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Comparison of Signal Classification Performance between Multilayer
Neural Networks and Linear Signal Processing Methods

KAzUuYUuk1 HARANtt and KENJI NAKAYAMA

In this paper, signal classification performance of multilayer neural networks (MLNNs) is
investigated theoretically and experimentally. Furthermore, it is compared to linear signal
processing (SP) methods, including Fourier transform, filters, pattern matching, and so on.
The signal of interest is observed and sampled in a very short interval, thus, it has a small
number of samples. The signals with and without noise are used. The very short length signals
have distorted frequency components, and are difficult to be detected. Recently, the MLNNs
have been applied to signal processing and detection. The MLNNs have good performance
in some cases. However, theoretical analysis for their signal detection performance have not
been well investigated. The signal detection with a limited number of samples is reduced to a
pattern classification problem. The signal with N samples is considered as an N-dimensional
vector. The pattern classification problem in an N-dimensional space is considered as sub-
space formulation, or space division by hyperplanes. Classification performance is evaluated
based on a degree of freedom for subspace formulation. It is analyzed that the MLNNs have a
high degree of freedom for dividing the N-dimensional space, and each subspaces can be opti-
mize through a supervised learning. On the other hand, the linear SP methods are based on
some models which extract frequency components, so, they do not have a degree of freedom of
formulating the subspace in the N-dimensional space. The above analytical results are verified
through computer simulation of multi-frequency signal classification, and its real application,
dial-tone signal detection. When 10~20 sample signals are employed and computational load
is limited to the same amount, the MLNNs have higher probabilities of signal classification
than those of the conventional methods. When the number of samples and computational
load are not limited, their performance are almost the same.
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(a)FIR filter with two
output samples

(b)FIR filter with
five output samples
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Fig.3 Conceptual figure of signal detection regions of
FIR filter.
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Table 1 Probability of exact signal classification in
percentage when computation is limited.

Methods N=10 N =120

NFS NS NFS NS
MLNN 97.6 85.4 97.4 90.6
FIR1 4.7 3.7 100 87.5
FIR2 100 50.3 100 51.3
Fourier 56.1 53.6 77.9 76.7
Euclid 49.6 52.1 | 59.4 62.0
MGD - - - -

MEM 60.8 56.8 87.7 87.3

N: Number of samples
NFS: Noise Free Signal, NS: Noisy Signal

;|2 EAHRSHREALZCHENTEE (%]
Table 2 Probability of exact signal classification in
percentage when computation is not limited.

N=10 N=20
NFS NS | NFS NS
MLNN 100 90.6 100 99.3

FIR1 100 90.5 100 99.8
FIR2 - - - -
Fourier 70.6  65.7 100 94.8
Euclid 86.0 79.5 100 99.5
MGD 100 90.2 100 99.7
MEM 62.9 63.7 | 97.3 95.4

Methods

N: Number of samples
NFS: Noise Free Signal, NS: Noisy Signal
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Fig.4 Classification rates of signal classification by the
MLNN method and the linear signal processing
methods for (a) 10 samples and (b) 20 samples
noisy signal.
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23 RBUBHIBMORSHE
Table 3 Connection weights of hidden layer and
output layer.

Output
Hidden 1st 2nd
1st —-18.95 18.95
2nd 18.27 -18.27
3rd 11.63 —11.63
Bias —2.0 2.0

EMINREELTWAEVWLS, LML, F0EHRIT
AR TH), ABEHIHBR NS ESEBITKRIBICE
T¥+5. s LB NN IZEBREAYN S Wi
ATH N REZEMICBI 2BBRIEROBHES R
7=, TREIIKE(HEL 2.
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®a Bha=y MO
Table 4 Hidden unit output distribution.

Class 1 Class 2

Hidden unit NS Hidden unit NS
1st 2nd 3rd 1st 2nd 3rd
H H H 112 H H H 0
H H L 0 H H L 52
H L H 0 H L H 109
H L L 0 H L L 39
L H H 0 L H H 0
L H L 0 L H L 0
L L H 88 L L H 0
L L L 0 L L L 0

NS: number of signals

®/E5  JHEY (Hz) LY 4TAE-0DI IR (1 ~ 16) Ditiis.
A RIS N TS,
Table 5 Relation between combinations of frequencies in
Hz and dial tone classes #1 — #16. Frequencies
are normalized.

1.209 1.366 1.477 1.833
0.697 #1 #2 #3 #4
0.770 #5 #6 #7 #8
0.852 #9 #10 #11 #12
0.941 | #13 #14 #15 #16

6. 14V NEk—2 B
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1 DOBBEBPEBOBST 77 AEEThTwaE L
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Table 6 Classification rates in percentage of dial tone
recognition using MLNN method.

Signal Sample | Class. Rate
10 90.6
20 95.7

®B7 FIR1L7 ALV E2RACHEDT ATV~ DR EER
(%]
Table 7 Classification rates in percentage of dial tone
recognition using FIR1 method.

Signal Samples | Output Samples | Class. Rate

10 LT 14 23.3
NLT 200 41.2

20 LT 10 79.4
NLT 200 83.6

LT: Computation is limited
NLT: Computation is not limited
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Fig.5 Amplitude response of FIR1 filter designed to
extract class 1 signals.
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Table 8 Normalized computational complexities and the

number of parameters (computation is limited).

Methods N =10 N =20
NCC NP | NCC NP

MLNN 3.6 3 3.3 3
FIR1 4.0 2 4.0 2
FIR2 2.0 - 2.0 -
Fourier 4.0 1 4.0 1
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MGD - - - -
MEM 2.8 1 4.0 2

N: Number of samples
NP: Number of parameter
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ited).
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