks in a regular pattern.  
 
Functional Definition 
 

Our idea was to have a robot that will play a certain pattern on a miniature drum set. This 
pattern was given to the robot by the user, who would be play the pattern on a series of pads. 
Each pad had its own piezo sensor, each sensor corresponding to a different stick and drum. 
The user played something directly on the piezo sensors, had it recorded by the arduino, which 
sent it to the robot, and the robot would play it back as a loop on the actual miniature drum kit. 
Each component of the drum kit had its own stick and linear actuator to hit it, for simplicity. 
Since the drum needed hit in a specific place on the head for a good sound, having a stick track 
which drum to hit would have been very difficult and may have caused too much delay between 



hits. The goal was to have clear and concise hits, with sixteenth note precision at a meter of 120 
beats per minute. We wanted the robot to be able to play at other rates, but 120 bpm is a very 
aesthetically pleasing meter, as far as music is concerned. We also wanted the robot to be able 
to differentiate between different kinds of notes that the user gave it (whole, half, quarter, eighth, 
triplets, and sixteenth notes), since playing the same kinds of notes over and over can be rather 
boring. Playing multiple drums simultaneously was also necessary for the robot to make a 
properly-sounding beat. 
 
 
Mechanical Considerations 

 
We had a miniature drum kit, so that took care of 

the actual instruments. The main challenge then became 
hitting the drums. We considered a few options for 
producing strong, fast, and consistent drum hits. We 
chose to use a linear actuator to pull a pivoting drum stick 
with sufficient force to make an audible, clean hit. Ideally, 
we wanted like to be able to place all of the arms on a 
single rack, with the freedom to adjust the arms as 
necessary to get the necessary angle for optimum sound. 
Due to the shape of the kit and production limitations, 
however, we ended up making individual stands for each 
stick/actuator.  

 
 
 
 
After some iteration, we 

arrived at the design pictured to the 
upper left. We chose this design as 
each stand had two degrees of 
adjustability, and many of the parts 
were identical, so we could make 
them in batches. You can see in the 
picture below that the our final 
product ended up pretty spot on with 
our CAD design  
It was mostly made of ½” plywood as 
it was easy to machine, readily 
available, and plenty strong for what 
we were doing. 
 
 



 
 
 
 

For the inputs, the hardware 
was a bit more straightforward. The 
drum pads were piezo electric 
crystal disks, embedded between 
plywood squares, with a circle of thin 
rubber on top. They were connected 
to the input circuit via shielded 
cables, removable at both ends so 
we could arrange the pads easily.  

 
 
 
 
 
 
 
 
 
 
We also expanded our 

original plan in the last week of the 
class, adding a controller to let us 
erase notes from each channel of the 
sequencer, reset the arduino, and 
adjust the BPM easily. We built all 
those functions into the small console 
pictured here. 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Electrical Considerations 
 
 

Our inputs and outputs 
were fairly straightforward, but 
the circuits were somewhat more 
complex. Because consistent 
timing was so important for the 
sequencer to sound right, we 
wanted to avoid using the 
arduino’s internal ADC (via 
analogRead()) as much as we 
could. One of the limitations of 
the arduino is it’s slow ADC. This 
meant doing as much of the signal Our original circuit plan 
processing offboard as possible.  

 
For our sensors, we used 

piezo elements as contact 
microphones. The spec sheets we 
saw we vague as to the exact 
electrical output, so were unsure if 
they’d need any amplification before 
going into the arduino’s analog pins. 
Turns out, they produced spikes 
beyond 30 volts when hit, so we  Our final circuit diagram, input top/output bottom 
instead had to work to compress the  
signals, using a clipping diode . They also produced spikes of different polarities depending on 
their hit location, so we had to rectify the signals as well. To convert these to digital logic, we 
used a comparator, adjusting the reference 
voltage to get an appropriate hit threshold. There 
was still an issue, however, in that the input spikes 
were extremely narrow. To be able to consistently 
read the signal we used a peak hold circuit. This is 
two unity gain op amps in series, with a series 
diode between them followed by a capacitor to 
ground on the second amp’s input. The capacitor charges to the peak voltage received, and 
can’t discharge, keeping the output signal at that max level. We added a diode to ground in 

 
parallel to the capacitor, connected to an arduino pin. We used the pin to adjust the bias, giving 
us a minimum output level of 0.7v and a max of 5.7v. This was a perfect working range, and we 



found it to be much more reliable than using a transistor. Our final input signal chain then was 
as follows: 
piezo > full wave rectifier > clipping diode > buffer > peak hold > comparator > arduino. 
 

The secondary erase/BPM console was much simpler. We 
hooked up the switches as digital switches with default high and 
pull-up resistors. The BPM knob was on a multi-turn potentiometer 
set up as a voltage divider. The sweep ran into one of the arduino’s 
analog pins, and was the only analog I/O we used. 
 

On the output side of things we had two related challenges: 
controlling the actuators in time with the music and each other, and 
providing enough power to the actuators to get a strong hit. The 
actuators we used were car door lock actuators. These run on 12 
volts and up to 2.6 amps, though they can work with less. We could 
have run them off the motor control shield, but that could only power 4 and only up to 0.6A. We 
found we needed to run them at max 
power to get good hits, so we had to 
look elsewhere. First we tried MOSFET 
switching, but had trouble getting it to 
work reliably. The issue of heat buildup 
also led us to look elsewhere. The 
seemingly most straightforward 
solution to this problem was to use a 
relay. More specifically, use one of the 
digital out pins on the arduino to drive 
a transistor which will then switch the 
relay. This was more I/O efficient than 
using the motor shield, allowing us to 
control essentially as many actuators 
as we had digital pins. It also has the 
added benefit of being a fast operation. The arduino has only to switch a digital pin and the 
actuator is set off. This meant that we were able to move multiple actuators practically 
simultaneously without having to get into parallel processes in the code. When we put the circuit 
together, we replaced the transistor idea with another quad comparator, running at Vcc=10v, the 
activation threshold of the relays. This was just a matter of convenience in terms of building the 
4 channel system.  

 
For actually hooking the circuits up, we planned to start on breadboard and eventually 

move to a perfboard layout. We did this for the output power board, but didn’t have time to move 
the more complex input board to perf.  
 
 



Interface 
 
Most of our interface was through the pad controllers and switches we built. We did use 

serial to read out the current BPM and debug the software, but the final product can run 
independently of any external connection. The arduino Uno had plenty of I/O connections for 
our needs. 
 
Software 

For our program, we decided to make a step sequencer. This is a simple record/loop 
system, similar to that on classic drum synthesizers. Each step in the sequence can selectively 
trigger different sounds. It’s kind of like a digital piano roll or music box. In practice this meant 
we had a “beat” matrix with a column for each instrument and a row for each step.  

Since timing and working on multiple channels was so critical we didn’t use any delays, 
opting instead for state-machine style controls, changing state variables throughout the loop and 
just refreshing the actuator commands at the end of the loop. To track timing we used the 
millis() function, recording the time at the beginning of each loop and using if statements to 
compare the current time to past events. This let us make custom pulse times for our signals to 
each motor, the pad reset, etc. Also key to this was minimizing the use of analog functions due 
to their slowness. This all came together into a program that kept very good time and had very 
controllable outputs.  

To deal with the multiple channels, we used a lot of for loops, keeping our values and 
pins in vectors for easy reference. For the actual recording, we checked the state of the input 
comparator for each channel in turn. If it was low (activated) we would add a hit to the current 
step for the corresponding instrument. We centered the recording window for each step around 
the hit time, so the player could be slightly ahead of behind the beat and still record to the right 
step. A quirk of this was that if you played ahead of the beat, the program would wait to send 
the hit until the normal hit for that step was set to go out. If you were behind the beat, however, 
it would play immediately so you would still get auditory confirmation of your hit. The code for 
the erase function worked similarly, but was simpler as it didn’t have a reset to navigate.  

To adjust the sequence pace, we used our BPM adjust knob. This was a simple voltage 
divider running into one of the arduino’s analog pins. For the sake of speed it was the only 
analog function we used. The input was mapped onto a BPM range which was then converted 
to sequence step time. This was updated each loop.  

As a last minute addition, we added the ability to reset the program by pressing all four 
erase buttons. This was done with a reset function we found built into the arduino code after a 
bit of searching. To trigger it, the program counted the number of erase buttons activated, 
resetting the count for each loop.  
 
Testing 

For this, we were able to write a bit of code (that can be commented in/out depending on 
its necessity) that we were able to use to make sure the actuators hit with enough force, in the 
right place, and weren’t fried in the process. We did burn a few of the chips and there was a 
scare that we had burnt one of the actuators, but we were able to make the appropriate 



replacements when necessary. Using the oscilloscope, we were able to test the voltage spikes 
of the piezos, which was very handy when we were doing the final testing, as it was able to tell 
us about the noise problem we were experiencing. With the appropriate shielding and 
separation of input/output, we were able to make the demonstration on the final day without 
much sporadic error. 
 
Safety 

As far as safety was concerned through this project, we spent a good amount of time in 
the machine shop and over the soldering iron. Safety glasses and general knowledge of what 
was going on before starting was definitely helpful for keeping our fingers whole and not singed. 
It was nice to ask for help from one another when we needed it, as well as reaching out to the 
TA’s/professors for assistance. On our machine, we made sure to properly shield and insulate 
our high power lines, and keep a safe distance between anyone’s face and the sticks. 
 
Original Parts and Reusability List 

● 5 linear actuators - car door lock 
○ We have three already, so we just need 2 more 
○ These will be totally reusable by future groups 

● 5+ piezo elements 
○ We need to get these. They’re dirt cheap though, and conceivably reusable. 

● 5 Op-amps ?  
○ We have these 
○ Reusable - will attach with sockets 

● 5 comparators ? 
○ We have these 
○ Reusable - will attach with sockets 

● Chip sockets 8 pin /14 pin/ 16 pin 
○ Don’t think we have these 
○ Need to find what exact chips we’ll be using before we order 
○ Not reusable, but would be useful in a bulk order for future classes 
○ Also dirt cheap 

● Relays 
○ I know we have some, but I’m not sure their power rating 
○ If we do need to get more, they’d be conceivably reusable by future classes, are 

are useful for this sort of motor control 
● Transistors/ diodes/ resistors 

○ We have so many resistors it’s not even funny. I think we have the other parts too 
○ Dirt cheap otherwise 
○ Not reusable - we’re soldering all the small parts directly. 

● Plywood 
○ I’m not sure what we have in the shop so far. If we don’t have any, it wouldn’t be 

a bad idea to get some for general use. We’ll buy it otherwise. It’s not super 
expensive 



○ The individual pieces could maybe be scrapped, but a larger board would go a 
long way for multiple projects. 

● Drum set 
○ Brian has a miniature one he’s already brought in. 
○ It’s his now and forever 
○ Unless this project turns out to be so cool that it must be shown off 

 
Most of the elements above were found in the building, at a hardware store, or ordered online. 
 
Expansion Options 

One of the cool things about this project is that we can just keep complicating it. The 
obvious expansion would be adding other instruments. We could move beyond the drums to a 
simple melodic instrument like a xylophone or the like. We could also add double sticks to each 
existing drum, allowing for more complex rhythms. Another idea would be a real-time playing of 
the set using the pads, as a way to play the toy drumset and not risk frustration with playing with 
tiny plastic sticks. 

 
Problems Faced, Solutions Made 
 

● The mechanicals were not complicated in theory, but took quite a bit longer to make in 
practice. This was solved by just putting in the work when we needed it.  

● We did break one of the kick’s drum heads. We had to basically tape the broken head, 
turn it around so the stick would not be hitting a broken head, and also flip any other 
asymmetric pieces. 

● In regards to stick rebound, we used rubber bands on each arm to help pull the stick 
back to its ready position. Sometimes, a single rubber band would be too much tension, 
which was resolved using multiple bands tied together and attaching zip ties to the 
bands to adjust the tension.  

● We were able to fasten the set to the baseboard using a series of zip ties. The snare 
was secured onto the tom using glue, and we added a support beam on the other side to 
ensure this glue does not fail. The cymbal (rather, the piece that holds the cymbal on the 
stand) was also secured on with glue. The cymbal stand probably did not need anything 
to secure it, but we wrapped a rubber band around it just to be safe.  

● Each of the holders for the actuators was given a T-nut, where we were able to drill a 
large hole in the base board, enabling freedom to adjust the arms individually.  

● With the motors, we had to be careful with just how fast and consistently we are making 
these hits, as the high current will likely cause the motors to overheat. 

● The nuts that were used on the outside of the plywood stands were falling off. This could 
have easily been solved using locking nuts or loctite. 

● Occasionally, the piezos would send a pulse polarized in the wrong direction. With the 
addition of full wave rectifiers on each of the 4 input, this problem was fixed. 



● There was (tedious) transfer of electronics to perforated board. The original plan was to 
get all electronics working on perf board as a single tower, but this feat was just for show 
and we ran too low on time to make it aesthetically perfect. 

● Encountered a problem of RF interference, perhaps from the current moving through the 
actuator, maybe some coming from the pads/piezos. To fix this issue, we inserted wires 
into grounded metal shields, separated the input and output circuits, and put the output 
circuit into a shielded box. Included was an addition of a switch that turns on/off the 
current flow to the motors. 

● We were able to find the appropriate relays we needed for this application. We 
happened to find five identical relays, and one unfortunately malfunctioned, so we had 
the perfect 4 we needed to finish this project. It would have been nice to have spares, 
but we skimmed by with no problems. 

● We added a secondary power supply because the current draw from all 4 motors hitting 
simultaneously made the stick hits noticeably softer. There is still a difference when each 
of the motors is drawing current, but it isn’t as noticeable. 

● In response to prevent messy circuitry, heat shrink and ribbon cables were used 
rampantly in these circuits. 

 
Thoughts on our final report 

We are very proud of our work. Though there were a few bugs in the system that never 
quite got stomped out, we are definitely glad we put in the time that we did. The electronics 
organized and easy to follow (which was very very helpful in our project’s performance), the 
drum stand was open enough to understand the functionality, wood was sanded and cut to be 
prettier, the code was conceptually simple, and we were essentially able to do everything it was 
that we wanted to do. Plus, winning the vote makes it more satisfying, especially because this 
vote never crossed our minds while we were building. 


