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ABSTRACT

The Robo-Cajon is a robotic musical performer capable of
real-time improvisation and live performance with a hu-
man performer. It is a wooden cajon, or box-shaped per-
cussion instrument played with the hands, mounted with
two push/pull solenoids that receives input from a separate
cajon mounted with piezo contact microphones performed
by a human. Rhythmic data from the human performer
is first classified using a Multi-Layer Perceptron (MLP)
and a Hidden Markov Model (HMM) is used for predic-
tion and generating rhythmic patterns based on this prior
classification. The Robo-Cajon demonstrates a novel and
lightweight approach to human-computer interaction and
real-time applications for various machine learning algo-
rithms. The Robo-Cajon was realized using Max and Ar-
duino.

1. INTRODUCTION

Musical robotics is a field which explores the intersection
and relationship between creativity and robotics. The po-
tential for machines to express creativity is important to
the field of robotics and AI, but it is especially relevant
for machines that replicate human activities that are gen-
erally described as creative, such as music making [1].
Humans are especially good at predicting, synchronizing,
and harmonizing amongst rapidly changing environments
in real-time, while the challenges faced by current robotics
architecture to detect, interpret, and respond quickly make
these tasks difficult. Music making is a well-structured set-
ting for determining a robots ability to perform these tasks,
and the implications of high performance are applicable
throughout the field of robotics [2].

The author presents The Robo-Cajon, a robotic musical
performer capable of real-time improvisation and live per-
formance with a human performer. 1 Capable of detect-
ing and interpreting rhythms from a human performer on a
separate cajon using a Multi-Layer Perceptron as described
by J. Bullock and A. Momeni [3], The Robo-Cajon gener-
ates new rhythmic sequences in real-time using a Hidden
Markov Model at a fixed tempo predetermined by the hu-
man performer in the Global Transport in Max. A Blue-
tooth enabled foot pedal is introduced that allows the hu-

1 Demo video available at https://www.youtube.com/watch?v=m-
J5rTQk3Uct=115s
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man performer additional agency over robotic performer
and can be used to retrain the MLP and HMM at any time.

2. RELATED WORK

Several basic types of “beater” or “mallet” based robotic
instruments were explored and used as the mechanical ba-
sis for The Robo-Cajon, such as Dartron [4] and the Ma-
haDeviBot [5] seen in Figure 1. As a proof of concept,
the The Robo-Cajon was designed without the use of mal-
let based rotational motion in favor of the linear motion
provided by the solenoid plunger itself.

Figure 1. MahaDeviBot

In 1999 Trimpin created an installation entitled Conlonin-
purple, which is “a 7-octave instrument with wooden bars
and metal resonators” [6]. Each bar is excited using a
push/pull solenoid which strikes the bar when a specific
MIDI message is received (Figure 2). It is this simple
mechanical framework that allows for easy experimenta-
tion and portability with The Robo-Cajon. Routing MIDI
messages to trigger a hardware controller is also inher-
ently slower than feeding analog signals to solenoids via
Arduino.

A number of systems included in the category of interac-
tive music have been developed to enable human-machine
improvisation. Examples utilizing software to interpret the
gestures of human performers and produce synthesized sounds
include Cypher [7], Voyager [8], and The Continuator
[9]. Other systems interpret the gestures of human per-
formers and produce sound using physical electro-mechanical
instruments. These include Haile and Shimon [10] seen in
Figure 3, both of which exhibit musical expression through
the embodiment of musical actions [11]. The Robo-Cajon
implements a software and hardware component and is po-
sitioned somewhere in between these two categories.
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