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Abstract 
 
In the last decade, radon monitoring advanced with active techniques and a regional high-
frequency network. The Italian Radon mOnitoring Network (IRON) started in 2010, growing 
from 19 to 136 stations. To handle the increasing data, a MySQL database was implemented in 
2016, followed by advanced tools in 2019. This included a refined database, SQL procedures for 
automatic creation (preferring PostgreSQL), and MATLAB® procedures for data standardization. 
In this paper, the database’ structure and the procedures are described. 
 
 
Keywords   Relational database; Automatic procedures; IRON 

 

 
 
Introduction 
 
During the last decade the radon investigation and monitoring field has seen the emergence of 
active monitoring techniques and the implementation of the first regional scale high frequency 
monitoring network [Cannelli et al., 2018] [Toader et al., 2021]. Such infrastructures produce a 
large amount of data (with respect to previous same-discipline approaches) requiring new specific 
storage and post processing facilities. IRON (Italian Radon mOnitoring Network) is a network of 
permanent stations continuously collecting real-time radon soil emanation data. It has been 
conceived as the first Italian national scale infrastructure for systematic radon monitoring. The 
network implementation started in 2010 and, since then, it has continuously and significantly 
grown both in terms of instrument number and data volume availability. To get an idea about the 
increasing rate, it is worth considering that in 2017 the recording stations were 19 against the 
136 of today and the single radon measurements have increased well above order 106 heading 
towards 107. 
In order to guarantee data collection usage in terms of data retrieving, in 2016 a MySQL 
relational database was implemented [Cannelli, 2017] but, due to the mentioned increasing rate, 
more advanced tools in terms of data storage capability and automatic procedure 
implementation were needed. In 2019 we started the implementation of a set of procedures 
designed to build, populate, and update a relational database. 
More specifically, the implemented work includes: 

A new relational database, refined in terms of architecture and capable of handling 1. 
additional information and significant larger data amount. 
The implementation of SQL procedures for the automatic creation of the database from 2. 
scratch, with a preference for PostgreSQL over MySQL. 
The implementation of MATLAB® procedures to populate the created tables starting from 3. 
the raw data (as produced by instruments without any modification). 
The implementation of MATLAB® procedures to standardize data and make it uniform, 4. 
such as aligning instruments that measure radon counts and others that measure 
concentrations. The procedures have been designed to store only concentration data: 
radon counts data are converted to radon concentrations. 

 
In the next sections we will recall a general description of the relational database structure and 
a quick overview of the implemented procedures.  
While 3-4 are basically new implementations of (important) potentialities, 2 implies a change in 
the already adopted relational database management system (RDBMS). MySQL and PostgreSQL 
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are both widely used in a variety of applications, from small websites to large enterprise systems. 
However, there are some important differences between the two systems. MySQL is a purely 
relational database, while PostgreSQL is an object-relational database. This means that 
PostgreSQL offers more sophisticated data types and overall database features. On the flip side, 
it also makes it more complex to work with PostgreSQL. MySQL is generally known to be faster 
with read-only commands at the cost of concurrency, while PostgreSQL works better with read-
write operations, massive datasets, and complicated queries. Finally, MySQL is licensed under 
the GPLv2, while PostgreSQL is licensed under the PostgreSQL License which is more permissive  
[Drake et al., 2002] [Stones et al., 2006] [Truskowski et al., 2020]. 

 

1. PostgreSQL Database Architecture Description 
 
The database structure, shown in Figure 1, is not significantly different from the one described 
in [Cannelli, 2017], so we will refer to that article for the general table explanation and we will 
focus on the additional tables and fields. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
With respect to Figure 1, the green tables contain the data (radon data and meteorological 
values), the yellow tables provide a description of the IRON network and its history in terms of 
instrumentation and stations, the blue table presents data used for the processing of radon data, 
and the pink tables encompass all supporting tables to ensure that the database is a well-
structured relational database. 
 
 
2. Tables Description  
 
As in 2017’s version, the database core table is tbl_stations. The table’s fields are shown in 
Figure 2. As mentioned in the previous section, for this and the already existing tables, we will 
not describe all fields, but we will refer to [Cannelli, 2017].  

Figure 1  The new IRON database structure.
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In the new database it has been added just one new column to this table, which is 

IsExperimental: Over the years, certain indoor stations have been set up. We have •
chosen to classify these stations as “experimental” due to their high reliance on human 
activities within the building and because they are more designed to investigate the 
anthropic effect on radon data than the general purposes of the IRON database. This 
field indicates whether a station falls under this classification or not. 

 
The list of the different installation typologies for stations and the list of the networks are 
stored respectively in tbl_typeinstallation (Figure 3) and tbl_network (Figure 4). These two 
tables have not been modified since [Cannelli, 2017], so following we will only list their fields 
for the sake of completeness. 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
As detailed in [Cannelli, 2017], every station is equipped with a radon concentration (or counts) 
recording instrument, and in certain instances, it may also include meteorological parameter 
measurements. The installation of a new instrument is occasionally associated with a 
particular research project. For example, a study might be concentrated on a specific region 
of Italy, requiring additional radon concentration data from that area. Hence, to be thorough, 
we have decided to add a new table, called tbl_afferentproject (Figure 5), to store the roster 
of projects. 

9

Figure 2  tbl_stations.

Figure 3  tbl_typeinstallation.

Figure 4  tbl_network.



 
 
 
 
 
 

 
 

ID: it is the unique identifier (primary key) for each afferent project, automatically assigned. •
DateIns: as in all the other tables, it is the date in which the row is inserted into the table. •
It is automatically initialized to the current date and time. As new data inserted are never 
updated, the name of this field as been preferred to the usual “DateUpdate”. 
AffProj: it is an acronym identifying the project. The information about which project •
an instrument is part of is stored in the field ID_Proj of tbl_instruments (Figure 6). A row 
of this table univocally describes an instrument of IRON. With respect to the 
instruments’ table described by Cannelli, now tbl_instruments records two new pieces 
of information. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ID_Proj: it is a foreign key that refers to the primary key ID of tbl_afferentproject and •
specifies the type of research project. As each instrument insert is performed at 
procedural level, in order to avoid project reference missing we have set this field as “not 
nullable”. For all instruments not linked with any project, we insert the connection to the 
row “IND” (indeterminate) of tbl_afferentproject.  
Last_Visit: data downloading can be performed in two ways: physically, by visiting the •

station where the instrument is installed, or remotely, by connecting to a website. It 
became evident that a data download does not always entail a physical mission, which is 
a visit to the installation site. To account for this distinction, we decided to introduce a 
field to record the date of the last mission conducted. Furthermore, there are instances 
when a site visit is solely for maintenance purposes. As a result, when a mission also 
involves data downloading, Last_Visit corresponds to the Last_Download field described 
in [Cannelli, 2017]; otherwise, they capture two separate dates. 

 
All recorded data, including radon concentration values and meteorological parameter values, 
are stored in tbl_rncounts (Figure 9) and tbl_meteovalues (Figure 10), respectively. These data 
originate from different sources. Some of the installed instruments are online, capable of not 

1
0

Figure 5  tbl_afferentproject.

Figure 6  tbl_instruments.
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only acquiring data but also transmitting it in real-time to the instrument producer's website, 
where radon and meteorological parameter data are stored. Even if theoretically website data 
should be identical to the instrument one, there are occasional issues related to the instruments' 
clocks, causing some data to lack the correct time reference. The online data, on the other hand, 
undergo correction during their publication through cross-checking with the server's time, 
ensuring their accuracy. To address this, we have implemented a procedure for verifying the date 
and time of instrument-downloaded data and, when necessary, automatically correcting them 
using the data from the website. Unfortunately, data publication is not continuous, and not all 
stored data is sent to the website. Therefore, we cannot solely rely on website data; instead, we 
need to merge data from both sources. As a result of this merging need, some data can be 
duplicated in the database. For this reason, have added a new table, tbl_sources, where the 
information about the sources is stored. 

 
 
 
 
 
 
 

 
ID: it is the unique identifier (primary key) for each source, automatically assigned. •
Description: it displays the list of all the sources, distinguishing those from the website •
based on the different producers. 

 
The database population is carried out at a procedural level, automating the reading of raw files, 
as they are downloaded from the instruments or online, and processing them to correct and 
standardize the data. Naturally, this has required numerous technical tests on the code and 
output to ensure the quality of the data ultimately stored in the database, especially during the 
development step. For this reason, we found it appropriate and convenient to also save the 
names of the raw files that the procedure actually reads, so that we can trace each piece of data 
back to its source.  
 

 
 
 
 
 
 

 
 
In tbl_filesource we have saved the raw files’ relative paths, divided in File_Folder and File_Name, 
with respect to the paths in our repository. 

ID: it is the unique identifier (primary key) for each source, automatically assigned. •
File_Name: it is the name of the raw file as saved in the repository. Its name is designed to •
be parsed when the procedures run to provide the necessary information for inputting 
data into the file in a format agreed upon with the research group. An illustrative example 
of a data file is titled “tool__AER__ISAR__AERC-102151-C__AERC-102151-C-T-
H__20231025.csv.” Here, the term “tool” aligns with the Description value found in the 
tbl_source table. While “AER” denotes the instrument type (not explicitly stored in the 
database, yet crucial for the correct file reading format), “ISAR” refers to the station 
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Figure 7  tbl_sources.

Figure 8  tbl_filesource.



(equivalent to the Code_Staz field in tbl_station). The segments “AERC-102151-C” and 
“AERC-102151-C-T-H” correspond to entries within the Code_Instr field of tbl_instrument, 
representing the instruments utilized for radon measurement and meteorological data, 
respectively. The “20231025” component indicates the deployment date of the instrument 
data, formatted as yyyymmdd. Notably, the parsing of this file, executed by the designated 
procedures, seamlessly facilitates data insertion into tbl_rncounts and tbl_meteovalues, 
complete with all the requisite relational ID fields. 
File_Folder: it is the name of the path of our repository where the relative raw file is saved.  •

 
The information regarding the source and specific file within the repository from which a 
recorded data originated is stored in ID_Sources and ID_filesource fields of the abovementioned 
tables tbl_rncounts and tbl_meteovalues, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In both tables: 

ID_Source: it is a foreign key that refers to the primary key ID of tbl_sources and specifies •
where the data has been downloaded from. 
ID_filesource: it is a foreign key that refers to the primary key ID of tbl_filesource and •

specifies the raw file where the data has been taken from. 
 
An important point to emphasize regarding tbl_rncounts is that, in comparison to the previous 
database, the field RnCounts now exclusively contains radon concentration data. Some 
instruments measure counts while others measure concentrations. The procedure manages 
these differences and automatically converts counts into concentrations. 

1
2

Figure 9  tbl_rncounts.

Figure 10  tbl_meteovalues.
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The field ID_TypeParam in tbl_meteovalues is the foreign key that refers to the primary key of 
tbl_typeparameter, a table which has not been modified since [Cannelli, 2017] that contains the 
list of meteorological parameters. 
 

 
 
 
 
 
 
 

 
One of the most significant changes in the database structure involves the introduction of new 
tables designed to accommodate calibration parameters and calibrated data. Instruments that 
record radon emission data are highly sensitive to specific climatic conditions that can potentially 
compromise the acquisition of accurate data. In particular, the recorded radon data are 
influenced by the humidity levels registered by the same instrument. Therefore, in order to obtain 
more accurate data, it is necessary to make corrections based on humidity levels. The most 
suitable correction model for each instrument is not universal; it depends on the specific 
instrument and is also influenced by a critical humidity threshold, before and after which the 
correction model may vary. Typically, before an instrument is deployed at a new IRON station, it 
undergoes calibration in a laboratory setting. This calibration process involves determining the 
critical humidity threshold. For data corresponding to humidity levels above or below this critical 
threshold, the most appropriate correction models, along with their associated coefficients, are 
established [Galli et al., 2019]. As the effort required for the calibration process is very time 
demanding and not all instruments have undergone calibration, we have devised a strategy to 
store both raw and corrected data in the database, using separate tables. In pursuit of more 
advanced data storage capabilities, in addition to the tables already in place as of 2017, we have 
opted to create a new table called tbl_calibrations to store the calibration data. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ID: it is the unique identifier (primary key) for each calibration data, automatically assigned. •
ID_Instr: it is a foreign key that refers to the primary key ID of tbl_instrumets and specifies •
the instrument the calibration data refers to. 

1
3

Figure 11  tbl_typeparameter.

Figure 12  tbl_calibrations.



Start_Date: it is the date from which that calibration holds true. It is possible for there to •
be two or more rows associated with the same ID_Instr, each having a different Start_Date. 
This indicates that the instrument has undergone calibration multiple times. The database 
population procedure is designed to effectively manage this scenario and determines which 
calibration should be applied based on the corresponding date when correcting data. 
Critical_Humidity: it is the critical value of the humidity before and after which the •
correction model changes. 
A1, B1: they are the coefficients of the correction model for data corresponding to •
humidity values smaller than the Critical_Humidity.  
sA1, sB1: they are the errors associated with the coefficients A1 and B1 respectively. •
sR1: it is the interpolation error of the first correction model. •
R1Square: it is the coefficient of determination (R2) associated with the interpolation of •
the first correction model. 
A2, B2, sA2, sB2, sR2, R2Square: they are analogous to the previous fields, but they refer •
to the correction model for data corresponding to humidity values greater than the 
Critical_Humidity. 

 
The radon data corrected by the calibration procedure are stored in tbl_rncounts_corrected, 
whose fields are the same as tbl_rncounts ones with the only difference of the records in 
RnCounts, that contains the corresponding calibrated data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
As previously highlighted, the most significant enhancement over the previous database lies in 
its transformation from a static repository to a dynamic system of generalised procedures, 
meticulously organised into distinct functions, responsible for:  

Establishing the database structure.  1. 
Automatically importing all data contained in the row files collected before 2020. 2. 
Automatically updating the database population as new data is acquired. 3. 

 
About the point 3, when a new data file is downloaded it is saved in a repository folder, and an 
update procedure is initiated to read the folder and insert the data. To avoid multiple updating 
process for the same file, we have introduced a new table, tbl_fileupdate, that records the names 
of the update files when they are read by the procedure and processed. 
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Figure 13  tbl_rncounts_corrected.

Figure 14  tbl_fileupdate.

R
A

P
P

O
R

T
I T

E
C

N
IC

I I
N

G
V

 n
.4

8
1



A New Structure for the IRON Database V. Vignoli and  A. Pignatelli  |  February 2024

ID: it is the unique identifier (primary key) for each file name, automatically assigned. •
DateIns: it is the date in which the row is inserted into the table. It is automatically •
initialised to the current date and time. As new data inserted are never updated, the name 
of this field has been preferred to the usual “DateUpdate”. 
FileName: it is the update files’ relative path in our repository. •

 
 
3. Conclusions 
 
The expansion of IRON in recent years has required a new approach to data storage. This 
paper outlines such an innovative approach including an improved database architecture and 
the implementation of automated procedures for database creation, population, and ensuring 
data consistency.  
Currently, the database is accessible only within the INGV internal network. Nevertheless, 
we are actively working towards making a portion or the entirety of the data available on a 
public website. 
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