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ABSTRACT
Multipath interference continues to be the dominant cause of telemetry link outages in lowelevation angle reception scenarios. The most reliable and universally applicable solution to this
problem is in the form of equalization. Previous work in this area has considered the Constant
modulus algorithm (CMA) equalizer operating in a blind adaptive mode. To the extent that
knowledge of the multipath channel improves the performance of CMA and related equalizers
and permits the use of other equalization techniques, data aided equalizers are of interest.
Channel knowledge is obtained by comparing the received samples with the samples
corresponding to a known bit pattern (called a pilot block) periodically inserted in the telemetry
data stream. The main objective of this research is to evaluate the performance of a modified CMA
equalization algorithm, which has the property of automatically resolving the phase of the QPSK
modulated symbol, and to determine its suitability for use with SOQPSK-TG by taking into account
the capability of exploiting the presence of a periodically inserted pilot block. As an initial effort in
that direction, this paper provides simulation results of the error performance of the blind linear
combination of CMA and alphabet matched algorithm (AMA) equalizer as compared to that of
pilot assisted equalization with SOQPSK modulation over aeronautical channel.
Key Words: iNET, blind equalizers, pilot-aided equalizers, SOQPSK modulation, Aeronautical
Channels
INTRODUCTION
The INET project was launched by both Director of the Central Test and Evaluation Investment
Program (CTEIP) with the primary objective of advancing networking and telemetry technology.
The proposed system aims to increase and enhance data transfer and communication between
aircraft and ground stations and between the aircraft themselves over an aeronautical channel.
For data transmission in the presence of multipath, equalization is the process of reversing the
channel effects to recover the transmitted signal. Blind equalizers are preferable since they can
operate without the overhead of sending known training signals. But data packets structured
using the INET standard do contain fields with known data in the form of preamble and ASM
symbols. This paper considers how the known data in the INET packets can be used to aid and
improve the equalization process. In particular we investigate how a modified version of the

blind CMA equalizer can be applied to recover an SOQPSK modulated data block, which has
been transmitted over an aeronautical channel using the INET packet structure (including known
preamble and ASM symbols), and we consider possible methods for enhancing equalizer
performance by making use of the known data symbols in the INET data packets. The channel
models used in this work are a set of multipath FIR channels which represent examples of a real
aeronautical channel in steady state, as modeled by M. Rice [ref]. Doppler effects are also
included in our simulation models.
Preamble-Assisted Equalization (PAQ)
In this project Brigham Young University (BYU) is collaborating with Morgan State University,
Kansas University and the University of Texas, Dallas on the PAQ project, in an effort to develop
a real-time platform for testing the effectiveness of equalization algorithms for SOQPSK modulated
signals sent over telemetry radio links.
INET Packet Data Transmission
The aim of this effort is apply a blind modified CMA equalization technique in order to recover
data which has been transmitted over an aeronautical channel using Shaped offset quarature
phase shift keying (SOQPSK) modulated data symbols in an INET packet structure, as shown in
figure 1. The preamble consists of 64 known symbols, the ASM is 32 symbols in length and the
actual data is 3072 symbols. SOQPSK is a special type of QPSK with the addition of continuous
phase modulation (CPM) and constant envelope modulation. Thus a precoder is used to produce
an output stream consisting of {-1, 0, +1} from the binary input stream.

Figure 1: INET Packet structure
Signal transmission based on SOQPSK-TG requires the use of a pulse shaped filter, which is a
square root raised cosine filter thus it first requires upsampling of the data at the transmitter as
indicated in figure 2. The upsampling is done by inserting zeros between the actual data symbols
and this is then transmitted over the channel. In this work, initial testing is done by transmitting
INET structured data packets of QPSK modulated symbols, which have first been upsampled by
a factor of four then the pulse shaped filter is applied at the transmitter. A number of different
aeronautical channels have been modeled by a set of FIR filters, and at the receiver a blind
CMA+AMA equalizer is applied to recover the transmitted data. Since AMA is an equalizer
which minimizes a constellation matched error term, it is desirable that the received data
symbols which are fed into the equalizer are those corresponding to the original QPSK
modulated data - without the added zeros. So at the transmitter the received data is first
downsampled to remove those symbols which correspond to the transmitted zeros before it is put
through the blind equalizer. Note that this causes the perceived channel (which is equalized) to

be degraded and different from the actual channel, since the two operations of downsampling
and convolution by the filter are not commutative. But this does improve the speed of
convergence in the adaptation of the equalizer. Twelve channels (numbered 0 - 11) were tested,
and this approach was found to work well and produce zero symbol errors for six out of the
twelve channels. One major challenge has been to determine the correct sample set which
corresponds to the original data symbols for use in the equalizer, and also choice of the correct
downsampled set for input to the matched filter.

Figure 2: Flow Chart for Data Transmission
It is important to note that without the upsampling and addition of the pulse-shaped filter there is
a success rate of eight out of the twelve channels being properly equalized at 30 dB signal to
noise ratio (SNR). The relative difficulty of a subset of the different channels is indicated by the
error curves shown in the results section.

METHODOLOGY
Blind CMA+AMA Equalization
The CMA+AMA cost function is used to specify a blind equalizer which is used the source
signal, s[n] . The generalized form of the cost function for our equalization scheme given by

J ( y)  J CMA ( y)  J AMA ( y)
(1)
where JCMA is the CMA cost function and JAMA is the AMA cost function given respectively by
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and c(i) are the known QPSK constellation points, for 1 ≤ i ≤ 4.

=0.5381 is the parameter used to control the width of the nulls around each constellation
point, and is chosen such that these nulls do not overlap. The notation E{.} denotes the expected
value taken over the block of transmitted data symbols. CMA is a well known and widely used
blind equalizer while the AMA allows the phase of the equalized signal to be resolved up to a
multiple of pi/2, and it requires good initialization which is provided here by CMA.
The surface of the combined cost function (1) to be minimized is shown in figure 3 below.

Figure 3: Contour Plot of CMA+AMA cost function for QPSK
The equalizer weight vector, w(n) is updated according to a gradient descent rule:

w(n  1)  w(n)   n  w J ( y)

(4)

where µn is a step-size,  = 0.4 and is chosen to ensure convergence of this update equation.
Details are provided in [1]. and the gradient of the combined cost function is given by

 w J ( y)   w J CMA ( y)   w J AMA ( y)
The gradients of the CMA and AMA cost functions are specified below:
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Note that superscripts: * and T representing the conjugate and transpose operations respectively.
RESULTS AND DISCUSSION
A. Blind Equalization – Data transmitted with no Pulse Shaping
Monte Carlo simulations were run to evaluate the relative difficulty of the different channels, and
test the performance of the blind equalizer on these channels with no upsampling or pulse
filtering added. A data block of 3072 symbols was transmitted over 1200 Monte Carlo runs, with
a maximum of 400 iterations for convergence. Performance was measured by determining the
number of symbols received in error (SER), and also by using a measure the quality of the
equalized composite channel in the mean square error (MSE).

Figure 4: Average SER vs. SNR

Figure 5: Average MSE vs. SNR

Figures 4 and 5 are plots of the average symbol error rate (SER) and average mean square error
(MSE) over varying SNR (dB) values. Note that channel 0 is the AWGN channel, so zero SER
was recorded at SNRs of 15 dB and above, and it provides a baseline best performance among
this set of channels.
The various symbol error rates for the set of twelve channels is provided in table I based on 1200
Monte Carlo simulation runs at 30 dB, and the corresponding SER and MSE values are plotted in
figures 6 (a) and (b). It is noted that eight out of these twelve channels gave zero symbol errors
for a data block containing 3072 symbols.
Table I
Channel #
No. of Taps
SER

0
1
0

1
9
4.637e-2

2
20
1.674e-2

3
24
0

4
19
0

5
3
0

6
4
0

7
5
9.022e-6

8
6
0

9
3
0

10
6
0

11
6
1.350e-4

(a)
(b)
Figure 6: (a) Symbol Error Rates and (b) Mean Square Errors for different channels
B. Blind Equalization – Data up-/down-sampled with pulse-shaped filtering
Monte Carlo simulations were run to test the effectiveness of the proposed blind equalization
method on the twelve channels, with the introduction of upsampling and pulse-shaped filtering at
the transmitter. The set of channels which gave zero errors based on our numbering scheme was
{0,3,5,6,8,9}. The results from the CMA+AMA equalizer are provided for channel 5.
Equalizer output
c) CMA Equalized outputs
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Figure 7: Equalizer output - (a) Calculated and (b) Actual

The equalized output is shown in figure 7(a) is based on the sampled input data only, and the
actual downsampled output of the equalizer is shown in figure 7(b).
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Figure 8: (a) Equalizer Convergence Curve and (b) Composite Channel
A plot of the composite equalized channel is shown in figure 8 and the convergence curve for the
equalizer. We note that the composite channel of figure 8(b) indicates that intersymbol
interference (ISI) has not been completely removed by equalization, as observed in figure 7 (b).

CONCLUSIONS
In this work we have provided a methodology for applying a blind modified CMA equalizer to
data which has been transmitted over an aeronautical channel using the INET data structure, with
a pulse shape filter based on SOQPSK modulation. Initial results for this blind equalization
scheme have shown the feasibility of using the CMA+AMA equalizer on this transmitted
structured data. The next step of our investigation is to analyze how the success rate of the blind
equalizer can be improved for our tested channels. We will investigate how the use of the known
data symbols of the preamble and ASM can be leveraged to achieve successful adaptive
equalization this given set of channels.
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