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Abstract: Money laundering, as a critical challenge for financial systems, has become increasingly complex with the
advent of cryptocurrencies. Features such as anonymity and the ability for rapid, cross-border transfers have rendered
cryptocurrencies attractive tools for illicit activities, including money laundering. Machine learning, as an advanced
technological approach, offers promising capabilities for detecting suspicious patterns and preventing money laundering
within decentralized financial systems. However, the efficacy of this approach hinges on the formulation of a
sophisticated criminal policy framework that leverages the opportunities offered by cryptocurrencies while mitigating
associated risks. This study, employing a descriptive-analytical methodology, examines legal challenges such as the
absence of comprehensive and harmonized global regulations, regulatory issues like the lack of international standards
for monitoring cryptocurrency transactions, and technical difficulties, including the complexity and volume of transaction
data and user anonymity. The findings underscore the necessity of international legal cooperation and harmonized
criminal policy strategies to combat money laundering in the cryptocurrency domain. Machine learning models, while
holding significant potential for enhancing oversight and crime prevention, require a robust legal and regulatory
framework to realize their full potential in addressing financial crimes within this emerging technological landscape.
Keywords: machine learning, cryptocurrency transactions, money laundering, criminal policy.
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Extended Abstract

1- Introduction

Money laundering has long been one of the most pressing
challenges for global financial systems, and the advent of
cryptocurrencies has introduced new layers of complexity.
Due to features such as anonymity, decentralization, and
rapid cross-border transfers, cryptocurrencies have
become attractive tools for facilitating illegal financial
activities, particularly money laundering. In traditional
systems, money laundering involved complex schemes
like using shell companies and fake identities, but

cryptocurrencies have added new dimensions by
leveraging blockchain technology and peer-to-peer
transactions.

Machine learning (ML), as a subset of artificial
intelligence, presents a promising solution for identifying
and preventing money laundering activities within the
cryptocurrency ecosystem. ML algorithms can detect
suspicious patterns that might go unnoticed through
traditional ~ monitoring  systems. = However, the
implementation of machine learning in financial
regulation, particularly in cryptocurrency transactions,
presents legal, regulatory, and technical challenges. These
challenges are further compounded by the absence of
comprehensive international legal frameworks governing
cryptocurrency transactions, which makes cross-border
enforcement and cooperation difficult. This paper
investigates the potential of machine learning to combat
money laundering in cryptocurrency transactions, while
focusing on the regulatory, legal, and technical obstacles
that hinder its effectiveness, particularly in the context of
Iran’s financial system.

2- Methodology

This study adopts a descriptive-analytical research
methodology, utilizing both qualitative content analysis
and a comparative approach. The analysis focuses on the
intersection of cryptocurrency, machine learning, and anti-
money laundering (AML) regulations. It examines legal
texts, regulatory standards, and technical documentation to
explore the challenges and solutions associated with the
implementation of machine learning in monitoring
cryptocurrency transactions. Furthermore, the paper
compares international frameworks, such as those
provided by the Financial Action Task Force (FATF), with
Iran's legal and regulatory system, highlighting gaps and
opportunities for improvement.

The research also investigates case studies of how ML
algorithms such as Random Forests, XGBoost, Graph
Convolutional Networks (GCNs), and Deep Neural
Networks have been applied in real-world scenarios to
detect money laundering activities. These case studies
provide insight into the strengths and limitations of ML in
the cryptocurrency space, especially in light of the vast
amount of data and the anonymity provided by certain
cryptocurrencies.

3- Results and discussion

The results show that machine learning models, when

applied correctly, can significantly enhance the accuracy

and efficiency of monitoring cryptocurrency transactions.

Key advantages include:

e High accuracy: Algorithms like neural networks and
GCNs detect hidden patterns in large datasets that
manual or traditional rule-based systems miss.

e Real-time monitoring: ML allows for immediate
detection of suspicious behaviors, which is essential
given the fast-paced nature of cryptocurrency
transactions.

e Adaptive learning: ML models continuously improve,
which is vital for combating constantly evolving
money laundering tactics.

o However, several challenges need to be addressed,
particularly in Iran, including:

e Legal gaps: Iran’s AML laws do not explicitly address
ML or cryptocurrency-specific challenges, and the lack

of global standards complicates cross-border
enforcement.
Technical limitations: ML  requires substantial

computational resources and expertise, which are often
limited in developing economies like Iran.

Regulatory barriers: Many Iranian cryptocurrency
exchanges lack clear oversight, making it difficult to
implement effective ML-based monitoring systems.

4- Conclusion

This study highlights the critical role machine learning can

play in combating money laundering in cryptocurrencies.

Technologies like Random Forests and GCNs show

promise but require a supportive legal and regulatory

framework to be effective. Key recommendations for Iran
include:

e Developing clear legal frameworks: Policymakers
must create regulations for using ML in financial
monitoring and cryptocurrency transactions, aligned
with global standards.

e Strengthening technical infrastructure: Investments in
computational resources, expertise, and data quality
are essential for implementing ML-based systems.

e Promoting international cooperation: Iran should
engage in global discussions on AML regulations,
especially related to cryptocurrencies, to align its
policies with international norms.

In conclusion, while ML offers substantial promise in
combating money laundering in cryptocurrency
transactions, legal, technical, and regulatory reforms are
essential for realizing its full potential in Iran’s financial
system. By addressing these challenges, Iran can harness
the power of ML to enhance its AML capabilities and
protect its financial system in the increasingly digital and
decentralized global economy.
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4 Computer Vision
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! Supervised Learning Algorithms.
2 Unsupervised Learning Algorithms.
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! Anti-Money Laundering

2 Know Your Customer
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3 Decision Trees
4 Coin check
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2 Support vector machines

3 Convolutional Neural Network
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Extended Abstract

1- Introduction

To maintain the confidentiality and privacy of users in the
Internet of Things (IoT) network, it is necessary to benefit
from access control schemes. One of the most practical
access control schemes in the IoT ecosystem is based on
attribute-based encryption (ABE). The most important
feature of these designs is granularity and support for one-
to-many public key encryption algorithms. These features
help secure and efficient authentication and authorization
of multiple users with minimal need for key management.
Designs based on ABE are divided into two general
models: CP-ABE and KP-ABE. In general, the framework
of these schemes includes four algorithms: setup, key
generation, encryption, and decryption. In the less-used
KP-ABE model, each data user must decrypt the ciphertext
based on an access structure they define and a secret key
provided by the data owner. The access structure and
secret key are determined based on the attributes of the
data users. This scheme has received less attention due to
the inflexibility of the data owner in defining the access
policy. However, the CP-ABE design, which is designed
in contrast to KP-ABE, has been highly regarded due to its
flexible and fine-grained structure. The data owner defines
and encrypts the plaintext based on an access structure. If
the data user's secret key can satisfy the access structure, it
can decrypt the ciphertext. The main drawback of these
two models is the underlying operation of bilinear pairing,
which has a high computational overhead. Also, the
operation of revoking users and their attributes is not agile.
For this purpose, in many types of research, the authors
outsourced operations with high overhead to the cloud
server to lighten the calculations. However, the cloud
server is not a suitable option due to its centralized
structure and long distance from the end nodes, which
often have limited processing resources. Therefore, in
relatively recent research, designers took advantage of fog
computing architecture with cloud computing. The RNS-
ABE model was introduced as a special case in which the
ABE access control scheme uses the residue number
system (RNS) instead of bilinear pairing.

2- Methodology

This article first introduces basic concepts and definitions
in the field of ABE, such as bilinear pairing, basic CP-
ABE access control scheme, RNS, RNS-based access
structures, access tree and LSSS, IoT for health and
transportation, and proxy re-encryption (PRE) are
discussed. Then, we reviewed and analyzed the latest
articles in the field of ABE that implemented the
infrastructure of fog computing and cloud computing in
their architecture. In the end, the most relevant and newest
articles have all implemented fog calculations from the

perspective of the access structure model, attribute
authority model, attribute and user revocation capabilities,
underlying operations and other plugin capabilities such as
hiding the access structure or blockchain implementation
has been compared to be a basis for researchers in the field
of ABE.

3- Results and discussion

In recent articles, more attention has been paid to the
implementation of blockchain and it has been used in
entities such as multiple attribute authority and fog
computing. In addition, due to the high computational
overhead of bilinear pairing, the focus has been on the
underlying operations such as RNS, so that the
calculations are inherently fast and there is no need to
outsource expensive operations to fog calculations.
Another shortcoming of CP-ABE schemes is the
obviousness of the access structure embedded in the
ciphertext, which some researchers have introduced ideas
to hide from data users. Another challenge of these plans,
which Bettencourt, the creator of the CP-ABE basic plan,
also acknowledges, is the revocation of attributes and
users, which have not been considered in many plans. In
some designs, only one of the two has been given
attention. Of course, all these designs have used PRE,
which imposes a high computational overhead. In one of
the research studies, the concept of user cooperation for
decrypting the ciphertext was discussed, which is a
practical and interesting idea.

4- Conclusion

ABE schemes are one of the most practical access control
schemes that maintain user confidentiality, privacy, and
security of devices and sensors in the IoT. The most
important and flexible model of these designs is CP-ABE.
This model has features such as granularity, the ability to
design an access policy by the data owner, and easier
management of encryption keys due to their one-to-many
nature. But along with its advantages, it also has
challenges and drawbacks. Their underlying operations,
such as bilinear pairing and powering, have a high
computational overhead, and features such as revocation
of attributes, revocation of users, key escrow, non-
confidentiality of the access policy embedded in the
ciphertext, and the use of a single attribute authority,
which will reduce its scalability; It has a challenge. Several
solutions have been used to solve the above issues, such as
fog computing implementation, multiple attribute
authorities, blockchain, and using operations such as RNS
and XOR instead of bilinear pairing. In the future, we
suggest designing revocation algorithms in RNS,
combining blockchain and RNS, and creating additional
features such as hiding and user cooperation in RNS.
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9 Prime attribute module
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1%Data user (DU)
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4 Internet of Vehicles

3 Vehicular fog computing (VFC)




sladol (Sl g A=Y

5 Oty BB (S sleelSies joels b bl (S iy
Iy S sools g glanz el a5 Slags)glid plo 5 ils
2 6l slacd iy @ pomie cLdl (Sbj il WS o pal)d
sl s i ool Jolb [0] s5i o itlag slacodl
Sbwl (Sbj SleMbl (pogas w2 g ool Gl ohgn |, ol
Skl (3ges el 5 (Slepme Lis nlply S o
Olizmer sl (g oyl glaeliws g sudisslaez
Mo do Slolims joeks 4z ST el Sligios Lol gyige
S90S s ol (L) (e lagslone y0 o5, (s2aate
sl LS S lmen Sy sbosls col Ll S e >
Il anwg bools 5l cliblre gl a5 Jeb glagslane
Codyb a8 e Gl o ) elSws sgaome sla Llgs
855 50 il pts il g leelSiws yae b a5 (555l g g5luo o33
Cblix 5l laebl jolaieds onlplo 0108 oo 23U o JLSew JLu)l g
9 xl bl p e el lene So(Sbyy oMbl 5l S

] L5090 do Slewlxe

Oy ST b 2 (55950 =T

sielaz e Sllee Joo SO Lodsl sl K 5 o9
Dges &Ll azes S o) p e )50 bl 2 ey e
Sl @ oS Sl Wiz 4 o ) e, b cnl Suie e
ol shol USiie ol 5,0 3k Gytakae Sels (6l sl
Lol Sy Jlal 5 )8 Jlal Sllxe (Folu pas (b
b o VY] s 5] el Sl bl waitas 5b ol cimiomens
b Sy Glonisst 5 Solwony Skl w5 s [y
Dol bl a5 [VF] o ool onds sloiig a0 Slowlore 31 solital
bl 2 S gz slp @Yz Gilers o By ol
Lgnl 2 opdle wilos S slgaiay” (ol poabiles L (S5 5,855,
B9 oo yrends Wosls jlore s ( S g e slael jl eslaiul
(Sl 00l oolainl dlie pl j ae Slewlre (Jlplb
Bl G39Sms 5 el 03l (§ylemisgn g o D8] o s
st ol gbeolliws 5l aniey Sllee fin 5 WS s
2 ey O Slesiam Ol izmen S o0 Jiie ds slao S
WS e wld Shg g2 siie bl 3 oolizal b 1y gl el
oy e WellS g ol (g Sl 653k ik o VAL s
Gyl e 0 | ae Slwbre LBlaie 5 Coul oud byme
o0 ) Sig iSU bg0] Sloss 5ol b aiS o plesl g Sl
b oS5 4 05 b o g (lalinly wes 2als |,
b fuse p i oy ()50, 5 L (T K50, SeS

“Hierarchical attribute-based encryption (HABE)
3 Identity-Based Broadcast Encryption (IBBE)
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! Identity-based encryption (IBE)

3Key escrow

3 Matchmaking attribute-based encryption

4 Fuzzy identity-based encryption (FIBE)

3 Conditional Chosen Ciphertext Attack-2 (Conditional CCA-2)
¢ Key Policy-Attribute Based Encryption (KP-ABE)

7 Lightweight Fine-Grained ciphertexts Search (LFGS)

8 Searchable encryption (SE)
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2 Electronic Health Record (EHR)
3 Vehicular social networks (VSN)
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Abstract: CT images provide information about bony structures but cannot support tissue information, whereas MRI
images show details about soft tissues. Obtaining the maximum information and key features from the source images,
increasing the visual quality and contrast of the fused image, and reducing the computational tasks remain a major
challenge for many medical image fusion algorithms. In this article, the integration of medical images is based on two-
dimensional discrete wavelet transform (DWT). First, the original images are decomposed by the Db2 discrete wavelet
package into two sets of approximate coefficients and partial coefficients. For the matrix of approximate coefficients, the
fuzzy weighting technique of the matrix of approximate coefficients of the input images is used, and for partial
coefficients, the average method of the matrix of detail coefficients is used. Weighting uses the mask technique obtained
by segmenting the texture of the images. This research has been extended to the composition of color medical images,
which effectively prevents color distortion and enhances visual quality. The obtained results show that the proposed
algorithm not only performs better in edge and contour detection and visual features, but also has improvements in in
quantitative parameter values compared to other researches.
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Extended Abstract

1- Introduction

Recently, there has been an upsurge of attention towards
the use of multiple sensors to increase the ability of
machines and intelligent systems. Pictures are considered
as true descriptions of things. When pictures are taken with
a camera, there are limitations of the camera. One of these
restrictions is the focal distance, in which case only the
objects that are in the focal distance of the camera are seen
correctly and the rest of the images are blurred. Image
fusion is the process of gathering information from
multiple images into one fused image in order to provide
more interpretation capabilities. Image fusion has several
merits due to widespread applications in medical image
processing, military field, remote sensing.

2- Methodology

In view of this and as a longstanding interest, in the current
study, an optimal method in the fusion of different CT and
MRI medical images is presented with the help of image
texture transformation with fuzzy weighting in the wavelet
domain, which suggests single-level decomposition in the
spatial domain. The final images are presented based on a
new optimization approach of medical images fusion
under wavelet transform with fuzzy weighting for
segmented tissue images of each image pair.

The main achievements of the paper are given below:

A new method for integrating medical images is
proposed.

A new method based on new fuzzy weighting has

been introduced.

A texture transformation is used to optimize the wavelet
coefficients in different parts of the fusion image. This
transform improves the fuzzy weighting rate for the
wavelet transform coefficients. The texture transform
function is capable of computing SVD, Eigen, QR or LU
texture transforms. The transformation result highlights
the texture areas; it can be used for image segmentation.
Method of using three different indicators to analyze its
efficiency.

Comparing the efficiency of the proposed method with
some other advanced methods.

2-1- Fuzzy Logic Technique

The term fuzzy image processing refers to the entire
collection of methods that comprehend, represent, and
process images, their segments, and features as fuzzy sets.
In fact, the two most important steps in fuzzy image
processing representation and processing depend on the
fuzzy procedure that is selected as well as the issue that
has to be resolved. The first stage in using fuzzy logic to
govern an image is to transform it into a grayscale image.
Then, during the fuzzyification process, the image is
transformed into a membership function, allowing fuzzy
logic to easily alter its value.

2-2- Discrete Two-Dimensional Wavelet
Transform

The signal is broken down into its frequency components
using the wavelet transform. Instead of two-dimensional
wavelet, first, two high-pass and low-pass filters are
applied on the lines and the sampling rate is reduced. Two
signals with high and low frequencies are created and the
high-pass and low-pass filters are applied on the columns
and the sampling rate is reduced.

2-3- Texture Conversion

Importantly, up to date a great number of researches on
texture approaches have been well documented. . Consider
aw x w square neighborhood of one pixel in a picture, and
let the gray values of that region define the W matrix. It
can be made into a diagonal or triangular matrix by
multiplying before and after the appropriate matrix, just
like any other square matrix.

3- Results and discussion

The wavelet analysis technique of images has been
established and developed using the averaging of high
frequency partial coefficients, discrete wavelet transforms
and fuzzy weighting based on texture transformation in a
simple pixel-by-pixel manner. The result of fusion based
on wavelet transform and fuzzy selection and averaging
rules. The wavelet used here is the Db2 wavelet and each
of the MRI and CT images are converted into eight
frequency bands after two stages of analysis.

As can be seen, the fusion of images using the mentioned
method in comparison with another method has achieved
a better and more acceptable result. Four standard
evaluation metrics are utilized in this article. They are as
follows; Standard deviation, Peak Signal to Noise Ratio
and Structural similarity index measurement. According to
results the suggested technique produces a fused image
with more usable information and a higher degree of
similarity to the source image compared to other fused
methods. This indicates that the proposed method excels
in terms of visual effects.

4- Conclusion

In this article, pixel order fusion algorithm based on
wavelet transform with fuzzy weighting and texture
transformation is presented, which uses fuzzy integration
rules to fuse images obtained from different imaging
systems. Proposed technique has been able to achieve a
significant improvement in increasing the quality of the
merged images. Also, due to the simplicity of the proposed
technique, it has achieved good results for improving the
speed of fusion and making images resistant to noise and
roughness of images.
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Abstract: The architecture of spiking neural network (SNN) is introduced inspired by dynamic spiking neurons. SNNs
have great potential to understand time-dependent entanglement pattern by dynamic spiking neurons and can process
coded data according to time event. However, training deep SNNSs is not straightforward. In this paper, we propose a new
layered SNN learning framework for fast and efficient pattern recognition, which uses optimization algorithms to learn
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Extended Abstract

1- Introduction

The architecture of spiking neural network is introduced
inspired by dynamic spiking neurons. SNNs have great
potential to understand time-dependent entanglement
pattern by dynamic spiking neurons and can process coded
data according to time event. However, training deep
SNNs is not straightforward. In this paper, we propose a
new layered SNN learning framework for fast and efficient
pattern recognition, which uses optimization algorithms to
learn deep SNNSs. In the mentioned method in the deep
learning problem of our deep SNN layers, with the help of
different algorithms of gradient based optimization (GBO)
and wild horse optimization (WHO), two main parameters
of spike neurons are searched and calculated for different
layers. We use SNN to model the digital speech
recognition system and compare and evaluate their
performance in different scenarios with other deep
learning methods. Comparing the results, the proposed
SNN-WHO method was able to achieve accuracies of
95.47 and 92.3 among its counterparts, and they show an
increase in the accuracy of identification and estimation
compared to the performed works.

2- Methodology

Considering the problem of SNN training according to
systematic data, providing an optimization approach with
the help of optimization algorithms is the main solution to
adapt the trained systems to the expected values.
Therefore, in this article, an effective error measure is used
to calculate the objective function. First, we prepare the
training data for the desired system. In this step, with the
help of a genetic algorithm, the data sets or features that
have the closest match with the system outputs are
normalized to train the SNN network in the interval [0,1].
Other input features are removed from the training set.
After preparing the training data for the SNN network and
defining the network structure for the number of layers and
neurons in each layer, we determine the learning
parameters of the DSNN deep spiking neural network by
algorithms.

In this method, by determining the number of layers of the
deep SNN network and the number of neurons in each
layer, a general definition of the network is obtained,
which is used to match the results of the desired system to
estimate the output of the network. The system will use the
optimization algorithms proposed in this article (GBO and
WHO).

To match the simulation results, we need to calculate the
generated network for each test data and calculate the

effective error or deviation for their equivalent outputs. In
the next step, the objective function of aggregating all
errors is determined based on the following relationship.
The important point for calculating and valuing the output
of the network in this work is to calculate the RMS value
of the turn spike in the output of the output neuron, which
is calculated for the interval 0 to 0.21.

for i=1,....,
number of training set

F(x) =(exp(u * Yerror(i)?)-1)

3- Results and discussion

In this article, we have used two data sets to analyze the
performance of our proposed design for different samples.
Three machine learning methods have been applied, which
include feedforward ANN and ANFIS, adaptive neural
network, and the proposed SNN method with two GBO
and WHO algorithm approaches. For this case study, the
defined network of a three-layer network with the number
of neurons [5 3 1] has been used for all machine learning
networks. Comparing the results, the proposed SNN-
WHO method was able to achieve accuracies of 95.47 and
92.3 among its counterparts, and they show an increase in
the accuracy of identification and estimation compared to
the performed works.

4- Conclusion

Preliminary results have shown that the detection
performance of SNNs is either comparable or slightly
worse than that of ANNs with the same network
architecture. A possible reason for this performance
reduction is the reduced representation power of the
discrete neural representation (i.e. spike count) compared
to the continuous floating point representation of artificial
neural networks. In addition, the identification
performance of ANFIS and ANN and SNN models in a
scenario with few resources is also investigated. In this
scenario, SNN noise models outperform conventional
artificial neural networks, which can be attributed to the
noisy training of the burst learning framework. The neural
encoding scheme adopted in this work allows the input
features to be encoded in a short encoding time window
for fast processing by SNNs. Recurrent neural networks by
exploring the long temporal context information in the
input signals have excellent modeling capability for the
signals. They have shown once. As future work, we will
investigate recurrent networks of spiking neurons for
speech recognition applications for digit classification to
improve recognition performance.
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Data Extraction from

Training data set
Algorithm .

Selection of adaptive
features with test data
set outputs by Genetic

Defining the objective
function based on input
and output training data

sets.

Calculation of target
parameters based on
optimization algorithms
: (GBO. WHO).

\ —

Determining the parameters of the
objective function including the
wvariable weights of each neuron

and their threshold values.

Determining the number

of layers and neurons in

each layer of the spiking
neural network (SNN)

Training the desired SNIN
network with the help of
global minimum search for
the objective function.

s 4

~ Check the trained o
s results 4
e

Apply the selected Testing

features from the

T

data set
extracted data set
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Abstract: Temperature modulation in gas sensors based on metal oxides, such as SnO., alters the operating temperature
of the sensor. These changes enhance the sensor's sensitivity and selectivity in detecting acetic acid in vinegar, enabling
the determination of vinegar purity. In temperature modulation for gas sensors, temperature cycles are employed to record
the sensor's response to different compounds. These responses are then processed as classification features to differentiate
and identify various compounds. In this study, the nearest neighbor (k-NN) algorithm was used to classify vinegar samples
and assess their purity based on these features. A square voltage waveform was applied to the microheater of the MQ2
gas sensor, inducing temperature variations that generated distinct patterns in the sensor's response. The sensor's voltage
response to vinegar vapors with varying purities was recorded in three stages. From each pattern, seven unique features
were extracted to serve as inputs for the classification algorithm. The proposed algorithm demonstrated an accuracy of
86% in determining vinegar purity, making it suitable for use in automated detection systems.
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Extended Abstract

1- Introduction

An alternative to traditional chemical analysis for quality
control of vinegar and its component analysis is the use of
electronic noses. Electronic noses typically employ an
array of multiple sensors coupled with machine learning
algorithms to classify various gases. Machine learning
classification algorithms can be broadly categorized into
linear and nonlinear methods. Prominent linear algorithms
include Principal Component Analysis (PCA) classifiers
and k-Nearest Neighbors (k-NN).

Various sensor types are employed in electronic noses,
including metal oxide, polymer, and micro-
electrochemical sensors. Among these, metal oxide
semiconductor sensors are particularly favored due to their
high sensitivity to organic vapors, stable drift behavior,
long operational lifespan, and cost-effectiveness. Tin
oxide (Sn0O»), in particular, is one of the most widely used
metal oxide sensors for detecting diverse gases, including
those relevant to electronic nose applications.

Metal oxide gas sensors operate based on resistive changes
induced upon exposure to a gas, resulting in corresponding
voltage variations, which are regarded as the sensor's
response to the target gas. Furthermore, applying variable
temperatures to the sensor generates distinctive response
patterns, rich in information about the target gas. By
extracting features from these patterns, it becomes
possible to detect and classify gases more effectively,
thereby enhancing the selectivity of temperature-
modulated sensors.

The unique properties of metal oxide sensors, combined
with advanced data analysis techniques, position them as
suitable candidates for robust and efficient electronic nose
systems, particularly for applications such as vinegar
quality analysis.

2- Methodology

In this study, a square wave with an 8-volt amplitude and
a frequency of 100 mHz was applied to control the heating
of an MQ2 gas sensor, which operates based on the
semiconductor metal oxide SnO.. This temperature
modulation allowed the sensor's operating temperature to

oscillate between 200°C and 320°C, producing distinct
response patterns under varying thermal conditions. When
exposed to vinegar vapors with varying purity levels (20%,
40%, 60%, 80%, and 100%), these temperature-induced
response patterns were reflected as unique voltage
variations across the sensor.

To extract meaningful information from these patterns,
seven distinct features were derived from each of the three
response phases—rise, steady, and fall—observed during
the sensor’s interaction with vinegar vapors. These
features were subsequently analyzed using the k-Nearest
Neighbors (k-NN) algorithm for classification. To ensure
a robust evaluation of the classifier's performance, k-fold
cross-validation was employed, providing a reliable
framework for assessing the model's accuracy.

3- Results and discussion

Controlled temperature variations enhance the sensor's
sensitivity and selectivity, enabling precise detection of
different purity levels in vinegar samples. These
temperature-induced responses yield distinct and reliable
signal profiles for various impurities. The proposed
algorithm, with an accuracy of 86% in identifying vinegar
purity, demonstrates strong potential for integration into
automated detection systems. This approach offers a cost-
effective and efficient solution for quality control in the
food and beverage industry.

4- Conclusion

In this study, a vinegar purity detection system was
developed using the cost-effective and readily available
MQ2 sensor, which employs tin oxide (SnO:) for gas
detection. Although traditionally used for detecting
flammable gases, the MQ2 sensor was repurposed in this
research to assess vinegar purity levels. By applying the k-
nearest neighbors (k-NN) algorithm, the system achieved
a satisfactory classification accuracy, effectively
distinguishing between various purity levels based on the
sensor's response. The integration of the MQ2 sensor with
the k-NN algorithm offers a practical, low-cost solution for
real-time quality assessment, making it particularly
suitable for resource-limited settings and small-scale
quality control applications.
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Extended Abstract

1- Introduction

In this corresponding, we consider a multi frequency radar
that employs an orthogonal frequency division
multiplexing (OFDM) signal. The advantage of OFDM
radar signaling has been well established in various
algorithms, such as improved wideband ambiguity
function.

2-Methodology

We consider on OFDM signaling system.
M [P-1

x(t) = Z Z apm exp( j2nfpt) s(t— (m— DtH(1)
m=1 | p=0
Where
1,0<t<tc
5() = {0, otherwise ©)
and ];, = tg , p=0,1,....P-1 denotes the subcarrier

frequency. The subcarrier distance is equal to the inverse
of the chip duration, forming OFDM. In this paper 5
carriers are used (P=5), and the consecutive ordered cyclic
shift of a p4 code with length 5 has been used to modulate
these five carriers. The phase vector of p4 code that is used
is given by:
a=[0°— 144" — 216° — 216° — 144°] 3

Detection of a target in an echo-location system is often
accomplished through the use of a matched filter receiver.
after sampling the received signal, it is correlated with a
template. The match filter is the optimal linear filter for
maximizing the signal to noise ratio (SNR) in the presence
of additive Gaussian noise. To study the performance of
matched filter, we separately considered two different
scenarios: In the first scenario there is a constant target
cross section. In the second one we account for variations
in the target cross section (a Rayleigh fluctuating target).
Swerling classified the temporal autocorrelation of a
fluctuating target in the terms of its decorrelation time
relative to the pulse repetition interval and scan interval of
the subject radar. The complex envelope of the received
signal is given by

Z Z xp[n apmexp(]ZT[—p)

p=0 m=1

s (ntc (m -1t ) + e[n]
Where xp[n] is a complex Gaussian random variable
whose envelope has a Rayleigh distribution representing a
Rayleigh fluctuating target. x,[n] is assumed uncorrelated
from pulse to pulse, that stands for Swerling II target
return. e[n] is the additive white Gaussian noise. The
performance of the matched filter will be evaluated by
simulation mainly focusing on a Rayleigh fluctuating

4)

target. Target fluctuation lowers the probability of
detection for matched filter algorithm. another method for
the realization of the matched filter is presented to
compress the OFDM signal. To calculate the matched
filter output in each sample time, first the last received
NPM samples are divided into M segments each
containing NP samples.
[x[n — NPM + 1]x[n — NPM + 2]...x[n]]
[ %5 .. xp]
where
X, =[x[n—(M—-i+ 1NP+1]
x[n—(M —i+1)NP + 2]
.x[n—(M—i+1)NP + NP]

&)
(6)

Then the FFT of length NP is computed for each segment.
Fy, = FFT(X;) @)
The first P samples of each FFT are demultiplexed and the
resulting P sequences are filtered by P different
conventional single carrier pulse compression filters that
are matched to the codes modulated on each sub carrier

respectively.

Sp = 294:1 in(P)a;,i )]
At the end, different channels data are added in order to
compute the final output for the given sample time.

ylnl=%r_, S, )
This operation is performed sequentially by sliding on all
of the sample times.

For Rayleigh Fluctuation targets, instead of using just
FFT, if we use an absolute, we will have an improvement
in the detection of the target.

3-Results and discussion

For Rayleigh Fluctuation targets, instead of using equation
(9), if we sum the absolute of S, we will have an
improvement in the detection of the target. More precisely
y[n] =2Xp=1 1Spl (10)
We propose a reduced complexity detection algorithm of
OFDM signals. We will show that this new algorithm has
better performance compared to matched filter. For a
constant False alarm probability if we compute Detection
probability as a function of signal to noise ratio (SNR), the
better performance of the proposed algorithm is
determined. The other advantage of our method is the
reduction of computational complexity in comparison with
matched filter.

4- Conclusion

It is shown that a match filter (MF) is not suitable for a
Rayleigh fluctuating target, then for such targets a new
approach was presented, that operates on the sub carriers
instead on the hole OFDM signal. This sub carrier based
processing offers a considerable improvement of OFDM
radar performance and has lower computational
complexity compared to the MF. Future research will
explore alternative fluctuating targets in OFDM radars.
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