
touchLEDgrid  
A playful, touch-based, multi-color LED-matrix 

Dominik Hornung 
Universits of Siegen 

dominik.hornung@student.uni-
siegen.de 

Oliver Stickel 
University of Siegen 

oliver.stickel@uni-siegen.de 

 
 
 
 

ABSTRACT 
In this paper, we describe touchLEDgrid, a low cost, DIY and 
Arduino-based reaction-fostering game using a 4x4 LED grid with 
self-built capacitive sensors in order to register touches on the grid 
fields. We also explain and illustrate the design process, the 
software implementation as well as explicate lessons learned from 
the project. touchLEDgrid was a course project for an Arduino 
lecture at the University of Siegen in 2013. 

1. INTRODUCTION 
Arduino is a family of open source low cost rapid prototyping and 
development boards centered around a programmable 
microcontroller. They are intended to be easily approachable, 
forgiving regarding errors and feature a huge ecosystem of (more 
or less) plug and play extension boards and components, often in 
the form of shields which are stackable boards that plug into the 
pin headers of the Arduino itself. The Arduino world also 
incorporates a relatively simple programming language and a 
corresponding multiplatform IDE but code can also be written in 
other languages (e.g. C++). In the spirit of approachability and the 
focus towards quick and easy prototyping, Arduino programs are 
usually not called “apps” or similar terms from software 
development but are rather denominated as “sketches”. 
Given the author’s backgrounds in Human Computer Interaction 
which also includes a lot of design and all things related to 
prototyping, it was very appropriate to also learn how to use and 
work with Arduinos. This opportunity presented itself in the form 
of a hands-on seminar at our university in 2013 where we learned 
basic electronics, microcontroller programming and prototyping 
using Arduino as a platform. Part of the course was an open 
assignment to ideate and prototype a project. In this paper, we will 
present our result - the touchLEDgrid. 

2. FROM IDEAS TO DESIGNS 
After completing the basic electronic training, we started to 
develop ideas for our project. We had two ideas, one of which was 
scrapped in the course of time. This ideation process will be 
explained in the following sections. 

2.1 Idea 1: Sleep phase alarm clock 
Students (well, at least we) tend to have a quite erratic sleep cycle 
due to equally erratic schedules, appointments, deadlines and - to 
be completely honest - more hedonic activities. This can result in 
difficulty to get up early in the morning if needed as well as 
accompanying bad mood and exhaustion during the day. 
However, all humans beings have sleep cycles: In the course of a 
night, we drift through multiple sleep phases, some of which are 
very deep and some of which are closer to a wake state. Waking 
somebody in a deep sleep state is quite hard and causes 
indisposition and fatigue while waking up during a light sleep 
phase is much easier and results in a more refreshed and positive 
sensation. It is important to note that sleep cycles are associated 
with body movements: We are active and move significantly more 

during light sleep phases than during deep ones. This makes the 
development of a sleep cycle alarm clock quite possible. Such an 
alarm clock tracks the sleepers movements and initiates a wake up 
alarm in a predefined window of time before a specified wake up 
time when the sleeper is most active (and hence in his lightest 
sleep cycle). 

 
Figure 1: Sleep phase sensor 

We put together two prototypes consisting of an Arduino Nano 
and a sensor which measures acceleration on three axis (see 
Figure 1). This sensor was then placed under the mattresses of the 
authors and both slept on them for multiple nights. The 
acceleration data was logged on connected computers. 
Subsequently, we analyzed the data to try and isolate sleep phases. 
Unfortunately, despite employing multiple sampling frequencies 
as well as filtering methods for the data, we were unable to 
precisely determine the phases, especially given the fact that the 
data output from both authors looked quite different. We assume 
this was due to different bed and mattress constructions and we 
deemed it unlikely that we would be able to devise a fool-proof 
sensor, placement strategy and a smoothing and filtering 
algorithm to work with all kinds of settings. There are commercial 
sleep phase alarm clocks available which solve this issue due to 
tracking aspects like heart rate, sound level and similar biometric 
data which seems like a better strategy than relying on - as it 
turned out - semi-reliable acceleration data. Finally, this idea was 
given up in order to pursue another project 

2.2 Idea 2: A reaction game 
Our second idea was to build something similar to Simon Says and 
other related games where the player has to push a lit-up color 
field in matrix of fields and touch it as fast as possible or recreate 
blinking light patterns quickly and without error. Multiplayer 
(who is reacting faster) was also an idea. We wanted to make the 
game big in order to install it to a wall and to provide enjoyable 



and reaction-fostering entertainment and exercise as an alternative 
to often small and cramped desktop games. A first sketch of the 
concept can be found in Figure 2. 

 
Figure 2: First Sketch 

2.2.1 General design 
A simple to build and low cost wooden box incorporates the 
necessary components. A semi-transparent plexiglas front allows 
light to shine through the fields from the LEDs mounted behind 
the front. The LEDs are arranged in a 4x4 grid. At the bottom of 
the box is a control panel to switch the unit on, etc. The 
controlling Arduino will be mounted to the frame of the box. 

2.2.2 Touch sensors 
In order to register the users touches, the game obviously needs 
some kind of measures to sense them. Often, this is done through 
simple switches or other related mechanisms. However, we 
wanted our game to provide a touch experience similar to one we 
are all used to - that of our smartphones. Hence, we needed touch 
sensors. After reviewing the web, we found out that building a 
capacitive sensor (which is the same technology as in 
smartphones and tablets) is very easy and only requires a piece of 
conductive material like aluminum foil, cables and a resistor for 
moderation. Such a sensor works by sensing changes in the 
capacitance through electron migration if a human hand or any 
other grounded conductive material is brought close to the sensor. 
For Arduino, there already exists a library called CapSense which 
covers the software side of such a sensor. 

2.2.3 LED Matrix 
The LED-Matrix behind the plexiglas was intended to be formed 
through wooden bars so that each LED would have its own 
compartment. We planned to utilize RGB-LEDs which can light 
up in different colors. 

3. PROTOTYPING AND CHALLENGES 
We went through different stages of prototyping which shall be 
explained in this section. 

3.1 First demonstrators 
We started prototyping by building a small units which 
incorporated a DIY capacitive sensor and a LED encased in a self 
designed and 3d printed custom casing mounted on a trimmed 
perfboard, see Figure 3. This prototype allowed us to test and 
understand the CapSense Library as well as experimenting with 
different resistors. We found that the principle was solid but that 
the sensor values depended on multiple factors like other 
conductive or electrical parts in the vicinity, if the connected 
computer or Arduino was grounded or not. Hence, we noted that 
we would have to carefully determine sensor triggering thresholds 
for the final version and leave enough room for spikes in the data 
or other issues. From a mechanical standpoint, we also realized 
that soldering copper wire to a piece of aluminum foil doesn’t 
really work well and so we settled on a glue system to connect the 
foil sensors to the Arduino. 

 
Figure 3 Demonstrator 

3.2 The box 
After establishing the validity of our concept through the first 
demonstrators, we started to build our box (see Figure 4), based 
on measurements from scavenged plexiglas (50x50cm) which was 
at hand in the lab. We started by building the frame and 
subsequently moved on to building the grid by glueing trimmed 
wooden bars to a base plate for the LEDs and drilling holes 
through the base plate to mount and wire the LEDs. The base 
plate with the grid was then mounted into the frame while the 
front was left open until everything else (see below) was done to 
allow for easy access. Figure 4 shows the box (in a later stage 
though, the capacitive sensors are already in place). 

3.3 Plexi front panel 
Since the plexi we were able to scavenge was completely clear, 
we needed to matte it. This was achieved by carefully sanding it 
in one direction until it was matte enough to be opaque enough 
not to let players see the electronics and sensors behind the panel. 



 
Figure 4: The box 

3.4 Touch Sensors 
Each field of the grid was lined with aluminum foil (see Figure 4) 
which was then glued to copper wires. Those were then fed into a 
hole through the grid’s base plate. Later on, connection problems 
with the glued wires arose, so we had to replace the foil with 
another material which could be soldered. A look around the lab 
revealed a lot of empty cans from project-related consumption of 
a – probably semi-healthy – amout of energy drinks. We cut up 
the cans and formed sensor plates from their sheet metal. Figure 5 
shows the process of repurposing the cans into sensors and in the 
close-up in Figure 6, the diffusor can be seen clearly.  

 
Figure 5: Upcycling energy drink cans 

3.5 LEDs and diffusors 
For replaceability, we mounted each LED on a small socket on a 
trimmed perfboard on which appropriate resistors for each lead of 
the LED were soldered, too. The resulting 16 LED units were then 
mounted into the the grid. After test-driving the LEDS with the 
plexi panel in front of them, we quickly realized that they were 
much brighter than the simple ones we used in our demonstrators. 
This resulted in an unpleasant and unaesthetic bright spot on the 
plexi. We resolved the issue by quickly designing and 3d printing 

diffusors from semi-transparent PLA (an eco-friendly plastic 
material) which we mounted in front of each LED. Figure 6 shows 
a close-up in which all those components can be seen. 

 
Figure 6: LED, sensor (white) and diffusor (metal) 

3.6 Wiring and custom shield 
All components needed to be wired to the Arduino. We achieved 
this through building a custom shield to which we connected the 
LEDs directly and the sensors via a separate small perfboard on 
which we mounted the necessary resistors for the sensors. This 
was done to afford better access to the resistors in case they 
needed to be changed (the resistance has significant impact on the 
sensor data). Figure 7 shows the wiring and the custom boards. 

 
Figure 7: Wiring and custom boards 

3.7 Lessons learned: Hardware 
During the design process, we learned quite a lot about electronics 
and how (not) to approach such projects. Our top three are: 

1. Since we shied away from using complex measures like 
multiplexing to control a LED grid for our first real project, we 
used an Arduino Mega which has a lot of in- and outputs and 
wired each LED and sensor separately to the Arduino. While this 
might sound easier in theory, it results in a huge and error-probe 
amount of wiring and cannot be used to drive more than our 16 
LEDs. In hindsight, learning the more complex tools would 
probably have been more productive - an error we will not make 
in future projecs. 
2. Related to 1: Tidy and meticulous work in wiring, soldering 
and isolating is crucial. Due to our relative inexperience, we made 
a few mistakes which resulted in quite a lot of tedious fault 
tracing, re-wiring and re-soldering which was not helped by our 
host of cables, especially since we tried to up-cycle old computer 
wires. Tidy ribbon cables and connectors would have been better. 



3. Similarly, when building a shield, one needs to put careful 
consideration in to its layout and documentation. Ours was often 
cramped and some mistakes were made due to lack in proper 
documentation. Those too are errors we will not make again in 
future projects. 
 

4. EXCOURSE: A TOUCHABLE POSTER 
During the design and development process of our project, our 
university hosted a Girl’s day and we helped introduce the girls to 
Arduino. To advertise our workshop, we designed and built a 
touchable, Arduino-powered poster based on the knowledge we 
gained from building the touchLEDmatrix. This poster can be 
seen in Figure 8. The blue LEDs light up if somebody holds their 
hand close to the copper mesh used as sensor and not only on 
touch. This was achieved through using a bigger resistor in the 
sensor resulting in high sensitivity as well as setting the threshold 
to switch on the LEDs in the Arduino sketch quite low. The girls 
really liked our poster and the workshop was well attended. 

 
Figure 8: A touchable poster 

 

5. SOFTWARE IMPLEMENTATION 
General description here 

5.1 Game “SimpleReaction” 
Our basic demonstration game is called “SimpleReaction”. It is 
started by turning the touchLEDmatrix on with the left switch and 
flicking the right switch down. Subsequently, one random 
segment of the grid lights up in a random color and the player has 
to touch the segment in a predefined interval. If he succeeds, the 
segment blinks green, if he does not, the bottom row of the grid 
blinks red.  

5.2 Game “DistanceVis” 
Our second demonstration (right switch up) is called 
“DistanceVis”. It is not really a game per se but rather a 
visualization of the sensor data. We coupled the four central grid 
segments and used them to visualize the distance of the player’s 

hand to the touchLEDmatrix which changes from white through 
yellow and green through blue to red the closer the hand comes. 
For this, we only used data from one touch sensor because 
activating more or even all sensors results in a significant load of 
interference and the success or failure of such an attempt is highly 
dependent on a lot of variables like the position of the 
touchLEDmatrix in the room relative to other electrical 
equipment, other persons in the room, ground connection and 
more confounding factors. Those influences also become visible 
in DistanceVis in the form of flickering. 

5.3 Lessons learned: Soft- and Hardware 
1. Building a grid of touch sensors causes a huge amount of 
interference. The grid elements would have to be shielded, the 
wiring would have to be carefully measured and installed and 
even then we are not sure if a concept more closely related to the 
actual touchscreens of smart devices (which basically use one big 
sensor and calculate the touch position from differences in 
capacitance measured at the edges would not be more feasible. 

2. The amount of smoothing and filtering which would have to be 
done for an approach like ours is considerable and party 
contradicts the quick-and-easy philosophy we aimed for.  
 

6. RESUMEE AND OUTLOOK 
The final prototype of the touchLEDmatrix which can be seen in 
Figure 9 provides a functional grid-based reaction game which 
actually can be used and will be mounted to the wall in one of our 
seminar rooms or offices. Hence, we basically achieved our goal 
and succeeded in building an Arduino-powered, touch-controlled 
LED-matrix in a custom casing. However, in order to build more 
sophisticated applications for the touchLEDmatrix, one would 
have to build more advanced filtering and smoothing into the 
system and possibly also shield the sensors better. Through the 
open Arduino platform, our project could be modified in this way 
and also expanded, so that other games could be developed for it. 
Given our research groups closeness to fieldwork and wide 
variety of projects, a possibility would be to utilize a system like 
this e.g. in reaction games for and with elderly people or as an 
example and platform for school children (e.g. in the Come_IN 
computer clubs) to develop their own blinking games or other 
applications. Besides working as a game, we could also envision 
touchLEDmatrix in other HCI-contexts. It could for example be 
used as a minimalistic multi-color-display (4x4 pixels) to 
visualize simple information and work as a touch based input 
device at the same time. This would be technically quite feasible 
because the built-in Arduino can easily communicate with PCs 
through either USB or even wireless via corresponding shields.  

Apart from the possible outlooks, building the touchLEDmatrix 
was engaging, fun and very educating despite – or probably 
because  - of the many errors we ran in along the way as can be 
gathered from the corresponding sections in this documentation. 
The authors now know how to build simple Arduino prototypes 
and have a working understanding of building and prototyping 
with basic capacitive sensors, (RGB-)LEDs, soldering and other 
related challenges and processes. Without wanting to sound 
ingratiating, we would like to thank Matthias Betz for this, since  
his Arduino course was engaging, well-thought out and fun. We 
learned a lot and will keep making, hacking and prototyping. 



 
Figure 9: The final prototype 


