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Abstract

The ionospheric numerical ionogram dataset on the Digisonde Ionogram Database (DIDBase) hosted by the Global Ionospheric

Radio Observatory (GIRO) provides an important opportunity to study the bottomside ionospheric electron density profile. The

study presents the description of software developed for digisonde numerical dataset that can be obtained from DIDBase. The

developed DIDBase numerical data reader and cleaner named Digisonde Numeric Data (DINData) software can find missing

data periods in the dataset and resequencing the date and time stamp on the dataset. The DINData software also allows users

to apply settings to check the integrity of the scaled ionogram using the ionogram confidence score (CS) value. The DINData

application is written in the Python programming language. The graphical user interface (GUI) of the software was developed

using Kivy, a cross-platform Python GUI framework that is built on OpenGL. The Kivy framework allows the source code of

the application to be packaged into various operating systems. The software currently runs on the Windows operating system

and has a user-friendly graphical user interface to accept alphanumeric input entries.
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Abstract
The ionospheric numerical ionogram dataset on the Digisonde Ionogram
Database (DIDBase) hosted by the Global Ionospheric Radio Observatory
(GIRO) provides an important opportunity to study the bottomside iono-
spheric electron density profile. The study presents the description of software
developed for digisonde numerical dataset that can be obtained from DIDBase.
The developed DIDBase numerical data reader and cleaner named Digisonde
Numeric Data (DINData) software can find missing data periods in the dataset
and resequencing the date and time stamp on the dataset. The DINData
software also allows users to apply settings to check the integrity of the scaled
ionogram using the ionogram confidence score (CS) value. The DINData
application is written in the Python programming language. The graphical
user interface (GUI) of the software was developed using Kivy, a cross-platform
Python GUI framework that is built on OpenGL. The Kivy framework allows
the source code of the application to be packaged into various operating
systems. The software currently runs on the Windows operating system and
has a user-friendly graphical user interface to accept alphanumeric input
entries.

Keyword: Ionosphere, Ionosonde, Digisonde, GIRO, DIDBASE, GUI

1. Introduction
Close to a century now, the radio sounding observational procedure of Breit and
Tuve (1925) is still a relevant and important observational technique in today’s
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ionospheric physics study. An ionospheric sounder or ionosonde as typically
known is one of the oldest and widely used ionospheric remote sensing devices
which works by transmitting radio pulses vertically and measuring the time t
taken for the radio pulse to travel up to the ionosphere and return from it.
(Schunk and Nagy, 2009). The height of reflection of the radio pulses can be
calculated using the time delay, the electron density profile can be obtained
from the corresponding frequency. The ionospheric round-trip delay time, �𝑡 in
the absence of magnetic field and collisions as a function of frequency, f can be
expressed as

�𝑡(𝑓) = 2
𝑐 ∫𝑧(𝑓𝑝)

0
𝑑𝑧

√1− 𝜔2𝑝(𝑧)
𝜔2

(1)

The integration Eq. (1) is done from the location of the ionosonde transmitter
to the height of the reflection point, 𝑧 (𝑓𝑝). The symbols 𝑐, 𝜔𝑝 and 𝜔 indicates
the velocity of light, plasma frequency and the frequency of the propagating
radio signal. The altitude of reflection points and the corresponding frequen-
cies form what is known as the ionogram. This ionogram is the principle of a
complicated ionospheric record to interpret. One reason for this is due to the
propagating radio signal emanating from the ionosonde do not travel with the
speed of light rather with the group velocity. Also, the presence of a magnetic
field creates magnetic birefraction and velocities due to multiple values of the
refractive index. These, therefore, make the data extraction and interpretation
of ionogram traces a complicated routine. Over the years, the digisonde research
scientists and engineers at the University of Massachusetts Lowell, Center for
Atmospheric Research (UMLCAR) have contributed enormously in the discov-
ery and inventions of a series of technologies and mathematical equations that
can enhance scaling and inverting the ionogram. For instance, the “Automatic
Real-Time Ionogram Scaler with True Height” (ARTIST) software (Reinisch et
al., 2005, Reinisch and Huang, 1983) and the true height inversion program
NHPC (Huang and Reinisch, 1996, Huang and Reinisch, 2001) can invert vir-
tual height, h’(f) digitized traces from both digital or analogue ionogram. Each
ionospheric layer has an electron density, N(h) profile that is constructed in
terms of the Chebyshev polynomials fitting algorithm. Both the ARTIST and
NHPC have now been embedded in the SAO Explorer software (Khmyrov et al.,
2008). The SAO Explorer software is an interactive ionogram processing tool
for data visualization, interactive scaling, profile inversion and time-series data
formatting.

Using a central data repository, Galkin et al. (2006) reported the possibility
to manage both the Digisonde Ionogram Database (DIDBase) and the Drift
Database (DriftBase) databases and make them accessible over the internet
through SAO Explorer software. In recent times, the Global Ionospheric Radio
Observatory (GIRO, Reinisch and Galkin, 2011) has become an important and
essential virtual observatory for ionospheric studies. The GIRO portal comprises
of several components namely; the digisonde network of stations, the DIDBase,
DriftBase for plasma drift observational studies, travelling ionospheric distur-
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bance (TID) (Reinisch et al., 2018, Paznukhov et al., 2012), Global Assimilative
Modelling of Bottomside Ionospheric Timelines, GAMBIT (Galkin et al., 2015),
Ray-Tracing through Realistic Ionosphere Explorer, RayTRIX, (Galkin et al.,
2018) and a good numbers of UMLCAR developed software’s for ionospheric
studies (e.g., Galkin et al., 2008, Khmyrov et al., 2008, Kozlov and Paznukhov,
2008). According to Galkin et al. (2018), GIRO archives measurement and
ionospheric derived data in near real-time from more than sixty (60) ionosonde
across twenty-six (26) countries and are available online at http://giro.uml.edu.
The scaled numerical ionospheric characteristics data, which are the ionogram-
derived data are accessible on the FastChar section on GIRO on the web link
at https://giro.uml.edu/didbase/scaled.php. The numeric data provide easy ac-
cess to all the ionosondes data parameters on the DIDBase which are typically
downloaded as an ASCII file or CSV file. The numerical data also have a confi-
dence score value (CS, Galkin et al., 2013) for each data entry. The CS grades
the integrity of the data available for each period of observation. The timeseries
data representation of these numerical dataset follows the ISO-8601 date format
(Wolf and Wicksteed, 1998). This makes it easy to check for missing data peri-
ods and data ‘interval aberration’. Since, ionosondes typically sounds between 5
to 15 minutes, each dataset is expected within this interval timestamp, anything
short of this can be referred to as data timestamp-interval aberration. However,
there are few situations where the timestamp on the downloaded numerical
ionospheric dataset span beyond this interval. This perhaps might be due to
operational challenges caused by the equipment error, glitches or equipment re-
set/restart sequences. For the end-user of the dataset, the need for consistency
in the data interval is imperative for ionospheric research work. For this reason,
a Digisonde Numeric Data (DINData) software is developed to make necessary
data manipulations that involves, sequencing of the data date-time range inter-
val, filling up data gap and data CS selection. The selection of CS above 70%
have been reported in a few our previous studies on the variations in the iono-
spheric bottomside profile parameters (Bello et al., 2019b, Bello et al., 2017a,
Bello et al., 2017b, Bello et al., 2017c).

2. DINData: Description of the Software pro-
gram
The quarterly hourly ionospheric numerical characteristics data published on
GIRO can be downloaded and fed into the DINData software. The downloaded
numeric data stored as a text file contains the standard ionospheric profile pa-
rameters below the peak of the ionospheric F2 layer. These parameters are im-
portant for the description of the bottomside electron density of the ionosphere.
Table 1 gives the complete description of these datasets and their usual sym-
bol or abbreviations. The software is written in Python programming language
with Kivy framework (Phillips, 2014, Ulloa, 2013) used to develop the graphical
user interface (GUI). Kivy is a Python GUI framework and is an open-source

3



library for developing cross-platform software (Phillips, 2014, Ulloa, 2013).

The DINData program is structured into three sections, namely the user input
section, data cleaning algorithm and data output. The structure of the program
is an adaptation of SEAIONO (Bello et al., 2019a) software. The SEAIONO is a
software application developed at the Space Science Center (ANGKASA), Uni-
versiti Kebangsaan Malaysia for extracting numerical ionogram datasets from
the Frequency Modulated Continuous Wave (FMCW) ionosonde. The FMCW
ionosonde is a portable analogue type ionosonde in the South East Asia Low-
Latitude Ionospheric Network, SEALION (Nozaki, 2009). Although, the data
structure of the DIDBase and FMCW ionosondes are different, however, some
important logic in SEAIONO software are borrowed for this currently developed
software. The DINData program process flow is illustrated in Figure 1. The
first section handles user-inputted data. It comprises the text input fields for
accepting the filename (absolute full path) and date range (start and end date)
and CS values. The screenshot of the DINData GUI is shown in Figure 2. The
dateValidator and CSValidator methods are the first executed functions in the
software. The dateValidator method ensures that the values of the text fields
conform with the expected format. The method also initiates logic to check the
dates range differences, by ensuring the start dates precede the end date.

The CSValidator method checks users inputted CS score is within 0 to 100 as
expected. CS score closer to 100 indicates reliable scaled ionogram data. The
correct entered date values are then passed to the dateGenerator method. The
dateGenerator creates a sequence of date-time stamps using the user’s inputted
start and end date in the time interval of 15 minutes. The generated date
periods follow the ISO-8601 date format (Wolf and Wicksteed, 1998). These
dates are important for finding missing periods in the dataset. Before section
2 is activated, the filename supplied is verified. If the file exists, the ionogram-
NumReader method is invoked to read the numerical ionogram into a Pan-
das DataFrame. The Pandas is a foundational and important Python library
for data science (McKinney, 2011, McKinney and Team, 2015). The Pandas
DataFrame tabulates the data for easy data manipulations. Figure 3 shows an
excerpt of the numerical ionogram data for the Ilorin station in Kwara state,
Nigeria. Using the generated dates, another DataFrame is created. This newly
created DataFrame will be primed to have the completed and cleaned datasets.
The procedure to achieve this is by making use of the Pandas’ in-built merge
method for tables comparisons. Those periods of observations that are found
on the extracted DataFrame are included in the date generated Dataframe and
a NaN value returned for the rows in which there were no records. As can be
seen on the data sample shown in Figure 3, non-numeric columns (e.g., QD)
are drops and non-numeric values are replaced with NaN. This way, the whole
dataset gets cleaned and the missing days is well represented. The last stage of
section 2 is the implementation of the CS data filtration. Based on the user’s
specified CS value, a mask is created and used to select the data needed and the
portion not needed for the analysis is turned to a NaN value. For example, if a
user inputted a CS value of 70, this indicates data less than 70 will be returned
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as a NaN value on the table.

Section 3 handles the data saving routine of the software. The outputted file is
formatted into a comma-separated value (CSV) file and stored with a filename
as DINData with a timestamp concatenated to it.

3. Software Packaging and Installation
The various methods and functions mentioned in the previous sections are exe-
cuted using a graphical user interface (GUI) that allows for a ”point-and-click”
control of the built software program. The finished codebase is packaged as a
single installer file using PyInstaller. The PyInstaller is a Python library that
bundles a Python application and all its dependencies into a single package
(Cortesi, 2021). Using a single source code, the application can be packaged
into different operating systems. Owing to limited resources, the DINData has
been distributed in the form of a Windows operating system. The source code
will be available for packaging into other different operating systems.

4. Conclusion
In this study, the DINData application software task to read, clean and
format DIDBase ionospheric numerical ionogram dataset is presented and has
been packaged to run under the Windows operating system. The software
was developed using different Python libraries. The DINData source code
and the compiled exe file of the application is available for download on
https://github.com/bioyesaeed/dindata.git.The DINData software, on the
other hand, is not dependent on Python for its execution. The software’s
graphical user interface allows users to enter alphanumerical data, apply CS
data filtration and store the outputted data into a comma-separated value
(CSV) file.
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Figure Caption

Figure 1. DINData software program flow process.

Figure 2. Screenshot of the DINDATA software

Figure 3. Excerpt of the ionogram numerical characteristics data from DID-
Base
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