
 
BAQUNIN-3 Technical Note  BAQ3-TEC-REP-SER-040 
Radiometer software Technical Note  Issue 1.0 

Serco Italia SpA  Page 1 of 40 
© 2025   

Serco Business 

 
Customer : 

Contract No : 

 

ESRIN 

4000145121/24/I-NS-bgh 

 

Document Ref : 

Issue Date : 

Issue : 

BAQ3-TEC-REP-SER-040 

15 October 2025 

1.0 

 

 

BAQUNIN-3 Radiometer software Technical Note 

 
Abstract : Technical Note describing the new SR11 Radiometer software. 

Author : Francesco Giannotti 
on behalf of BAQUNIN Team 

 Approval : Anna Maria Iannarelli 
on behalf of BAQUNIN Team 

 

    

Distribution : ESA/ESRIN EOP-GMQ  
BAQUNIN Leadership Team 

© Serco Italia SpA 2025 

All rights reserved. 

No part of this work may be disclosed to any third party translated reproduced 
copied or disseminated in any form or by any means except as defined in 

the contract or with the written permission of Serco Italia SpA. 

 

 

  



 
BAQUNIN-3 Technical Note  BAQ3-TEC-REP-SER-040 
Radiometer software Technical Note  Issue 1.0 

Serco Italia SpA  Page 2 of 40 
© 2025   

Serco Business 

Change History 

This document shall be amended by releasing a new edition of the document in its entirety. The 
Amendment Record Sheet below records the history and issue status of this document. 
 

Issue Date Reason 

1.0 15 October 2025 First version 

   

 
  



 
BAQUNIN-3 Technical Note  BAQ3-TEC-REP-SER-040 
Radiometer software Technical Note  Issue 1.0 

Serco Italia SpA  Page 3 of 40 
© 2025   

Serco Business 

 

1. INTRODUCTION ........................................................................................................................ 4 
1.1 Document objective ............................................................................................................... 4 
1.2 Applicable documents ........................................................................................................... 4 
1.3 Acronyms .............................................................................................................................. 5 

2. INSTRUMENT ............................................................................................................................ 6 

3. SOFTWARE DESCRIPTION ..................................................................................................... 7 
3.1 Input data file ......................................................................................................................... 7 
3.2 Scheme ................................................................................................................................. 9 
3.3 Real time mode ................................................................................................................... 10 
3.4 NON-real time mode ........................................................................................................... 11 
3.5 Output data file .................................................................................................................... 16 

APPENDIX A .................................................................................................................................. 20 

APPENDIX B .................................................................................................................................. 24 

 



 
BAQUNIN-3 Technical Note  BAQ3-TEC-REP-SER-040 
Radiometer software Technical Note  Issue 1.0 

Serco Italia SpA  Page 4 of 40 
© 2025   

Serco Business 

1. INTRODUCTION 

The Pyranometer is a passive Remote Sensing instrument used to detect solar radiation. Its 
applications range from the study of Planetary Boundary Layer (PBL) to climate analysis, passing 
through weather forecasting. It is a useful mean to improve the knowledge of those physical 
processes that affect solar radiation, such as absorption and scattering by clouds, aerosols and 
atmospheric gases. 

1.1 Document objective 

The Pyranometer software tool, described in this Technical Note, is designed to display solar 
radiation measurements obtained from the instrument. It provides both real time and NON-real 
time functionalities, allowing the user to monitor ongoing acquisition and visualize historical data.  

The previous version of the tool was affected by several critical limitations, most notably the 
inability to retrieve historical plots or files. To overcome these shortcomings, the BAQUNIN team 
decided to revise and enhance the Pyranometer software. The current version of the tool (name: 
Pyra_software_v1.py) introduces extended functionalities and new checks on data availability and 
on the integrity of the acquisition process, thus improving the reliability of the system.  

This Technical Note is then intended to be the guide of Pyra_software_v1.py, and provides the 
essential information required for its correct use. By reading the document, the user should be 
able to execute all the functionalities supported by the application, including the visualization of 
plots and the generation of outputs such as GEOMS-compliant files1. 

1.2 Applicable documents 

The following is a list of documents with a direct bearing on the content of this report.  Where 
referenced in the text, these are identified as RD.n, where 'n' is the number in the list 
below: 

[RD.1] “SR11 Pyranometer” instruction manual2. 

[RD.2] “Convertitore analogico seriale automatico” user manual. 

  

 

1 GEOMS files are required to comply with specific constraints on the included variables. In our case, some of 
these constraints cannot be fully satisfied, meaning that the generated netCDF files are not strictly GEOMS-
compliant. Nevertheless, their structure follows the same conventions adopted in standard GEOMS files; 
therefore, throughout this Technical Note, we will refer to them as GEOMS for simplicity. For further 
information on GEOMS files, the reader should refer to Section 3.5. 

2 Available at the link https://s.campbellsci.com/documents/us/manuals/sr11.pdf. 

https://s.campbellsci.com/documents/us/manuals/sr11.pdf
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1.3 Acronyms 

Table 1 lists the acronyms used in the document. 

Table 1. List of acronyms. 

Acronym Definition 

APL Atmospheric Physics Laboratory (at Sapienza) 

BAQUNIN Boundary-layer Air Quality-analysis Using Network of INstruments 

DB DataBase 

ESA European Space Agency 

EVDC ESA Validation Data Centre 

GEOMS Generic Earth Observation Metadata Standard 

ISO International Organization for Standardization 

PBL Planetary Boundary Layer 

Rg Radiation ground 

STD STandard Deviation 

WMO World Meteorological Organisation 

WRC World Radiation Center 

WRR World Radiometric Reference 
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2. INSTRUMENT 

The Pyranometer located at BAQUNIN-APL Observatory (Figure 1) is a SR11 Radiometer model 
produced by Hukseflux Thermal Sensor Company3. It measures the solar radiation received by a 
plane surface from a 180° field of view angle. This quantity is called Hemispherical Solar Radiation, 
and its spectrum extends roughly from 285 to 3000 𝑛𝑚. The high accuracy solar radiation sensor 
complies with the first-class specifications of the ISO 9060 standard and the WMO Guidelines. Solar 
Irradiance (SI unit: 𝑊𝑚−2) is determined from the sensor output according to 

𝐼𝑟𝑟 =
𝑈

𝑆
, 

where 𝑈 (SI unit: 𝑉) is the measured output voltage and 𝑆 (SI unit: 𝑉𝑊−1𝑚2) is the sensitivity 
factor, provided with SR11 on its calibration certificate. Traceability of calibration is to the WRR 
maintained at the WRC (Davos, Switzerland), where the instrument is sent approximately every 
two years for calibration. The SR11 Radiometer also incorporates an internal temperature sensor, 
which records the instrument body temperature (unit: ℃). This parameter, called Sensor 
Temperature, provides information about the status of the instrument.  

The SR11 radiometer takes a certain number of measurements of Hemispherical Solar Radiation 
and Sensor Temperature during the so-called Integration Time, i.e. the time over which the mean 
value and STD of both variables are calculated. The maximum sampling frequency allowed by the 
datalogger corresponds to an Integration Time of 5 seconds, during which the Pyranometer 
performs 16 measurements. The instrument is connected to the datalogger, which in turn is linked 
to a PC. From the PC, a proprietary software (name: Ldata.bat) provided by the manufacturer is 
launched, allowing interaction with the instrument, measurements acquisition and data saving in 
ASCII format4. Pyra_software_v1.py operates alongside Ldata.bat, directly handling the ASCII file 
outputs. 

 

Figure 1. SR11 Radiometer at BAQUNIN Supersite. 

 

3 The relative link is https://www.hukseflux.com/.  

4 For further information on Ldata.bat and ASCII files, the reader should refer to Section 3.1. 

https://www.hukseflux.com/
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3. SOFTWARE DESCRIPTION 

This chapter provides a detailed description of Pyra_software_v1.py. The software leads the user 
to two options: the real time mode (Section 3.3) and the NON-real time mode (Section 3.4). A 
dedicated dashboard (Figure 2), composed of three main sections, enables to access the 
functionalities offered by the system:  

1. The top panel displays, at each step and for each mode, the allowed actions.  
 

2. The middle panel shows the plot (in Figure 2, this panel is empty as the user has not 
decided yet which mode to activate).  
 

3. The bottom panel contains the buttons that must be selected to perform actions. Each 
button is linked to a specific function defined in the code.  

 

Figure 2. Initial dashboard shown by Pyra_software_v1.py after running the code. 

According to the selected scenario, some buttons are disabled or reactivated, depending on what 
actions are allowed during a given step. Before describing the two operating modes in detail, some 
background information on data acquisition and input files is given in Section 3.1, followed by a 
schematic overview of Pyra_software_v1.py in Section 3.2.  

3.1 Input data file 

An example of window of Ldata.bat is shown in Figure 3, where each column is separated from the 
others by a comma-space pair: 

1. The 1st and 2nd column correspond to the date (format: YYMMDD) and time (UTC) of the 
data record, respectively. 
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2. The 3rd and 4th column contain the average Hemispherical Solar Radiation (Rg) and its 
standard deviation (SI unit: 𝑊𝑚−2), respectively. Mean and STD are calculated over the 
Integration Time. 

 
3. The 5th and 6th column show the average Sensor Temperature and its standard deviation 

(unit: ℃), respectively. Mean and STD are calculated over the Integration Time. 

At 00:00 UTC of each day, a single ASCII file (path: C:\Piranometro\ldata) is generated and 
progressively updated during the day by Ldata.bat. The ASCII filename follows the format 
MMDDHHmm.dat, where the first string denotes the date (MM = month, DD = day) and UTC time 
(HH = hour, mm = minute) of the first acquisition. Sometimes, it may happen that Ldata.bat stops 
working (e.g. because of PC restart): when acquisition is interrupted, a new ASCII file will be 
generated by Ldata.bat as soon as the acquisition resumes.  For this reason, different ASCII files 
may exist within a single day, the name of each one containing the date and UTC time of the first 
acquisition of that file.  

At 00:00 UTC of the following day, the above-mentioned ASCII file is automatically sent to the 
BAQUNIN DB and subsequently moved to a pre-established folder (path: 
C:\Piranometro\ldata\YYYY), specifying the year (YYYY) the ASCII file belongs to. The last action 
ensures a correct files storage, i.e. all files of the same year are collected into a single folder. An 
example of such a file is shown in Figure 4.  

 

Figure 3. Window of Ldata.bat for real time acquisition. The text COM5 indicates the COM port number 
(admitted numbers range from 1 to 9). 
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Figure 4. Example of ASCII file for 2025/04/08. The format is identical to that in Figure 3. 

3.2 Scheme 

Figure 5 provides a schematic representation of Pyra_software_v1.py workflow, summarizing the 
sequence of actions and processes. The orange ovals represent process terminators; starting from 
the RUN entry point, the logic follows a cascade structure that guides the user toward the two 
main operational branches: the real time mode and the NON-real time mode. Decision points are 
represented by blue rhombuses, while light blue rectangles denote actions explicitly triggered by 
the user. Other operations are highlighted in fuchsia: the trapezoid corresponds to the manual 
input by the user (i.e. the selection of ASCII files from the folder C:\Piranometro\ldata in the 
context of NON-real time mode), while parallelograms indicate the visualization of the plot. 
Depending on the outcomes of the decision nodes, specific execution paths are followed. In any 
case, control flow returns to the starting point, i.e. all branches converge again to the two primary 
options. 
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Figure 5. Scheme of Pyra_software_v1.py. Symbols are the same of common flowcharts. 

3.3 Real time mode 

The purpose of the real time mode is to display the current day plot and to continuously update it. 
Date and UTC time are taken from the ASCII file read by Pyra_software_v1.py (the first two 
columns in Figure 4). To enter this mode, the START button must be pressed, and the plot is then 
visualized in the dashboard (Figure 6). The top panel will show the name of the ASCII file, the update 
time (set to 60 𝑠), the last measurement time (UTC) and the allowed options. The real time mode 
automatically saves the current day plot in the folder C:\Piranometro\Daily_plot and updates it 
every half an hour on the BAQUNIN Website5. After 00:00 UTC on the next day, the following 
actions automatically occur: 

1. The complete daily plot is transferred to the BAQUNIN Website, and a new one (relative 
to the new day) is created.  
 

2. The GEOMS file, generated from the ASCII file, is saved in the folder 
C:\Piranometro\GEOMS and then sent to both the BAQUNIN DB and the Website.  
 

3. As mentioned in Section 3.1, the ASCII file is sent to the BAQUNIN DB and subsequently 
archived into the folder C:\Piranometro\ldata\YYYY.  

The real time mode can be interrupted by pressing STOP and the user returns to the options of 
real time and NON-real time mode or can simply quit upon selecting CLOSE. In case of acquisition 
interruptions by Ldata.bat, Pyra_software_v1.py malfunctions or PC restart, the real time mode 
stops working and the actions described above could not be automatically performed: at this point, 
the NON-real time mode comes into play. 

 

5 The relative link is https://www.baqunin.eu.  

https://www.baqunin.eu/
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Figure 6. Example of real time plot for 2025/09/16. 

3.4 NON-real time mode 

Starting from the historical ASCII files, the NON-real time mode allows the visualization of plots 
from past acquisitions, the generation of corresponding GEOMS files, and the transfer of data and 
image files to the BAQUNIN DB and Website. Furthermore, the ASCII files can be sent to the 
BAQUNIN DB and moved to the folder C:\Piranometro\ldata\YYYY for correct archiving. This 
operating mode is then particularly valuable for data recovery procedures, i.e. in cases where any 
of the plots and/or files are missing.  

To enter the NON-real time mode, the LOAD button must be pressed (Figure 5). The folder 
C:\Piranometro\ldata, containing readable ASCII files, appears as in Figure 7, here the user can 
select more than one ASCII file. This option accounts for two scenarios: when an acquisition is 
interrupted and a new ASCII file is created after restarting, and when the user wants to visualize 
daily plots for multiple days a text at the top left of the selection window in Figure 7 warns the user 
about the maximum number of dates that can be selected. In case of multiple date selection, if the 
days are not consecutive, the daily charts are displayed as shown in Figure 8, otherwise, a single 
chart contains multiple days, as shown in Figure 9.  

Once the plot is shown, the following buttons can be pressed:  

1. SAVE: the plot is saved and stored in the folder C:\Piranometro\Daily_plot. 
 

2. GEOMS: a netCDF format file is generated and stored in the folder 
C:\Piranometro\GEOMS. 
 
3. SEND: this button is used to send files or plots to the BAQUNIN DB or Website or to move 
the ASCII files to the right directory. By pressing SEND, a drop-down menu with 5 options appears 
as in Figure 10: 
 
3.1. PLOT_WEB: to send the plot to the BAQUNIN Website. This operation can only be 
performed if the plot has already been saved via the SAVE button. An error message is shown if 
the user does not perform actions in the correct order (Figure 11).  
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3.2. GEOMS_DB/GEOMS_WEB: the GEOMS file can be transmitted to the BAQUNIN DB or 
Website by pressing GEOMS_DB or GEOMS_WEB, respectively. As in the case of the plot, these 
actions can only take place if the GEOMS file already exists, i.e. the GEOMS button has already 
been pressed. A message similar to that shown in Figure 11 appears if the user clicks GEOMS_DB 
or GEOMS_WEB without having generated the GEOMS file first. 
3.3. ASCII_DB/MOVE_ASCII: once the GEOMS file has been sent, the ASCII file can also be 
transmitted to the BAQUNIN DB by pressing ASCII_DB and subsequently organized into the 
above-mentioned structured directory C:\Piranometro\ldata\YYYY by pressing MOVE_ASCII. It is 
important that the sending operation is performed before the moving one (as in the case of real 
time mode), otherwise the function responsible for the transmission of the ASCII file to the 
BAQUNIN DB will not find the file in the original folder C:\Piranometro\ldata. For a similar reason, 
particular attention must be paid when using MOVE_ASCII, if the user also intends to generate 
the GEOMS file: once the ASCII file is moved to the designated folder, the GEOMS file can no 
longer be created because the function responsible for generating it requires the original path of 
the ASCII file. In both cases, to prevent this issue, a warning dialog is displayed upon selecting 
MOVE_ASCII, notifying the user of the potential consequences (Figure 12).  

It is here emphasized that not all the actions necessarily have to be performed, e.g. the user may 
only want to visualize some plots for a quick comparison or send only one format file. 
Nevertheless, some actions require a specific order to be computed, following the guidelines in 
the top panel and the integrated warning/error messages, all actions can be executed in the 
correct order without the need to reload them multiple times.  

If none of the previously described actions are required, the user may return to real time mode 
at any time, load a different dataset, or terminate the session by selecting START, LOAD, or 
CLOSE, respectively. At this stage, if the ASCII files ware directly selected from 
C:\Piranometro\ldata\ (not from yearly folder) and the user has not moved the ASCII files to the 
proper folder yet, a warning message is displayed upon selecting these buttons (Figure 13) to 
indicate that those files will be overwritten during the same day of the following year. Similar 
notifications warn the user that the GEOMS files have not been transmitted to the BAQUNIN DB 
or Website, and that the plots have not been uploaded to the BAQUNIN Website. 

 

Figure 7. Folder (path: C:\Piranometro\ldata) containing the ASCII files. 
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Figure 8. Example of NON-real time plots for six dates in January 2025. 

 

 

Figure 9. Example of NON-real time plot for two consecutive days in January 2025. 
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Figure 10. Example of NON-real time plot for a single day (2025/04/08). Note the drop-down menu appearing 
at the bottom after pressing SEND.  

 

Figure 11. The same as Figure 10. An error message appears when clicking PLOT_WEB if the plot does not 
exist. The same goes for the GEOMS file when clicking GEOMS_DB or GEOMS_WEB. 
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Figure 12. The same as Figure 10. A warning message is displayed upon selecting MOVE_ASCII to notify that 
the GEOMS file cannot be generated once the ASCII file has been moved to a different folder. A similar warning 
appears if the user attempts to move the ASCII file to the proper folder before sending it to the BAQUNIN DB. 

 

Figure 13. The same as Figure 10. A warning message alerts the user about the risk of losing the ASCII files in 
the following year if the session is closed without first moving them to the designated folder. Similar 
notifications are displayed if the GEOMS files and the plots have not been transmitted to their respective 
destinations. The same applies upon pressing START or LOAD. 
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3.5 Output data file 

The output of Pyra_software_v1.py consists of GEOMS daily files. GEOMS is a standardized 
metadata framework developed within the context of the ESA EVDC6 to ensure consistency, 
traceability, and interoperability among Ground-Based Remote Sensing datasets used for satellite 
validation.  

In this implementation, the GEOMS file is generated in netCDF format and contains a 
structured set of global attributes (Table 2) and variables ( 

  

 

6 The relative link is https://evdc.esa.int/.  

https://evdc.esa.int/
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Table 3). 

 

Table 2.  Global attributes of GEOMS file. 

Global Attributes Description 

PI_NAME  The global attribute PI_NAME contains the data’s Principal Investigator’s (PI) Name. 

PI_AFFILIATION  
The global attribute PI_AFFILIATION contains the Principal Investigator’s official affiliation name 
preferably in English and affiliation acronym. 

PI_ADDRESS  The global attribute PI_ADDRESS contains the Principal Investigator’s official mailing address. 

PI_EMAIL  The global attribute PI_EMAIL is the Principal Investigator’s e-mail address. 

DO_NAME  The global attribute DO_NAME contains the Data Originator’s (DO) Name. 

DO_AFFILIATION  
The global attribute DO_AFFILIATION contains the Data Originator’s official affiliation and 
acronym.  

DO_ADDRESS  The global attribute DO_ADDRESS contains the Data Originator’s mailing address. 

DO_EMAIL  The global attribute DO_EMAIL contains the Data Originator’s e-mail address. 

DS_NAME  The global attribute DS_NAME contains the Data Submitter's (DS) name. 

DS_AFFILIATION  
The global attribute DS_AFFILIATION contains the Data Submitter’s official affiliation and 
acronym. 

DS_ADDRESS  The global attribute DS_ADDRESS contains the Data Submitter’s mailing address. 

DS_EMAIL  The global attribute DS_EMAIL contains the Data Submitter’s e-mail address. 

DATA_DESCRIPTION  
The optional global attribute DATA_DESCRIPTION contains a brief sentence summarizing the file’s 
data content. 

DATA_DISCIPLINE  
The global attribute DATA_DISCIPLINE describes the field of research to which the data in the file 
belongs and the data acquisition method.  

DATA_GROUP  
The global attribute DATA_GROUP has a two-field entry, specifying the origin of the data 
(experimental, model, or a combination of both) and the spatial characteristics of the data. 

DATA_LOCATION  
The global attribute DATA_LOCATION contains the identification of the location of the reported 
geophysical quantities. 

DATA_SOURCE  
The global attribute DATA_SOURCE consists of two underscore separated fields. The first field 
describes the type of instrument or numerical model that created the data. The second field is 
the acronym of the institute/organization that owns the instrument/model.  

DATA_VARIABLES  The global attribute DATA_VARIABLES lists all data variables reported in the current data file. 

DATA_START_DATE  The global attribute DATA_START_DATE specifies the earliest date/time found in the data file. 

DATA_STOP_DATE  The global attribute DATA_STOP_DATE specifies the latest date/time found in the data file. 

DATA_FILE_VERSION  The global attribute DATA_FILE_VERSION specifies the version of the data. 

DATA_MODIFICATIONS  
The optional global attribute DATA_MODIFICATIONS is intended to describe the data 
modification history associated with DATA_FILE_VERSION found in the data file. 

DATA_CAVEATS  
The optional global attribute DATA_CAVEATS refers to potential issues with the data in the 
current data file and shall inform the user to use this data with caution. 

DATA_RULES_OF_USE  The optional global attribute DATA_RULES_OF_USE entry is the PI’s guidelines for the data usage. 

DATA_ACKNOWLEDGEMENT  
The optional global attribute DATA_ACKNOWLEDGEMENT specifies the PI’s “desired” 
acknowledgment of the data when used in publications, presentations, etc. 

DATA_QUALITY  The global attribute DATA_QUALITY specifies information on quality of the data. 

DATA_TEMPLATE  
The optional global attribute DATA_TEMPLATE specifies information on applicable templates for 
reported data. 
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Global Attributes Description 

DATA_PROCESSOR  
The optional global attribute DATA_PROCESSOR specifies information on the data processor and 
the data processor version in a single element field. 

FILE_NAME  The global attribute FILE_NAME contains the current data file name. 

FILE_GENERATION_DATE  
The global attribute FILE_GENERATION_DATE specifies the date/time of generation of the 
current file.  

FILE_ACCESS  
The global attribute FILE_ACCESS has a multi-field character string entry referring to the file 
project association in the data archive. 

FILE_META_VERSION  
The global attribute FILE_META_VERSION indicates the version of the metadata definitions used 
in the data file and the tool name used to generate the current HDF or netCDF data file. 

FILE_DOI  
The global attribute FILE_DOI indicates the use of a digital object identifier. The field is currently 
mandatory, but with empty variable value. A specification of the DOI syntax will be given in a 
future version of GEOMS. 

LOCATION_COUNTRY  Italy. 
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Table 3. Variables of GEOMS file. 

Variables Variables Description 

DATETIME 
Time of the measurement; defined relative to reference datetime of 
Jan. 1, 2000, at 0:00:00 UT which is equal to 0.00. 

ALTITUDE.INSTRUMENT Inst. geolocation. Altitude of the instrument relative to the location site. 

LATITUDE.INSTRUMENT 
Inst. geolocation. Latitude north (decimal degrees) of the location of 
the instrument (+ for north; - for south). 

LONGITUDE.INSTRUMENT 
Inst. geolocation. Longitude east (decimal degrees) of the location of 
the instrument (+ for east; - for west). 

RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_CALIBRAT
ION.FACTOR 

Calibration factor to convert incoming irradiance in output voltage. 

RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE__CALIBRA
TION.UNCERTAINTY 

Calibration factor uncertainty. 

RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_MEAN 
Hemispherical solar radiation calculated as mean value on 
measurements taken during the integration time. 

RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTA
INTY.SYSTEMATIC.STANDARD 

Systematic uncertainty of the irradiance measurement calculated as 
the absolute value of the product of irradiance by the relative 
systematic uncertainty. 

RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTA
INTY.RANDOM.STANDARD 

Random uncertainty calculated as the ratio between standard deviation 
on measurements taken during the integration time and the square 
root of the number of measurements. 

RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTA
INTY.COMBINED.STANDARD 

Combined uncertainty calculated as the square root of the sum of the 
squares of systematic uncertainty and random uncertainty. 

INTERNAL.BOX.TEMPERATURE 
Temperature inside the pyranometer doom calculated as mean value 
on temperature measurements taken during the integration time. 

RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_INTEGRA
TION.TIME 

Integration time for downward shortwave radiation measurements. 
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APPENDIX A 

In the following lines, an example of GEOMS file with all variables and global attributes is reported.  

File 
"groundbased_radiometer.pyranometer_uroma.baqunin001_rome.sapienza_20251014t00000
2z_20251014t235953z_001.nc" 
{ 
  dimensions: 
    DATETIME = 17256; 
  variables: 
    float ALTITUDE.INSTRUMENT; 
      :VAR_SIZE = "1"; 
      :VAR_VALID_MIN = 0.09f; // float 
      :VAR_VALID_MAX = 900000.06f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "ALTITUDE.INSTRUMENT"; 
      :VAR_DESCRIPTION = "Inst. geolocation. Altitude of the instrument relative to the location site."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "CONSTANT"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "m"; 
      :VAR_SI_CONVERSION = "0.0;1.0;m"; 
 
    float LATITUDE.INSTRUMENT; 
      :VAR_SIZE = "1"; 
      :VAR_VALID_MIN = -90.0f; // float 
      :VAR_VALID_MAX = 90.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "LATITUDE.INSTRUMENT"; 
      :VAR_DESCRIPTION = "Inst. geolocation. Latitude north (decimal degrees) of the location of the instrument (+ for north; 
- for south)."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "CONSTANT"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "deg"; 
      :VAR_SI_CONVERSION = "0.0;1.74533E-2;rad"; 
 
    float LONGITUDE.INSTRUMENT; 
      :VAR_SIZE = "1"; 
      :VAR_VALID_MIN = -180.0f; // float 
      :VAR_VALID_MAX = 180.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "LONGITUDE.INSTRUMENT"; 
      :VAR_DESCRIPTION = "Inst. geolocation. Longitude east (decimal degrees) of the location of the instrument (+ for east; 
- for west)."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "CONSTANT"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "deg"; 
      :VAR_SI_CONVERSION = "0.0;1.74533E-2;rad"; 
 
    float RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_CALIBRATION.FACTOR; 
      :VAR_SIZE = "1"; 
      :VAR_VALID_MIN = 0.0f; // float 
      :VAR_VALID_MAX = 90000.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_CALIBRATION.FACTOR"; 
      :VAR_DESCRIPTION = "Calibration factor to convert incoming irradiance in output voltage."; 
      :VAR_NOTES = "Last calibration performed on 05/2025"; 
      :VAR_DEPEND = "CONSTANT"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "V W-1 m2"; 
      :VAR_SI_CONVERSION = "0.0;1.0;m2 A-1"; 
 
    float RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE__CALIBRATION.UNCERTAINTY; 
      :VAR_SIZE = "1"; 
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      :VAR_VALID_MIN = 0.0f; // float 
      :VAR_VALID_MAX = 90000.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE__CALIBRATION.UNCERTAINTY"; 
      :VAR_DESCRIPTION = "Calibration factor uncertainty."; 
      :VAR_NOTES = "Last calibration performed on 05/2025"; 
      :VAR_DEPEND = "CONSTANT"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "V W-1 m2"; 
      :VAR_SI_CONVERSION = "0.0;1.0;m2 A-1"; 
 
    float RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_MEAN(DATETIME=17256); 
      :VAR_SIZE = "17256"; 
      :VAR_VALID_MIN = -9000.0f; // float 
      :VAR_VALID_MAX = 90000.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_MEAN"; 
      :VAR_DESCRIPTION = "Hemispherical solar radiation calculated as mean value on measurements taken during the 
integration time."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "DATETIME"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "W m-2"; 
      :VAR_SI_CONVERSION = "0.0;1.0;kg s-3"; 
 
    float RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTAINTY.SYSTEMATIC.STANDARD(DATETIME=17256); 
      :VAR_SIZE = "17256"; 
      :VAR_VALID_MIN = -9000.0f; // float 
      :VAR_VALID_MAX = 90000.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTAINTY.SYSTEMATIC.STANDARD"; 
      :VAR_DESCRIPTION = "Systematic uncertainty of the irradiance measurement calculated as the absolute value of the 
product of irradiance by the relative systematic uncertainty."; 
      :VAR_NOTES = " \"\""; 
      :VAR_DEPEND = "DATETIME"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "W m-2"; 
      :VAR_SI_CONVERSION = "0.0;1.0;kg s-3"; 
 
    float RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTAINTY.RANDOM.STANDARD(DATETIME=17256); 
      :VAR_SIZE = "17256"; 
      :VAR_VALID_MIN = -9000.0f; // float 
      :VAR_VALID_MAX = 90000.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTAINTY.RANDOM.STANDARD"; 
      :VAR_DESCRIPTION = "Random uncertainty calculated as the ratio between standard deviation on measurements taken 
during the integration time and the square root of the number of measurements."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "DATETIME"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "W m-2"; 
      :VAR_SI_CONVERSION = "0.0;1.0;kg s-3"; 
 
    float RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTAINTY.COMBINED.STANDARD(DATETIME=17256); 
      :VAR_SIZE = "17256"; 
      :VAR_VALID_MIN = -9000.0f; // float 
      :VAR_VALID_MAX = 90000.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTAINTY.COMBINED.STANDARD"; 
      :VAR_DESCRIPTION = "Combined uncertainty calculated as the square root of the sum of the squares of systematic 
uncertainty and random uncertainty."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "DATETIME"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "W m-2"; 
      :VAR_SI_CONVERSION = "0.0;1.0;kg s-3"; 
 
    float INTERNAL.BOX.TEMPERATURE(DATETIME=17256); 
      :VAR_SIZE = "17256"; 
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      :VAR_VALID_MIN = 0.0f; // float 
      :VAR_VALID_MAX = 1000.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "INTERNAL.BOX.TEMPERATURE"; 
      :VAR_DESCRIPTION = "Temperature inside the pyranometer doom calculated as mean value on temperature 
measurements taken during the integration time."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "DATETIME"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "degC"; 
      :VAR_SI_CONVERSION = "273.15;1.0;K"; 
 
    float RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_INTEGRATION.TIME; 
      :VAR_SIZE = "1"; 
      :VAR_VALID_MIN = 0.0f; // float 
      :VAR_VALID_MAX = 60.0f; // float 
      :VAR_FILL_VALUE = -90000.0f; // float 
      :VAR_NAME = "RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_INTEGRATION.TIME"; 
      :VAR_DESCRIPTION = "Integration time for downward shortwave radiation measurements."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "CONSTANT"; 
      :VAR_DATA_TYPE = "REAL"; 
      :VAR_UNITS = "s"; 
      :VAR_SI_CONVERSION = "0.0;1.0;s"; 
 
    double DATETIME(DATETIME=17256); 
      :VAR_SIZE = "17256"; 
      :VAR_VALID_MIN = -1.0E30; // double 
      :VAR_VALID_MAX = 1.0E30; // double 
      :VAR_FILL_VALUE = 2.0E30; // double 
      :VAR_NAME = "DATETIME"; 
      :VAR_DESCRIPTION = "Time of the measurement; defined relative to reference datetime of Jan. 1 2000 at 0:00:00 UT 
which is equal to 0.00."; 
      :VAR_NOTES = "\"\""; 
      :VAR_DEPEND = "DATETIME"; 
      :VAR_DATA_TYPE = "DOUBLE"; 
      :VAR_UNITS = "MJD2K"; 
      :VAR_SI_CONVERSION = "0.0;86400.0;s"; 
 
  // global attributes: 
  :PI_NAME = "Iannarelli;Anna Maria"; 
  :PI_AFFILIATION = " Serco;SERCO "; 
  :PI_ADDRESS = " Via Bernardino Alimena 111-119, Roma (RM)"; 
  :PI_EMAIL = "annamaria.iannarelli@serco.com"; 
  :DO_NAME = "Iannarelli;Anna Maria"; 
  :DO_AFFILIATION = "Serco;SERCO"; 
  :DO_ADDRESS = " Via Bernardino Alimena 111-119, Roma (RM)"; 
  :DO_EMAIL = "annamaria.iannarelli@serco.com"; 
  :DS_NAME = "Giannotti;Francesco"; 
  :DS_AFFILIATION = "Serco;SERCO"; 
  :DS_ADDRESS = " Via Bernardino Alimena 111-119, Roma (RM)"; 
  :DS_EMAIL = "francesco.giannotti@serco.com"; 
  :DATA_DESCRIPTION = "Downward Irradiance and Temperature measured by Pyranometer Hukseflux SR11 ISO 9060 first 
class; spectral range = [285, 3000] nm"; 
  :DATA_DISCIPLINE = "ATMOSPHERIC.PHYSICS;REMOTE.SENSING;GROUNDBASED"; 
  :DATA_GROUP = "EXPERIMENTAL;PROFILE.STATIONARY"; 
  :DATA_LOCATION = "ROME.SAPIENZA"; 
  :DATA_SOURCE = "RADIOMETER.PYRANOMETER_UROMA.BAQUNIN001"; 
  :DATA_VARIABLES = 
"DATETIME;ALTITUDE.INSTRUMENT;LATITUDE.INSTRUMENT;LONGITUDE.INSTRUMENT;RADIATION.DOWNWELLING.GLO
BAL_SHORTWAVE_CALIBRATION.FACTOR;RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE__CALIBRATION.UNCERTAIN
TY;RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_MEAN;RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCER
TAINTY.SYSTEMATIC.STANDARD;RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTAINTY.RANDOM.STANDARD
;RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_UNCERTAINTY.COMBINED.STANDARD;INTERNAL.BOX.TEMPERATUR
E;RADIATION.DOWNWELLING.GLOBAL_SHORTWAVE_INTEGRATION.TIME"; 
  :DATA_START_DATE = "20251014T000002Z"; 
  :DATA_STOP_DATE = "20251014T235953Z"; 
  :DATA_FILE_VERSION = "001"; 
  :DATA_MODIFICATIONS = "None"; 
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  :DATA_CAVEATS = "None"; 
  :DATA_RULES_OF_USE = "Please contact the PI "; 
  :DATA_ACKNOWLEDGEMENT = "Please contact the PI "; 
  :DATA_QUALITY = " "; 
  :DATA_PROCESSOR = "Pyra_software_v0"; 
  :FILE_NAME = 
"groundbased_radiometer.pyranometer_uroma.baqunin001_rome.sapienza_20251014t000002z_20251014t235953z_00
1.nc"; 
  :FILE_GENERATION_DATE = "20251015T135206Z"; 
  :FILE_ACCESS = "ARCHIVE"; 
  :FILE_META_VERSION = "04R045;CUSTOM"; 
  :FILE_DOI = "\"\""; 
  :LOCATION_COUNTRY = "ITALY;IT"; 
  :_CoordSysBuilder = "ucar.nc2.dataset.conv.DefaultConvention"; 
} 
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APPENDIX B 

In this Appendix, the Python code Pyra_software_v1.py for the SR11 Radiometer software is 
reported7. It is launched on the same PC to which datalogger is connected. 

# -*- coding: utf-8 -*- 
""" 
Created on Tue Jul 29 10:04:39 2025 
 
@author: FGIANNOTTI 
""" 
 
# Libraries 
import tkinter as tk 
from tkinter import filedialog 
from tkinter import messagebox 
from matplotlib.backends.backend_tkagg import FigureCanvasTkAgg, NavigationToolbar2Tk 
from matplotlib.figure import Figure 
import matplotlib.pyplot as plt 
import math 
import pandas as pd 
import numpy as np 
import matplotlib.dates as mdates 
import re 
import os 
from datetime import timedelta 
import netCDF4 as nc 
from ftplib import FTP 
import datetime as dt 
import sys 
import copy 
from shutil import move as shmove 
from shutil import copy as shcopy 
 
routine_path='C:/Piranometro/Python_prog/Routine_new' 
routine_path2 = "C:/codici_Python3/funzioni/" 
 
# Import routines8 
sys.path.append(routine_path) 
sys.path.append(routine_path2) 
import BQ_utilities as BQ_ut 
import BQ_datetime as BQ_dt 
import BQ_NetCDF_file_create as BQ_nc 
import sftp_connection as sftp 
from ftp_transfer import send_to_BAQUNIN_web 
 
# Folder paths 
file_path = "C:/Piranometro/ldata"                                                # ASCII files path 
output_dir = "C:/Piranometro/Daily_plot"                                          # Plot path 
GEOMSpath = "C:/Piranometro/GEOMS"                                                # GEOMS files path 
info = "C:/Piranometro/Pira_like-GEOMS_format_tables2_V1.xlsx"                    # Global attributes GEOMS files path 
sheet_name='Variables'                                                            # Sheet name of the variable 
 
# Open sftp comunication settings9 
ip_database = ""                      
user_database = "" 
passw_database = ""  
ncpath_database = "/pyranometer/irradiance_ncdf/" 
asciipath_database = "/pyranometer/irradiance_ascii/" 

 

7 Routines imported in this code will not be shown. 

8 The following 7 lines contain routines directly written by BAQUNIN team to facilitate and speed up code writing. 

9 The following 3 lines contain confidential information that cannot be reported in the Technical Note. 
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# File containing the database's public key 
keyfile = "C:/Database/keyscan.pub" 
conn_options = sftp.sftp_addfingerprint(ip_database, keyfile) 
 
# Website 
remote_livepath ='/DATA/BAQUNIN/Pyranometer'# "/DATA/BAQUNIN/test_pyra/"                                             
#'/BACKUP_instr/images' 
remote_GEOMSpath =  "/DATA/BAQUNIN/Products/Solar_Irradiance_Pyr_yes"#"/DATA/BAQUNIN/test_pyra/" 
 
#____________________Additional info 
# Additional info not included in the info table or original file 
# This part is customized on the instrument/product file, 
# and takes into account also the level and the version of data 
DATA_FILE_VERSION="001"  
DATA_MODIFICATIONS="None" 
DATA_CAVEATS="None"  
 
# Constants 
OLD_CALIBRATION = 18.62e-6                 #V/(W/m^2)                             # Old calibration constant (12/03/2018) 
OLD_CALIBRATION_UNCERTAINTY = 0.10e-6      #V/(W/m^2) 
 
CALIBRATION = 18.77e-6                     #V/(W/m^2)                             # New calibration constant 
CALIBRATION_UNCERTAINTY = 0.48e-6          #V/(W/m^2) 
CALIBRATION_note =  'Last calibration performed on 05/2025' 
integration_time = 5                                                              # Time interval (seconds) during which to calculate mean value and 
STD of n measurements 
delta_time = 60*1000                                                              # Update every delta_time millisecond 
 
# Variable for the use of calibration constants 
DO_recall = True 
 
# True for the use of new calibration constants 
if DO_recall: 
    cal_fac = OLD_CALIBRATION/CALIBRATION                                         # cal_fac == calibration factor 
     
# False for direct reading                                      
else: 
    cal_fac = 1 
 
# Main class which contains all the functions needed in the code 
class pyro_window: 
     
    # Functions needed to take actions in the code 
     
    def __init__(self, root): 
        """Creation of the GUI and inizialization of all the variables""" 
        self.old_day = dt.datetime.now().date()                                   # The day of the previous check 
        self.old_hour = dt.datetime.now().hour                                    # The hour of the previous check 
        self.GEOMSfilename = ""                                                   # Name of the GEOMS file (empty string at the beginning) 
        self.Measurements = {}                                                    # Contains the daily measurements 
        self.Measurements["Data"] = []                                            # Date number 
        self.Measurements["Rg"] = []                                              # Irradiance 
        self.Measurements["Std_Rg"] = []                                          # Irradiance standard deviation 
        self.Measurements["Temp"] = []                                            # Temperature 
        self.Measurements["Std_Temp"] = []                                        # Temperature standard deviation 
        self.now = dt.datetime.now()                                              # The current time (YYYY, MM, DD, HH, MM, SS) 
        self.file_dates = []                                                      # Empty list (will contain the dates of the analysed days) 
        self.filename = '' 
         
        # Strings that will be positioned at the top of the GUI as useful information for the user 
        self.start_text = 'Press START for real time plot.' 
        self.stop_text = 'Press STOP to arrest the process.' 
        self.load_text = 'Press LOAD for non - real time plots.' 
        self.close_text = 'Press CLOSE if you want to quit.' 
        self.GEOMS_text = 'Press GEOMS to create GEOMS files.' 
        self.send_text = 'Press SEND to send files (ASCII or GEOMS) or plots to the BAQUNIN DataBase (DB) or to the ESA Server 
(WEB) or to move the ASCII files in the proper folder.' 
        self.save_text = 'Press SAVE to save the plot.' 
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        self.update_text = f"Update every {delta_time/1000} seconds."             # String for updating real time plots 
         
        # Frame where to write useful information for the user (located above the plot) 
        frame_for_writing = tk.Frame(root)                                        # Can be changed to 'tk.Entry' 
        frame_for_writing.pack(side = tk.TOP, expand = True)                      # fill = tk.BOTH can be added  
         
        # Horizontal scrollbar 
        scrollbar_x = tk.Scrollbar(frame_for_writing, orient = tk.HORIZONTAL) 
        scrollbar_x.pack(side = tk.BOTTOM, fill = tk.X) 
 
        # Vertical scrollbar 
        scrollbar_y = tk.Scrollbar(frame_for_writing, orient = tk.VERTICAL) 
        scrollbar_y.pack(side = tk.RIGHT, fill = tk.Y)         
 
        # Label where to write this information (inside the frame) 
        self.label = tk.Listbox( 
            frame_for_writing, 
            height = 7, width = 100, 
            font = ("Arial", 8), relief = 'flat', 
            yscrollcommand = scrollbar_y.set, 
            xscrollcommand = scrollbar_x.set 
            ) 
        self.label.pack(side = tk.LEFT, fill = tk.BOTH, expand = True) 
 
        # Link the scrollbars to the Listbox 
        scrollbar_x.config(command = self.label.xview) 
        scrollbar_y.config(command = self.label.yview) 
         
        # This function will be defined and described below 
        self.write_in_gui([ self.start_text, self.load_text, self.close_text])    # Initial writings at the top 
         
        # Creation of the figure and size of the plot: put figsize = (6, 4) or figsize = (7, 4) or figsize = (12, 5) 
        self.fig = Figure(figsize = (7, 4)) 
         
        # Creation of the canvas where to visualize the plots 
        self.canvas = FigureCanvasTkAgg(self.fig, master = root) 
        self.canvas.get_tk_widget().pack(pady = 10) 
         
        # # Add the toolbar (optional) 
        # self.toolbar = NavigationToolbar2Tk(self.canvas, root) 
        # self.toolbar.update() 
        # self.toolbar.pack(side = tk.TOP, fill = tk.X) 
         
        # Frame for different buttons (located below the plot) 
        frame_buttons = tk.Frame(root) 
        frame_buttons.pack(side=tk.BOTTOM, pady=10) 
         
        # Label for UTC time 
        self.utc_label = tk.Label(frame_buttons, anchor='w', font=("Arial", 10), width=12, relief = 'ridge', bg = 'white') 
        self.utc_label.pack(side=tk.LEFT, padx=10) 
         
        # Update the UTC time by default. The function update_utc_time will be defined and described below 
        self.update_utc_time() 
         
        # Each following button is linked to a function (see below) 
        self.btn_start = tk.Button(frame_buttons, text = "START", font = ("Arial", 10), command = self.start_action, width=10, 
bg = 'light green') 
        self.btn_start.pack(side=tk.LEFT, padx=10) 
         
        self.btn_stop = tk.Button(frame_buttons, text = "STOP", font = ("Arial", 10), command = self.stop_action, width=10, bg 
= 'gold', state = 'disabled') 
        self.btn_stop.pack(side=tk.LEFT, padx=10) 
         
        self.btn_show = tk.Button(frame_buttons, text = "LOAD", font = ("Arial", 10), command = self.load_action, width=10, 
bg = 'light blue') 
        self.btn_show.pack(side=tk.LEFT, padx=10) 
         
        self.btn_save = tk.Button(frame_buttons, text = "SAVE", font = ("Arial", 10), command = self.save_action, width=10, 
bg = 'brown', state = 'disabled') 
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        self.btn_save.pack(side=tk.LEFT, padx=10) 
         
        self.btn_conv = tk.Button(frame_buttons, text = "GEOMS", font = ("Arial", 10), command = self.create_GEOMS_file, 
width=10, bg = 'pink', state = 'disabled') 
        self.btn_conv.pack(side=tk.LEFT, padx=10) 
         
        self.btn_send = tk.Menubutton(frame_buttons, text = 'SEND', font = ("Arial", 10), width = 10, bg = 'lime green', state = 
'disabled') 
        self.btn_send.pack(side = tk.LEFT, padx = 10) 
         
        menu = tk.Menu(self.btn_send, tearoff = 0) 
        menu.add_command(label="PLOT_WEB", command = lambda: self.send_selection("PLOT_WEB")) 
        menu.add_command(label="GEOMS_DB", command = lambda: self.send_selection("GEOMS_DB")) 
        menu.add_command(label="GEOMS_WEB", command = lambda: self.send_selection("GEOMS_WEB")) 
        menu.add_command(label="ASCII_DB", command = lambda: self.send_selection("ASCII_DB")) 
        menu.add_command(label="MOVE_ASCII", command = lambda: self.move()) 
 
        self.btn_send["menu"] = menu 
         
        self.btn_close = tk.Button(frame_buttons, text = "CLOSE", font = ("Arial", 10), command = self.close_action, width=10, 
bg = 'orange') 
        self.btn_close.pack(side = tk.LEFT, padx = 10) 
         
    def send_selection(self, p): 
        '''Choose the argument of send_action function.''' 
        self.send_action(send_type = p) 
     
    def write_in_gui(self, lista): 
        """Function for writing specific strings based on the button pressed. The strings are those mentioned above""" 
        self.label.delete(0,'end')                                                # Delete the entire label 
        for item in lista: 
            self.label.insert('end', item)                                        # Rewrite the desired strings in the label 
         
    def start_action(self): 
        """Start or restart the scanning function (if you had stopped it)""" 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'PLOT_WEB' has NOT been executed 
            if not getattr(self, 'PLOT_WEB_executed', False): 
                start = messagebox.askyesno("Warning", "You have not sent the plot to the BAQUNIN Website.\n\nAre you sure 
to go on real time mode?") 
                if not start: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'GEOMS_DB' has NOT been executed 
            if not getattr(self, 'GEOMS_DB_executed', False): 
                start = messagebox.askyesno("Warning", "You have not sent the GEOMS files to the BAQUNIN DB.\n\nAre you 
sure to go on real time mode?") 
                if not start: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'GEOMS_WEB' has NOT been executed 
            if not getattr(self, 'GEOMS_WEB_executed', False): 
                start = messagebox.askyesno("Warning", "You have not sent the GEOMS files to the BAQUNIN Website.\n\nAre 
you sure to go on real time mode?") 
                if not start: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
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            # Final folder of the ASCII files 
            proper_folder_path = file_path + '/' + self.old_day.strftime('%Y') 
             
            # Enter the loop only if there is at least one path of the selected files different from 'proper_folder_path' 
            if any(os.path.dirname(p) != proper_folder_path for p in self.file_paths): 
                 
                # Enter the loop only if 'move_ASCII' has NOT been executed 
                if not getattr(self, 'MOVE_ASCII_executed', False): 
                    start = messagebox.askyesno("Warning", "You have not moved the ASCII files to the proper folder. In this way, 
they will be overwritten (and so lost) the next year.\n\nAre you sure to go on real time mode?") 
                    if not start: 
                        return 
         
        print('START clicked')         
        self.running = True 
        self.scanning()                                                           # Function for real time mode 
         
        # Enable or disabled the desired buttons 
        self.btn_start.config(state = 'disabled') 
        self.btn_stop.config(state = 'active') 
        self.btn_close.config(state = 'disabled') 
        self.btn_show.config(state = 'disabled') 
        self.btn_save.config(state = 'disabled') 
        self.btn_conv.config(state = 'disabled') 
        self.btn_send.config(state = 'disabled') 
         
        # Check on the existance of files 
        if not self.day_files: 
            messagebox.showwarning('Warning', 'Files not found ... waiting ...')   # If files are not found, show a warning message 
         
    def stop_action(self): 
        """Stops the scanning function""" 
        print("STOP clicked") 
        self.running = False 
         
        # Enable or disabled the desired buttons 
        self.btn_start.config(state = 'active') 
        self.btn_stop.config(state = 'disabled') 
        self.btn_close.config(state = 'active') 
        self.btn_show.config(state = 'active') 
        self.btn_send.config(state = 'active') 
         
        # Write the proper strings 
        self.write_in_gui([self.files_text, self.last_measurement_text, self.start_text, self.load_text, self.close_text]) 
 
    def load_action(self): 
        """Uploads files that you manually select and shows the corresponding plot""" 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'PLOT_WEB' has NOT been executed 
            if not getattr(self, 'PLOT_WEB_executed', False): 
                load = messagebox.askyesno("Warning", "You have not sent the plot to the BAQUNIN Website.\n\nAre you sure 
to load other files?") 
                if not load: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'GEOMS_DB' has NOT been executed 
            if not getattr(self, 'GEOMS_DB_executed', False): 
                load = messagebox.askyesno("Warning", "You have not sent the GEOMS files to the BAQUNIN DB.\n\nAre you 
sure to load other files?") 
                if not load: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
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        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'GEOMS_WEB' has NOT been executed 
            if not getattr(self, 'GEOMS_WEB_executed', False): 
                load = messagebox.askyesno("Warning", "You have not sent the GEOMS files to the BAQUNIN Website.\n\nAre 
you sure to load other files?") 
                if not load: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Final folder of the ASCII files 
            proper_folder_path = file_path + '/' + self.old_day.strftime('%Y') 
             
            # Enter the loop only if there is at least one path of the selected files different from 'proper_folder_path' 
            if any(os.path.dirname(p) != proper_folder_path for p in self.file_paths): 
                 
                # Enter the loop only if 'move_ASCII' has NOT been executed 
                if not getattr(self, 'MOVE_ASCII_executed', False): 
                    load = messagebox.askyesno("Warning", "You have not moved the ASCII files to the proper folder. In this way, 
they will be overwritten (and so lost) the next year.\n\nAre you sure to load other files?") 
                    if not load: 
                        return 
    
        print('LOAD clicked') 
         
        # Open the folder and select files of a certain type (.dat)  
        self.file_paths = filedialog.askopenfilenames(initialdir=file_path, filetypes=[("DAT files", "*.dat")],  title = "Select files 
for a maximum of 6 dates.") 
         
        self.df = self.read_file()                                                # Read files and create the DataFrame variable 
        self.file_dates = list(sorted(set(self.df['Datetime'].dt.date)))          # Dates of the analysed days 
         
        '''If you select more files of the same day, they will be represented on the same plot.\ 
            If you select files of only consecutive days, they will be represented on the same plot.\ 
                Otherwise, they will be represented on different plots.''' 
         
        # Enable or disabled the desired buttons 
        self.btn_save.config(state = 'active') 
        self.btn_conv.config(state = 'active') 
        self.btn_send.config(state = 'active') 
 
        # Write the proper strings 
        self.write_in_gui([self.files_text, self.save_text, self.GEOMS_text, self.send_text, self.start_text, self.close_text]) 
 
        # Control data is present 
        if self.df.empty: 
             
            # If files are empty, show an error message 
            messagebox.showerror("Error", "Selected files do not contain valid data.") 
            return 
         
        # If more than 6 dates are selected ---> Show a warning message, i.e. select up to 6 dates 
        if len(self.file_dates) > 6: 
            messagebox.showwarning("Warning", "Too many dates selected. Select up to 6 dates.") 
         
        # If less than 6 dates are selected ---> Show the plot 
        else: 
            self.plot_in_gui()   
 
        # Flag to state that 'load_action' has been executed. This flag will be useful in start_action, load_action, close_action 
        self.load_action_executed = True                      
 
    def send_action(self, send_type): 
        """ Sends the graph to the ESA server.""" 
        print("SEND clicked") 
 
        if send_type == 'GEOMS_DB': 
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            if not self.GEOMSfilename: 
                messagebox.showerror('Error', 'No available data for sending. Click GEOMS to create the GEOMS file before 
sending it.') 
                return 
             
            # New useful string for the user 
            self.GEOMS_DB_text = f'File GEOMS {self.GEOMSfilename} sent to BAQUNIN DB.' 
             
            # Write the proper strings 
            self.write_in_gui([self.files_text, self.GEOMS_DB_text, self.save_text, self.GEOMS_text, self.start_text, 
self.load_text, self.close_text]) 
             
            ncpath_database_folder = ncpath_database + self.old_day.strftime('%Y') + '/' 
 
            for GEOMSfilename2 in self.saved_GEOMS_files: 
                sftp.sftp_push(ip_database, user_database, passw_database,  
                               GEOMSfilename2, 
                               ncpath_database_folder + GEOMSfilename2.split('/')[-1], 
                               conn_options) 
                 
            # Flag to state that 'send_GEOMS_to_DB' has been executed 
            self.GEOMS_DB_executed = True 
         
        elif send_type == 'ASCII_DB': 
                for item in self.file_paths: 
                    local_name = os.path.basename(item) 
                     
                    if not local_name.startswith(self.old_day.strftime("%Y")): 
                        remote_name = self.old_day.strftime("%Y") + local_name 
                    else: 
                        remote_name = local_name 
                     
                    asciipath_database_folder = asciipath_database + self.old_day.strftime('%Y') + '/' 
 
                    sftp.sftp_push(ip_database, user_database, passw_database,  
                                   item, 
                                   asciipath_database_folder + remote_name, 
                                   conn_options) 
                 
                # List containing the names of ASCII files 
                final_names = " ".join([f"{name}" for name in self.names.split()]) 
 
                # New useful string for the user 
                self.ASCII_DB_text = f"File ASCII sent to BAQUNIN DB: {final_names}." 
                 
                # Write the proper strings 
                self.write_in_gui([self.files_text, self.ASCII_DB_text, self.save_text, self.GEOMS_text, self.send_text, 
self.start_text, self.load_text, self.close_text])     
                 
                # Flag to state that 'ASCII_DB' has been executed. This flag will be useful in 'MOVE_ASCII' 
                self.ASCII_DB_executed = True 
         
        elif send_type == 'GEOMS_WEB': 
            print('ck1 ',self.GEOMSfilename) 
                 
            if not self.GEOMSfilename: 
                messagebox.showerror('Error', 'No available data for sending. Click GEOMS to create the GEOMS file before 
sending it.') 
                return 
             
            self.GEOMS_WEB_text = f'File GEOMS {self.GEOMSfilename} sent to ESA Server.' 
             
            # Write the proper strings 
            self.write_in_gui([self.files_text, self.GEOMS_WEB_text, self.save_text, self.GEOMS_text, self.start_text, 
self.load_text, self.close_text]) 
             
            for GEOMSfilename2 in self.saved_GEOMS_files: 
                send_to_BAQUNIN_web(GEOMSfilename2, remote_GEOMSpath) 
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            # Flag to state that 'send_GEOMS_to_WEB' has been executed 
            self.GEOMS_WEB_executed = True 
             
        elif send_type == 'PLOT_WEB': 
             
            if not self.filename: 
                messagebox.showerror('Error', 'No available plot for sending. Click SAVE to save the PLOT before sending it.') 
                return 
             
            send_to_BAQUNIN_web(self.save_path, remote_livepath) 
             
            # New useful string for the user 
            self.PLOT_WEB_text = f'plot {self.filename} sent to ESA Server.' 
             
            # Write the proper strings 
            self.write_in_gui([self.files_text, self.PLOT_WEB_text, self.save_text, self.GEOMS_text, self.start_text, 
self.load_text, self.close_text]) 
             
            # Flag to state that 'send_PLOT_to_WEB' has been executed 
            self.PLOT_WEB_executed = True 
         
        else: 
            print('error send_type') 
 
    def save_action(self): 
        """Save the plot""" 
         
        # String that contains all the dates of selected files separated by '_' 
        dates_string = '_'.join(date.strftime('%Y_%m_%d') for date in self.file_dates) 
        self.filename = f"Irradiance_{dates_string}.png" 
         
        # Save the plot in a specific folder with a specific name 
        self.save_path = os.path.join(output_dir, self.filename)                   # Folder path and name of the file 
        os.makedirs(os.path.dirname(self.save_path), exist_ok = True)              # Verify the exixstence of the folder (if it does 
not exists, creates it) 
        self.fig.savefig(self.save_path, dpi = 200)                                # Save the plot 
         
        # Enable or disabled the desired buttons 
        self.btn_send.config(state = 'active') 
         
        # New useful string for the user 
        self.save_action_text = f"Plot saved: \n{self.save_path}" 
        print(self.save_action_text) 
         
        # Write the proper strings 
        self.write_in_gui([self.files_text, self.save_action_text, self.GEOMS_text, self.send_text, self.load_text, self.start_text, 
self.close_text]) 
           
    def scanning(self): 
        """Main routine that runs by default""" 
        self.now = dt.datetime.now()                                              # Current moment time 
        month_day = self.now.strftime('%m%d') 
         
        if self.running: 
            base_path = file_path                                                 # Folder path of files .dat data 
            if self.now.date() == self.old_day:                                   # If the day does NOT change 
             
            # Verify the existence of the folder and create a list of all files in the folder. If the folder does not exist, create an 
empty list 
                self.file_list = os.listdir(base_path) if os.path.exists(base_path) else [] 
                 
                # Extract from the folder those elements that start with 'month_day' and end with '.dat' 
                self.day_files = [f for f in self.file_list if f.startswith(month_day) and f.endswith('.dat')] 
                 
                # If 'day_files' is not empty 
                if self.day_files: 
                     
                    # Build the full file paths 
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                    self.file_paths = [os.path.join(base_path, f) for f in self.day_files] 
                     
                    self.df = self.read_file()                                        # Read files and create the DataFrame variable 
                    self.file_dates = list(sorted(set(self.df['Datetime'].dt.date)))  # Dates of the analysed days 
                    self.plot_in_gui()                                                # Make the plot 
                     
                    # Save the plot every half a hour and send it to the server 
                    if self.now.minute == 0 or self.now.minute == 30: 
                        self.save_action() 
                        self.send_action(send_type='PLOT_WEB') 
 
                # If there are no files in 'day_files' ---> print a message on the console 
                else: 
                    print('Files not found ... waiting ...') 
                 
            # If day changes ---> Create the GEOMS file 
            if self.now.date() > self.old_day: 
            # if self.now.hour > self.old_hour: 
                print('check new day') 
                
                month_day = self.old_day.strftime('%m%d') 
                self.file_list = os.listdir(base_path) if os.path.exists(base_path) else [] 
                 
                # Extract from the folder those elements that start with 'month_day' and end with '.dat' 
                self.day_files = [f for f in self.file_list if f.startswith(month_day) and f.endswith('.dat')] 
                if self.day_files: 
                     
                    # Build the full file paths 
                    self.file_paths = [os.path.join(base_path, f) for f in self.day_files] 
                 
                self.df = self.read_file() 
                 
                # Following 3 lines have been added to plot the entire day 
                self.plot_in_gui() 
                self.save_action() 
                self.send_action(send_type = 'PLOT_WEB') 
                self.create_GEOMS_file() 
                print('check new day geoms') 
                self.send_action(send_type='GEOMS_DB') 
                self.send_action(send_type='GEOMS_WEB') 
                print('check new day send') 
                 
                # First the send_action, then the move (otherwise send_action will not find the ASCII file in the appropriate folder) 
                self.send_action(send_type='ASCII_DB') 
                self.move() 
                print('check new day send ascii') 
             
            # Reassign the day and the hour 
            self.old_day = dt.datetime.now().date() 
            self.old_hour = dt.datetime.now().hour 
             
            # Update the UTC time and the last measurement time (see the functions below) 
            self.update_utc_time() 
            self.update_last_measurement_time() 
             
            # Reapeat the scanning function every delta_time seconds (10 seconds) 
            root.after(delta_time, self.scanning) 
     
    def update_utc_time(self): 
        """Clock to show the UTC time""" 
        now_utc = dt.datetime.now().strftime('%Y/%m/%d \n %H:%M:%S UTC')          # Current moment UTC time 
        self.utc_label.config(text = f"{now_utc}")                                # Write the UTC time on the clock label 
        root.after(1000, self.update_utc_time)                                    # Update the UTC time every second 
         
    def update_last_measurement_time(self): 
        """Updates the time of the last available measurement on the GUI""" 
         
        # Control if data have already been read and that DataFrame is not empty 
        if hasattr(self, 'df') and not self.df.empty: 
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            # Last measurement time 
            last_time = self.df['Datetime'].iloc[-1].strftime('%Y/%m/%d %H:%M:%S') 
             
            # New useful string for the user 
            self.last_measurement_text = f"Last measurement on {last_time} UTC." 
             
            # Write the proper strings 
            self.write_in_gui([self.files_text, self.update_text, self.last_measurement_text, self.stop_text]) 
 
    def read_file(self): 
        """Reads and merges the files""" 
        records = []                                                              # Empty list: it will contain the physics variables 
        self.names = ''                                                                # Empty string: it will be used to make a list of names of read files 
        bad_lines = []                                                            # Empty list: it will eventually contain lines that not satisfy the pattern 
 
        # For each filename in the list of filenames 
        for filename in self.file_paths: 
            self.names += os.path.basename(filename) + '  '                            # Add only the file name to the string (without path) 
            # print(f"Reading file: {os.path.basename(filename)}")                # Write the name of each file on the console 
            self.files_text = f"Reading files: {self.names}"                           # Write the name of each file on the GUI 
             
            # Open the selected files (mode read only) 
            with open(filename, 'r') as f: 
                for line in f:                                                    # Read the file line by line 
                    line = line.strip()                                           # Removes any whitespace or newlines at the beginning/end of the line 
                    try: 
                    # Recognize a specific pattern of data 
                        match = re.match(r'(\d+), (\d+), Rg= ([\-\d.]+) \[W/mq\], Std\(Rg\)= ([\d.]+), Temp= ([\d.]+) \[DegC\], 
Std\(Temp\)= ([\d.]+)', line) 
                     
                    # If the pattern is recognized ---> Extract the variables and save them as a dictionary in the list 'records' 
                        data, ora, rg, std_rg, temp, std_temp = match.groups() 
                        records.append({ 
                            'Data': data, 
                            'Ora': ora, 
                            'Rg': float(rg)*cal_fac,                              # Multiply by the calibration factor 
                            'Std_Rg': float(std_rg)*cal_fac,                      # Multiply by the calibration factor 
                            'Temp': float(temp), 
                            'Std_Temp': float(std_temp) 
                        }) 
                         
                    # If the pattern is NOT recognized ---> Add the respective line to the list    
                    except: 
                        # If there are non-compliant lines ---> Create the log file (path: C:\Piranometro\Python_prog) and write those 
lines in it 
                        bad_lines.append(f"{line}") 
                        bad_lines_filename = self.names.split('.')[0] 
                        with open(f"bad_lines_{bad_lines_filename}.txt", "w") as log: 
                            log.write("\n".join(bad_lines))    
         
        # Creation of a Pandas DataFrame starting from the dictionary list 'records' 
        df = pd.DataFrame(records) 
         
        # Time conversion to the datetime format 
        df['Datetime'] = pd.to_datetime(df['Data'] + df['Ora'], format='%y%m%d%H%M%S') 
         
        # Sort the DataFrame chronologically by the 'Datetime' column 
        df = df.sort_values('Datetime') 
         
        # Check on the last file row: if last file's date belongs to a different day ---> Reject it 
        if not df.empty: 
            first_day = df['Datetime'].iloc[0]#.normalize()                        # The date of the first row 
            last_day = df['Datetime'].iloc[-1]#.normalize()                        # The date of the last row 
            if last_day > first_day: 
                df = df.iloc[:-1] 
                 
        return df 
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    def are_dates_consecutive(self, dates): 
        """Check if a list of dates consists of consecutive days (used for the plots) 
        dates: a list of datetime.date objects or similar"""         
        sorted_dates = sorted(dates)                                              # Sort the dates chronologically 
         
        # Check if, for each couple of days (i, i +1) in 'sorted_dates', the difference in days is equal to 1 (check if all dates are 
consecutive) 
        return all((sorted_dates[i+1] - sorted_dates[i]).days == 1 for i in range(len(sorted_dates) - 1)) 
 
    def plot_in_gui(self): 
        """Makes the plot in the GUI window""" 
        self.fig.clear()                                                          # Clean the plot, while maintaining the canvas 
        ax1 = self.fig.add_subplot(111)                                           # Add the subplot 
         
        # Time limits for single day plots 
        plot_date = self.df['Datetime'].dt.date.min() 
        start_of_day = self.df['Datetime'].dt.floor('D').min() 
        end_of_day = start_of_day + pd.Timedelta(days = 1) 
         
        # Time limits for multiple days plots 
        start_time = self.df['Datetime'].min().floor('D') 
        end_time = self.df['Datetime'].max().floor('D') + pd.Timedelta(days = 1) 
 
        # Irradiance (Rg) and Irradiance Standard Deviation (Std_Rg) 
        line1, = ax1.plot(self.df['Datetime'], self.df['Rg'], color='tab:blue', marker='.', markersize=3, linewidth=0, 
label='Irradiance') 
        line2, = ax1.plot(self.df['Datetime'], self.df['Std_Rg'], color='tab:red', marker='.', markersize=3, linewidth=0, 
label='Irradiance STD') 
        ax1.set_xlabel('Time [UTC]', size=14) 
        ax1.set_ylabel(r'$[Wm^{-2}]$', color='tab:blue', size=14) 
        ax1.tick_params(axis='y', labelcolor='tab:blue') 
        ax1.set_ylim(0, 1200) 
        y_ticks1 = np.arange(0, 1201, 200) 
        ax1.set_yticks(y_ticks1) 
        ax1.xaxis.set_major_formatter(mdates.DateFormatter('%H'))                 # Can be changed to '%H:%M' 
        ax1.grid(True) 
 
        # Sensor Temperature (Temp) 
        ax2 = ax1.twinx()                                                         # Instantiate a second axis that shares the same x - axis 
        line3, = ax2.plot(self.df['Datetime'], self.df['Temp'], color='tab:orange', label='Sensor Temperature') 
        ax2.set_ylabel(r'$[°C]$', color='tab:orange', size=14) 
        ax2.tick_params(axis='y', labelcolor='tab:orange') 
        ax2.set_ylim(0, 36)                                                       # Upper limit can be 24, 30, 36 or 42 
        y_ticks2 = np.linspace(0, 36, len(y_ticks1))                              # Upper limit can be 24, 30, 36 or 42 
        ax2.set_yticks(y_ticks2) 
         
        # Legend 
        lines = [line1, line2, line3]                                             # List of Line2D objects (the lines already drawn in the plot) 
        labels = [line.get_label() for line in lines]                             # Extract the label associated with each line and make a list of 
labels 
        ax1.legend(lines, labels, loc = 'upper right', fontsize = 6)              # Create the legend 
         
        # If there are more days for a single plot 
        if len(self.file_dates) != 1: 
             
            # Select all days from the DataFrame 
            unique_days = self.df['Datetime'].dt.floor('D').unique() 
             
            # If those days are consecutive 
            if self.are_dates_consecutive(unique_days): 
                 
                # Different time limits and title 
                ax1.set_xlim(start_time, end_time) 
                self.fig.suptitle('APL Pyranometer Irradiance', size = 14) 
                 
                # Move further down the time label (labelpad) 
                ax1.set_xlabel('Time [UTC]', size=14, labelpad = 20) 
                 
                # For each day, write the date label (YYYY/MM/DD) below the 12:00 UTC time label 
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                for day in unique_days: 
                    label_time = day + pd.Timedelta(hours = 12) 
                    ax1.text(label_time, -200, day.strftime('%Y/%m/%d'), ha='center', va='bottom', fontsize = 9) 
                     
            # If those days are NOT consecutive 
            else: 
                 
                # Clean the plot, while maintaining the canvas 
                self.fig.clear() 
                 
                # Number of selected (NON consecutive) days 
                n_days = len(unique_days) 
                 
                # Number of (fixed) rows and (variable) columns 
                n_rows = 2 
                n_cols = math.ceil(n_days / n_rows) 
                 
                '''Determine which plot is the last in each row and each column. Organize the plots in a grid with n_rows and 
n_cols. 
                   Each plot occupies one cell in this grid. 
                   The following lines allow you to determine which plot is the rightmost in a row or the lowest in a column. 
                   This is useful for deciding where to place labels or axes.''' 
                 
                # Empty dictionaries that will store the subplot index (i) found at the end of each row and column. 
                last_in_row = {} 
                last_in_col = {} 
                 
                # Iterate on all (NOT consecutive) days 
                for i in range(n_days): 
                    row = i // n_cols                                             # Determine in which row the plot i is located 
                    col = i % n_cols                                              # Determine in which column the plot i is located 
                     
                    '''Stores the last plot found in that row and in that column. 
                       It overwrites each time, so last_in_row[row] will ultimately contain the index of the rightmost subplot in that 
row. 
                       The same logic applies to last_in_col.''' 
                    last_in_row[row] = i 
                    last_in_col[col] = i 
 
                # Iterate over all (NON consecutive) days and returns the current index (idx) and the date (day) 
                for idx, day in enumerate(unique_days): 
                    row = idx // n_cols                                           # In which row to place the plot 
                    col = idx % n_cols                                            # In which column to place the plot 
                     
                    # The subplot will take the index position (idx + 1) on a grid with n_rows rows and n_cols columns. 
                    # Index starts at 1 in the upper left corner and increases to the right. 
                    ax1 = self.fig.add_subplot(n_rows, n_cols, idx + 1) 
 
                    day_data = self.df[self.df['Datetime'].dt.floor('D') == day]  # Current day date 
                     
                    # Irradiance (Rg) and Irradiance Standard Deviation (Std_Rg) 
                    line1, = ax1.plot(day_data['Datetime'], day_data['Rg'], '.', color='tab:blue', markersize=3, label='Irradiance') 
                    line2, = ax1.plot(day_data['Datetime'], day_data['Std_Rg'], '.', color='tab:red', markersize=3, label='Irradiance 
STD') 
                    ax1.set_xlim(day, day + pd.Timedelta(days=1)) 
                    ax1.set_ylim(0, 1200) 
                    y_ticks1 = np.arange(0, 1201, 400) 
                    ax1.set_yticks(y_ticks1) 
                    ax1.tick_params(axis='y', labelcolor='tab:blue') 
                    ax1.xaxis.set_major_formatter(mdates.DateFormatter('%H')) 
                    ax1.grid(True) 
 
                    ax2 = ax1.twinx() 
                    line3, = ax2.plot(day_data['Datetime'], day_data['Temp'], color='tab:orange', label='Sensor Temperature') 
                    ax2.tick_params(axis='y', labelcolor='tab:orange') 
                    ax2.set_ylim(0, 36) 
                    y_ticks2 = np.linspace(0, 36, len(y_ticks1)) 
                    ax2.set_yticks(y_ticks2) 
                    ax1.set_title(day.strftime('%Y/%m/%d'), fontsize = 10)          # Subplot title, i.e. the title is the date 
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                    # Only the last row shows the x - label Time [UTC] 
                    if idx == last_in_col[col]: 
                        ax1.set_xlabel('Time [UTC]') 
                         
                    # Only the first column shows the y - label [Wm^{-2}] 
                    if col == 0: 
                        ax1.set_ylabel(r'$[Wm^{-2}]$', color='tab:blue', size = 10) 
                     
                    # Only the last column shows the y - label [°C] 
                    if idx == last_in_row[row]: 
                        ax2.set_ylabel(r'$[°C]$', color='tab:orange', size = 10) 
                     
                    # Legend 
                    lines = [line1, line2, line3] 
                    labels = [line.get_label() for line in lines] 
                    ax1.legend(lines, labels, loc='upper right', fontsize = 5) 
                     
                # Different title 
                self.fig.suptitle('APL Pyranometer Irradiance', size = 14)   
                 
        # If there is only one day for a single plot     
        else: 
            # Standard time limits and title 
            ax1.set_xlim(start_of_day, end_of_day) 
            self.fig.suptitle(f'APL Pyranometer Irradiance - {plot_date.strftime("%Y/%m/%d")}', size = 14) 
         
        # Layout 
        self.fig.tight_layout() 
         
        # Redraw the plot in the canvas 
        self.canvas.draw() 
 
    def create_GEOMS_file(self): 
        """Converts the ASCII files in GEOMS files (one per day)""" 
         
        # Check data is available 
        if not hasattr(self, 'df') or self.df is None or self.df.empty: 
            messagebox.showerror("Error", "No available data for conversion.") 
            return 
         
        # Divide the DataFrame per day in order to create one specific file GEOMS per day 
        self.df['Date'] = self.df['Datetime'].dt.date                             # New column in the DataFrame with only the date 
        grouped = self.df.groupby('Date')                                         # Group the DataFrame by the 'Date' column (create a group 
of lines for each day) 
         
        self.saved_GEOMS_files = []                                               # Create a list where to store the file paths 
 
        # For each day in the group of selected (self.day is the current day, self.day_df is the sub-DataFrame containing only 
data for that day) 
        for self.day, self.day_df in grouped: 
             
           # Create a dictionary with the current day's data in a format compatible with GEOMS data structure 
            self.Measurements = { 
                "datenum": self.day_df['Datetime'], 
                "Irr": self.day_df['Rg'], 
                "devIrr": self.day_df['Std_Rg'], 
                "T": self.day_df['Temp'] 
                } 
             
            #___________________Read input files 
            #__Info file 
            r=BQ_nc.Read_excel_info_GEOMS_instrument(info,sheet_name) 
             
            #_______Assign inputs read in INFO Instrument sheet, to the attributes or variable at which they refer 
            ALTITUDE=r[5][0] 
            LATITUDE=r[5][2] 
            LONGITUDE=r[5][1] 
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            #_______Assign input read in the DATA file to the attributes at which they refer 
            ind=r[1].index('DATA_DESCRIPTION')             
            ind=r[1].index('DATA_VARIABLES') 
            dv="" 
            for i in range(0,len(r[4][:])): 
                print (r[4][i][0]) 
                dv=dv+str(r[4][i][0]).replace(' ','')+';' 
            r[2][ind]=dv[0:-1]   
             
            r[2][r[1].index('DATA_START_DATE')] = self.Measurements["datenum"].iloc[0].strftime('%Y%m%dT%H%M%SZ') 
            r[2][r[1].index('DATA_STOP_DATE')] = self.Measurements["datenum"].iloc[-1].strftime('%Y%m%dT%H%M%SZ') 
 
            ind=r[1].index('DATA_FILE_VERSION') 
            r[2][ind]=DATA_FILE_VERSION 
             
            ind=r[1].index('DATA_MODIFICATIONS') 
            r[2][ind]=DATA_MODIFICATIONS 
             
            ind=r[1].index('DATA_CAVEATS') 
            r[2][ind]=DATA_CAVEATS 
             
            r[4][4][2] = CALIBRATION_note 
            r[4][5][2] = CALIBRATION_note 
             
            #_____FILE_GENERATION_DATE 
            FILE_GENERATION_DATE=BQ_dt.dt.datetime.now().strftime('%Y%m%dT%H%M%SZ') 
            ind=r[1].index('FILE_GENERATION_DATE') 
            r[2][ind]=FILE_GENERATION_DATE 
             
            #______Output file name 
            self.GEOMSfilename=BQ_nc.Create_Name_file_GEOMS(r[2]) 
            ind=r[1].index('FILE_NAME') 
            r[2][ind]=self.GEOMSfilename 
             
            mjd2k=np.array(BQ_dt.date_to_MJD2K(self.Measurements["datenum"])) 
             
            Irr = np.array(self.Measurements["Irr"]) 
            Irr_std = np.array(self.Measurements["devIrr"]) 
            T = np.array(self.Measurements["T"]) 
             
            # Add the uncertainties components 
            random_unc = Irr_std / np.sqrt(16)                                    # 16 samples during the integration_time 
            rel_sys_unc = CALIBRATION_UNCERTAINTY/CALIBRATION 
            system_unc = abs(Irr *rel_sys_unc) 
            combined_unc = np.sqrt(random_unc**2 + system_unc**2) 
             
            #______Matrix value for NCDF 
            data_nc=[mjd2k, ALTITUDE,LATITUDE,LONGITUDE,CALIBRATION, CALIBRATION_UNCERTAINTY,\ 
                     Irr, system_unc, random_unc, combined_unc, T, integration_time] 
                  
            #_________NETCDF GEOMS format file 
            outfile=BQ_ut.Create_path(GEOMSpath,self.GEOMSfilename)  
            #_____Create file 
            BQ_nc.Create_nc(outfile)  
            #Global attributes 
            BQ_nc.Global_attribute_GEOMS(outfile,r[1],r[2])  
            #_____Dimensions 
            BQ_nc.Var_Dimension(outfile,'DATETIME',len(data_nc[0])) 
            #_____Variables and values 
            BQ_nc.Def_Variable_GEOMS(outfile,r[3],r[4],data_nc,['DATETIME']) 
             
            self.saved_GEOMS_files.append(outfile)                                # Append all paths to the list above 
                 
        # New useful string for the user: join all saved filenames 
        self.GEOMS_path_text = "Files saved: \n" + "  \n".join(self.saved_GEOMS_files) 
        print(self.GEOMS_path_text) 
 
        # Write the proper strings 
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        self.write_in_gui([self.files_text, self.GEOMS_path_text, self.save_text, self.send_text, self.load_text, self.start_text, 
self.close_text]) 
         
        # Enable or disabled the desired buttons 
        self.btn_send.config(state = 'active') 
 
         
    def close_action(self): 
        """Ends the running and destroy the GUI""" 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'PLOT_WEB' has NOT been executed 
            if not getattr(self, 'PLOT_WEB_executed', False): 
                close = messagebox.askyesno("Warning", "You have not sent the plot to the BAQUNIN Website.\n\nAre you sure 
to quit?") 
                if not close: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'send_GEOMS_to_DB' has NOT been executed 
            if not getattr(self, 'GEOMS_DB_executed', False): 
                close = messagebox.askyesno("Warning", "You have not sent the GEOMS files to the BAQUNIN DB.\n\nAre you 
sure to quit?") 
                if not close: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Enter the loop only if 'send_GEOMS_to_WEB' has NOT been executed 
            if not getattr(self, 'GEOMS_WEB_executed', False): 
                close = messagebox.askyesno("Warning", "You have not sent the GEOMS files to the BAQUNIN Website.\n\nAre 
you sure to quit?") 
                if not close: 
                    return 
         
        # Enter the loop only if 'load_action' has been executed 
        if getattr(self, 'load_action_executed', False): 
             
            # Final folder of the ASCII files 
            proper_folder_path = file_path + '/' + self.old_day.strftime('%Y') 
 
            # Enter the loop only if there is at least one path of the selected files different from 'proper_folder_path' 
            if any(os.path.dirname(p) != proper_folder_path for p in self.file_paths): 
                 
                # Enter the loop only if 'move_ASCII' has NOT been executed 
                if not getattr(self, 'MOVE_ASCII_executed', False): 
                    close = messagebox.askyesno("Warning", "You have not moved the ASCII files to the proper folder. In this way, 
they will be overwritten (and so lost) the next year.\n\nAre you sure to quit?") 
                    if not close: 
                        return 
         
        print('CLOSE clicked') 
        root.destroy() 
 
    def move(self): 
        """Move the ascii file from the original path to the store folder""" 
         
        # Check if GEOMS files have been generated 
        if not hasattr(self, "saved_GEOMS_files") or not self.saved_GEOMS_files: 
            proceed = messagebox.askyesno("Warning", "If you move ASCII files to a different folder, GEOMS files cannot be 
generated anymore. \n\nAre you sure to continue?") 
             
            if not proceed:                                                       # If user clicks NO 
                return 
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        # Enter the loop only if 'ASCII_DB' has NOT been executed 
        if not getattr(self, 'ASCII_DB_executed', False): 
            proceed = messagebox.askyesno("Warning", "If you move ASCII files to a different folder, they can no longer be sent 
to BAQUNIN DB. \n\nAre you sure to continue?") 
             
            if not proceed:                                                       # If user clicks NO 
                return 
         
        dest=file_path+"/"+self.old_day.strftime("%Y")+"/" 
         
        if not os.path.isdir(dest): 
            os.mkdir(dest) 
             
        for el in self.file_paths: 
            # Commented move and inserted copy 
            print(el) 
            print(dest+os.path.basename(el)) 
            shmove(el, dest+os.path.basename(el)) 
            # shcopy(el, dest+os.path.basename(el)) 
            # sposto il file nella cartella yyyy 
           
        # Path of proper folder (equal to 'dest' without the final '/' ) 
        proper_folder_path = file_path + '/' + self.old_day.strftime('%Y') 
         
        # List containing the names of ASCII files 
        final_names = " ".join([f"{name}" for name in self.names.split()]) 
         
        # New useful string for the user 
        self.MOVE_ASCII_text = f"File ASCII moved to folder {proper_folder_path}: {final_names}." 
         
        # Write the proper strings 
        self.write_in_gui([self.files_text, self.MOVE_ASCII_text, self.save_text, self.GEOMS_text, self.send_text, 
self.start_text, self.load_text, self.close_text]) 
 
        # Flag to state that 'move' has been executed. This flag will be useful in start_action, load_action, close_action 
        self.MOVE_ASCII_executed = True 
 
# GUI 
root = tk.Tk() 
pyra = pyro_window(root) 
root.title("Pyranometer Viewer") 
#root.geometry('900x900')                                                         # Dimension of the GUI (optional) 
root.mainloop() 
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