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1 Introduction

This document shows how the LoPy, using micropython, can interface the bg51 radiation sensor 
through the Grove expansion board.

1.1Basic requirements of the acquisition program

The program implement these basic functions:

1) the LoPy  acquire the pulses generated by the bg51 sensor as quickly as possible

2) the reading of new impulses causes the production of sound "ticks", obtained activating a 
buzzer for a very short time

3) using the counts of pulses in a minute, we calculate the value of the Radiation dose equivalent 
rate in mSv/h (see graph on bg51 documetation)

4) periodically, the REPL terminal display must display the number of pulses per minute and the 
Radiation value dose equivalent rate
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1.2Parameters in the bg51 documentation

the BG51 technical data document:

https://www.teviso.com/file/pdf/bg51-data-specification.pdf

provides useful information for the development of the program

1.2.1 duration of the pulses generated by the sensor
Electrical characteristics (page 2):

Output pulse width: 50 μs to 200 μs (LOW→HIGH→LOW)

1.2.2 BG51 Sensor Linearity (page 2)

On page 2 there is a graph with axes in logarithmic scale that relates the 
number of pulses per minute with Radiation dose equivalent rate for Cs-
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137 and Co-60 (mSv / h).

The graph data will be used to construct the conversion function between 
pulses and dose Radiation.
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1.3How to read the BG51 pulses with LoPy

The sensor must be connected to the J1 connector on the
Grove board.

Its output signal is connected to the LoPy pin labeled P17.

In the program, pin P17 must be set as digital input.

1.3.1 pin P17 set as digital input

from:

https://docs.pycom.io/chapter/firmwareapi/pycom/machine/Pin.html

we can see how to set the pin as digital input.
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from machine import Pin
….
# radiation sensor to P17 input Pin
sigBg51 = Pin("P17", mode=Pin.IN, pull=None)

In this case, these settings are made for pin P17

1. Pin.IN: the pin is input

2. pull=None: no pull up or down resistor.

Note:

If there is nothing connected to the pin and the program reads the state of the pin, the pull-up 
resistor guarantee that the read will it be high (pulled to VCC).

The pull-down instead, guarantees that the value read is low (to ground).

In our case, the input is set to None, because it is directly connected to the sensor digital output
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1.4Define an interrupt to count the BG51 pulses
In general, an interrupt is a signal to the processor indicating an event that 
needs immediate attention. 

An interrupt alerts the processor to a high-priority condition requiring the stop the
execution of the current flow of program instructions.

The processor handles the interrupt in this way: 

1. suspend its current activities, 

2. save its state, 

3. execute a function called interrupt service routine (ISR) to deal with the 
event.

4. at the end of ISR, restore the status and continue with the previously 
interrupted code
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To manage an input pin via Interrupt, see:

https://docs.pycom.io/chapter/firmwareapi/pycom/machine/Pin.html

pin.callback(trigger, handler=None, arg=None)

Set a callback to be triggered when the input level at the pin changes.

• trigger is the type of event that triggers the callback. Possible values are:
• interrupt on falling edge.
• interrupt on rising edge.
• interrupt on low level.
• interrupt on high level.

The values can be OR-ed together, for instance trigger=Pin.IRQ_FALLING | Pin.IRQ_RISING

• handler is the function to be called when the event happens. This function will receive 
one argument. Set handler to None to disable it.

• arg is an optional argument to pass to the callback. If left empty or set to None, the function 
will receive the Pin object that triggered it.
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In our case:

# BG51 rise signal interrupt routine.

def riseBg51(pin):

    global counter

    counter = counter + 1

...

# the rising edge of input sigBg51 

# generate an Interrupt, managed by riseBg51

sigBg51.callback(Pin.IRQ_RISING, riseBg51)
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1.5Buzzer management

The buzzer is used to generate ticks when we read the pulses
from the radiation sensor.

The buzzer is controlled by a digital output and must therefore
be connected to one of the Grove board's digital I/O
connectors (J7 or J8)

Connector LoPy I/O Pin
J7 'P12' 

J8 'P11' 
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 from:

https://docs.pycom.io/chapter/firmwareapi/pycom/machine/Pin.html

we can see how to set the pin as digital output.

from machine import Pin

...
# buzzer to digital connector J8

#  J7 connector: to I/O Pin 'P12'     

buz = Pin('P11', mode=Pin.OUT)          #  J8 connector: to I/O Pin 'P11'   

Code example to generate a ‘tick’

        buz.value(1) # buzzer on

        for i in range(0,10): # loop to make a fast delay

            pass #    no operation

        buz.value(0) # buzzer off
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1.6Conversion of Pulses per minute to mSv/h
the algorithm implemented in the conversion that uses a Lookup table.

In this software, the table is made using two lists of sorted values:

1. pls_min which contains the pulses per
minute

2. mSv_h contains the corresponding
values of mSv/h

The values of the two lists have been obtained
from the graph provided in the sensor
documentation
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The conversion algorithm from pulses to mSv/h is represented here in pseudocode:

Step1: 

in pls_min list, use binary search to find the index element where: 

min( (pulses - pls_min[index]) >= 0)

Step2: 

use the equation of the line passing from these two Points:

1. A = (pls_min[index],  mSv_h[index])

2. B = (pls_min[index+1],  mSv_h[index+1])

to calculate the mSv/h from pulses value
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2 Software tool to extract the underlying numerical data 
from graphs

https://automeris.io/WebPlotDigitizer/
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WebPlotDigitizer is a semi-automated tool that help extract data from graphs:

• Works with a wide variety of charts (XY, bar, polar, ternary, maps etc.)

• Automatic extraction algorithms make it easy to extract a large number of data points

• Free to use, opensource and cross-platform (web and desktop)

2.1First step: pre-process the
graph

Using the original graph from sensor
documentation,  we need to highlight the sensor
curve using another color

To do this, we use for example Gimp.
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In Gimp:

1. File →  Open

2. choose the graph image file
(example:bg51graph.png)

3. Color: change the foreground color (for example pass
to Green)

4. In main menu, choose Instruments → paths

5. Using mouse track a path on sensor curve

6. Use the command path-stroke to draw the line on path with the
foreground color (green)

7. Save the result as a new image
(example:bg51graph2.png)
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2.2Second step: use WebPlotDigitizer to generate a CSV file

In main page, press button “Launch now”

Load Image file (bg51graph2.png)

 Choose 2D Plot - Align Plot
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At the end, press Complete

Set the marker values
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Select Automatic Extraction by color.
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Press on Foreground Color box and select the color of
data curve (Green)

Press Done

and press Run (at bottom of page)

The web application  generates a series of
points on image chart

On right, press “View Data”
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Press Download .CSV to save the dataset in a file for further elaborations.
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