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The Data Acquisition System of the Stockholm
Educational Air Shower Array

Petter Hofverberg, Henrik Johansson, Mark Pearce, Stefan Rydström, and Christian Wikström

Abstract—The Stockholm Educational Air Shower Array
(SEASA) project is deploying an array of plastic scintillator de-
tector stations on school roofs in the Stockholm area. Signals from
GPS satellites are used to time synchronise signals from the widely
separated detector stations, allowing cosmic ray air showers to
be identified and studied. A low-cost and highly scalable data
acquisition system has been produced using embedded Linux
processors which communicate station data to a central server
running a MySQL database. Air shower data can be visualised
in real-time using a Java-applet client. It is also possible to query
the database and manage detector stations from the client. In this
paper, the design and performance of the system are described.

Index Terms—Aair showers, cosmic rays, high schools.

I. INTRODUCTION

THERE are a growing number of cosmic ray air shower de-
tector arrays operational around the world which use high

schools sites as nodes for the detectors. Some examples are the
ALTA [1], CHICOS [2], HiSParc [3], and WALTA [4] projects.
A key aspect of these projects is that students and teachers are
actively involved in the construction and operation of the de-
tector systems.

The Stockholm Educational Air Shower Array (SEASA) [5]
project is establishing a network of cosmic ray air shower de-
tector stations over the Stockholm region. Each station consists
of three large plastic scintillator detectors arranged in a trian-
gular formation (see Fig. 1 for an example of the detector setup).
Cosmic ray activity at stations separated by arbitrary distances is
correlated using timing signals from GPS navigation satellites.
A primary aim of the project is to give high school students,
aged between 16 and 18 years, the possibility to gain insight
and work on a modern research project and so the detector sta-
tions are located at the high schools (on roofs or in attics). The
students themselves will participate in the construction, testing,
installation, commissioning, and running of their detector sta-
tion. As well as these “outreach” aims, scientific studies are also
foreseen. A particularly interesting prospect is to study corre-
lations between stations separated by large distances (e.g., be-
tween towns) in order to identify cosmic rays sharing a common
history. Such correlations could arise from the solar photo dis-
integration of heavy nuclei [6] or transient cosmic gamma-ray
activity [7]. During the first phase of the project in 2005, the net-
work will consist of seven detector stations located at AlbaNova
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Fig. 1. Top: One of the two detector stations on the roof of the main AlbaNova
University Centre building. The scintillators are housed in car roof boxes for
weather protection, and are separated by approximately 15 m. The GPS antenna
can bee seen as a white triangle close to the leftmost car roof box. The white
object in the centre of the image is a skylight. Bottom: One of the boxes
opened showing the plastic scintillator, wrapped in reflective material, and the
photomultiplier glued on top.

University Centre and four high schools. Additional stations are
expected to be installed at other high schools both within and
outside of Stockholm in subsequent years.

In the next section, an overview of the system design is given.
This is followed in Section III by more details of the data ac-
quisition system. Section IV describes the software design, and
results are presented in Section V. Finally, conclusions and an
outlook are given in Section VI.

II. DETECTING AND VISUALISING AIR SHOWERS

When a high energy cosmic ray interacts at the top of Earth’s
atmosphere, a cascade of secondary particles is created and to
a good approximation moves through the atmosphere as a thin
disk. Depending on the energy of the primary particle, the radius
of the disk at ground can range from tens of meters to kilome-
ters for the highest energy particles. As the flux of the interesting
highest energy cosmic rays is low, a large detecting area is de-
sirable.
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Fig. 2. An overview of the SEASA system. The data flow is as follows: when an air shower triggers a station, a time stamp is provided by the GPS system and
information about the event is sent over the internet to a central server. The server stores the data in a database and sends it to all active viewer clients.

One way to detect air showers is to place a grid of detectors on
the ground to sample the shower. Air showers can be identified
through “simultaneous” signals in detectors across the network.
In the SEASA project, the “nodes” of such a detector grid will
be placed in high schools in the Stockholm area.

Fig. 2 shows an overview of the technical setup of the SEASA
project. A station comprises of three plastic scintillator detectors
with photomultiplier read out, a data acquisition system based
on programmable logic array (PLA) and an embedded Linux
processor, a high voltage supply and a GPS receiver system.
Each detector consists of a single piece of plastic scintillator,
approximately 1.5 cm 30 cm 100 cm, read out by a large di-
ameter (76 mm) photomultiplier glued to the centre of the scin-
tillator’s largest surface. Air showers are identified by coinci-
dental signals from the three scintillator detectors (“triggers”).
Air showers with a primary particle energy above
eV are detectable by a station depending on the separation of
the scintillator detectors [8].

An important issue for the project is to visualize data interac-
tively and in an interesting way to engage students in the project.
Therefore, a “live” web-based viewer system has been devel-
oped. A server running a MySQL database under Linux con-
stitutes the core of the system, where the information from the
detector nodes is stored. Data from the server is sent in real-time
to “viewer clients,” on-line java-applet clients displaying live in-
formation about the detector nodes, as well as some trigger sta-
tistics and housekeeping “on demand.” Hardware parameters,

Fig. 3. The data acquisition system for a detector station. The three circuit
boards contain: analogue front-end, PLA, GPS receiver, and atmospheric
pressure sensor (bottom left), Axis 82 developer board (bottom right) and
programmable high voltage supply (top right). The empty region seen top left
houses a display unit. The power consumption for the data acquisition board
is less than 5 W.

for example high voltage levels and coincidence window length,
can also be set from the viewer.

In order to make the project accessible to as many schools
as possible, care has been taken to minimize the system cost.
This was achieved by simplifying the scintillator detector design
(e.g., no light guides and a centralized high voltage system) and
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Fig. 4. A collaboration diagram for the data acquisition system. Three threads control the acquisition on the Linux processor: The Server Handler, performing
tasks sent from the viewers, the PLA Handler, responsible for the read out of the PLA and the Queue Handler, pushing events from the event queue to the server.
Events in the event queue can either be trigger events or information about commands performed by the Server Handler.

using a commercial embedded Linux system which can inter-
face directly to a web browser, avoiding the need for expensive
software licenses. A complete station costs approximately 2500
Euros, if material is purchased for five stations at a time. Signif-
icant discounts are possible if, e.g., the scintillator material can
be ordered in bulk.

III. DATA ACQUISITION SYSTEM

The design of the data acquisition system has been motivated
by the need to produce a compact, configurable, scalable, and
low cost system. The system has four main components: an ana-
logue front-end, a PLA, a GPS receiver, and an embedded Linux
processor, as shown in Fig. 3.

The analog front-end follows the design used for the anti
coincidence system of the PAMELA satellite experiment [9],
which is based on off-the-shelf components. The photomulti-
plier (PMT) signals are integrated and the output sent to a com-
parator, with the reference voltage provided by an 8-bit DAC
which is configured by the PLA. An overview of the data acqui-
sition system is shown in Fig. 4.

An Altera Cyclone EP1C6T144C6 Programmable Logic
Array is the key digital component. It processes data arriving
from the detectors (to identify coincidences, for example) and
environmental sensors forming events which are sent to the
Linux system.

In the present design, a simple coincidence is formed be-
tween the discriminated PMT pulses, which are 100 ns long.
The relative time between the leading edges of the discrimi-
nated pulses are also recorded, which allows a crude estima-
tion of the local shower angle. The length of the comparator
pulse is sampled at both edges of a 100-MHz clock which al-
lows the energy deposited in the scintillator to be estimated with
a “time-over-threshold” approach. In the next PLA software re-
lease, a variable coincidence window (10 ns to 10 s) will be

implemented and it will be possible to count the number of par-
ticles falling within the chosen window.

A GPS receiver card (Motorola M12+) and antenna (Mo-
torola Timing 2000) [11] are used to provide a time tag for
each coincidence event. This information is used to allow coin-
cidences observed at widely separated stations to be correlated.
The basic time tag is provided by the time-of-day information
(hh, mm, ss) from the GPS unit. The precision of the tag is in-
creased by using a 100-MHz counter implemented in the PLA
to measure the offset between the GPS Pulse Per Second (PPS)
signal and the coincidence trigger. By using both falling and
rising edges of the counter pulse, a timing resolution of 5 ns
is achieved. This approach follows that pioneered by the Leeds
group [12]. The GPS receiver also provides a so-called sawtooth
correction which compensates for the granularity of the internal
GPS clock used to produce the PPS signal.

Before producing reliable timing information, the GPS re-
ceiver must be initialized by setting the receiver coordinates
(latitude, longitude, and height). The receiver is then put into
position-hold mode where the receiver no longer solves for po-
sition. With the position known, the time is the only remaining
unknown. In order to compute the time, the GPS receiver only
requires one satellite. If multiple satellites are tracked, then the
time solution is based on an average of the satellite measure-
ments.

The receiver position is set at installation of the station by
averaging approximately 60 000 valid position fixes which takes
approximately 24 h. The motivation for this is to average out
observed fluctuations in the position fix due to changes in the
satellite constellation. Initialization of the GPS is performed by
the Linux system during normal operations.

The PLA is controlled and read out through a RS232 link
which connects to an embedded Linux system (Axis 82 de-
veloper board [13]). The Linux system provides cold start
configuration of the GPS receiver through a second RS232
link, as well as configuring the PLA by an Altera Passive Serial
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Fig. 5. A diagram showing the physical communication links between hardware items and the relationships between physical machines and processes. The SEASA
system consists of three nodes: a (detector) station, a (viewer) client and a server. Each of these nodes are containers for software components, communicating
with each other through sockets.

Loader (APSL). This interface uses the General Purpose IO
Pins (GPIO) on the ETRAX chip, and provides a very simple
way to configure Altera FPGA chips. A Joint Test Action Group
(JTAG)-based configuration scheme is also under development.

During the operation of a detector station, the Linux processor
has three tasks: read out data from the PLA, send trigger infor-
mation to the server and receive and execute commands sent
from the viewers. Data are sent once per second from the PLA
and so does not represent a major load on the system. However,
when commands are sent from a viewer to the Linux system
an event pile-up could occur and information from the PLA
could be lost. To ensure that data from the PLA is always read,
even in the case of an event pile-up, the data acquisition soft-
ware is multithreaded. The highest priority thread reads out the
PLA through one of the serial ports and pushes the data to an
event queue. A second thread performs commands sent from the
viewers and pushes the response from these actions to the event
queue. A third thread pull events from the event queue and sends
them to the server. This software scheme makes it easy to add
functionality to the system in the future without compromising
the read out of the PLA. A collaboration diagram modeling the
thread interactions is displayed in Fig. 4.

IV. A DEPLOYMENT DIAGRAM OVER THE SEASA SOFTWARE

An UML deployment diagram for the SEASA system is
shown in Fig. 5.

A. Nodes and Components

There are three nodes, station (Altera/embedded Linux
system), server (Linux Server), and client (PC). The station is
the node that functions as an interface between the detector

hardware, GPS, and the server. It connects to the server through
a TCP/IP socket and sends data received from the PLA and
GPS. The server is the node where all the components for
handling the data that comes from the stations runs, alongside
with the components for handling the clients. The client is a PC
that connects to the server via a web browser and accesses the
services on the server. There are two execution environment
nodes in the form of Java Virtual Machine (JVMs) on the
server. One of these JVMs runs the SEASA services. The other
runs the Tomcat Servlet engine [14].

The station client sends a data string to the server when the
station issues a trigger. It also sends a “station info” message
every five minutes with housekeeping data, such as individual
detector counting rates. The server component in the services
JVM node handles the connections from the stations and the
client applets. A socket is created for each client that connects.
When installing a new detector, all functionality works as “plug
and play,” after the station has been added to the server.

The services component provides the main functionality for
the SEASA system with trigger, station, and user-data handling.
The services component also provides storage and retrieval of
information via the database. Additional services will be added
to this component in the future, for example an email-alert tool,
to send warnings when stations are malfunctioning, or when a
large shower has hit the detector array.

The SEASA database component is a MySQL relational data-
base where all persistent data is stored. The database will grow
at a rate of 100 Kb per day and station. The services compo-
nent stores data in the database as either a “station trigger” or
a “station info.” Information about coincident hits between sev-
eral stations are stored in a separate data type called “multiple
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triggers.” Data in the database can be retrieved according to se-
lections based on all variables present in the database table, like
station ID, date, temperature, atmospheric pressure, and so on.
The database also contains information about the stations and
users.

The Tomcat servlet engine application uses the services proxy
component to connect to the services component via Remote
Method Invocation (RMI). The Apache web server component
handles all requests from the client and delegates those requests
needed to the Tomcat servlet engine.

B. The Java Applet Client

A Java applet client (“viewer”) has been developed to allow
students to examine data from the detector stations as well as
to monitor their performance in real time via the internet. The
viewer consists of three parts.

1) Maps showing live triggers
Global (Fig. 6, top part) and local maps displaying

information about the stations and the latest trigger. In-
stalled stations are shown as triangles on the maps. Of-
fline stations are colored white, on-line stations red.
Triggers are seen “live” by a flashing red circle en-
closing the hit station. A tab system in the viewer al-
lows the user to shift between the global map and maps
over the local detector sites.

2) Data handling
The data handling applet has been developed to let

students perform basic data analysis without having to
learn a difficult analysis tool. An example of this ap-
plet is shown in the middle part of Fig. 6. This inter-
face lets the user access the SEASA database and to
plot variables such as the trigger rate with selections
on time, stations, temperature or atmospheric pressure.
Data from the database can also be downloaded from
this page in text format for stand-alone data analysis.

3) Administration
This page, shown in the bottom part of Fig. 6, lets

the user set hardware parameters for the stations and is
primarily intended for administrators.

V. RESULTS

In this section, we present results of GPS synchronization
studies. This is a critical test for the SEASA system, to ensure
that hits between detector stations separated by arbitrary dis-
tances can be correlated. First results of air showers detected by
the two stations running at AlbaNova are also presented.

A. Performance of the GPS Time Tagging

To test the performance of the GPS system, the offset between
the time-tags produced by two different GPS set-ups fed with a
common trigger signal was investigated.

The output from the GPS card is a 1 PPS signal with an ac-
curacy of ns. The PPS can only be emitted on the rising
edge of the GPS-cards internal 100 MHz oscillator, which in-
troduces a built in uncertainty. The output from the GPS card

also contains a negative sawtooth correction. This correction is
a prediction of how early or late the next PPS signal will be due
to the limitations of the internal 100 MHz oscillator. With the aid
of this correction the PPS should be accurate to within 5 ns ac-
cording to the developer of the GPS cards [15]. The principle of
the test is as follows. For every trigger, a time stamp from each
GPS card is retrieved. These time stamps should be identical in
a perfect system. The time stamp is provided by the sawtooth
corrected PPS and the 100 MHz oscillator implemented in the
PLA. A self-calibrating system for the 100 MHz crystals is used
to compensate for differences in the crystal frequencies and vari-
ations in the crystal frequency. To be self calibrating, the system
counts the number of oscillations between PPSs, and uses this
value to calibrate the number of oscillations from the trigger to
the PPS. All measurements in the test were done with a satellite
mask angle of ten degrees to exclude unreliable time measure-
ments from satellites close to the horizon.

The measurement is plotted in Fig. 7. The top part shows
the time differences for the data corrected with the sawtooth
correction. Below this the time evolution is plotted. The mean
value is ns, and the standard deviation 5.1 ns.

The offset for the mean value changes sign when the GPS
cards are exchanged, indicating a systematic error between these
two. This effect can be reduced by calibrating each card against
a “standard card,” and then correcting the time stamps from each
card accordingly. In this test, the GPS cards mostly tracked the
same satellites. It is inevitable that detector stations spread out
over a larger area will have different sets of satellites visible
to them. A test was therefore conducted where the GPS cards
were configured to use independent sets of satellites. The offset
increased to ns, and the standard deviation to 7.8 ns. It
should be noted that when the antennae are separated by longer
distances the standard deviation may increase due to the effect
of atmospheric corrections.

B. First Observations of Air Showers, Coincidently Detected
by Multiple Stations

Two cosmic ray detector stations are installed on the roof of
the main building at the AlbaNova University Center, approx-
imately 200 m apart. As described above, each station has its
own GPS system, and correlated events should be seen when
large air showers hit both stations coincidently.

When both detector stations register triggers within a window
of 1 s they are referred to as “super triggers,” where it is as-
sumed that a large air shower has hit both stations. The window
was chosen with the distance between the stations and the as-
sumed shower front thickness taken into consideration. Fig. 8
shows the trigger time for station 2 versus station 1, for all trig-
gers that coincided within the second between the stations. Out
of 78 triggers, 33 coincided within 1 s and 45 were uncorre-
lated. This gives a rate of super triggers of roughly 7 per day. The
normal trigger rate per station observed is about 35 triggers per
hour. The probability of two air showers coinciding within the
second is, therefore, . For an acquisition time of 120
h, this gives triggers coinciding
within the second, which is close to what is measured (45). This
is a good indication that the GPS time tagging technique works,
and that air showers can be correlated over arbitrary distances.
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Fig. 6. Screen shots from the viewer. The top picture shows the applet displaying live information of triggers. On-line stations are shown as white triangles. Hits
are visualized by a flashing circle around the hit station. Information about the trigger and stations are displayed to the right of the map. The picture in the middle
shows one of the tools for analysing data. Trigger and singles rate can be plotted versus different environmental parameters, for example pressure which is shown
in the figure. This allows students to investigate basic properties of air showers without having to learn a difficult analysis tool. The bottom picture shows the
administrator page, where hardware parameters can be set.
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Fig. 7. The differences between time stamps from two different GPS systems
with a common trigger signal, based on 75 726 events. Top: Mean value �3:7
ns, standard deviation 5.1 ns. Bottom: Time evolution of the differences of the
time stamps. When changes in the number of tracked satellites occur, spikes can
be seen in the time difference.

The time difference between the two time stamps for a
super trigger depends primarily on the zenith angle of the
air shower. From the distribution of arrival directions of air
showers, [16] were n depend on
the detector location and geometry, the distribution of time
differences for the two detector stations on the AlbaNova main
building has been calculated by simple geometry. This distribu-
tion is shown in the top part of Fig. 9. The bottom part of this
figure shows the measured trigger time differences for super
triggers which is significantly wider than the time difference
distribution shown in Fig. 7. However, it is clear that the zenith
angle arrival directions is the primary cause of the spread of
trigger time differences for super triggers.

C. Pulse Length Analysis

Super triggers are likely to originate from larger air showers
than station triggers. Larger showers have a greater particle den-
sity and therefore deposit a larger amount of energy in the scin-
tillator detectors. The energy deposited is not measured in a di-

Fig. 8. Trigger time for station 2 versus station 1 for events coinciding within
1 s. Out of 78 triggers, 33 coincided within 1 �s. The acquisition time was 120
h.

Fig. 9. The distribution of trigger time differences for super triggers,
simulated (top) and measured (bottom). For the expected distribution of zenith
angle arrival directions, n = 16 was used. Notice that this is not the same data
set as in Fig. 8.

rect way, but an estimate can be made by recording the output
signal from the discriminator. The length of this signal varies
depending on the amplitude of the PMT pulse. The amplitude
of the PMT pulse in turn depends on the number of photons
collected by the PMT and this is proportional to the energy de-
posited in the scintillator. Fig. 10 shows the pulse length dis-
tribution for ordinary triggers and super triggers for one of the
detector stations on the roof of the AlbaNova University Centre.
A shift to higher pulse lengths can be seen for super triggers, in-
dicating that single large air showers are being detected and not
coincident small showers.

VI. CONCLUSION

The SEASA project is now at the end of the first phase; two
stations have been deployed at the AlbaNova University Center,
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Fig. 11. A map over the Stockholm area, showing the detector stations at the AlbaNova University Center, and at the first schools joining the project. The circles
show the ground area coverage of an air shower with a primary particle energy of 10 , 10 , and 10 eV.

Fig. 10. Pulse length distributions for single triggers and super triggers. A shift
in pulse length is evident for the super triggers compared to the pulse length for
the single triggers, indicating that super triggers originate from larger showers
than single triggers. This figure comprises approximately 40 000 single triggers
and 100 super triggers.

and a proof-of-principle has successfully been made, proving
the GPS timing principle and demonstrating that air showers can
be detected. Now, preparations for the next phase have started,
realizing the Educational in SEASA. In autumn 2005, SEASA
must be ready for the first high school students working in the
project. The first four schools joining the project are shown on
the map of the Stockholm region in Fig. 11.

On the map is also shown the approximate ground area
coverage of air showers with three different primary particle
energies. For the lowest energy, , the shower approx-
imately covers the stations at AlbaNova. These showers are
frequent, with a rate in the order of tens per hour. For higher
energies, the cosmic ray flux rapidly diminishes. The largest

shower shown, with a primary energy of eV, covers almost
the entire inner city, but such showers are infrequent, with only
about one shower per year per square kilometer. The expansion
of the detector network within Stockholm in the coming years
is therefore of great importance.

Another interesting possibility is to expand the SEASA net-
work to towns outside Stockholm, making long range correla-
tions between air showers possible to investigate. This would
allow studies which are complementary to professional arrays,
such as the search for solar photo disintegration of heavy nuclei
[6]. Discussions with a school 100 km from Stockholm are cur-
rently ongoing.
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