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Introduction and Motivation

● Data acquisition systems used in radiation and particle detectors often 
consist of application-specific integrated circuits ⇾ expensive

● We wanted to explore the possibility of creating a financially available DAQ 
system with commercially available off-the-shelf hardware components

● We converged on a proof of concept with 16 channel (extendable to 48) DAQ 
system using UK manufactured hardware components: Raspberry Pi Pico 
and Raspberry Pi 4B

● We also developed a user interface displaying the readings as a 
speedometer-style output on a touchscreen
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Design overview
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Amplifiers Pulse counterDetector Readout & UI



Design overview
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Amplifiers Pulse counterDetector Readout & UI

MAX944

Raspberry Pi Pico

Replaced by a function generator 
for testing

Raspberry Pi 4B



Hardware Components Overview
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MAX944 Fast Comparators

● 4 comparators in 1 integrated circuit
● Used for pulse discrimination (can 

looked at it as a 1-bit ADC)
● Fast turn-on time ~ 80 ns (can easily 

handle ~ 1 MHz range)
● Cheap: ~ £9
● Disadvantage: the input voltage cannot 

be higher than Vcc + 0.2 V
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Output = logical 1 (3.3 V) iff VIN > VREF
else logical 0 (0 V)



Raspberry Pi Pico

● System on chip with RP2040 - 32-bit dual core 
ARM Cortex-M0+ processor

● Clocked at 133 MHz, can be overclocked up to 
400 MHz

● 26 general IO pins
● 1 analog input with 12-bit ADC
● “Bare metal”: No OS → no drivers → fast 

access to the IO pins
● Programmable via USB
● Supports following interfaces: UART, SPI, I2C
● Pico W has a Wi-Fi module
● Extremely cheap: ~ £3 (~5£ for the W version)
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Raspberry Pi 4B

● A full blown computer running an OS 
(32-bit Raspberry OS)

● 40 general IO pins
● SSH via Ethernet
● Native 7-inch touchscreen
● Can be attached to touchscreen
● Relatively affordable ~£60
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Pi 4B 
mounted 
here

7-inch Pi Touchscreen



16-channel DAQ: Proof of concept
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16 Channel DAQ Diagram
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Threshold set by a voltage divider 
using the Pico’s Vcc (3.3V)

CR-110

ORTEC 570 MAX944 Core 0 dedicated to serving 
the UART interface, while 
Core 1 counts the pulses

NOTE: No digital latch - the 
Pico has to detect the pulse 
in real time.

RPi 4B runs a GUI application 
that fetches data from the Pico 
and displays the counts per 
second on the touchscreen (see 
later).

Can be extended to 24 
channels simply by adding 
more comparators making 
use of all the Pico’s IO pins.

If two Picos are used, the 
design can have up to 48 
channels.

UART is the default output for 
the Pico. In general this can be 
replaced by any other interface, 
e.g. USB.



16 Channel DAQ Photo
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Comparators

Raspberry Pi Pico

UART Interface

Raspberry Pi 4B

7-inch Pi Touchscreen



Fast pulse counting

● One instruction to read all Pico’s digital inputs at once with
● Extremely fast, but we have to count each pulse just once - i.e. cannot simply 

increment the counter when we read high→need to detect rising edges
● Use bitwise operations: increase the counter if the input is high AND it was low 

in the previous measurement
● NOT(previous_readings) AND current_reading
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The digital input reading is encoded by a 32-bit 
integer. Thus the bitwise operations (~ and &) 
can be performed on all channels at once.Rising edge

Falling edge



Quantifying the performance

● Performance quantified by measuring response vs. pulse-width
● Response (or efficiency) defined as (# detected pulses) / (# true number of pulses)
● Use the function generator and oscilloscope
● Excellent performance: >99.9% efficiency down to 150 nanosecond-wide pulses
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User Interface

14



UI Overview
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● Optimized to be used on a touchscreen
● Still can be used on desktop
● Uses the gtkmm library (C++ wrapper for 

GTK) - a multi-platform GUI library
● Can be compiled and installed with cmake
● As general as possible
● Extendable OOP design that makes no 

assumption about the DAQ design
● Serial communication with the Pico 

implemented with the Boost library



Settings
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The communication is always 
initiated by the RPi 4B. The Pico’s 
Core 0 listens on the UART port for 
a prompt. When prompted, the Pico 
sends back the data formatted as 
ASCII string. Hence the sampling 
interval is controlled by the RPi (i.e. 
the GUI application).



Devices
The user can choose what DAQ device to use. The code is scalable and extensible allowing for the 
possibility of adding new designs (e.g. 32-channel DAQ design with the Picos).
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Mock Device is 
only intended for 
development 
and testing.



Conclusions

● Designed a proof of concept for financially accessible 16-channel DAQ 
system

● Demonstrated its functionality using a real alpha source
● Benchmarked its performance: excellent efficiency for frequencies up to the 

1-10 MHz range
● Showed how it can be extended to accommodate up to 48 channels
● Developed a simple and intuitive application with a GUI optimized for the Pi 

touchscreen
● More detailed documentation can be provided upon request
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Thank you for your attention!
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