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Design of a Mixer for 5G applications

Mohammad Mohammadi .

Wireless communications is, by any measure
rtment of engineering. the  fastest  growing  segments  of
cal engineering communications industry [1]. The realization
of transmit functions in the digital domain
offers many advantages [3]. In recent years,
new generation wireless communications
standard such as 5G cellular standard is being
developed to provide Gb/s data transfer in the
wireless data traffic. As broadband spectrum
can be used to support Gb/s data transfers,
many countries such as the US, EU, Korea,
China, and Japan have planned to use the
millimeter band for 5G communication
services [4]. Development of 5G wireless
communication requires high data rates, wide
signal bandwidth, good signal to noise
ratios(SNR) and efficient systems has pushed
the telecommunication industry to strive
bevond operating frequencies such as under 6
GHz, as has been the norm in older
communication standards. Millimeter wave
frequencies ranging from around 10 GHz up to
several hundreds of GHz. contain spectral
resources that are still infrequently used, and
could provide a platform in expected growth
in wireless communications in the future [5].
In normal mixer operation, there is a large
‘ds: UWB mixer. 5G applications. signal which is the local oscillator and two
-Flgure Gain. other small signals which are the RF and IF
signals,




Upon driving a mixer's input toward large signal
regime (either of IF or RF signals) depending on
the fact that the mixer is up converter or down
converter, the output cam pass through saturation
[6]. Fig. 1 shows the CMOS Gilbert cell mixer,
including trans conductance stage, switch stages
and load network. The switch stages are driver by
a local oscillation signal. The LO signal must be
large to make M3-M6 act as switches [7].

Load stage é
! ]
Ry _q:"::- {“":- R,
— ‘_:)
>
IF+ ) -IF
ps __+—IF
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stnge — e
RF+ O-l M3 M4 I—a—l M35 M6 I--O RF+
_— -RF g
LO+ O—I M1 M2 l—o -LO
7 1.
Switching stage _r_’)(

Fig 1. CMOS Gilbert Cell Mixer.

Figure 2 shows the proposed down-conversion
mixer. The expression for total noise output is
expressed in terms of bias quantities by replacing
gm for a short channel MOSFET by
1/(VGS-Vth), then we would have:

Voul= 8KTR(1 + YRU[2(Ves-Va)] +/RU[rA]) (1)

(2)

This shows that the relative noise contribution of
the switches to the trans conductance FET is
2(VGS-Vth)/ wA. As the gate over-drive bias on
the trans conductance FET approaches the
sine-wave LO amplitude, the switches, and trans
conductance stage contribute comparable noise
at the mixer output. This is the fundamental
trade-off between noise and linearity in active
mixers. Linear mixers may bias the trans
conductance FET at a Large over-drive to
enhance the linearity, accompanied by the
modest LO swing to keep the switch transistors
operating in saturation [8]. Figure 3. Shows the
NF of the proposed down- conversion Mixer.

NF= 1+(V,, /4K TRsA?)

Fig 2. Proposed down-conversion Mixer.

S- rarameter Response

o NF dB1@

Fig 3. The NF of proposed down-conversion Mixer.

The small signal gain of a circuit is usually
obtained with the assumption that harmonics are
negligible. However our formulation of
harmonics is equal to a,+3a,A*4 and hence
varies appreciably as A becomes larger. The
OP1dB is as the equation below [9]:

20Logloyt303A%/4= 20Log| a1 | -1 dB

(1)

Ain1ds = (0.145] ar/az))0

(2)

And the third order intermodulation is equal to
the equation below:

[IP3= ([40.1/(303))"-3 (3)
The small signal gain of the proposed down
conversion Mixer at very low frequencies would
be equal to:

A= (2/m) Zmlo 4)
The degeneration inductors of L1 and L2 are
50 pF which reduces the consumption area and
the quality factor of inductors will increase and
hence the gain. as the gain increases the NF
decreases. And we used LO gate capacitors (C1
and C2) to improve the gain and the impedance
matching. Their value are equal to 1pF.
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The inductors L3 and L4 are used to improve the
linearity and reverse isolation that they are
40dBm and -10 dB, respectivelv. And the
dimentions of the transistors(M1-M2) are (1lum/
0.18um). The dimentions of the (M3-M6) are
equal to (500nm/180nm) and the PMOS
devices(M7-M8) are (0.22um/0.18um).

The simulation results show that the gain in the
operating frequency of 29GHz is 20 dB (Fig. 4)
and the op1dB is equal to 25dBm (Fig 5) and the
IIP3 is equal to 40dBm (Fig. 6). And the reverse
isolation is -10dB. The power consumption
from a 1.8V supply voltage is 0.9mW.

S—Parameter Response i
20 :: S21 dB29
I".
19 A
;"I I'-
iV \“
© 6.0 e N
° //' "
- _,v’, LS
it T
—18 -r
-2 i I 1 |
28.0G 28.5G 29.8G 29.5G 33.0G
freq ( Hz )

Fig 5. The gain of the proposed down-conversion mixer.

Periodic Steady State Response

1 troce="1dB/dB";compressionCurves
40 11 troce='""1st Order’;compressionCurves
] il
B.e
E 0@
@ 2
—43
=t
80 L L !
—B@ —40 0.2 4@
PORT3® ( dBm )

Fig 6. OP1dB of the proposed down-conversion Mixer.
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Fig 7. [Ip3 of the proposed down-conversion Mixer
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Fig 8. Reverse Isolation of Proposed down-conversion
Mixer.
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Improvement the confidentiality of data in the body
wireless sensor networks using cryptographic algorithms

Ehsan miri
Dr.Behrooz Shahrokhzadeh .
BT | tanssucion

In resent vears, wireless body arca networks
(WBAN) has been proved as a new technology for
healthcare applications, and it expected that, WBAN
will revolutionize the human health Supervision.
However, this technology is in its early stages of
development. WBAN is used for the wireless
communication of network devices (sensors) on the
body, inside the body or near the human body (vet
not limited to humans) (Yang, 2006). New
developments in the ficlds of integrated circuits,
wireless communications, semiconductor
technologies and science mines have led to the
growth of the use of sensor networks in a wide range
of applications, including medical and healthcare
organizations (Yang, 2006) (Sana et al., 2009).
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The main objective of the body wireless sensors is
the safety of people's life, while they involve the
human body, and by sending physiological values
to its physical wireless networks, health care
providers will enable them to take responsibility of
emergency situations (such as heart attack) and
take the right measurements at the right time
(Maman, et al., 2014) (Sangari et al., 2015).
Researches of the body surface sensor networks
focuses on the patient's relational communication,
patient's mobility and routing, and energy
efficiency. However, the use of new technologies in
healthcare applications, regardless of the security,
patient privacy and secrets and patient records of
the patient (electronic patient records), puts the
patient at risk. Moreover, the physiological data of
a person is very sensitive. Therefore, security is a
main demand in health care programs (Jang et al.,
2008). Security is an important part of any system.
Wireless transmission media have always been
invaded. The attack is far more dangerous in health
care programs as security breaches can threaten the
lives of people under care. Different levels of
health security can be defined. The security threats
could be occur during routing, the attackers may
change the destination of data, or they can steal
information by eavesdropping. An attack can steal
or modify data routing through GPRS or similar
networks. One of the security threats is the
implementation of various encryption techniques
(Al Ameen et al., 2011). Since the WBAN nodes
collect sensitive information (vital signs of the
body) and may be in hostile environments, the use
of robust security mechanisms is essential. In
medical applications, security threats may create
dangerous conditions for the patient and sometimes
cause death (Shinyoung et al., 2010). The
physiological data collected by the sensors is
personal information whose safety needs to be
preserved, and sensor networks are commonly used
in open environments, and the possibility of
hacking and penetrating to their wireless systems.
Most hackers are looking for data., and for this
purpose, physical access to wireless devices can be
manipulated. In this paper, the combination of
encryption Advanced Encrvption Standard (AES)
and signature algorithms has been used (using
chaos theory), and hash function has been proposed
to increase security and accuracy.

The rest of this paper is organized as follows:
Section 2 presents related works: in section 3, the
proposed approach is described. Implementation of
the proposed approach as well as evaluation results
are provided in section 4. Finally, the paper is
concluded in section 5.
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In terms of security, data from the body wireless
sensor networks must be protected from
unauthorized access by strong encryption and
other security methods. This cryptography
requires the extensive resources and calculations.
Considering  the  resource  constraints,
(requirements energy) that are the nodes of the
body wireless sensor networks there should be a
compromise between maximizing security and
minimizing resource utilization. In addition, due
to the high dynamic nature of the body wircless
sensor networks, authentication methods that are
considered for static environments cannot be
implemented. Even symmetric cryptographic
methods, which are used for ad hoc networks,
impose heavy calculations on the applications of
physical wireless sensor networks. On the other
hand, reliability of the network directly affects
the quality of the patient's surveillance, and in the
worst case, it may lead to death due to the lack of
recognition of the event that threatens the life of
the patient.

Researchers have proposed complementary
methods to improve reliability. The easiest way is
to send it a few times to get it. These
multi-threaded posts impose excessive overhead
on the network. Another way to increase
reliability is by using error correction codes. In
(Yusuke etal., 2011) the Lobby Conversion
Codes used for error correction, are regarded as
method to increase the reliability. Method is
proposed to enhance reliability. The Lobby
Conversion codes are based on XOR information
bits. As the structure of this code is simple, little
energy is consumed. The network connection
process suffers from fading and shading
instabilities, which can be attributed to the close
proximity of the human body to the physical
environment. In the usual configuration of body
networks we may encounter prolonged fading
conditions. Therefore, the proximity of physical
networks near the human body can be considered
as a challenging environment for the design of
communication protocols for physical networks.
According to the results of Combined method are
presented to reduce fast and slow fading
condensation during human displacement, The
use of collaborative communication can improve
PER performance and with energy consumption
According to the results of the analysis obtained,

N



P

(Maman, et al., 2014) a flexible, an adaptive, and a
self-organizing protocol designed as BATMAC,
which parameters and communication protocols
IEEE 802.154 to Super frame and able to
automatically detect the effects of shadowing and
quickly Relay scheduling for network changes.

In (Sangari et al., 2015), researchers have converted
signals which received from ECG/PPG sensors by
FFT/DWT series into indicators. Eventually, these
indicators are quantized. In practical quantization,
the signals are converted to digital mode that led to
produce the key in RC6 encryption derived from
RCS for medical information security. The secure
communication between sensors in the body
wireless network requires the same cryptographic
key in communication. The author suggests in
(Venkatasubramanian et al., 2008) that the same
keys are generated from the ECG / EKG signals and
have two main aspects: Index production and key
agreement. This method works by first establishing
the characteristics of the ECG input using the Fast
Fourier Transform (FFT). The generated attributes
are collected in the form of a block and horizontally
concentrated to create a vector of indexes. Then the
generated attributes are quantized. In action,
quantization of signals is transformed to digitally;
the production phase of the key, the blocks are
exchanged to produce keys between the two nodes:
the blocks are inverted before the exchange of
home-based algorithms (SHA-256). In the end, the
integrity of the received block is checked using the
message account code (MAC).

In (Kalaivani et al., 2016), the Kalaivani plan is
based on bio-key management. This design
provides stability to the system by providing a plan.
This method is based on bio-key management and is
used to ensure the security of the flow of medical
data in telecommunications, the encryption in this
plan is as follows: An ECG sensor is used to
supervision the ECG signal in the human body. A
Nvquist rate case is applied at a rate of 120 Hz for
sampling in an ECG signal. 512 dots quickly
convert Fourier to sampled data. Since the process
of the symmetric Fourier series with the first
coefficients is 256, it also includes 512 coefficients.
All coefficients whose values are the most valuable
values are used for specific features. A polynomial
equation with degree N is created and produces the
K key Patient data is calculated by generating the K
kev and the Hash cryptography based on the SHA-1
algorithm. The sender sends packets containing
encrypted messages of the coefficients and Hash
values to the receiver.
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For the NIST, which is responsible for improving
the standards of the federal government in the
United States, It became apparent that the
government needed a new cryptographic standard
for its unclassified documents. In this way, in
January 1997, all of the world's cryptographic
researchers were invited to submit their proposal for
a new standard, and finally, five of final plans were
finalized at the last conference.

The RC6 algorithm proposed in (A. Siva et al.,
2015). Authors in (A. Siva et al., 2015) proposed
secure communication between the sensor nodes
using selective encryption. The RC6 algorithm is
applied for selective encryption. They proposed
biometric crvpto system which combines the
features of bio metrics and light weight
cryptography to enhance the security and privacy of
the WBAN. The proposed system is primarily
aimed at using bio metric data to generate key for
the security. They had selected light weight
cryptography algorithm for WBAN.

Despite the studies, there are still some challenges
that have been made to improve them in this
research, including:

1. Ifan attacker's location has a signal strength
indicator equal to the signal strength of a
legitimate node, it can easily incorporate
incorrect information and compromise data
integrity.

. The location fault in the calculation of the
received signal strength from the noise and
the signal attenuation in the environment
can affect the accuracy of the attacker's
detection from the legal node and increase
the false detection rate in the system.

. As the original data is not encrypted, the
provided method does not have
confidentiality, and the patient status
information can be exploited for the attacker
node in case of theft. In other words, as the
schema lacks the estimation of the
authenticity of the message, the attacker's
node by creating crash attacks and distorting
the packets makes the node traffic to itself, it
manipulates the information and sends it to
the aggregation node, then, as the
unification and adjustment of the indicator
The packet RSS packet with the received
signal strength, although difficult but
feasible, is packaged by the authentication
server, while its content is distorted.
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In the proposed method, using the combination of
the AES encryption algorithm and signature with
the use of chaos theory, together with the hash
function, we can obtain more security against the
intruders and the authenticity of the sender and
receiver. Using the proposed method, a better
percentage of the parameters can be obtained.
Security, accuracy, secure communication, and
identity recognition over other cryptographic
algorithms. The proposed method is described in
the following.

To improve the security parameters, accuracy,
secure communication, and identification of the
proposed model is presented. The proposed model
consists of a node as a trusted third party that
performs as an aggregator and authentication role.

As the collector node does not perform
authentication on the encrypted data of the data,
so there is no need for decrypting operations and
its computational overhead, this node is adjacent
to the sensor nodes which is deploved from the
patient's body surface. hence. in terms of packet
sending intervals it is optimal and will consume
less energy. Each message which is sent from the
sensor nodes to the aggregator node had
consisted of three main data parts, a node
signature with a chaos function, and a message
authenticity certificate. In the proposed model,
the original data is encrypted with a combination
of AES. In the second section, the signature of
the node with chaos function was performed in
order to determine the originality function of the
packet sender, and in the third section, the
authenticity of the message with the hashing is
As the aggregator node does not perform
authentication on the encrypted data, it does not
require false decrvption and its computational
overhead.

I Establishment nodes in a physical wireless sensor network I
v
I Setting up messages from nodes to sink (access to data) I
X
- |
For Round=1:S I

Y

(Sender): For each message M, message encryption is performed using of the technique AES encryption

. &
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(Sender): authenticate message certificate using hashing and create abstract message, extract and attach message
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In order to evaluate the proposed method in this
paper, evaluation criteria such as precision, positive
position, undesired position and sensitivity are used
to measure and evaluate the message And the results
will be compared with the approach (Rani et al.,
2016). Table 1 lists the criteria for the evaluation of
the research. This paper has been used to improve
the data privacy in physical wireless sensor
networks using the AES encryption algorithm.
Therefore, in compared with other existing
methods, in addition to comparing the results with
(Rani et al., 2016), the efficiency of other encryption
algorithms was introduced by (A. Siva et al., 2015),
(Sameer et al., 2018) and (CH. Radhika Rani et al.,
2018) will also was compared with the proposed
method.

Note: For the higher effectiveness of each of the
methods discussed in the evaluation criteria of the
article, several independent tests will be performed
for the different values of the data packets in the
network.

The implications of each of the parameters in Table
1 are as follows:

1) False Negative (FN): Mistakenly, a
message with a valid sender is identified as a
false message.

2) True Negative (TN): Correctly identify an
mvalid sender message as mvalid message.

3) False Positive (FP): In error, misdiagnosis
identifies an invalid sender as a valid message.

The R2014 software has been used to simulate the
proposed model. The simulation consists of 100
data accesses that are set up by 30 nodes in a range
of 20 meters in size. Each node has an initial energy
of 0.1 J. System characteristics are given in Table 2.

<F|
o TP+ TN
ACUraY = TP+ TN+FP +FN
FP
FEH - TN +FP
FNR = e
" TP+FN
g TP
lSenc: ivity = TP+ FN

Table 1: Introduction of Research Evaluation Criteria
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Table 2: System Specification for implementing the proposed algorithm

Simulation with different values of data packets
(100, 200, and 300) was performed on the network
to check the accuracy of the proposed method in
recognizing the authenticity of the message and
limiting the transmitters. The figure 2 shows the
findings of this review.
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Figure 2: The proposed scheme's performance in terms of the
accuracy of detecting invalid and distorted messages

According to the results of the proposed method,
the average value in different data packets is
obtained13% in compared to the HEA-based
protocol (Sameer et al., 2018). 10% in compared to
the RC6-based protocol (A. Siva etal., 2015), 25%
in compared to the ISA-based protocol (CH.
Radhika Rani etal., 2018), 26% compared to the
AES-based protocol (Sathya et al., 2016), 31% of
the DES based protocol (Coppersmith, 1994), 29%
of the DES3-based protocol (Singh, 2013) and
39% of the Blow-fish-based protocols (Nie ctal.,
2009) ISA, have higher accuracy in detecting
message authenticity and restricting invalid
senders.
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The specific attention to the extent of equilibrium
test, with an extra decrease in the rate of FP,
indicates its high stability. Although the
sensitivity addresses this mentioned issue.
Sensitivity (positive real rate) measures the
positive amount that is correctly detected (for
example, the percentage of legitimate people
who are correctly identified) is preferable to
detection. That the test can correctly detect the
attacks (a good sensitivity) and, as far as
possible, reduce the number of FP reports (the
attribute value is appropriate).To test the
sensitivity of the proposed method in recognizing
the authenticity of the message and limitation of
transmitters, the simulations were performed
with different values of data packets (100, 200,
and 300) in the network, The figure 3 shows the
findings of this review.
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Figure 3. The proposed scheme's performance in terms of
detecting message authenticity and restricting invalid senders
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According to the findings, it is suggested that the
proposed method is average of different data
packets, 2% compared to the HEA-based protocol,
2% compared to the RCé6-based protocol, 5%
compared to the ISA-based protocol, 4% compared
to The AES-based protocol, 16% relative to the
DES-based protocol, 14% compared to the
DES3-based protocol and 20% relative to the
Blow-fish-based protocol, have a better accuracy in
detecting message authenticity and restricting
invalid senders.

The proposed solution is presented for the integrity
and confidentiality of WBAN data. Includes a node
as a trusted third party that performs an aggregator
and authentication role. This node is in the vicinity
of sensor nodes located on the patient's body
surface, resulting in optimal post-messaging
intervals and less energy consumption. This node is
in the proximity of sensor nodes pitched on the
patient's body surface, resulting in optimal
post-messaging intervals and less energy
consumption. As the aggregator node does not
perform authentication on the encrypted data, it
does not require false decryption and its
computational overhead. The node signature is
created by executing a chaos function, the input of
which is the previous amount of the chaos function,
the sensor ID node, the spatial information, and the
node's private key. The proposed method is resistant
to Sybil and Spoofing against attack. According to
the obtained results, the proposed method of the
article in the criteria for assessing the accuracy and
sensitivity of performance is better than the similar
methods. However, in the two criteria of false
positive and false positive rates, the proposed
method has lower rates than other methods. This
suggests that the proposed approach of the paper
can be considered as a suitable method for the
confidentiality of data from physical wireless
sensor networks.
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Abstract

The Motor imagery (MI) classification task is a high
dimension multivariate and complicated subject. In
this respect, the original signals are analyzed and
minimal unique features of the classes are extracted
to facilitate accurate classification of the actions
performed. The fusion of common spatial pattern,
Fisher discriminate ratio, and filter bank alongside
the SVM and CNN-LSTM classifiers are
incorporated to provide accurate grouping. As a
result, and after extensive simulations. it is shown
that the CSP+ FDR + CNN-LSTM setup more
accurately differentiates classes.

Keywords: Motor Imagery Classification, SVM,
LSTM. CSP. CNN
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1.Introduction

People with neurological disecase may find trouble in
walking, speaking, and writing due to the lack of
functioning of the motor control. Brain-computer
interface (BCI) technology can help them to back to
the quality of normal life.

The problem of systems action interpretation may be
advanced by model-based (Shams and Seyedtabaii
2017, Nemati and Seyedtabaii 2020) and/or
signal-based (Qaedi and Seyedtabaii 2012,
Sevedtabaii 2012, Fasihipour and Seyedtabaii 2020)
approaches; wherein the case of MI the signal based
is the method of choice. Signal-based BCI consists
of two modules: feature extraction and command
interpretation. The overall subject is complicated and
various investigations have been conducted during
the past years. Low SNR, fewer data, and being
multi-channels are among the difficulties related to
this study.

In this paper, four-class MI classification algorithms
are studied. Various features from the common
spatial pattern (CSP), filter bank idea, and Fisher
discrimination ratio (FDR) are derived. Both SVM
and CNN-LSTM deep learning are utilized for the
classification where the best results obtained are the
product of the CSP+FDR+CNN+LSTM algorithm.

2. BRIEF DESCRIPTION OF
SUB-ALGORITHMS
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Basic CSP

Consider two tasks, H and F where cach has been
tried M times and the recorded signals are X (1)€
R and X ()€ R™" where N is the number of
channels and T is the number of samples. The
main idea is to use a linear transformation to
project the two sets of the multi-channel EEG data
into another space with maximum distance to be
easily classified. In the multiclass case, where one
versus rest (OVR) is computed, the following
average for the rests are computed,

Xe(()=Xp + X+ X, (1)

Then, the normalized spatial covariance of the
matrixes such as XH(i) and its average is
computed using the following equations (Wang,
Gao et al. 2006),

L XD = 1&
Ca )= trace(X , ()X (i)’ G = H;C”'(U
where R is an N by N matrix. Trace(A) computes
the sum of the diagonal elements of A. For one
versus one (OVO) CSP computation, the following
composite spatial covariance is calculated and
decomposed as below,

C=C, +C, =URU"

where U is the eigenvectors and R is the diagonal
matrix of eigenvalues.

Then the whitening transformation matrix
transforms the average covariance matrices tp
P=RU"= §,=PC,P", S,=PC.P"

The eigenvectors with the largest eigenvalues of
SH have the smallest eigenvalues in SF and vice
versa. Thus, by employing the projection matrix W,

the original samples are converted to the
uncorrelated Z counterparts,
W=UP=>Z=WX (2)

The columns of W—1 are the CSPs filters. For order
reduction, the d rows from the top and the d rows
from the bottom of Z may be selected which often
d=1 is adequate to reach the reduced size signal
feature vector ZR (Jamaloo and Mikaeili 2015),

Z, =Z(k.1), (3)

K=1,..dN-d,.,N
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Signal features

From the two selected rows of Z, the scalar
variances are the features that are fed to the
classifier section as below (Olivas-Padilla and
Chacon-Murguia 2019),
f@)=var(Z,(,0), i=1,...M, t=1,.,T (5)
wherte j is the Z row numbers, M the total number
of trials, and t is the signal samples.

Fisher’s discriminant ratio

The Fisher criterion for optimal class separability
aims at maximizing the between class-variance
while minimizing the within class-variance, i.c.,
the distance between the feature vectors from the
same class. This is done by the V vector mapping
the feature from one space to another with better
classification capacity (Veksler).

fi=V’f (6)

where ff is the feature vector (5) and V is the
FDR transformation matrix.

FILTER BANK (FB)

Physiologically, the content of the discriminative
information mn the different frequency ranges
differs for individuals. Therefore, decomposing
the signal in terms of filter bands is helpful in
better MI signal classification (Park, Lee et al.
2017). By filtering the signals into K bands, the
covariance matrix for each band is obtained,

cr, (7)

1

i=1,...M and k=1,...K

and then separately undergoes the CSP operation
for each band and the feature vector f is
computed. The best band is the one with the
highest d computed by,

d(k) = mean(EiL, (fua (i, k) = fua(i, 1))
—mean(TiL,(fr1 (L, k) = fr2(i,k))

LSTM (long short-term memory)

LSTM has three lavers (Wiki). The first layer is
defined by the following equations which receive
the input pattern xt and the past hidden layer
output ht-1 to produces,

Ce = tanh(We[he_q, %] + b)
ip = sigWilhe—q, x¢] + by)
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where b*, W*_ it, and Ct are the biases, weights,
input gate, and the input tangent hyperbolic
function output.

The second layer is described by,

ft = sig(Wr[he_y,x¢] + bf)
C=fiCiq + itét

where ft is the forgetting gate and Ct is the updated

cell output.
Finally, the output of the current state and the

hidden layer output is calculated as below,
0; = Sig(Wp[h-1, %] + b,)

Ce = fiCi—q + i, Cy

CNN

CNNs are comprised of four layers (Wiki). These
are input lavers, convolutional layvers, pooling
layers. and fully connected network layers.

The mput layer holds the input pattern.

The convolutional layer with 1 hidden layers
operates as given by the following equations,

hc; = R(conv(Wy, x;) + by)
R(a) = max(0,a)

where bl, xI, wl, and R are the bias, input pattern,
weight, and the rectified linear unit(RELU) of the
Ith hidden laver.

The pooling layer will then simply perform down
sampling along with the spatial dimensionality of
the given input, further reducing the number of
parameters within that activation.

The fully connected layers will then perform the
same as the conventional neural network for
classification.

SUPPORT VECTOR MACHINE (SVM)

SVM is a binary classifier that linearly optimally
maps the input x onto binary decision variable
vE [£1]. In the case of linear separation, the
problem is expressed by the following optimization
problem,

- 2
min |lwl|
s.ty; X (w.x; +b) > M(1 —g),¢ > O,Zei <C

where y€[1.-1] is the class label, x is the input, b is
the bias, and € is the margin which improves the
performance in a case of not linearly separable
problems. By minimizing w, the size of M gap
between the two classes 1s maximized.
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3. MI CLASSIFICATION
METHODS

Data set

The dataset used in this study was taken from BCI
competition [V-II-a provided by Graz University
[3]. It includes signals with the following
specifications:

O 9 healthy subjects

O 4 operations: movement of the left hand,
right hand, both feet, and tongue.

O 22 EEG channels: The signals were sampled
at 250 Hz and band-pass filtered between 0.5
Hz and 100 Hz and notch filtered at S0Hz.

O 6 runs per subject per session.

O 12 trial * 4 task for each run per subject (72
trail per task per subject and overall of 288
trial per subject )

The p rhythms (8-12 Hz) and p rhvthms (14-30 Hz)
of EEG signals amplitudes and powers vary due to
the intention for performing actions. In addition, the
high-frequency components in EEG signals were
usually nebulous, so the raw EEG signals were
filtered by a band-pass filter (3—34 Hz).

Therefore, there are 288 matrices of X (N, T) with
22 channels by 313 samples. From the 72 trials, 50
trails are randomly assigned for training and the
remaining 22 trails are assigned for the test and
validation.

3.1.SVM classification

In this section, several feature extraction approaches
are incorporated and a set of SVMs are utilized for
the MI classification.

CSP+SVM

In this approach, four similar parallel classifiers are
developed where each takes care of one of the
classes. The test success rates are presented in the
training, test, and overall groups as depicted in
Table I.

e ——————
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CSPFDR+HSVM & FB+CSP+HSVM

In this test, 10 classifiers with almost similar
configurations are arranged. 6 for one versus one
(OVO) and 4 for one versus rest (OVR) using (1).
The test success rates are presented in the training,
test, and overall groups as depicted in Table I.
Besides their confusion matrixes have also been
provided in Fig. 1.

Subjectt: Train-CSPFDR+CNNLSTM Sabjectl: Test CSPHIR=CNNLSTM Sabject’: Overall CSPFIR=CHNLSTM
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Fig. 1. The CSP+FDR+HSVM confusion matrixes
Class 1 class 2 class 3 class 4 Overall
CSP+SVM train 68.0 78.0 52 86 71.0
test 50.0 54.5 273 81.8 534
overall 62.5 70.8 44.4 84.7 65.69
CSP+FDR+ train 88.0 78.0 78.0 92.0 84.0
HSVM test 86.4 68.2 T3 86.4 193
overall 87.5 75.0 77.8 90.3 82.6
FBCSP+ train 100.0 100.0 100.0 100.0 100.0
HSVM test 86.4 59.1 31.8 45.5 55.7
overall 95.8 87.5 79.2 83.3 86.5

TABLE 1. Algorithms’ performances

3.2.CSP+ Deep learning CSP+CNN-LSTM & CSP+
FDR+CNN-LSTM

In this test, four OVR features are calculated and
applied to the CNN-LSTM for test and training
as elaborated below. The test success rates are
presented in the training, test, and overall groups
as depicted in Table II.

The CNN-LSTM configuration shown in Fig. 3 is
used for MI classification where the OVR features
first derive separate CNNs and the result is applied
to LSTM for final multiclass MI classification.
Various tests using different features are
conducted which are detailed in the sequel.

Results

I : UL | A filter bank is employed to decompose the EEG

; | ' ; ; I ! ; : l ! ; : | ! ; in every time window into 16 frequency
passbands by using causal Chebyshev Type 11
filter. The test success rates are presented in the

VR1 v VR4 training, test, and overall groups as depicted in
Fig. 2. The CNN-LSTM configuration Table II.

FBCSP+CNN-LSTM
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class 2 class 3 class 4 Overall
100.0 100,0 100.0 100.0
59.09 31.82 63.64 50.0
87.50 79.17 88.89 84.72
100.0 100.0 100.0 100.0
89.75 90.0 86.45 89.05
98.61 100.0 98.61 92.8
100.0 100.0 100.0 100.0
TT.27 40.91 59.09 51.14
93.06 81.94 87.50 85.07

TABLE II. Table II The results obtained using CNN-LSTM classifier.

Class 1

CSP+CNN-LSTM Train 100.0

Test 45.54

Overall 83.83

CSP+FDR+ Train 100.0
CNN-LSTM Test 90.0

Overall 100.0

FBCSP+ Train 100.0

CNN-LSTM Test 2727

Overall 71.78

4.CONCLUSION

In this paper, a four-class MI classification is
studied. Features from the common spatial pattern
(CSP), Fisher discrimination ratio (FDR) are
integrated to provide distinctive features for SVM
and deep leaming classifiers. The results indicate
that the algorithm consist s of
CSP+FDR+CNN+LSTM yields the best success
rate as high as 89%.
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