Hindawi

Advances in Mathematical Physics
Volume 2021, Article ID 7913666, 9 pages
https://doi.org/10.1155/2021/7913666

Research Article

Hindawi

Research on Spectrum Feature Identification of Indoor
Multimodal Communication Signal

Yunfei Chen®,"? Yang Liu®,"” and Xintao Fan'”

ISchool of Electrical Engineering, Hebei Vocational University of Technology and Engineering, Xingtai 054035, China
2School of Electrical Engineering, Xingtai Polytechnic College, Xingtai 054035, China

Correspondence should be addressed to Yang Liu; y120210519@163.com

Received 22 May 2021; Revised 19 August 2021; Accepted 2 November 2021; Published 16 November 2021

Academic Editor: Naixue Xiong

Copyright © 2021 Yunfei Chen et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In order to solve the problem of large signal acquisition error caused by radio wave multipath effect in indoor environment, firstly,
the signal source carried on the motion platform is collected for spectrum signal, and the signal processed by wavelet threshold
denoising algorithms extracted and stored for spectrum feature extraction. Then, after data training and identification, the
signal source is input into the system in random mode for identification. The experimental results show that the improved
fuzzy clustering algorithm (FCA) is 12.7% higher than the spectrum envelope extraction method (SEEM) in the recognition
rate of spectrum characteristics of different modes of signal source.

1. Introduction

In indoor positioning of motion platform, communication
signal mode plays a key role in information exchange. Due
to the characteristic of indoor radio wave transmission [1]
of different modes of communication signal, the working
mode can be automatically changed to adjust the channel
when the communication [2] is not smooth. The positioning
access point AP can identify the signal source on the sports
platform to strengthen the positioning and tracking. The
spectrum feature identification method is very important
for the identification of wave signal is very important. The
traditional envelope spectrum feature extraction method [3]
can optimize the selection of signal source spectrum features
[4] and effectively improve the signal detection accuracy of
signal source. However, the feature extraction of the SEEM
algorithm is easily limited by the experimental environment.
When the indoor environment changes greatly, the error of
feature data extracted by the SEEM algorithm is large.

The FCA is a clustering algorithm based on the fuzzy
system theory [5]. Bezdek proposed the FCA [6] as early as
1973, which originated from the improved early K-means
clustering algorithm. The objective function constructed by
the FCA can achieve the maximum similarity of samples

belonging to the same cluster and the minimum correlation
of samples between different clusters in the division process.
However, the randomness of the FCA clustering center is
large, which easily leads to local extremum [7]. At the same
time, when the attributes of test samples are close to each
other, it is difficult to classify them. All these need to guide
the classification. The improved FCA based on pairwise
regression fusion can be combined with the FCA in fuzzy
classification, so as to improve the classification efficiency.

2. Related Work

The method of analyzing the signal characteristics by using
the spectrum of the space wave signal received by the spec-
trum analyzer receiver has been successfully applied in many
fields. At present, some scholars have studied the spectrum
characteristics of outdoor GPS satellite signal [8], radar sig-
nal, and radio signal. However, there are few studies on the
spectrum characteristics of indoor interference signal source.
In Reference [9], the distortion of the emitter modulator and
the nonlinear characteristics of the power amplifier are
introduced into the classifier construction model, and the
test results show that the spectrum distortion of the emitter
signal exists. In Reference [10], the transient sparse feature
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of signal is used as the basis of evaluation mode to realize the
identification of emitter signal feature. In Reference [11], the
relevant features are extracted by analyzing the time-
frequency characteristics of the emitter signal to realize the
identification of transient characteristics. The above research
results are significant, but none of them is involved in the
research of indoor positioning signal source spectrum
characteristics.

3. Methodology

3.1. Building Models. In order to solve the problem of large
signal acquisition error caused by the multipath effect of
indoor signal source, firstly, the spectrum of the radio signal
is collected and processed on the indoor platform, and then,
the random signal is input to the system to identify the
large-scale signal. At last, the construction of signal acquisi-
tion and identification system is shown in Figure 1.

The known communication signal source is collected
and input into the spectrum identification system by the
SA44B spectrum analyzer. According to the four common
communication modes of GSM, CDMA, DCS, and PHS,
the corresponding spectrum features are extracted and
stored in the database after signal detection feature extrac-
tion and identification. Then, after learning and training, a
higher frequency spectrum feature recognition rate is
achieved. In the online identification stage, the signal source
with unknown working mode is input into the identification
system, and the working mode of the output signal source is
determined after identification.

3.2. Signal Acquisition and Processing. This section is to dis-
tinguish the source signal of the target for positioning; the
four modes of spectrum signals of the signal source carried
by the indoor sports platform are collected indoors. The
spectrum of CDMA signal source has the characteristics of
smooth waveform and obvious peak, as shown in Figure 2.
The spectrum of signal source in GSM mode is coarser than
that in CDMA mode, but it has clear peak, as shown in
Figure 3. The spectrum of DCS working mode is the most
disordered among the four kinds of spectrum collected, as
shown in Figure 4. In PHS mode, the peak to peak distance
of communication signal spectrum is larger, so the charac-
teristics are more obvious, as shown in Figure 5.

Obviously, the characteristics of the four modes of spec-
trum signals are complex, the optimal characteristic param-
eters of the spectrum are not easy to select, and there are
many clutters in the spectrum, which affect the indoor posi-
tioning of the signal source.

In order to prevent the edge information from blurring,
a nonlinear filter is introduced, in which the median filter
can keep the sharp edge well. The signal processed by
median filter still contains noise, and the wavelet denoising
method is better for reducing Gaussian white noise in radio
wave signal. The wavelet denoising method [12] includes the
modulus extremum denoising method, wavelet correlation
denoising method, and wavelet threshold denoising method.
The traditional wavelet hard thresholding function [13] and
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soft thresholding method [14] models are shown in
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The traditional wavelet hard thresholding function is
easy to produce Gibbs oscillation [15], while the soft thresh-
olding method is easy to produce “over smooth” distortion
due to the constant difference of wavelet coefficients [16].
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As shown in formula (2), the threshold adjustment
parameter aisa=1- WiV W' is the mean value of

neighborhood wavelet coeflicients, and § is a positive num-

ber. When e |W | — £ is VAVj)k — 0, the threshold value

Wi =+A function is continuous, which can overcome the

signal oscillation problem caused by the discontinuity of
hard threshold; when W — *0c0 is VAV]-,k/Wj,k — 1, the
new threshold function conforms to the characteristics of
hard threshold function, which can overcome the hard
threshold, so as to overcome the distortion caused by the
constant difference of wavelet coefficients.

When the threshold adjustment parameters « — 0 and
8 — 0, the new wavelet threshold function is a soft thresh-
old function; when the threshold adjustment parameters «
— +00 and § — 1, the new wavelet threshold function
is a hard threshold function. By adjusting the parameters a
and &, we can obtain the signal processing results of different
modes of the interference signal source. After denoising the
spectrum of the four modes, we can normalize the Z-score
[17], as shown in Figure 6.

3.3. Spectrum Feature of Signal Extraction. The signal spec-
trum parameters are selected to extract the peak value, cor-
responding frequency, signal spectrum bandwidth, and
kurtosis [18] of the signal transmitted by different mode sig-
nal sources as the characteristic parameters of the corre-
sponding mode of the radio wave signal. The feature
parameters of different modes of CDMA, GSM, DCS, and
PHS of signal source are extracted step by step to construct
the vector sequence required for the feature recognition
model of radio wave signal. As shown in Table 1, the four
modes of CDMA, GSM, DCS, and PHS are, respectively,
marked as C=1~4.

3.4. Analysis of Category Characteristics. Let the length of
eigenvectors in feature set X = {x,x,,---,x,} be I, and the
number of eigenvectors be #; then, feature set X is divided
into ¢ fuzzy groups. In order to represent the degree to which
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FIGURE 1: Structure diagram of signal acquisition and identification system.
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FIGURE 2: Spectrum of CDMA mode.

each eigenvector belongs to ¢ independent classes, the algo-
rithm returns ¢ clustering center matrix and membership
matrix Uy, ={u;}, where each element u,; indicates that
x; of X belongs to ¢; membership. The objective function is
constructed as follows:

C

Fronlind)= Y Yy d(xc)

n
j=li=1

s.tZuij= 1, Vj=1,--,n

Taking each row of feature set in Table 1 as the corre-
sponding feature vector, the feature vector matrix of M x
N =4x8 can be constructed, and X is the input matrix of
the fuzzy clustering algorithm. The number of clusters is
set as ¢ = 4, the fuzzy weight parameter is m = 2, the number

of iterations is 500, and the iteration stop threshold param-
eter is £¢=1.0x 107 by four modes. The cluster center set
C and membership matrix U of four kinds of eigenvectors
can be obtained by operation.

As shown in formula (3), C is the cluster center set, c; is
the cluster center of class i, m is the fuzzy weight parameter,
D is the initial number of clusters in fuzzy clustering, m =2

according to experience, and d;(x;, ¢;) = 1/ Y7 (x; — ¢;)* is the
Euclidean distance from feature vector x; to class center c;.
Through iterative calculation, the data is close to the optimal

clustering center C = {c;}.

3.7853 0.4924 1.2582 1.3613
6.3072 0.5661 1.3713 1.8426
3.6519 0.6368 1.0911 1.1998 |
4.8730 0.6689 1.3461 1.3791
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the membership degree of the class label. The row code cor-
09861 0.9994 0.0065 0.0296 0.0001 0.0127 0.0074 0.0090 0.0000

responding to the maximum value in each column of data
is the category number to which the eigenvector belongs.
According to matrix U, the maximum data values calcu-
lated in columns 1 ~ 2 appear in the first row, so the char-
(4) acteristic data in columns 1~2 in Table 1 are classified
into the same category. Approximately, according to the

maximum membership value of the characteristic data in
From the data in the membership matrix U, we can find ~ columns 3 ~4, 5~6, and 7 ~8, the state class label can
the row number to which the eigenvector belongs, that is,  be determined.

0.0018 0.0000 0.9713 0.8936 0.0002 0.0115 0.0097 0.0007 0.0001
0.0082 0.0002 0.0032 0.0172 0.0000 0.0060 0.0025 0.9802 0.9999 |
0.0074 0.0003 0.0268 0.0726 0.9997 0.9707 0.9834 0.0020 0.0000
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FIGURE 5: Spectrum of PHS mode.

It can be seen that the above-extracted feature data has
obvious category features, which can correctly distinguish
the four mode state features of signal source, but the resolu-
tion is not clear enough, and more detailed classifiers need to
be built to distinguish.

3.5. The Establishment of Classifier. The traditional FCA is
influenced by kernel function, and fuzzy selection is not of
probability significance. At the same time, it is hard to clas-
sify nonlinear samples. Therefore, for known feature set
{x;}L,, category tag sequence is {lable,}; , i€ (1,2,:--,n),
and w; is the weight parameter. The function of the soft
interval classification optimization model of FCA is
improved and constructed as follows:

1 n
mibn§||w\|2+KZ€log(yi(wai+b) —1). (5)
@ i=1

As shown in formula (5), where K > 0 is a constant and
Ciog (y;(w"x; +b) — 1) is the logistic loss function, that is,
80g(2) =log (1 + exp (~2)). The introduction of the pair rate
regression model has the advantage of output prediction
marker and probability parameter, which is suitable for mul-
ticlassification problems in application.

Therefore, it is equivalent to using the maximum likeli-
hood method to solve the inner layer maximization in the
Bayesian framework [19], as shown in

max £(w, b Zlogp(y |x; s w, b). (6)

Let B=(w,b), x=(x;1), formula (7) can be trans-

formed into

min ¢(f) = (7)

M:

(ylﬁ x; +log <1+eﬁ ))

Il
—

[§

As shown in formula (7), it is a high-order continuous
convex function of A. according to the Newton iterative
method in convex optimization theory, the optimal solution
B* = argmin€(f) can be obtained, and then, the weights w

B

and b can be obtained. Furthermore, it is assumed that P(
y;lw) follows Bernoulli distribution and w follows Gauss
prior distribution. In order to eliminate irrelevant noise
component o2, the likelihood estimation probability model
is obtained, as shown in

P(yw) = HU{J’ -o{y(xe)} T (8)

In order to reduce the learning degree of the model, a
penalty parameter R(w;|0,4,”!) is introduced for each
weight to get the probability evaluation model.

P(olu) = HIR w0, ;" (©)

. T .

As shown in formula (9), y= (1"0’ P> slh,) 1S a sparse
probability model constructed by n + 1 dimensional hyper-
parameters. It can be seen that the improved FCA based
on pairwise regression fusion has the advantage of estimat-
ing the output prediction marker and adding probability
parameters at the same time.



Advances in Mathematical Physics

0.8
0.6
0.4 4
0.2 4

Signal intensity (dBm)

T
500

—— CDMA

T
1000

T T
1500 2000 2500

Frequency (Mhz)

0.8
0.6 4

0.2

Signal intensity (dBm)

500

— GSM

1000

1500 2000 2500

Frequency (Mhz)

0.8 1
0.6
0.4
0.2 1

Signal intensity (dBm)

—— DCS

500

1000

T T
1500 2000 2500

Frequency (Mhz)

0.8
0.6
0.4
0.2

Signal intensity (dBm)

—— PHS

500

T
1000

T T
1500 2000 2500

Frequency (Mhz)

FIGURE 6: Spectrum normalization of four interference modes.

TaBLE 1: Partial experimental characteristic data.

RSSIy (dBm) f, (10° MHz) f,..4 (10°MHz) v  C
-29.32 0.867 0.028 57.231 1
-30.51 0.873 0.027 56.538 1
-41.65 1.806 0.062 51267 2
-40.37 1.847 0.058 50.324 2
-39.13 1.930 0.042 27225 3
-38.42 1.923 0.045 26.881 3
-58.65 1.841 0.002 62447 4
-60.31 1.831 0.001 63.617 4

3.6. Optimization of Classification Processing. Because the
soft interval FCA classification model has high prediction
cost, in order to reduce the overfitting risk of model training
error, The SA algorithm is used to accelerate the conver-
gence of FCA training process. The SA algorithm is easy to
global optimization and to avoid local extremum, so it can
achieve better global convergence.

Step 1. Initialization program, in which the initial tem-
perature T, initial solution vector v, step size L, = 1, solu-
tion space vector dimension 3, the number of iterations 200,
and termination threshold £ = 1.0 x 1073.

Step 2. The FCA model is used to calculate the initial solu-
tion w;, and the SA algorithm is called with w; as the initial
point to generate a new point wl( = w; + yL, randomly, where
y € (0,1) is a random number and P(w,|u) is calculated.
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Step 3. The fitness ¢, is calculated by K-fold cross-

validation, where the fold number K is set to 5, and the
global optimal value is updated according to ¢, ;. If ¢,

<0, it has got the new solution is accepted. Otherwise, the

new solution is accepted by probability pzexpfA(P%w”ﬂ(l)/T,
where T is the current temperature control parameter. The
annealing function is used to control the iteration speed T,
=aT,_,, and the annealing smoothing coefficient is set to
a=0..8.

Step 4. When the iteration satisfies criterion T < & or the
number of iterations reaches, the program exits, and the fine
classification of samples is obtained.

3.7. Train and Test. In order to verify the resolution and gen-
eralization ability of the above models, the “reserve method”
is also used to identify and verify the samples collected from
different mode signal sources. Each mode state is sampled in
30 groups, and a total of 120 groups of experimental data are
collected, and their characteristic parameters are extracted.
In order to prevent data overtraining, 100 groups of each
group of signal feature set are randomly selected for model
training. Using 20 groups of feature samples as verification
set for classifier test, the iteration number is 500, then stop
threshold € = 1.0 x 10>, and model classification calculation
to get confusion state matrix; according to the test results of
confusion state matrix, the correct samples can be classified
as table diagonal cumulative sum, a total of 18; the overall
correct recognition rate can reach 90%, which can effectively
identify the signals of four working modes.

Among them, the mode signal with identification error is
DCS. The reason is that the spectrum characteristics of the
signal source in this frequency band are close to that of the
adjacent signal frequency band. When the signal strength
of the detection signal source is close to that of the adjacent
frequency band, there will be misjudgment, but the misjudg-
ment rate is low. The confusion state matrix calculated from
the model classification is shown in Table 2, which shows
that the system can get enough accurate results for the spec-
ified signal source signal pattern identification.

4. Experimental Results and Analysis

4.1. The Comparison of Identification Rate. Through the
SA44B spectrum receiver, the four modes of spectrum sig-
nals of the signal source carried by the indoor sports plat-
form are collected indoors. Quantitative test experiments
are carried out to verify the accuracy of feature selection of
the SEEM algorithm and SA-FCA. The recognition rate is
measured by extracting the percentage of correct samples
in the unit number of features. The number of samples col-
lected per unit is set to 200, and the proportion of correct
eigenvalues and total eigenvalues is calculated, as shown in
Figure 7. When the number of spectrum increases to 300,
the highest recognition rate can reach 93.1%. Then, the fea-
ture selection ability of the SEEM algorithm decreases with
the increase of the number of features. When the number
of features increases to 400, extracted by SA-FCA, the max-
imum feature recognition rate reaches 96%. From the com-

TaBLE 2: Disturbance source signal characteristic identification
results.

The identification experiment results

Test status CDMA DCS PHS Mobile Accuracy rate (%)

CDMA 5 0 0 0 100
DCS 0 4 0 1 90
PHS 0 0 5 0 100
Mobile 0 0 1 4 90
1.0
0.9 4
0.8 4
@ 0.7 4
g
= 0.6+
S
Z 0.5
&
§ 0.4 4
P03
0.2
0.1
0.0 T T T
100 200 300 400 500
Number of extracted eigenvalues
—= FCA
—e— SEEM

FiGgurg 7: Comparison of SEEM and FCA identification rates.

parison chart of recognition rate, it can be seen that the
larger the number of selected features is not the better, and
the number of features shows a downward trend when the
number of features reaches 400.

4.2. Location Accuracy Analysis of Optimal Features. Fur-
thermore, the optimized spectrum eigenvalues of the signal
source are used for positioning experiments to verify the
influence of the optimization algorithm on the positioning
accuracy. Traditional NN algorithm, KNN algorithm [20],
SEEM algorithm, and improved FCA algorithm are com-
pared in indoor positioning experiments, as shown in
Figure 8. The improved FCA feature selection method can
achieve 78% in the positioning error of 1.3m, which is
13% higher than the SEEM algorithm. The improved FCA
feature selection method can achieve 83% in the positioning
error of 1.5m, which is 8% higher than the SEEM algorithm.

5. Discussion

The classification analysis of eigenvalues extracted from
radio wave signals is the basis of illegal signal identification.
FCA model clustering is widely used as an unsupervised
learning algorithm of the “hardening score” method. By
adjusting the membership criterion, the individual feature
vectors in the feature set are classified into subcategories of
a cluster center one by one, and the similarity between
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different categories is the smallest. According to this,
through the fuzzy clustering identification of the characteris-
tics of CDMA, GSM, DCS, and PHS four different mode sig-
nals, a small amount of sample data is used to test the
effectiveness of extracting the categories of the eigenvalues
of radio wave signals.

The FCA is a common classifier suitable for small sam-
ple sets and can also be extended to the field of multiclassi-
fication. Its core idea is to build a hyperplane model to
classify the sample data in the feature space and remove
the specific values. The difficulty is to separate the hyper-
plane close range samples with high confidence rate and
maximum interval.

6. Conclusions and Future Work

Aiming at the problem of large positioning error caused by
the working mode transformation of the signal source car-
ried by the indoor sports platform, this paper first
expounds the feature identification of the interference sig-
nal source from the new perspective of the spectrum
detection and feature identification of the radio wave sig-
nal and studies the spectrum characteristics of the radio
wave signal, after the denoising processing of the wavelet
threshold method. Then, through the improved FCA
model classification training and identification, the effect
is better than the envelope method. Finally, the spectrum
eigenvalues extracted from the identification are used for
positioning. Indoor positioning experiments are carried
out by traditional NN algorithm, KNN algorithm, seem
algorithm, and improved FCA. The recognition rate of
the collected samples is relatively ideal, and the positioning
effect based on the feature data is better. In addition, there
are other types of signal sources to be further studied,
which require a large number of collected data to enrich
the identification database, which need to be improved in
the follow-up experiments.
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