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Abstract

The unstable characteristic values of communication signals along with the varying SNR
(Signal Noise Ratio) environment make it difficult to identify the modulations of signals.
Most of relevant literature revolves around signal recognition under stable SNR, and not
applicable for signal recognition at varying SNR. To solve the problem, this research
developed a novel communication signal recognition algorithm based on Holder
coefficient and cloud theory. In this algorithm, the two-dimensional (2D) Holder
coefficient characteristics of communication signals were firstly calculated, and then
according to the distribution characteristics of Holder coefficient under varying SNR
environment, the digital characteristics of cloud model such as expectation, entropy, and
hyper entropy are calculated to constitute the three-dimensional (3D) digital cloud
characteristics of Holder coefficient value, which aims to improve the recognition rate of
the communication signals. Compared with traditional algorithms, the developed algorithm
can describe the signals’ features more accurately under varying SNR environment. The
results from the numerical simulation show that the developed 3D feature extraction
algorithm based on Holder coefficient cloud features performs better anti-noise ability, and
the classifier based on interval gray relation theory can achieve a recognition rate up to
84.0%, even when the SNR varies from -17dB to -12dB.
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1. Introduction

The communication environment in modern communication system is changing and

complex. Due to the measurement errors of communication devices themselves and the
various interferences caused in transmission environment, there exists a certain degree of
randomness and fuzziness between the characteristic parameters of the received
communication signals and their real values. Therefore, identifying the communication
signals in complex electromagnetic environment accurately has become the key point for
modern communication system [1-3]. There are a certain number of established literatures
studying signal feature extraction. Higher order cumulants based identification method [4],
which has good anti-noise performances, transforms the signals to cumulant domain to
process based on the principle that the higher order cumulants of white noise equal to zero.
However, this method is only limited to the identification of the white noise environment.
Compared with others, the signal recognition algorithm based on wavelet transform [5-6]
has been applied widely. The process of this identification algorithm is simple, and has
good anti-noise performance. But the number of signals’ types can be identified is
relatively small. Recognition algorithm based on cyclic spectrum [7] also achieves a good
recognition effect. However, it takes a large amount of computation to estimate cyclic
spectrum, which greatly limits the application of this algorithm in the field of modulation
identification. Fractal dimension [8-9] can describe the complexity features of the signals’
waveforms well. Due to the different communication signals’ modulation features can
reflect on the amplitude, frequency, and phase of carrier wave, signals’ waveform variation
features can be extracted. This theory definitely provides a new idea and method for the
modulation recognition of signals. Yet the current study is limited to the theoretical phase,
it still needs time to be further studied and then applied in engineering practice. The feature
extraction algorithm based on Holder coefficient [10] has a better intra-class aggregation
degree and extra-class separation degree. Wang and Shen [11] made use of the
characteristic of Holder coefficient to achieve a good recognition classification result of the
radar signal. However, when the SNR is low, the overlap interval becomes too large to
identify. Cloud model [12], a qualitative and quantitative uncertainty transformation model,
combines the fuzziness in the fuzzy set theory with the randomness in probability theory to
overall describe the features of cloud cluster through calculating three different types of
digital features---Ex (expected value), En (entropy), and He (hyper entropy), which can be
applied to further feature extraction.
The main contributions of this research are as follows:

1. Proposed a novel feature extraction approach---Holder cloud characteristics
algorithm, which had good anti-noise ability.
2. Realized the accurate signal recognition at varying SNR condition, which is

suitable under today’s complex electromagnetic environment.
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The remainder of the paper is organized in four sections. In section 2, the system model
of recognition algorithm based on Holder coefficient and cloud theory is presented. Section
3 includes a summary of the basics of Holder coefficient and cloud characteristics
algorithm, and also proposes the new approach- Holder cloud characteristics algorithm for
communication signal recognition. The application steps of this new approach are also
defined. Section 4 demonstrates the numerical simulations of Holder coefficient feature
extraction under stable SNR and unstable SNR, and then compares them with traditional
cyclic spectrum entropy feature extraction algorithm. The simulation results were
compared and analyzed in detail. Section 5 concludes with a further discussion of the
insights of the developed communication signal recognition approach, as well as pointing
out the future work.

2. Communication signal recognition model

Communication signal modulation recognition technique [13-15] is extremely significant
in the field of signal processing. It identifies the modulation types of the signals in complex
noise environment, and thus provides the fundamental data for further analysis and
processing. Communication signal modulation recognition technique mainly consists of
two steps- feature extraction and classifier design. The innovation of this research is to
provide a new feature extraction algorithm based on Holder cloud characteristics. The
communication signal recognition system is shown in Fig. 1.
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Fig. 1. Communication signal recognition model based on Holder cloud features

In this research, six different communication signals- Amplitude Modulation (AM),
Frequency Modulation (FM), Phase Modulation (PM), Amplitude Shift Keying (ASK),
Frequency Shift Keying (FSK), Phase Shift Keying (PSK) are taken as samples of
communication signals to be recognized. The recognition processes are divided into three
main steps. Firstly, the different received communication signals under varying SNR
environment are preprocessed to convert the signals from time domain to frequency
domain. Secondly, the previous studies[11] suggest to extract Holder coefficient
characteristics of signals. This research proposed Holder coefficient cloud features
combining Holder coefficient and cloud theory together. Finally, the classifier based on
gray relation theory will be employed to recognize the processed communication signal.

Holder coefficient characteristics of communication signals have a certain fuzziness and
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randomness due to the changing noise environment. The distribution characteristics of
Holder coefficient are similar with the distribution characteristics of cloud model, which
will be further explained in section 3.2. Three digital characteristics, Ex, En, and He of
cloud model are used to calculate the Holder coefficient characteristics, in order to better
describe the fuzziness and randomness characteristics of the Holder coefficient cloud
distribution. In this way, more accurate frequency domain characteristics of signals can be
obtained.

The calculated results of Holder cloud characteristics will be taken as the feature
database in this research. When the unknown communication signals are received, gray
interval relation theory is used to calculate the interval relation degree between the Holder
cloud characteristics of these unknown signals and that of the known signals in the database
to achieve the purpose of signal identification.

3. Methodology

3.1 Holder coefficient algorithm

Holder coefficient can be used to measure the similar degree of two sequences. It is evolved
from Holder inequality, which is an important formula in the field of mathematics. For any

vectors X e C",Y eC", where X =(x,,%,,---,X,)" and Y =(y,,¥,,---,y,) » Holder
inequality [16] can be defined:

n h ) 1/p n ] 1/q
2wl =\ 2| 2l 0

where p,q>1, l+1:1.
p

According to the definition of the Holder inequality in equation (1), Holder coefficient
[17] of the two communication signals can be defined as:

S s0)
SRR @
1 1

where p,q>1, F+E:1’ 0<H <1, and the value of signals {s,(i)}. {s,(i)} are

positive.

P(i)=ks%(i) 1= . .
H equals to one when S1 (')_ kSZ (')’ 1=12,---,N , k is a real number, which means
that the signals belong to the same modulation type. H equals to zero when

ZSl(I)SZ(I) B O, which means signals belong to completely different modulation types.
The value of H lies between 0 and 1 when the two signals have some similar features to
some degree. The higher the degree of similarity is, the greater the value of H will be. Due
to the advantage of simple calculation and good interclass gathered degree, Holder
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coefficient has been widely used in the field of mathematics analysis and radar signal
processing etc. But with the reduction of varying SNR, its characteristics are not stable,
which are difficult to identify. So when under the varying SNR environment, cloud model
theory was used to extract the Holder coefficient distribution characteristics in this research,
in order to improve the recognition results.

3.2 Cloud characteristics algorithm

Cloud model, which is the result of advancements in quantum mechanics, put forward
by Werner Heisenberg in 1925 [18], has been widely applied in nature language
processing,data excavation,decision analysis, intelligent control, image processing, and
system performance evaluation [19-20], etc. It fully combines the fuzziness (the bigger the
fluctuations in the value range of the object, the fuzzier the concept) with randomness (the
randomness of the membership degree) of the object to be described, which constitutes a
mutual mapping between the qualitative (the concept of theory domain) and the
quantitative study (the membership degree of theory domain’s attribute value). Due to its
advantage that can describe the points’ distribution by quantitative values, it provides a
strong theoretical basis for the feature extraction of communication signals. But it requires
the object to be described must follow normal distribution, which limit the application of
cloud model.

The mathematical equation of cloud model x can be expressed as [21]:

_ _ (Xi — EX)2
p= exp{ e ®

where X is arbitrary value of the discussed domain, Ex is the center value of the discussed
domain, En is the entropy concept of the discussed domain.
The distribution of the points included in cloud model can be illustrated as Fig. 2.
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Fig. 2. Distribution of cloud model
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Three digital features- Ex, En, and He of cloud model are used to characterize an overall
concept, and the characteristics of each feature can be described as follows:

(1) Ex (expected value) is the numerical expectation of cloud droplets in the spatial
distribution, which can well represent the qualitative concept. It also reflects the center of
gravity position of cloud droplets group.

(2) En (entropy) is an uncertainty measurement of qualitative and quantitative concept.
On one hand, it is a random measure of qualitative concept, which reflects the discrete
degree of cloud droplets that can represent the qualitative concept; on the other hand, it is a
fuzzy measure of quantitative concept, which reflects the value scope of cloud droplets that
can be accepted in the theory domain.

(3) He (hyper entropy) reflects the cohesion of uncertainty degree of all the points in
the theory domain, i.e. cloud droplets’ cohesion. It is an uncertainty measurement of
entropy, and its size indirectly expresses the discrete degree and thickness of the cloud,
which is decided by combining the randomness and fuzziness of entropy together.

From the definition of cloud model, the points of cloud model follow normal distribution.
The Holder coefficient characteristic value of the same communication signal should be the
same if there is no noise. When the white noise is added to the signals, the signal waveform
will change randomly. At the moment, the Holder coefficient value will fluctuate around a
fixed value. When the features are extracted under varying SNR environment, the
fluctuation will increase. Therefore, the distributions of characteristic values are around a
fixed value which complies with normal distribution. Thus we propose to apply cloud
model theory to the feature extraction of communication signals. The digital
characteristics of cloud model---Ex, En, and He can be used to reflect the Holder
coefficient cloud characteristics under varying SNR environment. Thus, more parameter
characteristics in details of different communication signals are extracted under varying
SNR environment to identify the signals accurately.

3.3 Developed Holder cloud characteristics algorithm

In this research, we innovatively combine Holder coefficient algorithm with cloud model
to solve the problem of low signal recognition rate, as well as the existing ambiguity of
characteristics under varying SNR environment through twice feature extraction (Holder
coefficient characteristics extraction and cloud characteristics extraction). Thus the
purpose of accurately recognizing communication signals in lower varying SNR
environment can be achieved. The implementation steps of the developed algorithm are
demonstrated below:

(1) Under varying SNR environment, six different modulation types of
communication signals are preprocessed. The signals are discretized and transformed from
time domain to frequency domain.

(2) Suppose the processed signals are:

{s,(f ),n=126,k=12--,N}

N is the number of communication signals to be identified. In this research, n= 6. N is
the number of discrete signal points in frequency domain. Then Holder coefficient
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characteristic value of the processed signals to be identified can be calculated. According to
the definition of Holder coefficient, the rectangular window function and triangular
window function were taken as reference sequences, and they can be set as:
{S,(f,))m=12;k=12,---,N}
where
101<f <N
S.(f )= K 4
(i) {O, olse (4)

is rectangular window sequence, and

2f/N 1< f <N/2
Sz(fk):{ / ‘ /

2-2f/N, N/2<f <N
is triangular window sequence.
The Holder coefficient value of reference sequence with the signals to be identified can be

calculated respectively:
N
zsn(fk)sm(fk)
f =1

= (6)

" [isf(n)j”p -(ism‘*(fk)]m

fo =1 fo=1

()

m=12

where , which represents different reference sequences; N=1,2,---,6 which

represents the six types of the communication signals; matrix o is the extracted Holder
coefficient characteristics of the signals.

In addition, the values of p and q directly affect the Holder coefficient characteristics.
The distance of Holder coefficient characteristics were calculated through assigning
natural numbers to p and q in turn. The value of p and g that produce the maximum
separation degree of Holder coefficient characteristic distance were selected. The
calculated values for p and g are 2 and 5 respectively.

(3) Due to the low SNR environment and the fact that SNR keeps changing all the
time, the extracted Holder coefficient characteristics exist a certain fuzziness and
randomness. If the signals are directly classified and recognized, the identification effect
will be bad. Given the distribution of extracted characteristics which is similar to the cloud
model, the cloud theory was chosen to represent the fluctuation range’s randomness and
fuzziness of membership degree of Holder coefficient characteristic values. The extracted
eigenvalue was further described to make sure that more characteristics of the signals under
low SNR would be extracted accurately. Cloud model characteristic value algorithm based
on the calculation of the Holder coefficient characteristics can be described as follows:

Firstly, = of each signal can be calculated under varying SNR environment:
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1 Y .
Exnzﬁ-gHm(l) (7)

In order to constitute a Holder coefficient cloud model, sampling must be done many
times. A large amount of Holder values should be calculated to compose the Holder cloud.

Here ! =12,-,M represents the calculation times of Holder coefficient value of the
same signal, its value is selected according to the accuracy of recognition result we needed.
The larger the M value, the more accurate the result is, and the more time the recognition
system cost. So the accuracy and the calculation time should be balanced to select the value

of M. We choose M=20 in this research. N =126 stands for the types of the signals.
According to the definition of digital characteristics algorithm of cloud model, the entropy
of Holder coefficient characteristics can be calculated as:

Ao | (Hi)-Ex )’
Enn(I)Z\/—m 8)

Then, the excess entropy of Holder coefficient characteristics can be calculated as:

He, = \/Li(gnn ()-En, ©

M -1

where

1 M
En,=-—-> En,(i) (10)
M =

is the average value of the Holder coefficient cloud characteristics entropy.

After calculating three digital characteristics of Holder coefficient characteristics - EX,
En, and He, distribution characteristics of Holder coefficient of communication signals can
be expressed clearly under varying SNR environment. Cloud model was used here to
represent the randomness and fuzziness characteristics of Holder coefficient distribution.
Cloud model overcomes the unstable eigenvalue problems under unstable SNR
environment, which helps accomplish the objective of signal identification at low varying
SNR.

4. Simulation results and analysis

In order to compare the differences of feature extraction under stable SNR and varying
SNR environment, numerical simulation under both conditions were made. Then Holder
coefficient cloud characteristics of different signals were extracted. Gray interval relation
algorithm, which has a good recognition rate for the interval distribution characteristics,
was employed to identify the signals. Recognition rates under different varying SNR were
calculated. The specific simulation process and results were demonstrated below.

Six different modulation types of communication signals- AM, FM, PM, ASK, FSK,
PSK were selected, and suppose the corresponding bandwidth and carrier frequency of the
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six signals were known. The modulation parameters of these six signals were set in Table
1
Table 1. Modulation parameters of six communication signals

Signals Parameters’ value

AM f, =2.7x108Hz , fg =4.32x10%Hz , f, =1.0x10°Hz , A=1,a=0.8

FM f, =2.7x108Hz , fg =4.32x10%Hz, f, =1.0x10°Hz , k; =6

PM f, =2.7x108Hz , fs =4.32x10%Hz,, fy =1.0x10%Hz , kp =5

ASK f, =2.7x108Hz , R, =1.0x10%bps ,0, 1 keying

FSK f, =2.7x108Hz , Ry =1.0x10%bps , f = f, —Af | f, = f, + Af | Af =1.0x10°Hz
PSK f, =2.7x108Hz , Ry =1.0x10%bps, 0, 7 binary phase

where, f, is the carrier frequency, f, is the sampling frequency, f, . is the baseband
signal frequency, A is the amplitude of AM signal, a is the amplitude modulation index,
K, is the frequency modulation index, kp is the phase modulation index, R, is the

symbol rate, f, and f, are the two frequencies of FSK signal, and Af is the differential

frequency.

Before simulating the feature extraction results under varying SNR environment, the
simulated results based on Holder coefficient under different but stable SNR environments
(8dB, 2dB, -8dB, -11dB) were demonstrated in Fig. 3. The two characteristic values
constitute a 2D feature matrix. The abscissa (H1) represents the Holder coefficient
characteristic value between the signal to be identified and the reference rectangular
window function, while the ordinate (H2) represents the Holder coefficient characteristic
value between the signal to be identified and the reference triangle window function.
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Fig. 3. Holder coefficient characteristics of six communication signals under stable SNR
environment



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 9, NO. 12, December 2015 4943

Unstable noise of the same changing range was added to the signals of different
modulation types, and Holder coefficient features of the six communication modulation
signals were extracted under different varying SNR environment of 6dB ~ 10dB, 0dB ~
4dB, -10dB ~ -6dB, and -15dB ~ -11dB. Simulation results were shown in Fig. 4. Where
H1 and H2 have the same meaning with that in Fig. 3.
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Fig. 4. Holder coefficient characteristics of six communication signals under varying SNR
environment

Comparing Fig. 3 with Fig. 4, we found that the features have better aggregation degree
under stable SNR environment. However, in today’s electromagnetic environment, the
noise is becoming more and more complex and the SNR cannot keep stable as assumed in
Fig. 3. In practice, the SNR keeps changing all the time within a certain range as we
indicated in Fig. 4. Compared with traditional feature extraction methods under a fixed
SNR, the topic studied in this research has more application value.

Fig. 4 shows that, under high SNR such as 6dB ~ 10dB, 0dB ~ 4dB, Holder coefficient
characteristics of the signals have good cluster degree. Gray interval relation algorithm can
be used to recognize the signals accurately. The overlapping intervals of the six signals
increase along with the reduction of SNR gradually. When the SNR reached to -10dB ~
-6dB, -15dB ~ -11dB, the overlapping interval was too large to achieve high recognition
effect even if gray interval relation algorithm was applied.
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Since signal recognition result with Holder coefficient characteristics is not very
satisfying, especially when SNR declines, as shown in Fig. 4, we suggest the developed
algorithm be applied in feature extraction of the six communication signals. Therefore,
Holder cloud characteristics of the signals---a twice feature extraction algorithm were
calculated under the varying SNR of 6dB ~ 10dB, 0dB ~ 4dB, 10dB ~ -6dB, and -15dB ~
-11dB. The above four groups of SNR changing ranges stay the same with that in Fig. 4.
We performed the simulation and the results were demonstrated in Fig. 5.
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Fig. 5. Holder cloud characteristics of six communication signals under different varying SNR
environment

It can be seen that, after twice feature extraction, 2D Holder coefficient characteristics of
the signals were transformed to 3D Holder coefficient cloud characteristics. Due to the
random distribution property of Holder coefficient features, there is also some instability in
3D Holder cloud characteristics. Under the higher SNR conditions of 6dB ~ 10dB and 0dB
~ 4dB, the 3D characteristics of the signals have good separation degree; while when the
SNR is down to -10dB ~ -6dB, -15dB ~ -11dB, the overlapping interval is increasing.
However, even if overlapping ranges of signal characteristics are increased under lower
SNR environment, compared with the Holder coefficient characteristics (Fig. 4), the
separating degree is still improved significantly (Fig. 5). Therefore the developed
algorithm performs much better in feature extraction of communication signals, which
improves the signal recognition rate indirectly.
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After extracting the features of six different communication signals, gray interval
relation algorithm based on entropy weighting coefficient [22] was used to identify the
characteristics of the signals. During the process of classifying the signals, entropy
weighting algorithm was applied for assigning weighting coefficient for each feature
automatically. The contribution for classification results of each characteristic can be
determined by calculating the separating degree of the characteristics. That being said, the
greater weighting coefficient is assigned to the characteristic with greater separating degree,
while the smaller weighting coefficient is assigned to the characteristic with smaller
separating degree. To achieve a better classification effect, this classification algorithm
already performed a very good feature selection before classifying the signals. Compared
the recognition rate of traditional signal recognition method based on cyclic spectrum
entropy algorithm[23,24] with the feature extraction algorithm based on Holder coefficient
theory [25] and Holder cloud characteristics under varying SNR environment, the results
were shown in Table 2.

Table 2. Recognition rates of communication signal based on Holder coefficient characteristics
and Holder cloud characteristics under different varying SNR environment
SNR(dB) 0~5 -5~0 -10~-5 -15~-10 -17~-12 -20~-15
Cyclic spectrum entropy features 65.0 60.7  50.3 47.7 46.3 35.7
Holder coefficient features (%) 100.0 98.3  94.0 65.4 44.7 28.0
Holder cloud features (%) 100.0 100.0 100.0 96.0 84.0 71.7

In order to see the time complexity of three algorithms, we calculated the simulation
time of them, the results were shown in Table 3.

Table 3. Simulation time of three algorithms

Name of the Cyclic spectrum entropy Holder coefficient Holder cloud
algorithm algorithm algorithm algorithm
Time 22ms 12.5ms 14.6ms

From Table 2 and Table 3 we can see that, cyclic spectrum entropy algorithm is not
suitable for recognition under varying SNR environment. Its anti-noise ability is very poor.
Furthermore, it is more complexity than the other two algorithms, because it needs to take a
large amount of computation to estimate cyclic spectrum, which greatly limits the
application of the algorithm. Holder coefficient algorithm is the simplest, it is more suitable
for real time recognition, but with the reduction of varying SNR, it is difficult to recognize
the signals accurately. If we want to get the more accurate recognition result under low
varying SNR environment, Holder cloud algorithm is the best for recognition.

To get the differences between the cyclic spectrum entropy based, Holder coefficient
based and Holder cloud based recognition results of each communication signal,
simulations were made and results were shown in Table 4, Table 5 and Table 6.
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Table 4. Recognition rate of each communication signal based on
cyclic spectrum entropy characteristics under different varying SNR environment
SNR(dB) 0~5 -5~0 -10~-5 -15~-10 -17~-12 -20~-15
AM(%) 760 72.0 66.0 42.0 32.0 30.0
FM(%) 68.0 60.0 66.0 38.0 36.0 24.0
PM(%) 66.0 620 46.0 48.0 44.0 36.0
ASK(%) 58.0 56.0 50.0 52.0 62.0 34.0
FSK(%) 48.0 48.0 50.0 54.0 56.0 44.0
PSK(%) 74.0 66.0 46.0 52.0 48.0 46.0

Table 5. Recognition rate of each communication signal based on
Holder coefficient characteristics under different varying SNR environment
SNR(dB) 05 -5~0 -10~-5 -15~-10 -17~-12 -20~-15
AM(%) 100.0 100.0 98.0 54.0 52.0 42.0
FM(%) 100.0 90.0 86.0 74.0 66.0 30.0
PM(%) 100.0 100.0 88.0 50.0 44.0 16.0
ASK(%) 100.0 100.0 86.0 66.0 62.0 48.0
FSK(%) 100.0 100.0 100.0 30.0 10.0 2.0
PSK(%) 100.0 100.0 42.0 38.0 34.0 30.0

Table 6. Recognition rate of each communication signal
based on Holder cloud characteristics under different varying SNR environment

SNR(@B) 0~5 -5~0 -10~-5 -15~-10 -17~-12 -20~-15

AM(%) 100 100 100 100 100 66
FM(%) 100 100 100 76 62 60
PM(%) 100 100 100 100 58 50

ASK(%) 100 100 100 100 100 78
FSK(%) 100 100 100 100 84 76

PSK(%) 100 100 100 100 100 100

Gray interval relation algorithm based on entropy weight has good recognition effect for
classifying both the Holder coefficient characteristics and the Holder cloud characteristics
of communication signals. Even at the varying SNR of -5dB ~ 1dB, it still can reach the
recognition rate of 100%. The signal recognition performance of the traditional recognition
method based on cyclic spectrum entropy features is too poor to be used under varying
SNR environment. However, when the SNR continues to reduce, Holder coefficient
features recognition rate declines quickly. For Holder cloud characteristics, the
characteristics stay relatively stable due to the further feature extraction of Holder
coefficient characteristics. Therefore, the improved algorithm can still maintain the good
recognition effect under varying SNR. The developed approach can achieve the
recognition rate up to 71.7% even at the varying SNR condition from -20dB to -15dB.
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5. Conclusion and Discussion

Decision theory based algorithm and pattern recognition algorithm are the most commonly
used methods in the field of communication signal recognition. Pattern recognition
algorithm consists of two parts--- feature extraction and classifier design. In software
defined radio and cognitive radio system, modulation recognition can complete the
identification of the unknown modulation mode, which provides the basis for subsequent
signal processing. Therefore, the research on communication signal identification
technology is significant and has broad application prospects. Nowadays, the fact that noise
in communication environment has become more complex and the SNR is lower and more
unstable makes signal recognition more difficult than ever. So, advanced feature extraction
algorithm under varying SNR environment is very necessary.

This research proposes a novel feature extraction algorithm for communication signals
based on Holder coefficient cloud characteristics. It makes full use of digital characteristics
of cloud model to characterize the distribution of the characteristics. Digital characteristics
of cloud model were used to describe the unstable Holder coefficient characteristics of
communication signals, and the twice feature extraction was applied to achieve the purpose
of better recognition. Six types of communication signals were taken as samples to be
recognized under varying SNR environment in this research. Holder cloud characteristics
of the signals were extracted first, and then the classifier based on gray interval relation
theory was employed to classify the extracted features, which turns out a much better
recognition effect. The comparing simulation results show that, the improved algorithm
had better concentration degree than the traditional methods, even when the SNR was
varying from -17dB to -12dB, the developed algorithm can still achieve the recognition rate
of 84%. Apparently, the newly developed algorithm has better application value in the field
of communication signal recognition under today’s complex electromagnetic environment.

A number of methods in signal classification need to know some prior knowledge in the
area of communication signals. The approach developed in this research also needs a
certain prior knowledge of communication signals to constitute a database and classify the
signals, which is the potential drawback of this study. So how to realize the blind
recognition of the signals is one of the research topics we plan to explore in future.

In Holder cloud based feature extraction algorithm, triangular wave and square wave
were chosen as waveform parameters in this research, which have already achieved good
recognition results. However, whether we can choose other referenced waveform to
achieve better effect remains to be studied in future work.
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