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Abstract: The Cosmic Ray Observatory in Mexico City is part of the worldwide network of Neutron Monitors; it
has been working continuosly since 1990, producing stable and indispensable data to the Scientific community.
Therefore it is essential to guarantee its operation and extend its service life. Taking this into account, we designed
and built a new DAQ system with state of the art technology. Using programmable logic devices (FPGA) and
software running under Linux written in Python we developed a system that is suitable for neutron and muon
measurements at the Observatory, and also flexible and easy to use. An interface for pressure and temperature
sensor has also been considered. Another important feature of the system is the use of I2C bus for communicating
with the computer, thus leaving it open to add new channels. In this paper we present the details of the design and
the results of the tests we have performed to the system.
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1 Introduction
Traditionally, the design of Data Acquisition Systems
(DAQ) for radiation detection and measurement is based on
modular instruments. The main advantage of this approach
is the low-cost-easy implementation of the system. How-
ever, in long term operation this systems are impractical due
to their restricted construction with no upgrade capability
and complex maintenance.

From the beginning of the 80’s, the advances on semi-
conductor device technology led to the development of ap-
plication specific integrated circuits (ASIC). This opened
the possibility of integrating complete custom made DAQ
in one IC at the expense of greater cost and develop time.
Therefore the use of ASIC based DAS for nuclear electron-
ics is limited to large-scale experiments.

In the range from small to medium-scale DAQ, the use
of Programmable logic devices (PLD) is a good alternative
to ASIC’s. PLD ’s have lower speed and consume more
power than ASIC’s but are less expensive to implement.
Furthermore, the option of re-programming the device is a
valuable featured for long term operation of the system.

At the Mexico City’s Cosmic Ray Observatory we de-
signed a DAQ for a 6-NM64 and Muon Telescope using a
PLD device (FPGA) and a PC for recording data. The sys-
tem described on the FPGA is comprised by several mod-
ules, each one processing in parallel. The module for the
6-NM64 can also measure the width from the incoming
pulses and count those longer than a threshold. This can
be used to estimate the multiplicity from the Proportional
Counters. The module for the Muon Telescope has 8 chan-
nels for single PMT’s signals and 5 channels for the coinci-
dence module. An interface for pressure and temperature
sensors is also included.

Our system uses free software written in Python running
under Linux for controlling acquisition. The software is
light and multiplatform. The combination of Python mod-

ules and free software tools gives a framework for future
enhancements.

We use a I2C-USB module for communication with the
PC. The choice of this protocol is based on its simple
implementation on the FPGA, with the only limitation of
the readout speed (100kbits/s). However, taking advantage
of the parallel process designed, the system can overcome
this limitation.

With over 50 acquisition channels, this system can be
easily expanded thanks to its architecture.

2 Methods
A schematic block diagram of the DAQ is shown in figure
1. The signal from the detectors pass through an Amp-
shaper and discriminator stage. A two stage amplifier with
total gain of 40 is used as level shifter to CMOS logic
levels. The discriminator eliminates spurious pulses and
electronic interference. The circuits for the Muon telescope
are designed for Fast PMT signals.

The output from the discriminators goes to the FPGA
board . The Counter-NM module is a set of counters that
register the number of pulses from the detectors for a fixed
acquisition time. In a concurrent process, the signal from
NM64 feeds a 6 channel pulse-width comparator with a
threshold of 20µs. The pulses that have longer duration
than the threshold are registered.

A digital Barometer (Meteorlabor AG -GB1) transmits
serial data on a two line bus. The pressure data are BCD
encoded and is transferred at random intervals every 2 to
3 seconds. A 5m cable connects the pressure sensor to the
FPGA board. Therefore it was neccesary to restore and
eliminate noise from the pressure signal using a Schmitt
Trigger circuit. A Read-Pressure module synchronizes itself
with the barometer transmission and records the pressure
data. When the acquisition time ends, the last data in the
module is transferred to the PC.



Development of a custom-made DAQ system
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

NeutronwMonitor

MuonwTelescope

MeteorlaborwAGw-GB1

Amp-shaperw

andwdiscriminator

Signalwconditioning

DAQwSystem DAQwSoftware

PC
I2C-USB

Internet

BMP085

CounterNMw

Module

wRead-Pressurew

Module

Slave-Commw

Module

wSDA wSCL

wVCC

FPGA

Figure 1: Diagram of the custom-made DAQ system for Neutron Monitor and Muon Telescope

The modules in the FPGA use the I2C data bus to
communicate with a Microcontroller unit (MCU). The
MCU acts like a I2C-USB interface and it is responsable
for transfering to the PC all the data collected by the
FPGA during the acquisition time. The interface driver
is open source and gives the possibility of managing the
USB port like a RS-232 protocol. The DAQ software uses
PySerial (Python module for RS-232 communications) to
transfer control commands to the FPGA. The MCU recives
signal commands from the PC and convert them into I2C.
The Slave-Comms module in the FPGA decodes the I2C
signal into control signals for every module. Altough this
communication protocol is slow (takes 100µs to transfer 60
bytes), the Slave-Comms module is designed to stop the data
acquistion only for 5µs and store it on a temporal memory.
After this, all FPGA modules can continue acquiring data
meanwhile the transfer process is executed.

The I2C bus allows the connection of several devices
(named slaves) to the bus. A BMP085 integrated pressure
and temperature sensors with built-in I2C communication
is connected to the bus. The calibration of this device is still
on process.

As an additional tool to verify the correct operation of
the detector, we incorporate the option of plotting data in
the DAQ software.

A more detailed explanation of the design in spanish can
be found in [4][5]

3 Results
The final version was synthetized using a DE2 development
board from Terasic Technologies and tested for long periods
of time to verify if the system can work continuously. After
this was achieved, the next test was to analize the data
acquired with this new system.

The DAQ from the Observatory has been working and
producing reliable and stable data since 1990. Therefore, we
decided to use this system as a reference and test our design
comparing the results from both DAQ systems measuring
the difference between the two.

We perform a 3 months test synchronizing both systems.
Figure 2 shows the results from 12 days data in the 3 months
period. Only data from the 6-NM64 are shown. The top plot
displays the total count rate from six individual channels of
neutrons from the new DAQ. The middle plot displays the
total count rate from the reference system. Both graphics
follow the same tendency with only some differences from
April 25 to April 27. The data from the reference system

are more noisy than the new DAQ, probably due to aging
on the components.
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Figure 3: Probability density function of the differences
between the two DAQ from one neutron channel.

The bottom plot is the total difference between the two
systems. To make an accurate description of the difference
signal, we obtained the distribution of the difference from
individual channels using the same DAQ as reference.
Figure 3 shows the observed distribution (histogram) of one
channel difference. It is expected that for this distribution is
a gaussian with µ = 0 and σ2 = 1% (filled line). σ2 must be
1% because the data from the reference system are scaled
by 10 with respect to the new DAQ, and therefore making it
the maximum contribution to the difference. It is clear that
the model fits the histogram correctly.

The last test done was to verify if the data from the new
DAQ can be fitted using a Poisson distribution function.
The process of counting particles arriving at the detector
is a random process that follows Poisson distribution, as a
result this model can be used to test the reliability of the
data. Figure 4 shows the distribution from two channels of
the new DAQ (channel 2 and 3 from the Neutron Monitor).
Both distributions are properly fitted by a Poisson distribu-
tion. A χ2 goodness of fit test was performed to check if
the expected model describe accurately the observed distri-
butions. The results from this tests for channel one and two
are χ2

1 = 10 and χ2
2 = 1.84, respectively. Examination of

the chi-squared distribution for 7 degrees of freedom shows
that the probability of observing this difference is approxi-
mately p = 0.2, for channel one, and p = 0.9 for channel
two. This probability is higher than conventional criteria for
statistical significance p = 0.05, therefore the hypothesis
that the observed distribution is Poissonian is correct.
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Figure 2: Total count rates from new DAQ and reference system.
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Figure 4: Poisson distribution of channels 2(left) and
3(right) from the Neutron Monitor.

4 Conclusions
As a result of this project we produced a prototype of a
new DAQ, that is custom made to record the data of the
Mexico City’s Cosmic Ray Observatory. In addition all the
documentation and schematic diagrams make easier the
maintenance. The new system has been extensively tested
with appropriate results. Due to its design based of modern
technology it has surpassed the technical limitations of the
previous system.
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