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1. INTRODUCTION 
This deliverable (D3.3) describes the techniques for data acquisition and multimodal analysis of eMAP 
signals exploited and developed through the SIEMPRE and SIEMPRE-INCO Extension Projects. A 
major work in SIEMPRE was to get synchronized recording and playback of multimodal signals.  
Description of techniques is carried out separately by SIEMPRE partner, following a structure dictated 
by the following scheme: 
 

- SIGNAL OR TECHNIQUE:  
Here, the corresponding partner provides the name or identifier of the eMAP signal or group of 
signals, or the analysis technique. 

- DESCRIPTION: 
A description of the signal or technique (including relevant references to previous documents 
or publications) is provided in this point. 

- SCENARIO(S): 
Which of the SIEMPRE scenarios involves this signal or technique? 

- METHODS: 
Description of the methods (a) used for the acquisition/processing of the eMAP signal; or (b) 
involved in the development of the technique.  

- DEVICES USED: 
Which devices are used? 

- SYNCHRONIZATION: 
Whether there any specific synchronization technique is specifically required in order to 
combine described signals with other eMAP signals, partners provide relevant information 
here. 

- EXAMPLE(S): 
If there are any examples of usage, or data in the SIEMPRE repository, partners state this here. 

 
2. CONTRIBUTION BY UNIGE 
 
2.1 Pickup Audio 

NAME:   Audio (pickup) 

DESCRIPTION: Monophonic audio signal acquired individually for each musician via a 
pickup microphone. 

SCENARIO: Quartet 

METHODS: Piezoelectric transducer fitted on the bridge of the musical instrument 

DEVICES: Shadow SH SV1, Fishman C-100, Fishman V-100, Fishman V-200 

SYNCHRONIZATION: Synchronized during acquisition by locking the recording audio card 
to the SMPTE signal. 

EXAMPLES: In SIEMPRE repository 
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2.2 Binaural Audio 

NAME:   Audio (binaural) 

DESCRIPTION: Stereophonic audio signal acquired for the whole quartet. 

SCENARIO: Quartet 

METHODS: Spaced pair placed in front of the string quartet. 

DEVICES: Neumann KM 184 condenser cardioid microphone 

SYNCHRONIZATION: Synchronized during acquisition by locking the recording audio card 
to the SMPTE signal. 

EXAMPLES: In SIEMPRE repository 
 
 

2.3 Wireless motion capture 

NAME:   Wireless MoCap 

DESCRIPTION: Wireless 3DOF markers placed on the bodies of the musicians as well as 
the musical instruments. 

SCENARIO: Quartet 

METHODS: IR-reflective markers attached on the musicians’ bodie,. IR-reflective 
markers attached on the instrument body and bow. 

DEVICES: Qualisys Camera Series 

SYNCHRONIZATION: Synchronized with the Qualisys MoCap system using a world clock 
generator as well as SMPTE linear timecode. 

EXAMPLES:  In SIEMPRE repository 
 

2.4 Video 

NAME:   Video 

DESCRIPTION: Digital video signal of the quartet during performance. 

SCENARIO:  Quartet 

METHODS: Two digital video camera, one placed in front of the string quartet and 
one oriented towards first violinist of the quartet. 

DEVICES: High Definition JVC cameras GY-HD251 camcorder 

SYNCHRONIZATION: Synchronized by a genlock blackburst signal coming from the world 
clock generator, and time-stamped with the SMPTE signal. 
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EXAMPLES:  In SIEMPRE repository 
 
 

 
 
 
 
 

 
3. CONTRIBUTION BY UNIVERSITAT POMPEU 
FABRA 
 
3.1 Pickup Audio 

NAME:   Audio (pickup) 
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DESCRIPTION: Monophonic audio signal acquired individually for each musician via a 
pickup microphone. 

SCENARIO: Quartet 

METHODS: Piezoelectric transducer fitted on the bridge of the musical instrument 

DEVICES: Fishman V-100 (violin, viola) and Fishman C-100 (cello) 

SYNCHRONIZATION: Synchronized during acquisition with the Polhemus Motion Capture 
data using an analog audio pulse signal, and as post-processing with 
SMPTE linear time code and a wordclock generated signal. 

EXAMPLES: In SIEMPRE repository 

3.2 Cardioid Audio 

NAME:   Audio (cardioid) 

DESCRIPTION: Monophonic audio signal acquired for the whole quartet via a large 
diaphragm cardioid pattern condenser microphone. 

SCENARIO: Quartet 

METHODS: Large diaphragm condenser microphone placed in front of the string 
quartet. 

DEVICES: AKG Perception 120 

SYNCHRONIZATION: Synchronized during acquisition with the Polhemus Motion Capture 
data using an analog audio pulse signal, and as post-processing with 
SMPTE linear time code and a wordclock generated signal. 

EXAMPLES:  In SIEMPRE repository 
 

3.3 Binaural Audio 

NAME:   Audio (binaural) 

DESCRIPTION: Stereophonic audio signal acquired for the whole quartet via a binaural 
dummy head. 

SCENARIO: Quartet 

METHODS: Binaural dummy head placed in front of the string quartet. 

DEVICES: Neumann KU-100 

SYNCHRONIZATION: Synchronized during acquisition with the Polhemus Motion Capture 
data using an analog audio pulse signal, and as post-processing with 
SMPTE linear time code and a wordclock generated signal. 

EXAMPLES: In SIEMPRE repository 
 



 
  

SIEMPRE      D3.3  
 

 

May, 30th 2013 
 

 
 

3.4 Wired motion capture 

NAME:   Wired MoCap 

DESCRIPTION: Wired 6DOF (degrees-of-freedom) sensor data – position and 
orientation. 

SCENARIO: Quartet 

METHODS: Wired 6DOF sensors attached on the instrument bow and instrument 
body. Detailed in [1] 

DEVICES: Polhemus Liberty 

SYNCHRONIZATION: Synchronized with a second motion capture system via the use of a 
world clock generator as well as SMPTE linear timecode; synchronized 
with the audio signal using an analog audio pulse signal. 

EXAMPLES:  In SIEMPRE repository 
 

3.5 Wireless motion capture 

NAME:   Wireless MoCap 

DESCRIPTION: Wireless 3DOF markers placed on the bodies of the musicians as well as 
the musical instruments. 

SCENARIO: Quartet 

METHODS: IR-reflective markers attached on the musicians’ bodies, using the 
specification in [2]. IR-reflective markers attached on the instrument 
body and bow, using a specification derived from [3]. 

DEVICES: Quailsys Oqus Camera Series 

SYNCHRONIZATION: Synchronized with the Polhemus MoCap system using a world clock 
generator as well as SMPTE linear timecode. 

EXAMPLES:  In SIEMPRE repository 
 

3.6 Video 

NAME:   Video 

DESCRIPTION: Digital video signal of the quartet during performance. 

SCENARIO:  Quartet 

METHODS:  Digital video camera placed in front of the string quartet. 

DEVICES: Canon VIXIA HF R200 
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SYNCHRONIZATION: Synchronized with the audio signals using SMPTE linear timecode, 
and with motion capture systems via SMPTE-wordclock 
correspondence. 

EXAMPLES:  In SIEMPRE repository 
 
 

4. CONTRIBUTION BY ITALIAN INSTITUTE OF 
TECHNOLOGY 
 
4.1 Electromyography 

NAME:  EMG 

DESCRIPTION: Bipolar electromyography activity. The signal consists of analog time 
series representing muscle contraction over time. 

SCENARIO: Quartet 

METHODS: Wireless sensors attached to musicians' biceps and triceps. 

DEVICES: ZeroWire wireless EMG system. 

SYNCHRONIZATION: Analog signal fed to the A/D acquisition board controlled by the 
Qualysis system. Data acquired already synchronized with mocap data. 

EXAMPLES: Not yet 

4.2 Thermography (also involving work by UNIGE-CH) 

NAME:  Thermography 

DESCRIPTION: Thermographic videos of an audience while attending to a live 
concert/opera or listening/watching music excerpts/video clips. 

SCENARIO: Audience 

METHODS: Thermographic camera placed in front of the audience. 

DEVICES: Cedip Titanium HD 560M (Pelican) Camera. 

SYNCHRONIZATION: Thermographic video synchronized with audio and/or video signal 
through a TTL pulse train. 

EXAMPLES: Not yet 
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5. CONTRIBUTION BY QUEENS UNIVERSITY 
BELFAST 
 
5.1 Quality of Experience questionnaire 

NAME:  QoE Questionnaire 

DESCRIPTION: The Quality of Experience questionnaire was developed to assess the 
unique experience of a live musical performance for audience members. 
In addition to the common emotion dimensions the questionnaire also 
includes items on engagement, communication with the performer, 
aesthetics and variables from the social and presence literature. Both a 
long-form (60 items) and short-form (12 items) version were tested 
during experimentation. 

SCENARIO: Audience. Short-form: QUB December 2011, QUB March 2012, QUB 
November 2012. Long-form: QUB May 2011, QUB February 2012. 

METHODS: In all scenarios the questionnaire was administered to the audience at the 
start of the experiment. A short background section was completed 
before any of the performances. After each performance audiences were 
asked to rate their experience during the performance using the 
questionnaire. This was done for each performance in all scenarios. The 
amount of participants who filled out these questionnaires varied 
depending on the scenario, though all audience members completed it in 
all scenarios. 

For analysis of the long-form questionnaire sub-factors were selected a 
priori, based on the different fields they were taken from in the literature. 
Further analysis followed standard techniques. 

DEVICES: The questionnaire was completed with pen and paper and data manually 
coded into SPSS form where it was analysed. 

SYNCHRONIZATION: Although synchronization per se was not required for this measure its 
compatibility with other signals obtained was maximized in a numbers 
of ways. Seat numbers of each audience member were noted on the 
questionnaire, as were the experimental group that the participant 
belonged to in scenarios where that was relevant. In this way individual 
retrospective responses of self-reported engagement or physiological 
arousal could be compared to the continuous measures obtained during 
the performance. 

EXAMPLES: A copy of the data from the relevant questionnaire used is included in 
the datapack for each QUB experiment in the repository. 
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5.2 Continuous self-report measure 

NAME:  Continuous SR  

DESCRIPTION: A single-variable continuous self-report measure was taken throughout 
most scenarios, through the use of a device designed for that purpose. 
The variable chosen for continuous measurement was engagement, both 
because it has performed well in previous studies and because it 
complements the QoE questionnaire and physiological measures also 
being tested. 

SCENARIO: Audience. Without obscuring box: QUB May 2011. With obscuring 
boxes:  QUB December 2011, QUB November 2012, QUB February 
2012. 

METHODS: For the initial a group of participants were given basic instructions on the 
operation of the faders and asked to manipulate them for the duration of 
each performance. Subsequent to this however the participants were 
given detailed instructions and a test period was introduced in which 
they manipulated the fader in a number of ways as detailed by the 
experimenter. There were only fourteen fader boxes constructed for the 
experiments and therefore fourteen participants used them in each 
scenario where continuous self-report was taken. 

After the experiments the synchronized data was extracted to MATLAB 
where it was analysed with typical continuous data techniques. 

DEVICES: Physically the device looks as shown below, with a fader that could be 
manipulated up or down dependent on the participant’s current level of 
engagement with the performance. For these experiments the fader was 
inversely rated with a spring countermeasure. This design reduced the 
demand characteristic on the participants during the performance as 
force was only required to register disengagement and could be judged 
without having to look at the fader. 
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It is important to note that based on results obtained and participant 
feedback after the initial pilot a decision was taken to obscure the fader 
from other members of the audience and the performers. This was done 
by means of a simple box which hid the participants hand and resulted in 
more diverse ratings (see below). 

 

 

SYNCHRONIZATION: Synchronization was required for the faders with other continuous 
signals such as physiology, motion-capture and video, depending on the 
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scenario. This was achieved by recording all signal modes with a shared 
time code (i.e. SMPTE), and using the synchronization tools developed 
for this purpose. 

EXAMPLES: All continuous self-report measure results are available individually on 
the repository. Here is an repoVizz example of four different but 
synchronized faders all rating a performance as increasingly less 
engaging as it progressed. 

 

 

5.3 Physiological measures 

NAME:  Physiological measures  

DESCRIPTION: Measuring key physiological signals of audience members during a live 
performance was one of the main goals for the QUB experiments. In all 
of the scenarios where physiological measures were tested the signals 
taken were electrodermal activity (EDA) and pulse rate. This was done 
primarily through the use of three sensors placed on three fingertips of 
the hand. These measures were chosen as they are generally recognized 
to be the most effective non-intrusive physiological signals for detecting 
emotional states. 

SCENARIO: Audience. QUB December 2011, QUB February 2012, QUB March 
2012, QUB November 2012 

METHODS: In all bar one scenario a sensor each was placed on the index, middle and 
fourth finger of the left hand, however for the QUB November 2012 
scenario a sensor was placed on the upper arm. The number of 
participants using the sensors was fourteen in all scenarios bar QUB 
December 2011 where only two participants were tested as a technical 
assessment for future iterations of the experiment. Participants with the 
sensors had their function explained and were asked not to move their 
hand around excessively if possible. The sensors remained on until the 
end of the experiment. 
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After the experiments the synchronized data was extracted to MATLAB 
where a number of techniques were applied so as to obtain the most 
meaningful features from the raw data. Feature extraction was 
accomplished using an algorithm devised by QUB (available on the 
repository or at [4]. This split EDA into tonic and phasic EDA, and 
extracted HR from the ECG or POX signals, allowing for more nuanced 
analysis of the results. After this standard physiological analysis 
techniques could be applied. 

DEVICES: Through previous work in the area QUB have developed a non-intrusive 
physiological sensor that can be placed on three fingertips of the hand 
and measures EDA and pulse (shown below) 

 

  

SYNCHRONIZATION: Synchronization was required for the faders with other continuous 
signals such as physiology, motion-capture and video, depending on the 
scenario. This was achieved by recording all signal modes with a shared 
time code (i.e. SMPTE), and using the synchronization tools developed 
for this purpose. 

EXAMPLES: All physiology results are available individually on the repository for 
each performance. Shown below is the physiology of two participants 
with (in descending order) Phasic EDA, Tonic EDA, Heart Rate and 
Raw POX. 
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5.4 Motion Capture 

NAME:  MoCap 

DESCRIPTION: Expressive movement is one of the key measures detailed in the overall 
SIEMPRE project, and thus was part of some of the experiments at 
QUB. Instead of focusing on one individual however this set of 
experiments focused on the audience as a whole, with only one marker 
on each participant. The rationale for doing so was to investigate the 
synchronization of movement within the audience. 

SCENARIO: Audience. QUB March 2012, QUB November 2012 

METHODS: Motion-capture analysis was implemented in two of the experiments 
undertaken, both of which employed similar methods and a similar sized 
audience. Before the experiment the area for the audience was calibrated, 
and when they arrived thirty participants had a single motion-capture 
marker placed on the top of their head, all of whom sat beside each other 
in the front-middle of the audience. The markers remained on the 
participants for the duration of the performance. 

The Qualysis software system recorded the data from the markers, and 
from here it can be analysed in MATLAB or similar programs. Analysis 
techniques will focus on detecting synchronous motion across any axis 
between participants, which would indicate a nodding or swaying 
motion. 

DEVICES: The Qualysis motion capture system was used for capturing the data, and 
6 cameras were placed in high positions around the audience so as to 
give an overview of all of the participants with markers. The markers 
themselves were affixed to the participant’s heads via a hairclip. 

SYNCHRONIZATION: Synchronization was required for the faders with other continuous 
signals such as physiology, motion-capture and video, depending on the 
scenario. This was achieved by recording all signal modes with a shared 
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time code (i.e. SMPTE), and using the synchronization tools developed 
for this purpose. 

EXAMPLES: The X, Y and Z co-ordinates for all markers are in the repository, and 
shown below is a still from the motion-capture of audience during one of 
the live performances. 

 

 

 
 
5.5 Audio and Video 

NAME:  Audio/Video  

DESCRIPTION: Audio and video of all performances during all scenarios was recorded, 
and in many of the scenarios video of the audience as well as of the 
performer was taken. Overall the audiovisual synchronization signals 
can be used as a reference point for interesting patterns in the continuous 
data as well as highlighting emotional or behavioural patterns in the 
audience. 

SCENARIO: Audience. QUB May 2011, QUB December 2011, QUB February 2012, 
QUB March 2012, QUB November 2012 

METHODS: For all of the experiments audio was recorded via a microphone in the 
concert area. For the November 2012 experiment a binaural microphone 
was placed in the middle of the audience to better detect what the 
audience were hearing as well as any noise they may be making. For 
each scenario a camera was set-up facing the stage so as to capture the 
performances, and a separate camera near the stage facing the audience 
so as to capture their reaction to the performance.  

Videos capture of the audience was successful for all experiments, 
however only the Dec ’11 and Nov’12 experiments would be suitable for 
follow-up emotion analysis of the audience. This is due to the need for 
clear visibility of the facial expressions of roughly 20 audience members 
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for this type of analysis, the problem being that requires lighting 
conditions which are not the most ecologically appropriate for a concert. 

Analysis of the video and audio data was very limited, being used 
primarily as a reference to explain patterns in the continuous data (e.g. 
EDA increased when the music became noticeable louder). At some 
point it is hoped to obtain judged ratings of the audience based on trace 
techniques. 

DEVICES: Rhodes Stereo Microphone, Neumann Binaural Head, Sony HDV 
cameras.  

SYNCHRONIZATION: Obviously for audiovisual data to be useful as a referent then 
synchronization to other data was essential. This was achieved by 
recording all signal modes with a shared time code (i.e. SMPTE), and 
using the synchronization tools developed for this purpose. 

EXAMPLES: As with all other signal the audio and video data is available on the 
repository. Shown below is a still from the a video of the audience 
during QUB December 2011: 

 

 

6. CONTRIBUTION BY VIRGINIA TECH (ALSO 
INVOLVING WORK BY STANFORD UNIV.) 

6.1  Mobile sensor system 

NAME:  MobileMuse / Senstream 

DESCRIPTION: Finger-worn device carrying four sensors for electrodermal activity, 
pulse oximetry, skin temperature, and tri-axial accelerometry. 1/8” audio 
output suitable as input to mobile phones, laptops, etc. References are [5] 
and [6]. 

SCENARIO: Music/listener, Listener/listener. Waseda 2012. Reference is [7]. 
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METHODS: See above and references: (EDA, pulse oximetry, skin temperature) 
Interactor physiological data was captured through the MobileMuse 
device and streamed over UDP to text files at a host computer. Data 
were time-tagged with millisecond-level accuracy. 

 Video data were also captured and stored alongside participant 
physiological data. 

SYNCHRONIZATION: A sequence of tones was played at the beginning of each trial, and 
each participant squeezed their attached sensor in time with these tones. 
For Waseda 2012, this method of synchronization has shown to be 
acceptable by our analysis. Our continuing work is investigating on-
device SMPTE synchronization. 

EXAMPLES: Upload to repository currently in progress. On completion, all 
physiological and video data for Waseda 2012 will be available on the 
repository. 
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