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ABSTRACT 
The EEG Visualising Pendant is intended for use in 
awkward or intense social situations to indicate when the 
wearer’s attention is waning. The pendant uses an EEG 
(Electroencephalography) headset that sends data to an 
LED (Light Emitting Diode) pendant to visualise the 
wearer’s EEG attention and meditation data to themselves 
and others 
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INTRODUCTION 
The EEG visualising pendant, was developed for wearing in 
social situations, and involves using EEG 
(Electroencephalography) [3] signals, which are gleaned 
from a NeuroSky MindWave Mobile headset [Fig. 1] [7]. 
The MindWave Mobile is a standalone headset device that 
detects electrical signals from the brain, which are accessed 
via a single electrode on a protruding arm from the 
headband. The electrode makes contact via the wearer’s 
forehead at the pre-frontal cortex area, where higher 
thinking states are dominant.  

 
Figure 1. EEG Visualising Pendant and MindWave 

Mobile EEG Headset. 

MOTIVATION AND AUDIENCE 
The reasoning behind developing this piece of wearable 
technology is that in certain spaces and situations we feel 
more awkward and vulnerable than in others. These 
situations include conferences and networking events, 
which put us in social situations where we are alone, might 
not know people very well, and also in social areas such as 
bars and parties. All are situations where people often 
assume it’s okay to come into someone’s space and ask 
questions about themselves, which depending on how 
someone is feeling might make them feel uncomfortable. 
As well as asking questions, some conversations can go on 
for too long and it’s not usually socially acceptable to 
interrupt a person speaking mid-flow, then walk away – but 
how can we best let people know when we feel 
uncomfortable? 

It is interesting to note how much effort we might have to 
make to let others around us know that we are not 
comfortable in a social situation or need to break away and 
go somewhere. Humans don’t always display or register, as 
obvious, signs to show their physical or emotional state as 
intensely as some animals that display theirs vividly, for 
example, via means of a feather display, colour changing 
skin or fur that stands on end. Not everyone is adept at 
recognising or interpreting correctly the emotional signals 
of the person they are currently interacting with via body 
language alone and by developing the EEG Pendant it is 
hoped that it will go some way to bridge that gap by 
creating a piece of wearable technology that informs those 
around the wearer if they are concentrating on what they are 
saying or their thoughts are drifting away. Also as a cue for 
the wearer to tip them off visually if they notice they are not 
paying attention to those speaking to them. For both parties 
it is hoped the EEG data visualising pendant will help them 
monitor their social interaction and look for cues to modify 
their behaviour.  

HARDWARE AND SOFTWARE DEVELOPMENT 
The pendant’s first circuit prototype consisted of an 
Arduino Uno microcontroller [1] connected via breadboard 
to a BlueSMiRF Bluetooth [2] dongle and an LED (Light 
Emitting Diode) bar-graph. The code to drive this prototype 
was written in the C programming language and used the 
MAC (Media Access Control) address, which uniquely 
identifies a device in this case, the MindWave Mobile, to 



make a ‘pairing’ connect to the Bluetooth dongle. With the 
headset and the dongle paired to receive the headset data, 
the C code then looked at the packet processing state and 
checked for the quality of the packets of data concerning 
attention and meditation values and only updated if the 
quality of the data was good enough. The Arduino Uno then 
runs an algorithm to convert this data for visualising the 
attention or meditation data on the 8-bar LED bar-graph 
[Fig. 2]. At this stage the prototype is only visualising one 
aspect of the EEG data at a time, i.e. attention or meditation 
data. 

For the second prototype, a more expressive way of 
visualising the data was desired and an LED matrix was 
chosen as this could be used to give an extra dimension to 
the visualisation compared to the bar-graph prototype, plus 
a matrix would also have enough room to show the 
attention and meditation data side-by-side [Fig. 3]. The dual 
data visualisation was achieved by adding new code 
libraries to the code for the LED matrix and the first 
attempt at this had two rectangles visualising attention and 
meditation data next to each other on a green coloured LED 
matrix. This worked well as one could compare levels of 
data coming from the headset.  

 
Figure 2. LED bar-graph displaying EEG attention 

data. 

 
Figure 3. Green LED matrix displaying EEG attention 

(top) and meditation data (bottom). 

This was good result, but the levels needed to be shown to 
be distinctive from each other, so the green LED matrix 
was exchanged for a bi-colour LED matrix and C code 
updated to display the attention data levels as red rectangles 
and meditation levels as green rectangles. The rectangles 
were split over two halves of the square matrix and 
enlarged and contracted in accordance with the EEG data 
levels from the MindWave Mobile headset.  

Development of the pendant’s data visualisation could have 
concluded at this point, but it is important to consider the 
design and aesthetic nature of a piece of wearable 
technology, from both the wearer’s and of the viewer’s 
point of view. Also, it is important to consider how to make 
most of the data in terms of creating an innovative and 
unique piece of wearable technology. Exploring how the 
EEG data can be creatively portrayed is a crucial part of the 
software and hardware evolution of the pendant. So bearing 
this in mind, the code was updated to add circular and 
diagonal data visualisations of the red / attention and green / 
meditation signals. 

This was originally reflected as outlines on the LED matrix, 
but later as filled shapes with overlaps shown as yellow, 
which is overall more pleasing to the eye of the viewer [Fig 
4]. 



 
Figure 4. Montage showing EEG Visualising Pendant 

matrix cycling through different shape styles of 
visualising data. 

With the breadboard prototype and code working with the 
MindWave Mobile headset, LED matrix. Arduino Uno and 
a Bluetooth BlueSMiRF dongle, it was time to consider 
how the prototype could be made into a smaller and more 
compact microcontroller circuit for stripboard. The Arduino 
Uno had worked well for the initial prototyping, but is 
somewhat bulky for an easily and comfortably worn piece 
of wearable technology. The Arduino Uno was replaced by 
a ‘Shrimp’ [8], a low cost microcontroller kit that was 
designed specifically for breadboard / stripboard 
prototyping and comes as a bag of loose components which 
makes it fairly flexible in terms of putting together.  

The Shrimp is based on the Arduino Uno and includes the 
same Atmel 328-PU microcontroller chip at its heart, so 
there was not a problem uploading the code and libraries 
from the breadboard and Arduino Uno circuit. As the LED 
matrix, and BlueSMiRF Bluetooth dongle had already been 
tested on the Arduino Uno, it was simply a matter of putting 
the Shrimp kit together on a breadboard, uploading code 
and testing it for any problems, of which there were none. 
The next step was to test the circuit with appropriate 
batteries to ensure it could be powered as a stand-alone 
piece of wearable technology, three rechargeable AAA 
batteries sufficed to run the circuit and all its components 
[Fig. 5].  

Having tested the circuit, the schematic was then drawn out 
to ensure the circuit and its components could be neatly 
fitted onto stripboard. An appropriate size of stripboard was 
cut, tracks that needed to be cut to prevent short circuits 
were cut and the components laid out for the circuit, 
checked and then soldered. The stripboard and batteries are 
currently housed in a separate enclosure, which can be 
slipped into a pocket and connects to the pendant by 
detachable wire. 

 

 
Figure 5. Bi-colour LED matrix displaying EEG 

attention (red) and meditation data (green) using a 
Shrimp microcontroller kit. 

AESTHETIC DESIGN 
The LED matrix was chosen because of its small pendant-
like size and shape. It is also very light, so will not weigh 
heavily on the neck or on the body if worn as a brooch. A 
selection of ‘frames’ for the LED matrix have been created 
to take into account the aesthetic preferences and mood of 
the wearer, plus to give the pendant a softer, less clinical 
look. These frames have been created from polymer 
modelling clay and also 3D printed in alumide [Fig. 6, 7, 8].  

 
Figure 6. EEG Visualising Pendant featured with 

textured polymer clay frames 

Aesthetics for wearable technology have to be carefully 
considered if we expect people to wear such devices and it 
should also be prioritised that such devices are also elegant 
and enjoyable to wear. In the past wearable technology has 
been clunky, heavy and often not pleasing to the eye or 
designed with the wearer’s individual needs in mind. 
Engineers and designers need to take into consideration the 
different groups of people who might wear their devices 
and the individual preferences of each group. 
Demographics such as age, gender and lifestyle should be 
accounted for and user testing on designs carried out. 



CONCLUSIONS 
Letting people around us know how we feel in social 
situations might help take some of the stress out of 
attending events. Taking our attention and meditation data 
and visualising it might seem like a very unsubtle way to do 
so, but this unique approach may be helpful in awkward 
social situations by letting those around know when one’s 
attention is drifting away and it’s time to change topic, let 
the other person talk for a while or move on to speak to 
someone else. Monitoring and visualising one’s emotive 
states via EEG is an unusual and distinctive approach to 
awkwardness in social situations, but looking to the future, 
humans are constantly evolving and changing approaches in 
terms of etiquette in work and social areas. As wearable 
technology evolves and shapes itself, it will also change 
social norms and behaviours. For example, it was not so 
long ago that it became acceptable to walk along the street 
appearing to be taking to oneself when having a mobile 
phone conversation, using a clip on microphone or Jawbone 
headset [6]. Some of these changes may take time to 
become fully accepted by the mainstream, but wearable 
technology is already causing a stir around attitudes to 
personal space and ethics with devices such as Google 
Glass [4] visually recording our movements and GTX 
Corps GPS [5] tracking shoes, for monitoring the 
whereabouts of loved ones.   

Next steps revolve around testing this device in social 
situations to observe what responses it attracts and also how 
it initiates conversations around social etiquette and 
awkwardness. In terms of design, more research will be 
done into how the data visualisations are perceived and if 
the overall look of the device is something that people find 
attractive and would wear, plus what customisations could 
be made. As for the hardware, experimentation with 
compact enclosures, circuit and batteries could make the 
electronics smaller and lighter. 

 
Figure 7. EEG Visualising Pendant with 3D printed 

alumide frame choices. 

 
Figure 8. EEG Visualising Pendant with 3D printed 

alumide frame worn on a chain necklace. 
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