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Purpose

Ionogram inversion by scanning in elevation with 2D  HF radar: 
Comparison at different frequencies

OTH Radar
Classic Radar : limited by the horizon

Over-the-horizon (OTH) Radar : uses the ionosphere to localize  
targets which may be hundred or even thousand of kilometres away

Onera’s NOSTRADAMUS OTH Radar :

Monostatic surface array of biconical antennas distributed over the 
arms of a three-branch star.

This structure allows 360 degrees coverage in azimuth and the 
control of the beam in elevation.

To obtain the total range (D, the real distance of the target) from the 
group path (P’), we need to know the ionospheric ch aracteristics
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A backscatter ionogram is the result of one elevation-scan 
backscatter sounding. 

An elevation backscatter sounding is obtained by scanning 
the radar beam in elevation for a fixed azimuth at one 
operating frequency . 

The delay of the clutter echo is measured for each 
angle of elevation (� ).

Determine the ionospheric characteristics from rada r backscatter
ionograms with an inversion technique [1-2]

The model of the ionosphere used for the 
inversion method is the Quasi-Parabolic 
Segment model (QPS) [3]. 

This model has been used because:

It models very well the lower layers of 
the ionosphere,
It allows a simple analytical solution 
for the propagation equations.

With this model, each ionosphere layer can 
be characterized with a QP segment by only 
three parameters :

Ionosphere’s model Inversion technique
The purpose is to recover the initial model parameters ( fc, hm, ym) of each ionosphere 
layer  from n points of the ionogram (where n is at least 3 and a priori unknown). 

Results
The technique has been validated at one operating frequency. In the figures below, the results at different operating frequencies are presented . 
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Low frequenciesLow frequencies High frequenciesHigh frequencies

The inversion technique can find the parameters of an equivalent ionosphere which reproduce the propag ation 
characteristics of the ionosphere accurately even i f not necessarily describing the ionosphere itself

At low frequencies, there are more data points than at high frequencies and they are more spaced in elevation. At high frequencies the data are concentrated at lo w elevation 
angles . The inversion results are compared to the forecasts of the same day and to the Ebre vertical ionosonde which is near to the ionosphere’s reflection point.

The backscatter ionogram obtained with the forecast don’t match with the data points. This can be explained by the calculation of the forecast method, giving a electron density profile, 
based on monthly means.

The inversion results are close to data points at all frequencies on the backscatter ionogram as the ionosonde. Nevertheless, the electron density profiles obtained by the 
inversion technique and the ionosonde are different. The reason is that the technique can find the parameters of an equivalent ionosphere which reproduce the propagation characteristics 
accurately even if not necessarily describing the ionosphere itself.

The QPS model consists of joined QP segments, where QP segments are used to describe 
each of the ionospheric layers and also the joining segments.
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Data :

n points on the 
backscatter ionogram
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QPS model :

To calculate P’(fc, hm, ym) at � 1, …, � n

To compute the a posteriori probability density [1]  :

Solution :

To identify the 
maximum value of 

sp by using an 
optimization 
algorithm [4]

fc hm ym

fc: critical frequency
hm: distance from the earth’s surface at which the electron density is maximum
ym: semi-thickness


