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Abstract

Some recognition algorithms for analogue modulation types - AMUEM. DSB. and SSB - have
been recently developed. In such algorithms, the LSB and USB are considered as one type
(5SB). n this paper tvo fast algorithms for the diserimination between LSB and USB signals
are presented. The firs algorithm is based on the spectum symmetry of the complex envelope
o the signal. In the second algorithim, two new signal parameters nsed to derived the key
fecatures are presented The developed algorithms require less computer storage, and they can
be implemented at extremely low cost. Furthermore, they require short segment duration and
hence they can be us:d for on line analysis. The performance evaluation of the developed
algonithias were derived from 400 realizations for cach o LSB and USB signals. 1t is found
that the discrimination vith 100% success rate is achieved at 0 dI3 SNI.
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I. Introduction

Modulation recognition [1-5] brings together many aspeets ol communication theory such as
signal detection,  paramecter estimation, channel identification and tracking. Modulation
recognition environmen's may vary [rom 1o significant noise in the bes circumstance (o very
noisy with interference. and fading. Towever, anyv surveillance svstem i conmmunication
ntelligence application consists of three main blocks: receiver front-end (hrequeney down
converter and energy detector), modulation recogniser (demodulation, feature extraction and
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modulation  classiiication) and oulput  stage (information ¢ fraction, recording  and
exploitations). Oncz the modulation  type is determined by the modulation recognizer all the
functions at the output stage are straightforward classical functions The key functional block
in the surveillance system is the modulation recogniser, since any recognition crrors cause
partial or complete loss ol information.

The following is «n overview of the more recently published maodulation recognivzers thosce
concerned with the analogue modulations.  In some recognisers |13V LSB and USB signals
are recognized as SSB signals and no further discrimination is provided. Fabrizi et al. [ 1]
suggested a modulation recogniser for analogue modulations. This recogniser is used to
discriminate betwe :n some types ol analogue modulation - CW, AM, FM, and SSB. In this
recogniser it is claimed that the discrimination between the alorementioned modulation types
could be achicved it SNR > 35 dB. Chan and Gadhois | 2| proposcd a modulation recogniser
based on the enve ope characteristics of the intercepted signal. The modulation types that can
be classified by this recogniser are AM, DSB, SSB. I'M, and CW. 1n |2]. it is claimed that at
SNR of 7 dB. the probability of correct modulation recognition is 100% for FM signals.
90.5% for AM signals, 80.0% for SSB signals and 94.0% for DSB sienals. Nagy | 3] proposed
a madulation recogniser for analogue radio signals only. The modulation types that can be
class fied by this recognizer are AM. DSB, SSB, I'M and CW. In |3], it is claimed that the
different modulation types have been classilied with success rate 90.0% at SNR = 15 dl3 .
However, in [1-3] nothing is mentioned about the recognition of the 151 and USH signals.

The discrimination between the LSB end USB signals is discussed i 4] and [5]. Nandi and
Azzouz 4] proposed a moduletion recogriser  for analogue modulated signals.  This
recogniser utilises four key features, extracted by using conventional signal processing
methods, and 15 ablz in real time to discrimirate among AM, DSB, V5B, LS, USB. M, and
Combined modulated signals with success rate >90% at 10 dI3 SNR. The simulation results
were derived  from 400 short realizations (1.707 msec.) for cach of the considered modulation
types. Al-Jalili [S] proposed a  discriminator between USB snd  LSB  signals. This
discriminator is bas :d on the fact that the instantaneous (requency of 1S signal has more -ve
[requency spikes han +ve ones, and vise versa for LS signal. ‘The key feature used is the
ratio, G, ol the nunber of -ve spikes to the number of the +ve nnes of the instantancous
frequency. So, G it > 1 for USE end itis < | (or LSB. Based on 16 realizations, cach of 128
msec. length fer ecch modulation type it is claimed in [5] that the discriminator described
lherc. performs we'l at 0 dB SNR. Thus the discriminator in [5] requires much longer signal
duration than that 1equired in [4] ard even than the algorithm pre:ented in this paper. Also,
the required precessing time and the commutation complexity requirelin |S] - since it uses the
mstantaneous frequency - is larger then thot required in [4] and the algorithins developed in
this pe per.
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2. Developed modulation recognition algorithms

In this paper, two novel algorithing for the discrimination between the LSB and USB are
proposed and analysed. In these algorithms all the key [features used are derived from the
complex envelope; ie., no need to evaluate the instantancous frequency ol a signal. For that
reason, the proposed algorithms chould be faster than that utilises the instantancous hrequency
[5]. Furthermore, they require short signal duration (= 1.707 msec.). tn the fist algorithim. a
measure of the symmecelry of spectral povwer density of the comples envelope 1 usced (o
discriminate to discriminate between the 1.8 and USB signals. In the second algorithn the
power contained in two new signal parameters (see Appendix A) are used to distinguish
between USB and [LSB signals.

The developed algorithms adopt & decision-theoretic approach and both ol them stait by
dividing the intercepted signal frame ol length 1 seconds into suceessive segiments, cach of
length Ny = 2048 samples (equivalent to 1.707 msee.), resulting in B =11/ N segments,
where [0 is the sampling rate. In practice, the segment length should be cnough to avoid the
fading modulation clfect  and to allow good

cature extraction. From cach available segment,
the proposed key feature is extracted and compared with a suitable threshold to decide about
the modulation type.

Algorithm 1
In this algorthm, the  key feate used to discriminate T SB and VST sipnals is the spectinm
synunetry measure ol the complex envelope, which is detined as tollov 5

pPo_p
}) — B Y ) /)
r+p :
Ny o WAy
where, P, = Z Y./ )I , and P, = |y”('/ )‘ ,
/=1 f=Nsil

where y (f) is the power spectral density of the complex envelope and it is delined by the
Fourier transform of corrclation function, 17 (7). of the complex envelope as

ya) = FT{T (1)), (2)

*
where I (7)) = E{la () a ('t )}, end a (1) is the complex snvelope of o signal and
for a noise free SSB signal. the comiplex envelope, «r (1), can be expre «ed as

a (1) = x() ¥ jy() (3)

The -vesign is for LSB signal and the tve sign is for USI3 signal. Examples of the
real and imaginary parts of complex envelope for only one and the same realization ol 1S3
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and USB signals (nsing the same modulating sipnal) are shown in Figs. T and 2. respectively.

The autocorrelation function, 1 (7). for SSB signals can be expressed as
I 2y = 21,4}t j2 Vgit) (4)

The +ve sign i¢ for LSB signal and the -ve sign is for USE signal. By straight

forward analysis, the power spectral density, ¥, (/). is expressed by

y =4u(-0) re(f) for LSB (5.a)

ya)=4ud) ry (f) for USB (5.h)

From (5.a) and (5.0), it is clear that the ratio I’ is always ncgative for LSI3 signal, and positive
for LSB signal Based on this fact, comparing the ratio P with 0, LSB and USB signals can be
distinguished. Furthermore, the dependence ol the ratio P on the SNR values for only one and
the same realization of LSB and USB signals (using the same modulating signal) is as shown
in Fig. 3. From the simulation results, it is found that the ratio I is close to + 1 for LSB and -

| for USB at noise-{ree signals.

Algorithm Il
In this algorithm. the key features used to discriminate between the LSB and USB signals is
derived from new signal parameters which are noise resistant and thev are defined by

C, W)=r@)+ 0 (6)

C, () =r®)+Q (7)

where r (1) and () (1) are lhe in- plmse and the quadrature components ol the complex

envelope respectively, and  r (1) and Q (1) are the Hilbert tran- torm of 7 (1) and Q) (1)
respectively. The mathematical expressions of C; (f) and C'; (1) for LSB and USB signal
are presented in Appendix A. From (A.6) - (A.9) itis found that the power contained in the
signal parameter, (7, (7) should be greater than thatin C; () for USB and vise versa lor
LSB. Based on this fact, L.SB and USB signals can be distinguished at poor SNR.
Furthermore, the dependence of the power contained in C; (1) andin Cy (1) on the SNR
values for only one and the same realization ol LSB and USB signal (using the same
modulating signal) is as shown in Figs. 4 and 5.
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3. Computer Simulations

In our simulations, the carrier Irequency, I, and the sampling 1ate, f;, were tespectively
chosen to be 150 kilz and 1200 kllz. The procedure used for generating a non-intelligible
speech signal of length 1.707 msec. which is used as a modulating signal for SSB signals. was
presented in [ 4]. SSB (i.e. LSB or USB) signals were gencrated according to the expression
in [6].

S(1)=x(1) cos(2 m fo 1) + y(t) sin2 7 f, 1) (&)

where (1) is a simulated speech signal and v (1) is its Hilbert transf< 1m. Fhe -ve sign in (8) s
used for USB signal whereas the +ve sign is used for LSB signal.

4. Performance Evaluation

Two signal parameters. C, (1) and O, (1) have been introduced. s ensive simulations of 400
realizations of each of the LSB and USB signals have been carried « ut. The simulation results
prove that these parameters are  noise resistant parameters. 1t s tound that botl developed
algorithms  allow correet discrimination (100% success rate) bet veen the 1S and USH
signals at 0 dB3 SNR.

5. Conclusions

The aim of this paper has been Lo develop fast and reliable algorithms for the diserimination
between LSB and USB signals. Ixtensive simulations of 400 realis tions of cach of 1S3 and
USB signals have been cartied out. It is found that correet discrimination can be achieved at
SNR of 0dB. These results are strongly competitive with those rec ntly published in [4] and
[5]. On the other hand, the algorithms developed in this paper comoutationally are less
complex than those presented in |4 and 5], as the used key feniures are derived from the
complex envelope of a signal only and using conventional sipgnal processing tools. Now, a
current research interest of the author discriminating analogue and ¢ pitally modulated signals
based on complex envelope only is.
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Appendix A: Mathematical expressions of C; (() and €, (1) for SSI signals
A noisy SSB signal can be expressed as

Xeop (1) =5 (1) +n (1) (A.1)

where s(1) is defined by (8) and n (t) is a narrow-band Gaussian noisc. as
n)=n, (t) cos(2 m f. 1)-ng(t)sin(2 nf. t) (A.2)

From (A.1) and (A 2), the real, r (1), and the imaginary, Q (1), parts of the complex envelope
are expressed as

r ()= x()+tn, (1), fe=both LSB and USB  (/1.3)
while,

Q= -y () +tn (1) Jor LS (A.4)

Q= y(t)-ng(1) Jor USB (A1.5)
Thus, [rom (6) and (7) the signal parameter, C, (1) for LSB and USI is given by

Cy()=2x () tn () +n* () for LSB (1.0)

Ci()=n.)-n" () Jor USB (A.7)
Also, the signol parameter C, (1) for LSB and USB is given by

C, (1) =n" (Ot ng (1) for LSB A

Cy(=2y (1) +n" (1) - ng (1) for USB (A.9)
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where  n”. () and 0™, (1) are the Ililbert

respectively.
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