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Abstract

Channel fading is one of the fundamental challenges in wireless communications, for which various solutions
have been proposed. Identifying the type of fading is essential for selecting an appropriate mitigation strategy in
communication links. Telecommunication channel fading is classified into different categories based on
frequency selectivity severity and time-varying characteristics. Channel type detection is a classification problem,
where suitable features are first extracted from the channel impulse response (CIR), followed by the application
of a classification algorithm. In this paper, we propose a method for classifying fading channels in OFDM
systems. The features are extracted from the scalogram obtained by applying the wavelet transform to the CIR,
and the channel type is determined using the Linear Discriminant Analysis (LDA) algorithm with ensemble
learning via the random subspace method. The wavelet transform is applied to the estimated CIR to approximate
real-world conditions, where the channel is estimated using pilot symbols. The proposed method is evaluated for
classifying eight simulated channel models, combining four multipath profiles based on the COST207 standard
and two Doppler shifts (50 Hz and 200 Hz). Experiments assess the impact of various parameters on classification
accuracy. Simulation results indicate that the proposed method achieves an average classification accuracy of
86% at a SNR of 3 dB, representing an improvement of at least 27% over competing methods. Moreover, the
proposed method demonstrates greater robustness to increased channel estimation errors resulting from reduced
pilot overhead, exhibiting up to 25% less performance degradation than competing methods. This improved
robustness is achieved while simultaneously extracting a lower-dimensional feature vector.

Keywords: Fading channel classification, Wavelet transform, Scalogram, Machine learning, OFDM.
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No. Delay (lin)  (dB) Spread
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Typical Urban: 12-path channel model

0 0 0.4 -4

1 0.2 0.5 3

2 0.4 1 0

3 0.6 0.63 2

4 0.8 0.5 3

5 1.2 0.32 5 1

6 1.4 0.2 7

7 1.8 0.32 5

8 2.4 0.25 6

9 3 0.13 9

10 3.2 0.08 11

11 5 0.1 10
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Path Propagalion Path power De]a}y
No. Delay (i) (B) Spread
(us) (us)
Bad Urban: 12-path channel model
0 0 0.2 -7
1 0.2 0.5 -3
2 0.4 0.79 -1
3 0.8 1 0
4 1.6 0.5 -2
5 2.2 0.63 -6 25
6 3.2 0.25 -7 :
7 5 0.2 -1
8 6 0.79 -2
9 7.2 0.2 -7
10 8.2 0.1 -10
11 10 0.03 -15
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Path Prngalgation Path power SDclayd
elay . prea
No. (15) (lin.) (dB) (45)
Hilly Terrain: 12-path channel model

0 0 0.1 -10

1 0.2 0.16 -8

2 0.4 0.25 -6

3 0.6 0.4 -4

4 0.8 1 0

5 2 1 Q

6 2.4 0.4 -4 3

7 15 0.16 -8

8 15.2 0.13 -9

9 15.8 0.1 -10

10 17.2 0.06 -12

11 20 0.04 -14

" Slow Typical Urban Fading
8 Fast Typical Urban Fading

® Slow Bad Urban Fading

10 Fast Bad Urban Fading
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12 Fast Hilly Terrain Fading
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! K-fold cross-validation
2 Quadrature Amplitude Modulation (QAM)
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