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Abstract: In cognitive radio systems, interactive perception speatdata between cognitive users can effectively improveteeall

performance of the user’s perception of communication. él@s, a large number of spectrum data accumulation wilkiasing the
consumption of resources during interaction, lack of ¢iflecspectrum data compression algorithm cognition becarbettleneck
restricting the collaboration. This paper presents a vaddlspectrum data compression algorithm based on the edetggtion and
sliding window, removing redundant information of noisempressing the detail of signal with different weights,ereing useful
information, improving the compression ratio and reduaogipression loss. In addition, the algorithm retains thecspm details
of the signal by the DCT transform in the case of a high congioesratio, and those details are propitious to spectruntysisa
Especially under low occupancy ratio circumstances, éxymtal results show that the compression performanceisfatorithm

increase several times compare to JPEG and JPEG2000.
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1 Introduction To reduce the resource consumption when spectrum

. ) data interaction, data compression is an effective method
In traditional management mechanism of spectrum, theynq has been widely used in the field of image processing.

most parts of the frequency band are been exclusively byccording to lossless data compression algorithm and
parts of authorized user, this mechanism waste 0Ofj5gsy compression algorithms for the image are proposed
spectrum resources also limits the development of,y ‘requndancy characteristic of data and images.
wireless applications. The spectrum efficiency of ghectrum data has its own unique properties, simply use
authorized users is very lowt]. Accordingly, researchers e existing compression algorithms is difficult to meet

have proposed a cognitive radio (CR) to improve theie qemand of compression performance and complexity
spectrum utilization efficiency2]. In cognitive radio, 4t the algorithm.

cognitive users rion-authorized users) to use the idle Similarl di ional dat b f
frequency band of authorized user. The cognitive users imrarly, as a one-dimensional data, numbers o
need to continuously monitoring spectrum to ensure thergsearch . res:JItS emergc;ance in the glegtroca;dggram
timely exit when an authorized user appears. Howevert(:oﬁ]e) signa 9 i‘ge an p?vzﬁr monitoring of data
various factors influence individual cognitive user is | prﬁssmn'&[, ; ], sor;we 0 g Image Cﬁmpressg;_n
difficult to ensure detection performances].[ The algorithms Is improved to adapt to the specific
researchers propose a method that cognitive use?ne-dlmensmnal data comprgssuon. . )
collaboration spectrum sensing can effectively improving ~ Currently, the compression algorithm suitable for
the reliability of spectrum sensing, reducing the SPectrum data rarely attracts researchers’s attentioly. On
perception of time, reducing perception accuracy of noddn the literature 11], the researchers aiming at data
needs, improving overall system performance, and so o§€duence is presented a compression algorithm which
[4,5,6]. But because there is a large number of spectrunfase on Chebyshev, but higher complexity and difficult to
data interaction between cognitive users that resulting irBchieve.

more energy Consumption, but also the radio resources Firstly, this paper analyzes the redundant
occupied when data interactior | characteristics of wideband spectrum data in the case of
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multiple-communication systems coexist. Then this paper 1. Spectrum sensing bandwidth B, Spectrum
proposed a wideband spectrum compression algorithnsensing frequency resolution fg, Input the lengthN of
which base on Discrete Cosine Transform (DCT) spectrum dat(i),i = 1,...,N where theN coefficients
transform and improved energy detection which is appliedare given byN = B/f, , Input the same lengtN of the
in wideband scenario in absence of priori information. signal energy detection results is defined by
Finally, we simulate the proposed algorithm and compared(i),i = 1,...,N, whend(i) is O represents the sample
performance with the existing JPEG and JPEG2000 thespoint is the noise data, whed(i) is 1 represents the
two advanced image compression algorithms. sample point is the signal. Usi) extracted noise data
The most commonly used compression method isxy and signal datax;, where xy = x(i)|d(i) = 0 and
JPEG which base on DCT transford?]. JEPG2000isa x = x(i)|d(i) = 1. In this paper we choose an improved
newer image compression technology, and it base on 2-2nergy detection method4] to obtain detection results
wavelet transform3]. 2. d(i) is a binary-data sequence, we use block
skipping method 15 conduct lossless compression and
then get the compressed data of energy detection results
2 Spectrum data Characteristic analysisls D . Block skipping method is an efficient algorithm to
compress binary-data and especially the data is composed
In conventional communication systems, spectrumof continuous 0 sequences and continuous 1 sequences
efficiency is low and part of the spectrum in the form of [16].
white holes which allocated to the system. This means 3, Compress noise data, which noise carry redundant
that a large part of the perceived spectrum data is nOismformation' only the average noise power with
data. As can be seen from the Fig 1, signal is only a smallnformation of spectrum analysis required, so that the
part of the band, as shown in Fig 1. In the conventionalnoise data compression only retains the mean of noise
image compression algorithm, any data to transformpowerpy.
domain compress with equal weight. And we can use 4. According to the detection results, perceived signal
different ways to compress the useful signal spectrum angdentification of signal spectrum data, follow these steps:
the noise spectrum data. A signal spectrum have 1) For signal spectrum data doing DCT transform
significantly larger effect in spectrum analysis so thas les then get DCT coefficients,.
distortion CompreSSion method have been USEd, the 2) According to the energy threshold retain the
available information of noise spectrum is small so thatcoefficientsS; of low frequency, making the total energy
higher compression ratio can be employed by way ofof low frequency is below or equal mm(S}) « T , then
compression. This is the main starting point of theye obtain the retained coefficients sequefige

algorithm in this paper. . 5. For the quantification o p, the following steps:
Spectrum data in the transform domain also has Quantization step istepy = n‘ax(S_p?\rmn(SLp). Where

available redundancy characteristic. The main ) o ) S o

components of the conventional image of transformNal is quantization progression, get quantized coefficients

domain data are concentrated in the low frequency, buf€duences.

the energy component of transform domain in spectrum  6- Finally we have to encode two types of data:

data with different characteristics. As can be seen from 1) The retained DCT coefficients vect@r

the Fig 3, after the DCT spectrum data changes can be 2) The compressed detection results vegtor _

seen the DCT components are descending order from low We have chosen to encode all these types of data with

frequency to high frequency. By analyzing the the arithmetic encoder. Then we obtain arithmetic code

characteristics of the above spectrum data, we can see ffataCa. ) ) .

using the spectrum sensing detection results to separate /- arithmetic code dat&, The lengths of retained

noise and signal and process them by different methodgoeﬁ_ici_ents and detection results as well as mean of noise

respectively can effectively improve the spectrum consisting of a compressed frame header.

efficiency of data compression. 3.2 Algorithm analysis

Therefore, this paper proposes an efficient algorithm — Qur algorithm is different from common image

to compresses wideband spectrum data and applied iBompression algorithms, it decompose the spectrum data

cognitive radio. Firstly, use the judgment result of into noise part and signal part. We retaining only mean of

spectrum sensing separation of signal and noise data, angbise power and compress the signal spectrum data with

compression processing. Then use the DCT transformhe method of segment compression which base on DCT

process spectrum data and keep the main component.  transform, the energy detection results are lossless
compressed by the block skipping method. Since those
processing methods reduce the noise data quantity which

3 Spectrum data segment compression describes noise details and be not of much use in
algorithm spectrum analysis, the compression ratio of our algorithm

is higher than traditional compression algorithms. The
3.1 Specific steps of the algorithm energy detection results are additional overhead in
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Fig. 1: L-band broadband spectrum
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Fig. 2: Decomposition of signal spectrum

compressed data, but they are composed of 01 sequence The main operations of our algorithm concentrated on
which could represent by boolean data and amount oDCT transform and entropy coding, and the other
overhead is small. In addition, we know the fact that thereoperations are much smaller. As we know, the main steps
are much continuous 0 sequences and continuous bf JPEG are DCT transform, quantization and entropy
sequences, and the energy detection results are suitabteding. So the complexity of the algorithm proposed by
for lossless compression with. The reason of losslesshis paper is similar to that of JPEG.

compression is that detection results are spectrum

position information and it is important to compressed

data reconstruction. 4 Simulation Analysis

After that, we encode retained DCT coefficients and4.1 Performance metrics
compressed detection results vector with the arithmetic  Two performance metrics were used for evaluating the
encoder. performance of the compression algorithms. The

(@© 2015 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

422 NS 2 Z. Tang, T. Peng: A Wideband Spectrum Data Compression Algorbase on...

Table 1: Compression performance comparison

occupancy ratio This algorithm JPEG JPEG2000
CR PRD PRD CR PRD PRD CR PRD PRD
% % (only signal) % (only signal) % (only signal)
0-10 47.62 6.76 4.09 10.34 9.97 4.48 19.42 8.16 4.45
10-20 24.10 7.94 4.50 9.71  8.00 5.24 1592 7551 5.13
20-30 17.33  6.92 4.68 8.76 8.5 5.09 15.67 7.95 5.37
30-40 14.64 6.91 4.88 8.73 7.39 5.13 1412 7.11 5.25
40-50 13.02 6.49 4.72 7.89 6.43 5.39 10.96 5.70 5.01
50-60 12.10 6.61 4.96 796 6.20 5.29 10.93 5.72 4.98
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Fig. 3: The coefficients of DCT transform

compression performance indicator is Compression Rationatrix laboratory (Matlab2012) in experiments. Our
(CR). algorithm parameter settings as shown in the following

b .

CR= orig (1) table.
bcomp
Wherebqrig is the total number of original data bits,

and beomp is the total number of compressed data bits.
The error performance indicator is Percent of

Table 2: Algorithm parameter setting

: . Parameter Value describe
Root-mean-square Difference in Percentage (PRD). Coog 10 Block length of block SKIpping
P (X —X)?2 Teye 3 _ Segmeptgd cycle ‘
PRD = My ! 2) T 0.99 Ratio of DCT coefficient energy retained
sumY , x? Ny 256 Quantization step
x is the original spectrum data, amds"the reconstructed
data.
4.2 Simulation results and analysis The parameters of JPEG and JPEG2000 are the

Experimental data is L-band satellite communicationdefault values. Because of the ratio of noise in spectrum
spectrum sensing data, and The resolution of each samplepend on the spectral environment, for test compression
is 16 bits/sample. The spectrum sensing bandwidthperformance in different spectral environment more
B = 50MHz_the frequency resolution of spectrum sensing effectively, this paper choose different spectrum data to
fr = 10kHzand data lengthN = 5000. This paper experimentand their spectrum occupancy ratios are from
implements our algorithm, JPEG and JPEG2000 by0% to 60%. The spectrum occupancy ratio is the ratio of
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