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Introduction
The fundamental aspects addressed in this project could contribute by being
able to provide necessary information needed for high frequency (HF, 3 to
30 MHz) communications where satellite, cellular telephone and official network
coverage are inadequate. If the frequency which will allow reliable
communication is known, it could assist in effectively making contact with
rescue operators and search parties over long distances, and at day or night [1].
This project utilizes the oblique energy characteristics of the HF signals from
ionosondes in South Africa to characterize the propagation paths these signals
took. The information obtained can then be used to possibly establish models
and guidelines which can be used to determine the best frequency band for
reliable communications. A system that receives HF signals transmitted by the
existing ionosondes was designed to characterize the oblique propagation of
the signals through the ionosphere.

Ionospheric Propagation
In HF communication, the ionosphere plays a very important role as the channel
medium. The key property of HF communication is that it does not require a line
of sight between the transmitter and receiver. This makes it useful for
broadcasting (e.g. BBC World Service), long-range communications (e.g. ship-toshore and military), and situations where other links do not exist (e.g. rural
areas and disaster relief). The maximum frequency of a HF signal which can be
reflected vertically from an ionospheric layer, better known as the critical
frequency, depends on the ionization density [2]. In the ionosphere the
refractive index – and therefore the wave velocity – changes until the critical
frequency is reached. If the HF frequency is above this critical frequency, the
wave is never reflected and penetrates the ionosphere and continues to
propagate into outer space [3]. In Figure 1, a basic propagation model of
oblique transmitted HF signals through the ionosphere is presented.

Figure 1. A simplified propagation model of oblique transmitted HF signals
through the ionosphere.

System Description
The HF channel-sounding receiver system can be used to provide characteristics
of the ionosphere using data recorded from remote ionosonde transmissions. In
Figure 2, the block diagram of the overall system implementation can be seen.
To test the concept of this project, a HackRF One software defined radio (SDR)
transmitter was used in addition to the current ionosondes (Lowell Digisondes
and a Compact Ionosonde at GEW Technologies). This was used to simulate the
transmissions from the remote ionosondes using complementary pulse code
pairs with binary phase-shift keying (BPSK) modulation. An HF shielded
magnetic loop antenna receives the oblique transmitted HF signals from the
remote ionosondes.

Figure 2. A block diagram of the overall system operation.
The reception is completed using an SDR (GRX-LAN) developed by GEW
Technologies, connected to an operator workstation. The receiver SDR is used
to perform hardware pre-processing operations on the received signal.
Software tools were then used to estimate the channel characteristics of the
received signal. Different characteristics of the reigning ionospheric propagation
conditions are derived by implementing a matched-filter operation on the
received data. A correlator is used to implement the matched-filter operation.
Known complementary code pairs, which are transmitted by the remote
ionosondes, are correlated with the received recorded data. The correlation
process produces a narrow peak if the transmissions are successfully recorded,
indicating that the signals are a match.
The time delay between the transmitted and received signals is then derived
using the time at which the peaks occurred. Using the time delay between
transmission and reception, the virtual height equation is implemented to
determine the height at which the specific frequency was reflected back to earth
[3]. In order to characterise the HF signal propagation path correctly, the full
frequency range of the transmission bandwidth can be analysed with this
system. The processed information is used to create a scatter plot (ionogram)
representation to display characteristics regarding the current ionospheric
conditions. The ionogram displays the height at which reflection of the
transmitted signal occurred at a specific frequency.

Conclusion
The concept of this project enables it to be used by various pulsed ionosondes
making it possible to implement low-cost receiver only stations to characterize
the ionosphere over a wider region than the area currently covered by South
Africa’s four ionosondes. If the transmission sequence of a certain ionsonde
transmitter is known, it can be entered into this system and a basic
representation of the current ionospheric conditions can be derived from a
generated ionogram.
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