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Abstract. We developed an iOS based application called iScope to monitor biosignals online. iScope is able to receive diﬀerent signal types via
a wireless network connection and is able to present them in the time
or the frequency domain. Thus it is possible to inspect recorded data
immediately during the recording process and detect potential artifacts
early without the need to carry around heavy equipment like laptops or
complete PC workstations. The iScope app has been tested during various measurements on the iPhone 3GS as well as on the iPad 1 and is
fully functional.
Keywords: biosignal, ECG, EEG, iOS, monitoring, application, visualization.

1

Introduction

Recording, processing, storing, and analyzing biosignals is a major part within
the broad ﬁeld of neuroscience or health informatics. Common biosignals in this
case include the electroencephalogram (EEG), the electrocardiogram (ECG),
and many others. Such biosignals are often either recorded, stored and processed
later on or directly processed online during the recording process. In both cases,
a clean and artifact free signal is a crucial requirement; a recording heavily
contaminated with biological and/or technical artifacts could render the recorded
data useless. Thus, online monitoring of the recorded signals is an important
aspect during biosignal recording processes.
Many companies already provide tools to monitor such signals like the Brainvision recorder from BrainProducts (Brain Products, Gilching, Germany) or their
open-source acquisition program PyCorder. Other open-source tools [1] include
the BCI2000 Source Signal Viewer [2], the OpenViBE Signal Display [3] or the
tools4BCI TiAScope1 . All these viewers provide the user with the possibility to
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monitor the acquired signals. However, they are partly bound to hardware from
one manufacturer or restricted to single operating systems, and they all require
a running personal computer to display the recorded signals. Often, in case of
patient measurements and other measurements out of the lab, a full-blown measurement system can be a high burden. This might be due to limited space,
safety regulations or just the inconvenience to carry around an array of laptops.
Furthermore, as presented in [5,6], ﬂexibility and standardization are important, in the ﬁeld of brain-computer interface (BCI) research [7]. BCIs, as described with a functional model by Mason et al. [8], rely on realtime processing
of brain signals, or in the case of hybrid BCI systems [9], also on processing of
other types of input signals like buttons, joysticks, and many more. Reliable processing and an early detection of artifacts or other disturbances in the recorded
data are a crucial requirement to provide accurate feedback to the user.
To cope with these issues, we present a lightweight and portable app running
on iOS devices (iPhone, iPad,. . . ) to monitor recorded biosignals online, using
the tools4BCI TiA (TOBI interface A) protocol [4]. Figure 1 shows a schematic
illustration of the data ﬂow and at which point the iScope is used to display
the acquired signals. With this application, it becomes possible to monitor the
biological signals in realtime and immediately determine the signal quality, hence
avoiding recording useless data due to bad signal quality.

2
2.1

Methods
Requirement Analysis

As presented in [4], biosignal acquisition can be subdivided into diﬀerent signal
types such as EEG, ECG, and many more. Such a distinction is a meaningful way
to transmit and display signals, as diﬀerent signal types like EEG or ECG have
diﬀerent characteristics (amplitude, vulnerability to interferences, . . . ). Thus,
individual treatment for diﬀerent signal types is further also a meaningful way
to design the iScope. Due to a limited resolution and display size of iPods, iPads
and others, the selection of individual channels is an important feature too, as
it might become a problem to draw all signals at once [10]. Additionally, a user
should be free to choose the signals to display.
Signals can be analyzed in the time as well as in the frequency domain. Often,
the observation of a signal in the frequency domain reveals information, hardly
visible in the time domain. As the fast fourier transform (FFT) is a powerful
and relatively low resource consuming way to transfer a time domain signal into
the frequency domain, this feature is a valuable requirement too.
Usually it is desired to inspect a certain time window of recorded data, e.g.,
the last 10 seconds, but this requirement can change during a recording out
of various reasons. Thus, a time-zoom function is a crucial requirement. With
this function it is possible to steplessly change the timeframe of the displayed
signals. Additionally, the possibility to zoom exactly one channel to full screen
is implemented, as a detailed inspection of single channels is a necessary feature
too.
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Fig. 1. Schematic illustration of the data ﬂow to the iScope. Biosignals are recorded
from a participant by an ampliﬁer and acquired by a data acquisition module. This
module then delivers the recorded data via the TiA protocol to the iScope, where it
can be monitored in realtime in diﬀerent ways.

2.2

Design Principles

iOS devices are usually designed to fulﬁll low power consumption requirements,
which are unfortunately usually related to limited processing power of the respective device. Thus, especially in case of data acquisition with many channels or high
sampling rates, an iOS device might be to slow to display all channels at once. Furthermore, the resolution is also restricted in some way. A meaningful way to cope
with those two problems is the introduction of a ﬁxed amount of graphs visible on
the display and the possibility to scroll through all signals. Hence, only a ﬁxed number of signals has to be displayed at once, resulting in a scalable behavior based on
the number of displayed channels and their sampling rates.
To avoid freezing of the device in case of insuﬃcient processing power, the only
supported protocol is the user datagram protocol (UDP), which is also oﬀered
by TiA. In case of a full network buﬀer, samples are automatically dropped,
reducing the amount of samples to process. In case of any sample loss, the user
will be notiﬁed with red lines in the individual graphs, padding the lost samples.
To fulﬁll the usual look-and-feel of the iOS environment, the whole control of
iOS is realized with ﬁnger gestures. Moving one ﬁnger up or down on the display
is used to scroll through the diﬀerent graphs, a two ﬁnger pinch gesture is used
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to in- or decrease the displayed timeframe and double taps are used to zoom the
tapped channel to full screen mode.

3
3.1

Results
The iScope App

Figures 2 and 3 show diﬀerent user screens of the iScope app, either presenting
acquired signals in the time- or the frequency domain.
It can be seen, that the channel selection is functional and also the the distinction of diﬀerent signal types is properly supported. Furthermore, this selection
can be modiﬁed during the running app. iScope is able to display multiple graphs
at once, also from diﬀerent signal types, as visible in Figure 2(b), where EEG signals are shown together with an ECG signal. Figure 2(c) illustrates the zoomed
ECG signal for a timeframe of 1.7 s with additional information.
Figure 3(a) shows FFT spectra of multiple channels, which are computed and
plotted in realtime. The zoomed FFT view mode is presented in Figure 3(b),
which provides additional information compared to the multi graph view. In
this case, the spectrogram is computed for a time period of one second and
updated every 0.2 s. This parameters can be changed in the iScope conﬁguration
to ﬁt the individual users needs.
A mobile application is not just the pure 1:1 transformation of a possible
desktop solution, instead a complete adaptation on the mobile context of use,
as it is essential in the medical area to consider the aspects of mobility and to
bring a clear added value for the end user [11]. One possible solution is to adapt
to the individual context automatically, so to say making the App smart [12].
iScope further supports various other little features, as re-grouping of graphs,
automatic or manual scaling, the possibility to take screenshots, save them to
the device or send them per email and other little things.

4

Discussion

iScope was successfully tested and evaluated on diﬀerent iOS devices. It has already
been used in various measurements within and outside the lab and has proved its
usefulness. It is easy and intentional to use, as common iOS apps. It further proved
it’s stability during measurements with a duration longer than two hours.
The current iScope implementation is based on iOS 4, but porting to newer
iOS versions should become no problem and will be a straight forward process
[13]. Furthermore, it has mainly been tested on diﬀerent iOS devices like the
iPhone 3GS or the iPad 1. Considering this two devices, a main diﬀerence in
computational power could be recognized. While the iPhone 3GS was merely
able to process and display 3 channels (while receiving 10 channels) at once
without juddering, the border of the iPad 1 was much higher. Due to the higher
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(a) Selection Screen

(b) Visualization Screen

(c) Detailed Visualization

Fig. 2. User screens within the iScope app. The ﬁrst screen shows the selection screen,
where individual channels or entire signal types can be switched on or oﬀ. The second
screen shows the usual visualization screen in the time domain with four signal graphs.
Screen number three presents the zoomed mode of the fourth signal graph.

computational power of the iPad 1, it was smoothly possible to show 4 channels
and calculate the FFT view at the same time, while receiving 32 channel with
128 Hz sampling rate without any sample loss.
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(a) Frequency domain view for mul- (b) Zoomed frequency domain view
tiple channels
for a single channel
Fig. 3. Multi graph and zoomed FFT view within the iScope app. Red colors illustrate
a higher power and blue colors a lower power. Concrete values are visible in the zoomed
presentation mode.

Due to the rapid development of such mobile devices, higher sampling rates
and a higher number of channels will become possible because of the increase
of computational power. Better display resolutions will further facilitate the
presentation of more signal graphs at once.
However, distribution of the iScope is not a trivial process. A main component
of the iScope, the TiA library, is licensed under the lesser GNU public license
(LGPL), which creates some issues, uploading the iScope to Apple’s app store.
Thus, the iScope is currently only available on request, as it has to be built for
individual devices manually. However, after resolving the licensing issues, caused
by the TiA lib, the iScope app is planned to be published in the app store, to
distribute this useful tool to a broader community.
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