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Abstract
Nowadays, the alternative methods of human-computer interactions are in development. These
methods can drastically improve usability of cyber-physical systems and devices, as mobile
robots, especially for disabled people. Brain-computer interfaces (BCI) are among them. Un-
fortunately, BCIs aren’t reliable enough to handle critical devices outside lab environments
since the quality of command recognition can be influenced by external conditions, as noise
pollution that can distract the user of BCI. In this paper, we are presenting the experimental
study results of the noise pollution influence in the form of unwanted music on the quality
of control through BCI. In general, the obtained results showed the negative impact on the
accuracy of control for the most of participants.

Keywords: brain-computer interface, music influence, command recognition, robotics

1 Introduction

The brain-computer interface (BCI) provides data on brain electrical activity (EEG data) as
described by Curran and Stokes [1]. The BCI can be trained to recognize the user’s mental
images. In order to do this, when the user focuses on the image, his EEG data is fed into
the EEG pattern recognition system. Thus, if the user thinks about this mental image again,
the EEG pattern recognition system will detect that, as described by Lotte et al. [2]. This
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technology can be used to translate brain activity into a command, for example to execute some
command when the user envisions the mental image he or she used to train the BCI. The main
drawback of the BCI is the low recognition accuracy in comparison with the medical electroen-
cephalograph (EEG scanner) as considered by Duvinage et al. [3]. Therefore, a considerable
time is devoted to various studies to improve the BCI. In particular, some studies are related
to various methods of EEG data processing, for example described by Shishkin et al. [4] or
Trofimov et al. [5].

The external factors play an important role in working with BCI, for example sound noise
that surrounds the user while she or he is using BCI. In this paper, we present the study of
sound noise impact on BCIs’ efficiency. The participants had been affected by noise in the form
of ‘unwanted music’. The influence of different music styles were tested.

2 Related Works

There are several works taking in the consideration influence of external factors on BCI usage,
such as environmental noise, visual noise, or music. Some researchers, as Reuderink et al. [6],
are considering lost of control as another external factor affecting BCI performance.

Nam et al. [7] examined two environmental noise simulations to simulate the effects of
real-world noise. They showed that higher noise levels seem to increase user concentration.
According to Vidal et al. [8] visual noise leads to decrease of BCI efficiency to control a robotic
arm. Zhou et al. [9] explored the influence of background music on BCI usage. They obtained
that different performance measures did not reveal any significant performance effect when
comparing background music vs. no background. However, Lin et al. [10] consider that music
could affect users’ emotions that could make BCI users feel comfortable during BCI usage.

In order to research the music influence on the BCI usage quality, the following music styles
were chosen: classical music, electronic music, jazz, pop music, rap and rock. These styles
were chosen as the most known, and they represent intersection of classifications ISMIR2004
described by Baniya et al. [11] and GTZAN described by Tzanetakis and Cook [12]. However,
instead of the hip-hop, the rap musical style was chosen to simulate a noise in the form of
background conversations.

3 Methods

3.1 Participants

The research was conducted on 32 healthy participants (aged 20 to 25, with mean in 23, six
women, all are Russian students) in accordance with the Helsinki Declaration. All participants
gave the verbal consent. Eight participants (11, 15, 17, 18, 23, 24, 26, 28) have already partici-
pated in several experiments similar to the one described in this paper. The other participants
didn’t have experience of BCI usage.

3.2 The Procedure

The scheme of the experiment is shown in Figure 1. In the beginning, the participant has passed
the training stage for BCI usage. At this stage, the participant has been trained to execute the
forward motion command using the BCI. In order to do that, he or she had to think about the
mental image she or he wants to execute the command with.
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time is devoted to various studies to improve the BCI. In particular, some studies are related
to various methods of EEG data processing, for example described by Shishkin et al. [4] or
Trofimov et al. [5].

The external factors play an important role in working with BCI, for example sound noise
that surrounds the user while she or he is using BCI. In this paper, we present the study of
sound noise impact on BCIs’ efficiency. The participants had been affected by noise in the form
of ‘unwanted music’. The influence of different music styles were tested.
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There are several works taking in the consideration influence of external factors on BCI usage,
such as environmental noise, visual noise, or music. Some researchers, as Reuderink et al. [6],
are considering lost of control as another external factor affecting BCI performance.
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real-world noise. They showed that higher noise levels seem to increase user concentration.
According to Vidal et al. [8] visual noise leads to decrease of BCI efficiency to control a robotic
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that different performance measures did not reveal any significant performance effect when
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In order to research the music influence on the BCI usage quality, the following music styles
were chosen: classical music, electronic music, jazz, pop music, rap and rock. These styles
were chosen as the most known, and they represent intersection of classifications ISMIR2004
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background conversations.
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