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autoPRK - Automatic Drum Player

Filip Biedrzycki, Jakub Knast, Mariusz Nowallakub Paszkowski

Institute of Computing Science, Poznan Universitife¢hnology, Poland
IMar i usz. Nowak @ut . poznan. pl ,
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Abstract. The paper presents the new solution of the rolaying percussion.
There are two ideas of such robots: imitating a dnurbody and realizing its
function in an artificial way - without imitatingleuman. The presented solution
belongs to the second group. It consists of 8 aants two peripherials for
control two pedals. Authors developed of entirestarction of the robot and
they write the software in Java for control theidevhe sticks and pedals are
excited with electromagnets controlled by the mioraroller ATmega328 on
an Arduino board which interprete MIDI files. Autisodeclare full success of
the project.
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1 Introduction

Robotic drummers are devices which can play theyssion using specially
designed peripherals moving with the usage of ele@gnets or pneumatics. There
were many projects that tried to achieve that phesrmn. For instance, people used
simple controlled microprocessor percussion stiok&alled on drums or complicated
humanoid robots. The problem is complicated, bexgescussions often have many
elements such as central bass drum, snare, tom-toigsfloor tom, hi-hat and
cymbals [1].

The main challenge of this project was to createbstic drummer which playing
skills would be equivalent to human ones, or evettel. The quality has to be good
enough to let other instruments accompany (e.guitar) like it was a real musician.
The machine has to be customizable to be usefuthauld match any percussion
without any interference in the structure of thetimment and it must handle any
possible element of the instrument. Hence, chanigication of the drums only to set
this up is unacceptable. The robot was designesiigh a way that its shape can be
altered to be fitted to the instrument. Everythimgght to be easy to use for any
person, and the configuration has to be as quigloasible - the whole process has to
take less than an hour. It means that installirdy seiting percussion sticks needs to
be fairly easy and operating the software and lgadiongs has to be quick and
intuitive.

A lot of robotic drummers are not one-part machirilsere are many separated
sticks connected to elements setting them in motimwever, each of them has to be
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installed on their drums so there is a need foerfatence in the structure of the
percussion. A good example can be "Thelxiapeiaateck by N.A. Baginsky. More
ambitious constructions try to replicate human byvimg human-shaped arms with
elbows and hands ended with sticks. The robot edeby MIT Researchers (named
"Cog") has even got a head on its torso. Theredrets controlled by MIDI files too,
like “TibetBot” designed by Eric Singer and LEMURIl these solutions are
described by Ajay Kapur in [2].

AutoPRK name is a shortened form of phrase aut@mpsrcussion (pol.
automatyczna PeRKusja). AutoPRK, the robotic drumimas eight stable arms
connected to one central stem with specially desiggand created ponds that allow to
set each of them up and block them when the seigimpmplete. The only moving
element is the percussion stick on the end of eaeny. Moreover, there are two
peripherals for controlling pedals of the percussichi-hat and central bass drum.
Everything moves with the usage of electromagnetsected to the microcontroller
using relays. A specially created application aidevload MIDI file tracks.

The paper is structured as follows. In the secoacti® an overview of various
robotic drummer constructions is given. Next Settimtroduces the autoPRK
Automatic Drum Player - details of its constructiarectronics and software are
presented. Fourth section is dedicated to the tagisexperiments that were carried
out throughout the whole process of autoPRK coostm and their results. Fifth
Section concludes the paper.

2 Related Work

There are few ways of generating movement for fiockdriummers. J. Long et al.
shows the most commonly used solutions in [3]. @fiethese groups contains
solenoid-based mechanism (rotary or linear). Dlitgtof the parts, low latency and
cost make them good choice for parts to apply -ospd to RC Servos. The only
disadvantage is that they cannot play as loud msnéeded (Servos are better here).
Pneumatic mechanisms are often used in robotics ttay represent the highest
capabilities of loudness, but are more expensiam tsolenoids. According to this
research, 50W linear solenoids were used in autoPRK

Ajay Kapur from University of Victoria presents raatls related to some projects
about this topic in [2]. Definitely, the most adead of them is the robot called
“Cog” - a humanoid moved thanks to the hydraulad it can play the percussion
like a real man, using only two arms. The team @bt Kawato (the creator of Cog)
found an interesting solution to constructing haidgating human ones. A drum
stick is installed only by a pivot at quarter of length and can freely move while
playing. The movement of the stick is producechim whole arm - not at its end, in a
hand. Chico MacMurtie in [2] suggests differentuimns to drum stick moving
problems. The robot he created has got no stiakssilicon hands, which are used to
hit the membrane.

A different approach to the problem, presented lkagiBsky in [2], assumes
building a robot without any construction imitatinghuman body. The construction is



rather simple. A percussion stick is installed be tdrum and there is an element
making it move.

Some of the robots can play more than one instrun@ood example of this is
“Shimon” which can be set up to play drums or ma@aamThis is only one example.
Marcelo Cicconet et al. presents more in [4].

Topic of robotic instruments is very wide. Somerapées are presented by Kishan
Kumar et al. who show a robotic Pan Flute in [Bfl &/onse Jo et al. who propose a
Violin Playing Robot in [6].

3 Detailed solutionsin autoPRK

3.1 Construction

Structurally the robot consists of a high (apprd60cm) pipe and eight
independent, fully-configurable arms attached tecgd connectors (Fig. 1). This
means that if needed, there is possibility to put &rms on one connector or remove
the ones that are not used while playing a givergsbBurthermore, for each of them
the length of the arm can be set, as well as tlwidual angle at which it will be
tilted to the drum kits. All eight arms of autoPRie constructed identically. Each
arm can be positioned over various percussion eieansuch as a drum or a plate. A
single stick hits the drum element after receivangjgnal from the Arduino.

Fig. 1 Construction of the autoPRK robot

In addition, the composition of the robot consistdwo elements simulating the
drummer’s feet (Fig. 2). After proper configuratiand placement on the floor, they
can handle the bass drum and a hi-hat foot.

Every end effector is moved by the same electromiaga each of them has the
same strength of hitting. The difference between piarts for drums and parts for



percussion feet is in the way the electromagnetdamated. In arms, there are pulling
solenoids installed below the sticks, which arévatéd to make a hit. On the other
hand, to play on bass drum or hi-hat, pushing sadlsnare used. The percussion
pedal is pressed directly by them, to make a sound.

Fig. 2 Feet of the autoPRK robot

3.2 Electronics

Electronics contains two different circuits. Fiegtthem - controlling circuit which
is operating on 5V is powered by USB port. It cetsiof a microcontroller
ATmega328 on an Arduino Uno Compatible board armbimected to ten relays. The
second circuit, controlled by relays, uses 12V entrigenerated by three PC supplies.
Each relay is connected directly with one of tem/56lectromagnets located at the
end of every arm or on foot. All the elements oéctlonics are located on
a transparent board, which is presented in figure 3

Fig. 3 Elements of electronics



3.3 Software

Software is divided into two different parts, oselJava application KuKuFi, that
provides user interface, process data, and semd ¥iee USB port to the second part
which is microcontroller Arduino. Task of the Ardai is to control relays using the
obtained from KuKuFi data. Figure 4 shows data fthagram.

MIDI Relays

USB
I'm ready for data
¢=

"stop" - ask me about concrete data

KUKUFE %ﬁ-k Arduino
ive me data from ... ms for ... stic
(JAVA) < (C)

there you go

repeated many times

Fig. 4 Data flow diagram

KuKufi overview

KuKuFi is a program written by the authors of auR#Pfor the purpose of an easy
control and KuKuFi nhame comes from the first lettef the names of the creators
(Kuba, Kuba, Filip). The task of the program isdisplay and manage a graphic user
interface and communicate via USB serial port wathmicrocontroller Arduino.
KuKuFi works in such a way that the user will cohtautoPRK in an uncomplicated
way.

KuKuFi is written in Java. It uses several freerdilies, for example Swing, to
build the GUI, RXTXcomm to communicate via the UB&t, GSON to manage files
in JSON format and a very important package - ja@nd.midi - to decode MIDI
files.

When the program is activated, a form with sepdiraigments illustrating the four
steps that one should take to start autoPRK isepted to the user.



1. Select MIDI fle with drumki track open

Select fla ->

| 2] Open ==
4| vookin: | Repertuar W (@] (@) (&) [=le]

| [*] ACDC - Back In Biack (4).mid | Metallica - For Whom The Belll Tolls.mid

| [ Alopexmid Nirvana - Smells Like Teen Spirit (5).mid

| [ Dio, Ronnie James - Holy Diver.mid | Surfaris - Wipe Out (Pro).mid

d systern_of_a_down_-_toxicity.gp4jaraszmid
rawn-To-Black-autoPRK-mid

| | [ sudss riest- painkiller (Proy mid

Filelame:  Haly Diver. mid

Files of Type: | midifiles only:) vj

|

| Open selected file

Fig. 5 Selecting the MIDI file

The first step (Fig. 5) contains a selection of Mlifiks that the program has
play -clicking on the button "Open" displays a file s¢i@a dialog from a hard drive

After selecting a filethe program searches all stored MIDI tracks infillee

The second step (Fig. 6), which the user must takselecting from a dropdov
list the drum kit track. The program suggests thieexct option. After confirming th
selection, it starts to opee a specially designed algorithm. It is the taskeadécting
all elements that are in the track of the drum kiien the program selects from !
track the moments in which drums are playing. Thasenents are read as the Ml
ticks and they are not cr moments of time. To convert them to a unit
milliseconds, respectively algorithm multiplies théoy BPM (Beats Per Minute) al
PPQ (Pulse Per Quarter note) [

2. Select ! DRUM_! track from midi, then press "Generate”

[Drl.lnkl B l Generate J

Vo
Rhythm

]

Fig. 6 Selecting the drum kit track

Obtainedin this way tine stamps are stored sequentially in arraysut each
percussion element has its own array. Now, the mésnehen the stick will hit ar
stored in tables and they can be later sent toiAec

In the third step (Fig. 7), the user must pairdham kit eliments selected from tt
MIDI file with the numbers of autoPRK's arms. Frdhe user's perspective, tl
process takes the longest period of time, so ierai@improve it, there is a possibili
of saving the prepared configuration and loadtérl



3. Connect audic drum elements with autcPRK parts

L save configuration | l load configuration J l reset |

) Closed Hi-Hat 1
) Crash Cymbal 1 () 2
) Acoustic Bass Drum

I_) Acoustic Snare Iul i
) Crash Cymbal 2 I\_,I 5
() Hi-Mid Tom =4 .
() LowTom =

() Low-Mid Tom 7
I_J) High Floor Tom 8
() Low Floor Tom 9
() Open Hi-Hat 10

Fig. 7 Pairing drum kit elements with autoPRK's arms

When all percussion tracks are connected with nusplibe user must press f
stop button (Fig8). Then signal is sent to the Arduino to ask altbetdata. Arduin
will begin recording in the memory first moments of drum bedi¢hen the data |
received, the user goes to the final fourth step@an press the "play" button to si
autoPRK.

There is also th§pause” button to stop autoPRK in the middle of shag

4, Enjoy!
| Py | | psuse | | stop |
| | | | | | | |
(] 30 a1 90 120 150 130 210
Select tracks to play from spezkers

Fig. 8 Buttons for controlling the robot

Arduino overview

Microcontroller Arduino is used in order to contnalays. Due to the limite
working memoy to 2kB microcontroller ATmega3z only 400 next hits can b
stored (40 per trackih 10 cyclic buffers (one for each track). Thioidy enough fo
a few seconds of the song. It begins working aféaeiving a stop signal. In ti
beginning, the first moments of drum beats areestdn the memory. Then Arduir
waits for “start” signe and after receiving it, microcontroller starts foecate relay
checking if the time to the next hit on each tratkpsed. If it did, it gives logici



HIGH signal to the corresponding track number refay 40 milliseconds. This
interval of time is long enough to make percussitiok hit powerfully enough to
produce a loud sound. Because only the beginninghefsong is stored in the
memory, Arduino must collect data while playing sgang. It is resolved by sending
small packets of data (64kB) in real time. In epelket there are eight consecutive
beats sent. The size of the packet is caused bl sizeof the serial port buffer.

4 Experiments and their results

The tests were carried while building the roboteTdecision how to install the
parts was based on earlier trials. A good examplé was searching for a place to
place the pivot for drum sticks — about ten différplaces were tried before making
the final decision.

To confirm if all applied solutions are correct aifidhe robot is able to play the
drums in a way allowing other instruments to accanyp there was a presentation of
its capabilities after finishing the constructidtrimarily, there was a need to analyse
durability of used relays, because they had capsslulems in the past.

The presentation was very successful - autoPRKphagng for about 30 minutes
without a break, including dynamic and requiringcks, and all the elements worked
correctly, without any faults. The strength of inigt drums was balanced, the speed of
playing — appropriate, and the construction - gtabl

Based on the number of visitors participating ha presentation it can be said that
the show was a success. It means that the listenipgrience was on high level and
listening to the robot playing was as pleasurabliséening to a human musician.

The project and the presentation is attractivaterpotential recipients not only as
a novelty, but can be seen as a product that carsée in life due to the way it is
made — good-looking, easy to use, with almost utdithcapabilities of music to play.
All those factors make this robot practical andsilde to exploit in a large-scale
music making projects.

5 Conclusions

The final construction meets all the assumptionstoRRK plays as well as a
human - in some cases results are even betteanlteasily play sixteenth note of
180bpm song using only one bass malleus or snam®to on one drum stick. All the
elements work correctly, and in effect the sounftislrams are clear, loud and the
pace is regular all the time. The tests show thatrbbot can be customised to every
percussion, without changing locations of the druamsl setting everything up takes
about 40 minutes. All the arms can be flexibly adeshand each of them can handle
every percussion element. Easy application alldhwesuser to load the MIDI file and
stream data to the robot to start playing.

AutoPRK project connects popular solutions for pesion playing robots, such as
assigning each stick to only one drum, using lingalenoids to move them with
practical, aesthetic construction. What is mores tost of building the robot is



relatively low. This can provide wide capabilitied songs to play on every
percussion and a user-friendly service. There wereonstructions similar to this.

Future plans connected with this project involvéuilling it into a different
machine, with two moving arms, for playing drumsgd for the percussion pedals
and a head for making construction more humanlikevill be equipped with a
camera or other kind of sensors and appropriaterithgns allowing the robot to
customize itself to the percussion without any hefghe user. What is more, the
robot will be connected to a microphone in ordeligten to other instruments and -
when it is asked - improvise playing with them e tsame pace, metre and fixed
style.
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