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Abstract

Nowadays modulated signals are being used everywhere. So, modulation
type recognition becomes more important for communication systems. In this
paper we suggest a new method to discriminate between two modulated
signals: amplitude modulated (AM) and frequency modulated (FM). The
simulation results are given below. The method is based on higher order
statistics. In this paper we use bispectrum and triple autocorrelation function
for signal modulation type recognition.
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1. Introduction

The technological world is moving forward rapidly. A lot of smart communication systems are
developed. One of the main problems in communication is the received signal modulation type
automatic recognition. Received signal modulation type automatic recognition plays an
important role in various applications of signal analysis. The modulation type is considered as a
signal signature. It is very important for receiver to be able to detect the received signal
modulation type with less or without any knowledge about the transmitted signal. Modulation
type automatic recognition is very important not only for civil but also for military applications
such as useful information finding, interference identification and spectrum control, electronic
warfare, control of communication quality, etc. Different methods have been developed for the
received signal modulation type automatic recognition. A lot of algorithms have been evolved
for analogue and digital modulations [1, 2]. There are a lot of different detection algorithms
which are based on the first and second order statistics such as autocorrelation function and
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Fourier transform [3]. Autocorrelation function and Fourier transform are more effective for
linear signals. Besides, the first and second order statistics are providing information only about
signal amplitude. Meanwhile, many of the signals are highly non-Gaussian, nonlinear processes.
So there is a need of additional information frequencies and phases of components in power
spectrum. That additional information can be provided by higher order statistics. Higher order
statistics can suppress Gaussian noise and provide with useful information about the received
signal. Bispectrum, which is also known as third-order statistics, is known as a powerful tool for
coupled phase’s information providing. As it is known the power spectrum can be found from
the second ordered autocorrelation function using the Wiener-Khinchin theory [4]. By the same
way the bispectrum can be found from the triple autocorrelation function using the Wiener-
Khinchin theory. We use the bispectrum and third-order statistics for signal modulation type
automatic recognition. In this paper deep analyses were done for two types of modulated signals,
i.e., for amplitude and frequency modulation. These two modulations are the most interesting
because in certain cases we have the same picks in specific frequencies in power spectrum. But
power spectrum can provide information only about frequencies. It is very difficult to recognize
which frequencies belong to the same modulation type. From this point of view it is very
important to find additional information about the received signal for recognition modulation
type automatically. This information can be provided by bispectrum. It can provide information
about coupled phases which cannot do power spectrum because it is phase-blinded [5]. We use
bispectrum to retain the phase information for the received signal modulation recognition.

2. Bispectrum Processing

As it is mentioned above bispectrum is a very powerful tool. Phase’s relationship finding is the
main motivation for using bispectrum estimation in modulation type recognition tasks. Besides,
bispectrum is usually used for extraction of useful signal from noise. First we will consider the
bispectrum properties for a real-valued stationary discrete process {x(m) (i)} with finite sample
number i = 1,...,N — 1 and with finite set of m = 1,2, ..., M independent realizations x™ (i)
[6]. Autocorrelation function can be written as

N-1
Re(k) = () [x™ (1) = E] [x™ (i + ) = E])a ®

where k = —-N+1,...,N — 1 is the shift index, (...),, denotes the ensemble averaging for
infinite realization number, i.e., for M > o ; E = (%Z’l-";olx(m) (i))s is the mean value;

R,(0) = a2 = (TN x™ (i) — E]z)Oo is the variance. Autocorrelation function is a function of
one variable. Spectral density P,(p) is defined from Wiener-Khinchin theorem using direct

Fourier transfer:
k=400

Pp) = ) Ru(k)exp(—j2mkp), @
k=—c0
or by
P(p) = (X™®)X*™ ())oo, (3)

where p = —N + 1, ..., N — 1 is the frequency sample index;
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XM (p) = ¥N-1xM (i)exp(—j2mip) is Fourier transform for m-th realization; * denotes
complex conjugation. In equation (3) due to multiplication of the complex conjugated functions
the phase information is lost.

In opposite to autocorrelation function and spectral density, R, (k, 1) triple autocorrelation
function and B, (p, q) bispectrum are functions of two variables. R, (k, 1) triple autocorrelation
function is set as

N-1
Re(l,D) = () [x™ (D) = E] [x™ (i + k) = E][x™ (i + D) — E]) @
i=0

where k=-N+1,..,N—1and [=-N+1,..,N—1 are the independent shift indices.
Unlike the spectral density, B,(p,q) bispectrum is a complex-valued function of two
independent frequencies p and g. It can be written as 2-D discrete Fourier transform of triple
autocorrelation function
N-1 N-1
B = Y > ReleDexpl—j2n(kp + 1), ©)

k=—N+11=—N+1
or as
B,(p,q) = (X™ @) X™ ()X ™ (p + q))e

= (XM @)X ()X™ (—p — )

where  B.(p,q) = |B:(p,@)| explivx(0. @)1, |Bx(p.@)| and y.(p,q) are the magnitude
bispectrum (bimagnitude) and phase bispectrum (biphase), respectively p = -N+1,...,N — 1
and g = —N+1,...,N — 1 are the frequency indices. From (3) power spectrum is the ensemble
averaging of the multiplication of two complex conjugated functions of one variable.
Meanwhile, from (6) bispectrum is an ensemble averaging of three complex-valued functions
corresponding to different frequency values. So, spectral density is providing information only
about amplitude, meanwhile bispectrum can provide information about phase and amplitude.

We use bispectral estimating for one of the main properties: coupled phase information
retention [7].

(6)

3. Modulation Type Recognition Method

This method relies on one of the main properties of bispectrum estimation: coupled phase
information retention. As it was mentioned above this method is being used for recognition
amplitude and frequency modulations.

As it is known the carrier suppressed amplitude modulated signal has two picks in power
spectrum. Time domain and power spectrum of carrier suppressed amplitude modulated signal
are shown in figure 1.
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Fig.1. Time domain and power spectrum of carrier suppressed amplitude modulated signal.

Time domain and power spectrum of frequency modulated signal with clearly mentioned
five picks are shown in figure 2.
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Fig.2. Time domain and power spectrum of frequency modulated signal.

Carrier suppressed amplitude modulated and frequency modulated signals in this
simulation have the same carrier. Time domain and power spectrum of the signal, which is the
amount of carrier suppressed amplitude modulated and frequency modulated signals, are shown
in figure 3.

Fig.3. Time domain and power spectrum of the amount of carrier suppressed amplitude modulated and frequency
modulated signals.
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It is very difficult for the receiver to recognize the modulation type of the received signal
using only power spectrum. Only amplitude information is very little to separate amplitude and
frequency modulation. So, it is very important in such cases to have information about phases.
This information can be provided by third-order statistics especially by bispectral estimating.
Bispectrum estimating results are shown in figure 4.
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Fig. 4. Bispectrum estimation of the amount of carrier suppressed amplitude modulated and frequency modulated
signals: default view (a) and top view (b).

As it is shown in figure 4 there are lots of picks on bispectrum graph. The picks of amplitude
modulated signal are higher than the frequency modulated signal picks. Besides, the number of
frequency modulated signal picks is more than the number of amplitude modulated signal picks.
So, there is a possibility to separate those two signals using bispectrum estimation. The
separation was done step by step.

Received signal filtering is the main part of modulation type recognition. The first step is
disclosing the useful information from noise. Received signal with noises and disclosed useful
signal are shown in figure 5.
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Frequency

(b)
Fig. 5. Carrier suppressed amplitude modulation and frequency modulation with the same carrier: top and default
views with noise (a) and without noise (b).

As it is shown in figure 5 there are a lot of useful pics after deleting noise. Some of these
picks belong to amplitude modulation and another part belongs to frequency modulation. So, it is
very important to separate these modulation types. In this case we use phase coupled phenomena
for separation.

Frequency

Fig. 6. Carrier suppressed amplitude modulated signal disclosing using bispectrum estimating.

Figure 6 illustrate the disclosed carrier suppressed amplitude modulated signal picks which were
found using phase coupled phenomena. After finding amplitude modulated signal picks it is very
easy to disclose frequency modulated signal picks. Those picks are shown in figure 7.
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Fig. 7. Frequency modulated signal disclosing using bispectrum estimating.




E. Sivolenko

4. Conclusion

Bispectrum estimation provides more information about signal than power spectrum. For
automatic modulation type recognition it is more effective using bispectrum estimation than
power spectrum. The main aim of the paper is to explain the modulation type recognition method
based on higher order statistics: especially bispectrum and triple autocorrelation function. It has
been found that different modulations have different bispectrum graphs. Finally, a received
signal modulation type automatic recognition new method was presented. It has been shown how
bispectrum based estimation techniques can be used in communication systems. The studies
indicate the feasibility of bispectra application for solving the task of modulation recognition

based on the results of measurements.
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Gpuigws wihwjn wgnuywh dnnnijjughwih mbuwlyh
npngnuip pupdp jupgh dhéwljugpnipjudp jud uvyblupug
Ynntjyughuyh dhgngny

E. Uhynikuyn
Udthnthnid

Ujuop Unnnijugdwsé wqnuibpwbtbp oquugnpéymd Lt gqpbplk wdbktnip: Ujny huly
wuwwndwneny qpuigdus wthwyn wqpubpwih dnpnijjughw mbuwlh npnobip swn
Jupunp nkp B juwunnud  htpwhwnnppuljgulut  hwdwlupgbph  hwdwp:  Uju
wonwnwipnid wnwewplynid E wignphpd, npp htwpwynpnipinit £ wnwjhu hpuphg
nwpwbewnk] kphnt wbuwlh  wduhnniqught (AM) & hwudwpudngmpjus (FM)
wqnuiowbitbpp: Ujgnphpuh  wpuwwnwtph wpynibpubpp  ubpuyugdws  Gu
woluwnwiipnid: Ukpnnp hhdudws E puwpdp Jupgh Jhdwljugpnipjmt Jpu: Uju
wluwnwipnid Unnnijjughwyh nbuwlubpp muwpuownbnt hwdwp dktup oquynid
tup phuytlwnpnidhg b Epwljh wunnlnnkjjughnt $niulghuyghg:

OHpGI[GHeHI/Ie THIIA MOAYJIAIHUHY HCU3BCCTHOI'O CUI'HAJIa MCTOJA0OM
CTAaTUCTHUKH BBICIIUX IMOPAAKOB UJIHN KOPPCIIIIHUHA CIICKTPA

. CHUBOJIEHKO

Aunoramus

Ha ceromHs MOIyJIMpPOBAaHHBIC CHUTHAIBI HCIOJB3YIOTCS Be3le. A 3TO 3HAYUT, YTO
pacro3HaBaHKe TUIA MOIYJISAIMKM camas TJIaBHAs 3a/adya TeICKOMMYHHKAI[MOHHBIX CHUCTeM. B
paboTe TMpeiCTaBlieH aIrOPUTM ONpeJICTICHNsT THUNA MOJYJIALUUK JJIsi JIBYX THUIIOB
MOJIyJTUPOBAHHBIX CHTHaJIOB: aMIuuTyaHod (AM) u uactotHou (FM) monmymsaiuu. Meton
OCHOBaH Ha CTaTHCTHKE BBICIIMX MOPAAKOB. J[Jis pacmo3HaBaHus TUIIA MOTY/ISIIIAN CUTHATIOB MBI
UCTIOJIb3yeM OHMCIIEKTPYM U TPOHHYIO aBTOKOPPEISAIHOHHYIO (PYHKIINIO. Pe3ynbTaThl anropurma
MIPE/ICTaBJICHBI B paboTe.



