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ABSTRACT

A non-feedback adaptive equalizer based on Feher Equalizer (FE) is presented and its
performance is evaluated.
By artificially adding notch/notches to the corrupted spectrum resulted from selectively
faded LEO environments, an artificial symmetry is created and as a result the BER/BLER
is improved. The location and the depth of artificial additive notches are based on the
shape of the spectrum of the corrupted signal. By measuring the power in narrow bands
around certain frequencies the existence of notches around those frequencies are
predicted. Based on this information notches with proper depths are added to the main
spectrum which results in more symmetry in the spectrum. The selection process of
artificial notch/notches are based on the shape of the signal spectrum, which means that
this equalizer unlike most conventional equalizer does not need any feedback. The non-
feedback nature of this equalizer improves the adaptation time over that of alternative
equalizers
The results presented in this paper are based on both MatLab simulations and laboratory
hardware measurements.
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INTRODUCTION

Due to relatively small latency and lower power consumption [3] [4] [8] LEO satellites
are ideal for a number of different applications. These advantages have sharply risen the
popularity of the LEO satellites in recent years. There are already LEO based commercial
mobile communication systems like GlobalStar in service and there are many other
similar projects on the designing board..

There are also some issues associated with LEO satellites. Because of relatively smaller
distance and higher relative velocity to the ground stations the LEO satellite systems have
their own channel characteristics. These characteristics cause a number of problems like
selective fading and Doppler shifts. [3] [8] [9]. This paper present a relatively simple
non-feedback adaptive equalizer which can combat the selective fading associated with
the LEO channels The non-feedback means that the adaptation time is much faster
compare to some conventional equalizer with feedback.
In this paper first the principles of the equalizer explained and then the hardware
schematics is presented. Finally some actual measured results will be presented.

SELECTIVE FADING

Before describing the equalizer, lets look at the effect of the selective fading on the data
and the creation notch. In order to analyze the selective fading lets look at the dynamic
characteristics of a two path propagated signal. A received signal r(t) after going through
a two separate paths can be represented by [3] [7] [11] [12] [13]:
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The impulse response of the channel is:
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where cf  is a carrier frequency and )(trl  is the equivalent lowpass signal in the receiver.
By substitution of (II) into (III), the received signal is:
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The impulse response )(thl  of the equivalent low pass system for the band pass system in
(II) is given by
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where τπθ cf2= . It should be noted that the impulse response h(t) in the RF band is real-
valued and its equivalent impulse response )(thl  in baseband is complex-valued.

Using a number of impulse responses (representing different paths) h1 to hn where hn is
defined:
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Different bn and the delay τn and simulating different paths. The frequency response of
each path is calculated by using FFT function:
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The Data is calculated by using the VII transfer function Hn:
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By substituting VII in VIII we get:
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THE NON-FEEDBACK ADAPTIVE EQUALIZER

The following figure shows the schematics of the equalizer:

I) Control Circuit
II) Equalizer Rack
III) Decision Circuit

The control circuit detect the notches and the notch depts. Then this information is
forwarded to the decision circuit which decide the location of the artificially added
notches and their respective depts. The location of the artificial additive notches are
decided by the switching systems and the depth are adjusted by the adjustable attenuator
(attenuator cascaded by an amplifier) the signal. The modified and equalized signal is
then sent to the FQPSK demodulator [7] [11] [12] [13].
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Figure(1) Non-feedback adaptive equalization scheme

THE PRINCIPLES

The multipath propagation and selective fading environment causes notches on the
spectrum. Dependent on the location of the notch/notches different BER is obtained. One
way to improve the BER performance is by addition of notches on the right locations. [7]
[11] [12] [13]

Lets assume the multipath and selective fading has caused a single notch. There are three
possibilities and three solutions:

1) If the notch is on the left then we simply add an additional notch to the right side of
the spectrum

2) If the notch is in the center then we add two notches to both the left and the right side
of the spectrum

3) If the notch is on the right then we simply add an additional notch to the left side of
the spectrum

CONTROL CIRCUIT

The main task of the control circuit is to understand the existence of the notch and its
location. The control circuit detect the notch and its location by measuring the power in
narrow bands around certain frequencies at different locations.

The following figure shows an illustration of the notch and the power measured around
certain frequencies. The control circuit starts by measuring the signal power in a narrow
band around three different frequencies f1, fc and f2. One of the following possibilities
exist:

1) Measured power at f1 is lower by certain margin than the measured power around f2:
Interpreted as there is one notch on the left side of the spectrum

2) Measured power at fc is below the threshold: Interpreted as there is a notch in the



center of the spectrum
3) Measured power at f2 is lower by certain margin than the measured power around f1:

Interpreted as there is one notch on the right side of the spectrum
4) All measured power are below their thresholds:
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Figure(2) Spectrum with notch at different location

What was illustrated here was a one tap equalizer. This method can be leveraged to more
than just f1 and f2 to f(N/2-K) and f(N/2+K) where the N is the total number of the
frequency divisions.

CONTROL CIRCUIT SCHEMATICS

The following figure shows the schematics of the control circuit. The signal is passed
through a splitter for measuring the power at three different center frequencies. In order
to slice the spectrum to small bands around specific frequencies, a combination of a
mixer and a narrow band Butterworth filter is used. The output of from the Butterworth
low pass filter is passed through an envelope detector. The output voltage from the
envelope detector is directly proportional to the power level in the narrow band.

Now by analog digital conversion of the out put signal we will get a number that is
equivalent to the power around a specific frequency. This number is then send to the
decision circuit.
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Figure(3) Control circuit

EQUALIZER RACK

After the detection of the notch and its location the equalizer improve the BER/BLER by
addition of additive notches [7] [11] [12] [13]

1) If the notch is on the left then we simply add an additional notch to the right side
of the spectrum

2) If the notch is in the center then we add two notches to both the left and the right
side of the spectrum

3) If the notch is on the right then we simply add an additional notch to the left side
of the spectrum

So if we have a set of notch adders for both left or right or left and right, we can simply
add the proper notch by switching the signal through the right path [7] [11] [12] [13]
[15]. This set of additive notch creators and the switching mechanism is what I call the
Equalizer Rack. The following figure shows the schematics for the Equalizer Rack.

If we have more than one tap then the equalizer rack is going to add more notches to the
left or right. For more than two notches the left and right is presented by f(N/2-K) and
f(N/2+K) where the N is the total number of the frequency divisions.
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DECISION CIRCUIT

The switching system, in the equalizer rack is controlled by a circuit called Decision
Circuit. The decision circuit also gives an input signal for the adjustment of the attenuator
in the equalization rack which determine the notch depth.

A/D

Control Signal
(N/2-K)

A/D
Control Signal

(N/2+K)

Decision Circuit

A/D

Notch depth
Refrence Signal

(N/2-K)

A/D

Switching Control Signal

Notch depth
Refrence Signal

(N/2+K)

Figure(5) Decision circuit

PRELIMINARY HARDWARE RESULTS

To obtain this results a FQPSK modulated signal [1] [2] and a Haghdad dynamic LEO
satellite channel simulator (hardware) [3] were used.

The following figures show a modulated FQPSK signal before and after the Haghdad
simulator.



Figure(6) FQPSK signal before(left) and after (right) the channel

The following figures shows the Eye diagram without selecting fading, with selective
fading and after equalization. Please note that this result are preliminary results and only
obtained for one tap (one notch) and further study is required. As it is shown in the
equalized Eye diagram, the eye is more open which means a better BER performance.

Figure(7) Eye diagram after the channel with no selective fading

Figure(8) Eye diagram before (left) and after (right) the equalization



DYNAMIC SOFTWARE SIMULATION OF THE ADAPTIVE EQUALIZER

The MatLab simulation is based on the same principle as the hardware. The following
preliminary results were obtained using a FQPSK signal [1] [2] and the Haghdad
dynamic LEO satellite channel simulator [3].

Figure(9) FQPSK signal after Haghdad dynamic LEO satellite channel simulator

Figure(10) Eye diagram before (left) and after (right) the equalization

CONCLUSIONS

A Non-feedback adaptive equalizer for LEO satellite systems were presented. The
principles of this equalizer is based on adding notches to the spectrum in order to combat
the selective fading of the LEO satellite channel. The location and the depth of the added
notches were based on comparison of measured power around f(N/2-K) and f(N/2+K).
The principles and the schematics were in detail described.

An FQPSK modulated signal were distorted by a Haghdad LEO satellite channel
simulator and the distorted signals were equalized with a one tap non-feedback adaptive
equalizer. The tests were done both in hardware and software and preliminary results in
both hardware and software show improvements in the eye diagram and consequently
BER.
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