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Abstract. For the complex recognition of signals in the aeronautical communication, the
recognition of the star-type MQAM signals is studied under the aeronautical channel. The different
scenarios of the aeronautical channel are analyzed and the reasonable channel model is established.
The high order cumulant recognition algorithm which applies to the aeronautical channel is
proposed, the invariant classification characteristics of modulation signals are constructed by this
algorithm, and this algorithm is improved by using the receive diversity technique. Simulation
results show that this algorithm significantly improves the correct recognition rate of the received
signals has the good anti-fading and anti-noise performance and meets the requirements of the
modulation recognition of MQAM signals under the aeronautical channel.

I ntroduction

The modulation recognition of communication signals is the process in which the modulation
type of signalsis correctly decided and some modulation parameters are estimated in the case of the
unknown modulation information or the given information. These methods are generally divided
into two categories: the first category is the maximum likelihood method based on hypothesis tests
while the second is the pattern recognition method based on feature extraction [1, 2].

The MQAM signal is an important modulation method and is widely used in modern digital
communication system; therefore the research of its recognition is of important significance. In
[3,4], the high order cumulant algorithm is used to recognize the MQAM signals. In addition, the
MIMO system pointed out a new direction for the modulation recognition researches [5]. [6] which
used cumulant characteristics of signalsto recognize MQAM signalsin the MIMO system.

The modulation recognition of signals is studied under aeronautical channel whose band is the
ultra-short wave band. The aeronautical channel is a specia class of time-varying channel with
different characteristics under different motion states of the aircraft. The following scenarios are
analyzed: taxi scenario, takeoff and arrival scenario and en-route scenarios [7]. Assuming that the
fading channel has been estimated and compensated, with receive diversity technique, the star-type
MQAM signals are recognized by using the high order cumulant algorithm.

Aeronautical Channel M odél

The different conditions of an aircraft lead to different channel scenarios during flight. These
scenarios are determined by the type of fade, the Doppler and delay power spectra. In general,
severa scenarios are as follows: en-route scenario, taxi scenario, takeoff and arrival scenario etc.
The channel of these scenarios consists of a LOS path and some scattered paths. Assuming that the
lowest angle and the highest angle of arrival of antenna beams are expressed by o« and

a,, respectively, the beamwidth [7] is defined ase, = ¢, — ¢, . The different beamwidths lead to the
different forms of the Doppler power spectrum [10]. The different directions of the LOS path result

in the different Doppler frequency shifts[7].
In summary, the channel model of the aircraft different statesis expressed as a Rice mode!.
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Where ae Risthe amplitude of the LOS path and f, _isthe Doppler frequency of the LOS path,
k denotesatimeindex, T isasampling period, b*e Risthe variance of scattered components,
N denotes the number of scattered path. The random numbersg, , f, andz, denote the random phase,
Doppler shift and random delay of the nth path respectively.

Recognition of MQAM signals based on HOC

A. Algorithm Derivation

Assuming that MQAM signals have been preprocessed, such as down-converting, intermediate
frequency filtering and carrier frequency synchronizing, etc. At the output of the receiver matched
filter the baseband signals can be written as

y(K) =/px(K) - h(k) + W(k), k=1,---,L. )
whereh(k) is shown in (1), since the h(k)value is the complex value, so expression (1) can be

smplified as h(k) =he" +ZN:hne"”’n , whereh, andy. (n=0,1,---,N) denote the amplitude and the
n=1

phase of different paths. x(k) denote the MQAM equivalent baseband signal sequence, which is a
zero-mean independent and identically distributed random variable, x(k) =vAe/*a,, ae'* are the
interesting symbol sequence of the received signal whose average power is normalized. a, and g, are
the amplitude and phase of the signal respectively [8]. Aisthe average power of the signal, w(k)is
the additive white complex Gaussian noise with zero mean and variances?, and x(k) andw(k) are

independent. L isthe length of the sampled data.
Referring the definition of the fourth-order cumulate [3], the cumulant values of the signal x(k)

are gotten and shown in Table 1.
Table 1 Fourth-order cumulants of star-type MQAM signals

Cx,42 C><,41 Cx,40
20AM _2A2 —2 A2l 26k —_2A2ei%
4Q0AM _A2 0 A2l
8QAM ~0.51A2 0 1.49A%)4%
16QAM _0.72A2 0 0
Then the invariant classification characteristic vector is constructed.
C C
Fx =[ fxl’ fxz] = | XY40| 1 | X"ul (3)
IC. 22l 1C, 4l

For the different star-type MQAM signals, the invariant classification characteristic vectors are
given by.

[11] 2QAM
o 4QAM
*1[2.92,0] 8QAM

[0,0] 16QAM

The fourth-order cumulant value of Gaussian noise is zero, and noise and signal are mutually
independent, the following expressions can be obtained according to the cumulant properties|[7].

Cy.z0 = cum[y(k), y(k), y(k), y(K)] = PZAZCX,mZ e

C,=cum[ y(K), ), YK, Y(K)' |= pPA°C, 3 e
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N
C,... =cum| y(k), y(k), y(k)', y(k)' | = p*A°C, , >"I: (4)
n=0
The classification characteristic vector is constructed again based on (3) and (4):
1Cyuol 1Cyul|_[ 1C,ul |cx41|}
F=|f,f,|=|l 22—, |=|n,—=—n,—"—|. 5
’ [yl yz] LCWI ICy,42|:| {”Cmgl *ICnr | ®)

where
: (6)
Next, we prove the classification characteristic vector is invariant for the aeronautical channel
parameters, namely to proveF, =F, .
This problem is proved based on the smplified aeronautical channel model. Let
r() = ihje“‘”" =hye' + ih:e“‘”" =hie +He", 1=0,24. (7)
n=0 n=1
In (7)H, andg represent the amplitude and the phase of the non-line-of-sight path respectively.
Leth, =max[h,,n=0,1---.N], and not consider the impact of the phase, thenhj > H,, sor(l) is obtain:
r()=kKe", 1=0,24. (8)
From (6) and (8),7,~n, ~1is obtained, therefore, F, =F,, which showsF,is invariant for the

aeronautical channel parameters, so it is used as the recognition characteristic of received signals.
The decision criterion of the star-type MQAM signals’ recognition isreferred in [8].
B. Receive Diversity Technique

N N
el | 4
2 e 13K

n=0

N N
461'2% / 4
2 et 13,

n=0

m= y 1, =

Diversity is an important technique, which can compensate the fading channel and improve the
quality of the received signal, so it is used to process the received signal. In order to recognize
star-type MQAM signals well, the channel is estimated and compensated, then, signals are received
by using the receive diversity technique.

For a multiple-input multiple-output (MIMO) system, assuming that there areM transmitting
antennas and N receiving antennas in the system. The received signals are given by [6]:

Y =JpXH +W . 9)
wherey =[y,,---,y, ]IS the(1x N )received signal vector, X =[x,%,,"--,%, ]IS the(1xM )transmitted
signal vector, and W =[w,w,,---,w,] IS the(1xN )vector corresponding to Gaussian noise with its
components obeying complex Gaussian distribution, H =[h,h,,---,h,]isthe(M xN) complex matrix
of the MIMO channel, h =[h,,h,,---,h, ] isthe(M x1)vector,i=12,--,N , p is the signal-to-noise ratio.
Scheme 1. whenM and N are one respectively, MIMO becomes a single-input single-output
(SISO) system, the received signals are given by:
y=+pxh+w. (10)
Under the ideal channel estimation, (10) can be transformed into (11)
X= h"y =X+ h'w .
Jeln ol
xisregarded asthefinal received signa y in(11), then ¥isrecognized.
Scheme 2: whenM =1andN =3 aretrue, (9) is processed to become (12) directly.
X =YH" (HH")" = X +WH" (HH")" (12)
TakeXx asthefinal received signal Y = X , thenY is recognized.

(11)

Simulation and Results Analysis
The parameter values of every aeronautical scenario are listed in Table 2 [9].
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Tab.2 Parameter values of every scenario
Taxi scenario Takeoff and Arrival En-Route(ground—air) | En-Route(air—air)

scenario scenario scenario
Aircraft velocity[m/s)] 15 150 440 620
Rice factor K 5 [ dB] 6.9 15 15 15

0.7 1 1 1
foe ! To,,, fector

Arrival angle, of beam 0 -90° 178.25° 178.25°
Exit angler,, of beam 360° 90° 181.75° 181.75°

In addition, let the carrier frequency be 200MHz, symbol period be2x10°s, the number of
scattered path be 20, then give 500 Monte Carlo experiments for every QAM signals independently.
Only list the simulation results figures of en-route (air—air) and en-route (ground—air) scenarios.

(1) Based on scheme 1, the ssimulation results of en-route (air—air) and en-route (ground-air)
scenarios are shown in Figure 1:

1 ﬂ«%—%ﬁ—e—g:g;@:%a—a—%l
=0 - :

Correct Recognition Rate (100%)
Correct Recognition Rate (100%)

—E— 16QAM
15 20 5

—5— 16QAM
15 20

SNR(dB) SNR(dB)
() en-route(ground—air) scenario modulation (b) en-route(air—air) scenario modulation
recognition performance curve recognition performance curve

Figure 1 the modulation recognition performance curve of MQAM signalsin aeronautical channel when N=1

Figure 1 and the simulation figures of taxi and takeoff and arrival scenarios show that the
recognition performance of en-route scenario is better than that of taxi and takeoff and arrival
scenarios. In addition, the channel compensation can reduce the channel fade, however, the
recognition performance of taxi scenario is till poor due to multipath fade, Doppler frequency shift
and Rice factor, and it is very difficult to achieve 100% correct recognition rate at 20dB. Because
8QAM and 16QAM signals are sensitive to the channel fade and signal-to-noise ratio, so their
recognition performance is poorer than that of 2QAM and 4QAM signals, and their recognition rate
will be even lower in the case of small Rice factor.

(2) Based on scheme 2, the simulation results of en-route (air—air) and en-route (ground—air)
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Figure 2 the modulation recognition performance curve of MQAM signalsin aeronautical channel when N=3
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At the receiver, the receive diversity technique and the method of the maximum ratio combining
are used to process the received signals. The simulation results show that the quality of received
signals has been effectively improved, multipath fade and Doppler frequency shift are compensated
better, the correct recognition rate of the four types of signals has been significantly improved under
every scenario, especialy taxi scenario and 8QAM and 16QAM signals that are sensitive to the
channel fade and signal-to-noise ratio. In addition, the recognition rate of signals is higher at the
negative SNR, the completely correct recognition is achieved when SNR reaches 5dB. In short, the
quality and the correct recognition rate of the received signal have been effectively improved by
using the receive diversity technique at the receiver, which is able to meet the requirements of the
modulation recognition of MQAM signals under the aeronautical channels.

Conclusion

The recognition of the star-type MQAM signals is studied under the aeronautical channel. The
different scenarios of this channel are analyzed and a reasonable channel model is established. The
receive diversity technique is used to process the received signal before the recognition, which can
reduce the channel fade and Doppler frequency shift and improve the quality of the received signal.
Finally, the high order cumulant recognition algorithm is used to construct the invariant
classification characteristic of modulation signals and the star-type MQAM signals are recognized
correctly. The simulation results show that this algorithm has the good anti-noise performance, and
then the receive diversity technique is used in this process, which not only can improve the quality
of the received signals, but also significantly improve the recognition rate of signals. This method
can achieve the recognition of signals under the aeronautical channels.
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