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Abstract: Despite the progress made in the design of spiking neural networks (SNN), training these systems for
classification and artificial intelligence applications is one of the upcoming challenges for their design. In this paper, we
have investigated supervised learning in SNNs for the problem of digit recognition and classification from speech signals.
SNN training is done using fuzzy logic. In this method, the learning rule integrates Fuzzy Weighting System (FWS) with
Spike Time Dependent Flexibility (STDP). SNN uses a set of training neurons with fuzzy weighting to reduce the number
of weights of each neuron in the training phase, in which the data related to all classes are fed to these neurons to determine
the training weights and threshold estimation with the help of the Wild Horse Algorithm (WHO). Then, these rule weights
are given to the neurons of different layers to reflect the similarities in the extracted features among the classes as an
objective function. A case study has been carried out on a set of audio signal data for digit classification. Our network
achieved a classification accuracy of 98.17% on the TIDIGITS test database.
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Extended Abstract

1- Introduction

In this work, we have used a series of meta-heuristic
algorithms for deep neural network training based on
Fuzzy Weighted System (FWS) learning rule integrated
with Spike Time Dependent Flexibility (STDP). Our case
study is for classification and recognition of digits from
audio signals. The important innovation of this training is
the use of a random weighting system based on fuzzy logic
(FWS), which is sufficient for each neuron. Instead of
defining a large volume of input weights for each neuron,
only two variables are calculated with the help of the WHO
algorithm. A training audio dataset is then trained for the
entire network applying audio samples to these
compressed spike maps with trained weights, which are
then transformed into the original classification results
using a spiking autoencoder. To the best of our knowledge,
this is the first work that performs audio synthesis from
extracted features in a spike-based environment with the
help of optimization algorithms and a fuzzy logic system.

2- Methodology

To train FWS-DSNN-based deep voice models, which is
the main contribution of this work, several popular speech
features are extracted from the training recordings
provided for digit classification. After this, with the help
of the selected features, we perform the steps of FWS-
DSNN training. For each feature in the input layer of the
network with the Izhikevich model, a spike train of
different features is generated. Now it's time to define the
weight and threshold based on the training data. These data
enable the training of the FWS-DSNN deep audio model
with a back-to-back learning approach. During training,
FWS-DSNN learns to optimize selected input speech
features by fuzzy weighting and threshold selection
optimized with the WHO Wild Horse optimization
algorithm with input spike trains from multiple
intermediate and output layers of spiking neurons.

We have used a mathematical function A.cos(t.s) for
random weighting. This work means that for a multi-layer
network with multiple neurons in each layer, we no longer
need to calculate and estimate many weights to define each
neuron and calculate only two parameters Z1, Z2. This
helps to reduce the parameters that can be calculated to
define the neurons in each layer. This parameter reduction
helps to simplify the learning and training of FWS-DSNN.
In this regard, we have used the wild horse optimization
algorithm to optimize the calculation of Z1, Z2 parameters
along with the threshold value (Vth). Through a fuzzy
weighted layering of different neurons in different layers,
we get a random distribution of weights and threshold
value, which leads to the training of the FWS-DSNN
network. During the inference stage, the audio digit
provided by the trained FWS-DSNN model is combined

with the information stored in the language model and
pronunciation vocabulary.

3- Results and discussion

In this article, the wild horse algorithm is used to train the
proposed network. Therefore, the proposed FWS-SNN
method with the WHO algorithm approach has been
compared with two machine learning methods, which
include feedforward ANN method and adaptive neural
fuzzy network ANFIS for the classification of audio
signals for digits 0-9. These methods are reviewed for the
test data set of 30 members based on the training data of
120 members trained under different techniques. For this
case study, the defined network of a three-layer network
with the number of neurons [15 8] has been used for all
machine learning networks. The proposed technique with
the help of meta-heuristic algorithms has been able to
produce good results of high accuracy and alignment of
results. The WHO-FWS-SNN technique has been able to
create the highest accuracy compared to other machine
learning methods and achieve 98% accuracy for audio
data.

4- Conclusion

In this paper, a new sequential learning neural classifier
for spiking neural network, called FWS-SNN, is presented
for digit classification problems from audio signals. The
learning algorithm uses low computational cost weight
update rules that require only two parameters for each
neuron. This method reduces the complexity of training
the studied neural network. We also describe a number of
strategies for optimizing SNNs for implementation on
memory- and energy-constrained hardware, including
approximations in computing neural dynamics and
reduced precision in storing synaptic weights. The fuzzy
weighting technique has been able to reduce the
complexity of the proposed SNN network by reducing
71.9% of the network parameters for neuron weighting.
As future work, we will investigate the training of
recurrent networks of spiking neurons for speech
recognition applications for digit classification to improve
recognition performance. For this purpose, a second type
of fuzzy modeling can be used to define neurons to
increase accuracy.
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