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MIST1052: Analysis of Psychophysiological effects of Meditation through 

Electroencephalogram 

 
Manish N. Tibdewal

*
, Dhanashri N. Nagbhide 

Department of Electronics and Telecommunication Engineering, Shri Sant Gajanan Maharaj College 

of Engineering, Shegaon, 444203, Maharashtra, India 

 
Abstract. Meditation has a metaphysical influence on the physical as well as mental health of humans. 

It promotes relaxation to the human being which is required for alleviating stress. This experiment 

investigates the psychophysiological effects of meditation using an electroencephalogram (EEG). In 

this research work, the analysis of EEG signals is done for cognitive effects on the human brain for 

before and after meditation intervention of 25 subjects. The aim of this study is to analyze brain 

functioning after a month of meditation intervention using statistical and spectral analysis. The 

statistical and spectral analysis was performed through Sample entropy and Power spectral density 

respectively. The statistical analysis shows that the Sample Entropy decreased after meditation. The 

spectral analysis stated that theta power has increased 88 % of subjects whereas the alpha power is 

increased for the entire subjects after meditation. These features index the meditation improves 

relaxation, cognitive functions. In future, the work shall be extended by increasing more subjects with a 

sustained period of meditation to present the more benefits of meditation. 

 

Keywords: EEG; Meditation; Sample Entropy; Power Spectral Density 

 

 

 

MIST1018: Robotic Device for Mrgfus Applications in Veterinary Medicine 

 
Marinos Giannakou, Nikolas Evripidou, Anastasia Antoniou, Christakis Damianou

* 

Department of Electrical Engineering, Computer Engineering and Informatics, Cyprus University of 

Technology, Cyprus 

 

Abstract. Magnetic Resonance guided Focused Ultrasound (MRgFUS) constitutes an emerging 

non-invasive therapeutic modality in modern oncology. Since application of this technology in 

veterinary medicine contributes to optimizing therapeutic protocols and more rapidly translating 

research into clinical practice, a robotic device intended for veterinary MRgFUS has been developed. 

The device comprises a positioning mechanism dedicated to navigating a single element spherically 

focused transducer operating between 1-3 MHz in four PC-controlled axes. All the motion stages are 

actuated by piezoelectric motors, whereas two optical encoder setups are arranged on each stage, thus 

providing precise position estimates. Sufficient accuracy and repeatability of motion were 

demonstrated through caliper-based and Magnetic Resonance Imaging (MRI) techniques, with an 

estimated mean positioning error smaller than 0.1 mm. Highly accurate motion was also confirmed 

through visual examination by performing multiple ablations on a plastic film. For MR compatibility 

assessment, quantitative evaluation was performed by calculating the signal-to-noise ratio during 

device activation in a 1.5 T scanner using an in-house phantom, as well as through a more 

comprehensive approach of quality assurance and a series of specialized tests. The system was proven 

safe for operation inside the scanner without significantly affecting the overall image quality. Due to its 

compact and simple design, it is easily transportable, ergonomic, and suitable for integration into the 

bore of up to 7T MRI scanners. Upon veterinary validation, the developed system could be easily 

translated into clinical medicine for treating abdominal cancer in humans with minimal design 

modification.   

 

Keywords: MRgFUS; Robotic Device; Veterinary Medicine 
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Abstract — Meditation has a metaphysical influence on 
the physical as well as mental health of humans. It 
promotes relaxation to the human being which is required 
for alleviating stress. This experiment investigates the 
psychophysiological effects of meditation using an 
electroencephalogram (EEG). In this research work, the 
analysis of EEG signals is done for cognitive effects on the 
human brain for before and after meditation intervention 
of 25 subjects. The aim of this study is to analyze brain 
functioning after a month of meditation intervention using 
statistical and spectral analysis. The statistical and spectral 
analysis was performed through Sample entropy and 
Power spectral density respectively. The statistical analysis 
shows that the Sample Entropy decreased after meditation. 
The spectral analysis stated that theta power has increased 
88 % of subjects whereas the alpha power is increased for 
the entire subjects after meditation. These features index 
the meditation improves relaxation, cognitive functions. In 
future, the work shall be extended by increasing more 
subjects with a sustained period of meditation to present 
the more benefits of meditation. 

Keywords—EEG, meditation, Sample entropy, Power 
spectral density.  

I. INTRODUCTION  

   Meditation has been used to address the various health 
related problems for ages. Basically, meditation is an activity 
that supports to enhance the understanding of self realization. 
Nowadays, the psychological stress arises from decrescent 
work load, tends to insomnia, negativity, depression and many 
other symptoms that turns into long term heath related issues. 
     Meditation is an effective solution to reduce the stress 
which can remarkably affect on physical as well as mental 
health as studied in previous [1], [2]. The EEG is a temporal 
technique that record and monitor the electrical activity of 
human brain cerebrum. The rootlet of EEG activity is the 
electric potential within the neurons of the human brain. The 
EEG activity produces oscillations at different types of 
frequencies [3]. This technique used to analyze the effects of 
meditation. 

     The EEG signal analysis is frequently grouped in frequency 
bands: delta, theta, alpha, beta, and gamma. Delta band (0.5–4 
Hz), the slowest and strongest brain wave which is mainly 
involved with deep sleep or dreamless sleep is also found 
during deep meditation. Theta band (4–8 Hz) is linked with 
drowsiness, light sleep, concentration, deep relaxation, or 
meditation. Alpha band (8–12 Hz) is related to relaxation, 
calmness, or peaceful state. Beta band (12–30 Hz) is associated 
with normal awaking consciousness, high alert, active thinking, 
angry, anxiety, or focus. Normally, a person functions in this 
frequency band during daytime. Gamma band (30–100 Hz) is 
the fastest brain wave associated with hyperactivity or the 
processing of information from different brain areas. 
     EEG studies have been used with different signal 
processing techniques to mention the brainwave changes that 
arise during meditating [4]. Dillbeck et al. found that 
significant changes in frontal alpha coherence in TM practice 
[5]. Incagli et al. conducted the meditation program to examine 
the cognitive process [6]. Ahmed et al. studied the effect of 
mental behavior through DWT [7]. Ahani et al. proposed 
methods to analyze the changes of EEG and respiration signals 
for meditation and control state [8]. Mingqian et al. carried the 
experiment to investigate the insight of mindfulness meditation 
[9]. Fulpatil et al. examined the EEG signal during meditation 
using a wavelet function [10].  
     Andrew et al. investigated the utilization of EEG screening 
for personalized approach in the meditation [11]. Sobolewski 
et al. explored the effect meditation impact on emotional 
regulation [12]. Sharma et al. implied that regular meditation 
practice can affect the positive impact on brain areas 
especially, on frontal and parietal areas [13]. Frederick Travis 
narrated the importance of narrow frequency bands that reflects 
the different cognitive process [14]. Kora et al. elaborated the 
different meditation styles on Brain waves concerning physical 
and mental health [15].  
     Meditation produces changes in certain frequency bands. It 
is essential to process EEG signals because of non-stationary, 
highly non-linear, and stochastic behavior. Hence in order to 
investigate the meditation impact on human brain, this study 
examines EEG signals for before meditation and after a month 
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of meditation intervention. The analysis performed through 
statistical and spectral features for 25 subjects using the 
features: Sample entropy and power spectral density. 
 

II. METHODS AND MATERIAL 

     In this work, the ‘Medicaid Neuro-Compact 2400’ system is 
used to acquire EEG signals from different subjects using Ag-
Cl types of electrodes for analyzing the impact of meditation. 
There are total 21 electrodes for data acquisitions with 10-20 
international system. The sampling frequency (Fs) is observed 
as 114 Hz. Here, the experiment conducted on 25 novice 
healthy subjects between the age group of 16–50 year 
including male and female genders. 
     The EEG signal recording is done before meditation and 
after a month of meditation intervention for the same 25 
subjects. Before meditation, the EEG data recorded when the 
subjects are in a calm and relaxed state with their mind stable 
for 10 min. The same subjects have performed meditation 
continuously for a minimum 15-30 minutes daily for a month. 
After a month of meditation, the EEG of meditators was 
recorded for 5-7 min.  
     The prefrontal cortex is majorly responsible for the 
cognitive process [9]. Thus, for analysis of the cognitive 
effects of meditation the frontal lobe electrodes (F3, F4, F7, 
F8, FP1, FP2, Fz) are used. Each epoch has a total of 912 
samples. The EEG signals are sampled at 114 Hz over 8 
second time duration. All the datasets are processed by 
designing every step. The implementation is done through the 
MATLAB (R2015a) 8.5.0.197613 platform. The ethical 
clearance is acquired from the Government Medical College 
Akola, Maharashtra, India. 
     The feature extraction carried by utilizing finite impulse 
response (FIR) filter for the separation of EEG bands as per 
frequency bands. FIR band pass filter process by assigning the 
‘0.001’ value as band attenuation, ‘1’ value as the pass band 
ripple and ‘20’ as the density factor.  
     All features are evaluated at the frontal electrodes for 
various bands, including delta, theta, alpha, and beta. The delta 
is excluded in the study because of its hyperactivity in nature. 
The statistical and spectral analyses are performed by 
extracting Sample Entropy and Power spectral density. These 
features are extracted band wise for both control and 
meditators group with frontal lobe channels of EEG time 
series. The student t-test is performed to examine the 
discrimination of control and meditators group. The p-values 
estimated from the t-test show how better these data 
discriminate between both cases. The equations for 
computation of each of the features are demonstrated as below:  
 
Sample Entropy (SampEn) 
     The Sample Entropy measures the randomness of a time 
series. A high random brain indicates creativity or anxiety. It is   
useful to obtain the nonlinear interrelations and complexity of 

brain areas. The sample Entropy is one of the types of different 
entropies. 
     It is a measure of information as the measure probability 
distribution. The SampEn is less affected by the presence of 
noise. So as to evaluate the SampEn, two parameters are 
required, which is length of compared window 𝑚𝑚 and 
tolerance 𝑟𝑟. The SampEn [16] value is calculated for the time 
series with N samples, as discussed below: 

 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑚𝑚, 𝑟𝑟,𝑁𝑁) = −ln[𝐴𝐴
𝑚𝑚(𝑟𝑟)

𝐵𝐵𝑚𝑚(𝑟𝑟)
]                                           (1) 

Where, 𝐵𝐵𝑚𝑚(𝑟𝑟) = Probability that two vectors will match for 
‘m’ samples and  𝐴𝐴𝑚𝑚(𝑟𝑟)= Probability that two vectors will 
match for  𝑚𝑚 + 1 samples. 
 
Power spectral density (PSD) 
The spectral analysis will illustrate the activity of brain over 
different regions and different states, which reflect the general 
arousal levels of brain. Power spectral density represents the 
power distribution of EEG series per unit frequency. PSD is 
evaluated using Fast Fourier Transform (FFT) quantifies the 
amount of activity in a different frequency band of EEG signal 
that reveals the strength of variation as the function of 
frequency. 
Let 𝑥𝑥[𝑛𝑛] = EEG data 

   𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 1
𝑁𝑁
∑ |𝑋𝑋[𝑘𝑘]|2𝑁𝑁−1
𝑘𝑘=0                                                     (2) 

where, 𝑁𝑁 = Length of EEG signals,  𝑋𝑋[𝑘𝑘] = DFT of 𝑥𝑥[𝑛𝑛]. 
     PSD estimation is a non-parametric method utilized to 
calculate the power spectrum of EEG time series as a function 
of frequency while maintaining the balance between 
smoothing in time and frequency resolution. The analysis is 
performed through all four bands after averaging frontal 
electrodes for before and after meditation intervention. All 25 
subjects’ EEG signals processed using band pass filter. After 
feature extraction each band is separated and hence delta, 
theta, alpha and beta power is calculated as shown in fig.1.   
 

 
Fig .1. Flow chart of PSD estimation 

III. RESULTS AND DISCUSSION  

 Statistical Analysis 
     According to the methodology the analysis of each 
subjects’ EEG signals is done for before and after meditation. 
The study estimates the statistical and spectral analysis after 
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averaging the seven frontal channels of EEG data. Here it is 
demonstrated the features such as Sample Entropy and Power 
Spectral Density. Table 1, shows the differences in statistical 
and spectral features of all 25 subjects for pre and post 
meditation.  
     It is inferred that the average sample entropy value for 
average of theta and alpha band is decreased in meditators 
whereas in delta and beta bands it is increased after a month of 
meditation intervention. The theta and alpha bands’ sample 
entropy is low for meditators as compared to the control group. 
The sample entropy of delta band is 0.23 and 0.24, theta band 

is 0.48 and 0.45, alpha band is 0.49 and 0.48, beta band is 0.68 
and 0.69 for the control and meditators group respectively. A 
high random brain indicates creativity or anxiety. Hence, 
decreased sample entropy indicates decrease in randomness 
and increase in non-linearity of EEG signals. As the non-
linearity increases, brain cognitive functions perform better. 
     The p-value is evaluated from student t-test for different 
bands with < 0.05 as a significant level. Table 2 shows the p-
values for both features between control group and meditators 
group.  

 
Table 1: Sample entropy and Power features for before (control group) and after a month of meditation intervention 
(meditators group) 

Subjects/ 
Gender/Age Features 

EEG bands: Control Group EEG bands: Meditators Group 

Delta Theta Alpha Beta Delta Theta Alpha Beta 

S1/M/19 
Sample entropy 0.23 0.45 0.5 0.6 0.25 0.48 0.46 0.65 

Power 180.52 23.85 0.25 4.97 153.58 27.14 7.1 1.58 

 
S2/F/19 

Sample entropy 0.32 0.48 0.46 0.61 0.28 0.46 0.49 0.6 

Power 282.22 20.95 0.23 3.17 139.45 35.19 4.75 1.69 

S3/F/19 
Sample entropy 0.26 0.52 0.51 0.62 0.29 0.49 0.47 0.75 

Power 120.39 27.9 0.4 15.64 128 41.7 19.34 3.79 

S4/F/22 
Sample entropy 0.22 0.51 0.41 0.63 0.29 0.36 0.54 0.62 

Power 109.38 17 0.19 4.35 34.29 31.73 11.27 3.42 

S5/F/18 
Sample entropy 0.24 0.42 0.47 0.7 0.21 0.49 0.47 0.64 

Power 137.19 38.33 0.27 3.53 531.35 85.4 50.79 1.26 

S6/M/32 
Sample entropy 0.26 0.49 0.54 0.64 0.22 0.45 0.49 0.71 

Power 463.74 19.69 0.17 7.67 101.35 53.47 11.62 1.58 

S7/M/29 
Sample entropy 0.28 0.47 0.51 0.57 0.24 0.5 0.48 0.93 

Power 100.43 14.35 0.51 7.69 71.25 71.86 5.25 2.12 

S8/F/22 
Sample entropy 0.2 0.48 0.47 0.88 0.25 0.44 0.54 0.78 

Power 624.08 14.01 0.2 1.92 71.25 14.35 18.86 2.12 

S9/F/23 
Sample entropy 0.18 0.48 0.52 0.87 0.26 0.52 0.51 0.76 

Power 748.78 19.33 0.24 4.04 132.34 22.51 4.79 2.34 

S10/F/21 
Sample entropy 0.28 0.47 0.42 0.69 0.27 0.48 0.48 0.68 

Power 132.85 65.16 0.69 5.46 90.11 62.76 9.62 4.5 

S11/F/50 
Sample entropy 0.21 0.48 0.47 0.64 0.3 0.42 0.52 0.61 

Power 254.43 96.89 0.53 12.63 76.07 32.94 8.26 4.9 

S12/M/24 
Sample entropy 0.22 0.43 0.5 0.69 0.23 0.52 0.52 0.67 

Power 132.71 34.34 0.15 2.81 428.47 65.8 20.74 4.13 

S13/F/18 
Sample entropy 0.38 0.48 0.5 0.71 0.26 0.41 0.48 0.72 

Power 107.25 140.3 1.68 131.53 342.05 162.69 84.1 151.11 

S14/F/18 
Sample entropy 0.21 0.5 0.53 0.74 0.25 0.38 0.46 0.7 

Power 1302.16 73.07 0.22 1.91 444.75 141.51 15.73 3.73 

S15/F/23 
Sample entropy 0.19 0.44 0.51 0.67 0.23 0.49 0.51 0.77 

Power 324.08 17.46 0.15 5.73 154.49 19.64 12.58 1.27 

S16/M/24 
Sample entropy 0.22 0.49 0.49 0.67 0.28 0.45 0.42 0.6 

Power 273.4 16.4 0.21 1.33 138.3 28.85 13.02 6.07 
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S17/F/19 
Sample entropy 0.21 0.49 0.48 0.57 0.22 0.45 0.49 0.59 

Power 253.62 20.01 0.51 3.63 159.16 71.85 8.23 7.73 

S18/F/16 
Sample entropy 0.19 0.54 0.5 0.65 0.25 0.48 0.46 0.65 

Power 104.09 17.35 0.14 2.4 153.58 27.14 7.1 1.58 

S19/F/18 
Sample entropy 0.19 0.45 0.55 0.71 0.21 0.38 0.55 0.7 

Power 337.26 24.22 0.09 3.62 127.95 60.78 17.95 1.52 

S20/F/18 
Sample entropy 0.22 0.45 0.54 0.76 0.19 0.51 0.52 0.79 

Power 117.49 63.73 0.68 18.62 418.91 57.56 23.37 24.78 

S21/M/28 
Sample entropy 0.2 0.51 0.49 0.72 0.23 0.51 0.41 0.78 

Power 397.05 10.98 0.41 3.22 154.16 55.61 10.57 2.86 

S22/F/18 
Sample entropy 0.23 0.51 0.52 0.71 0.21 0.49 0.48 0.68 

Power 716.44 49.71 0.28 6.31 208.08 82.41 16.42 1.26 

S23/F/48 
Sample entropy 0.24 0.48 0.49 0.56 0.25 0.49 0.48 0.56 

Power 159.17 28.34 1.02 18.99 1157.57 57.81 63.49 10.88 

S24/M/30 
Sample entropy 0.2 0.49 0.51 0.71 0.19 0.52 0.44 0.76 

Power 476.73 16.97 0.26 1.45 164.58 24.05 15.31 2.38 

S25/F/18 
Sample entropy 0.25 0.52 0.49 0.69 0.21 0.43 0.41 0.62 

Power 470.55 38.13 34.97 3.22 309.47 43.4 0.86 5.27 

  
Table 2: p–Values of different EEG rhythms for Sample 
Entropy and Power  

features 
p-value (EEG Band) 

Delta Theta Alpha Beta 

Sample 
Entropy 1.01E-01 1.01E-01 1.06E-01 2.50E-01 

Power 1.01E-01 8.70E-04 7.71E-08 2.35E-01 

 
Power Spectral analysis: The aim of this work is to 
investigate the effects on human being brain after the 
meditation. This is done by examining the different brain 
rhythms. The Spectral analysis gives information regarding to 
the existence of different frequency bands of EEG that reflects 
the general arousal levels of the brain [18]. Here the spectral 
analysis calculated by using FFT shows the power distribution 
over the brain regions. The FFT method is utilized to convert a 
signal from the time domain to frequency domain.  
     The maximum power value is extracted from the maximum 
amplitudes of the EEG signals shown in Table 1. It is observed 
that there is an overall increase in power after a month of 
meditation, in theta and alpha bands compared with the control 
group. While delta and beta band power decreases. Increased 
power in the alpha band implies high activity while doing easy 
tasks and theta band indicates subject alert to the external 
environment [9]. Whereas the delta band and beta band power 
are decreased in the corresponding subject.  
     From the analysis, theta and alpha bands are stronger with 
respect to band power in meditators than the control group 
which implies that theta and alpha changes appear from 
meditation practice. The increases in alpha and theta band 
power and decrease in frequency correlates with the lower 
level of anxiety and a higher level of calmness [1]. As the 

subject get calm it said that emotionally stable state and thus, 
subjects can increase concentration level.  The alpha and theta 
band shows that p ≪ 0.05  while delta and beta bands indicate 
p > 0.05. From the observation of p-value, it is implied that 
the theta band has a lower p-value while alpha band has higher 
discriminating data set between the control group and the 
meditators group as shown in table 2.  
     Through the power spectral analysis, it is perceived that 
power in theta and alpha bands increases significantly which 
supports and signifies the previous studies conducted on 
meditation. It is stated that, after meditation, there is a 
considerable increase in theta power for 88 % subjects’ and an 
increase in alpha power for all the subjects. Whereas the delta 
and beta bands power are decreased.  Theta band is associated 
with alertness, attention, working memory, concentration, and 
increased awareness of surrounding. Hence, the psycho-
physiological effects are obtained by statistical and spectral 
features as the evidence by alpha and theta bands. 
 

IV. CONCLUSION 
     The purpose of this innovative work is to analyse the 
psycho-physiological effects of meditation. The spectral 
analysis stated that theta power has increased 88 % of subjects 
whereas the alpha power is increased for all the meditators 
after meditation. From the quantitative analysis, it is stated that 
meditation improves psychological parameters in terms of 
relaxation, stress relief whereas, physiological parameters in 
terms of cognitive abilities. In future, the work shall be 
extended by increasing more subjects with sustained period of 
meditation to enact the more benefits of meditation.     
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Abstract—One of the key difficulties that might impact the di-
agnosis is motion artifact in MR imaging. A Restricted Boltzmann
Machine (RBM) may train itself using a probability distribution
over a set of inputs. As a result, RBM may be used to create
MRI scans that are devoid of artifacts. The suggested approach
for denoising motion artifact-induced MRI data uses a feedback
network to modify the existing restricted Boltzmann machine
(RBM). Because to RBM, the number of weights and biases
that must be calibrated is limited to visible and hidden layers,
considerably speeding up the training process. Once trained,
RBM output for a 256 x 256-pixel image takes roughly 2 seconds.
mRBM has a root mean squared error (RMSE) of 0.00343.
Because mRBM does not require repeat MRI, the speed and
accuracy of diagnosis can be increased.

Index Terms—MRI, mRBM, motion artifact

I. INTRODUCTION

Human movements are unavoidable and may lead to motion
artifacts during magnetic resonance imaging [1], [2]. The
motion artifact-induced MRI is generally degraded in its image
quality [3]. Because of the low SNR, such MRIs are not very
useful in diagnosis. Low SNR due to the gradient echos cause
blurring in the MRI images [4].

Restricted Boltzmann Machine (RBM) is used to extract
features from an image [5]. Typically hidden layers are trained
in an RBM using feature activation of its visible layer [6],
[7]. RBM has two biases which are distinctive features in
comparison to other methods reported in the literature [8], [9].
The hidden bias allows activation in the forward path.Visible
layer bias helps in the reconstruction of the RBM in the
backward direction. RBMs are shallow networks consisting of
only two layers - the visible layer and the hidden layer. Nodes
are interconnected across the layers but no two nodes of the
same layer are linked. RBMs are called restricted Boltzmann
machines because there is no intralayer communication.

Figure 1 shows the proposed methodology of the modified
RBM. As shown in Fig. 1 (a) MRI scans are pre-processed
to remove the name and other printed information. The name-
removed output is then transformed into a 1-D array, with the
region of interest (ROI) moved in the center. Each pixel on
the visible layer gets its multiplying weight.When all of the
pixels of a 2-D image are processed through the visible and
hidden layers, a difference image is formed. This image is
then compared to the ground truth, yielding a different image.
The learning rate and the values in the difference image are
used to alter all of the weights and biases. In Fig. 1 (b),
a blinded sample with trained mRBM is used for real-time
motion artifact correction testing. The RMSE was calculated
using the ground truth and the generated output image. With
the available dataset, the minimal RMSE value can be as low
as 0.008.

II. LITERATURE REVIEW

Lyu et al. [10] employed a recurrent neural network to
reduce heart motion artifacts. They claim that their approach
produces superior image quality than any of the cardiac images
published in the literature. Lyu employed a recurrent neural
network to reduce heart motion artifacts in MRI images. They
integrated bidirectional convolutional long short-term memory
with multiscale convolution. They also recommended using
the same approach to rebuild missing frames in order to
improve temporal resolution. Zhao et al. [11] has presented
deep learning-based MRI artifact reduction (DMAR). They
were successful in lowering the RMSE to 0.068. They were
able to obtain a maximum PSNR of 23.38 dB. Oh et al. [12]
corrected motion artifacts in MRI pictures using unsupervised
deep learning algorithms. The photos were 320 × 320 pixels
in size. Their recorded PSNR was 24.47, which was higher
than the value given by pix2pix. They obtained a PSNR of



Fig. 1. Concept diagram for the proposed methodology. (a) The proposed system architecture uses a blurry MRI scan and its corresponding ground-truth
version that was recaptured, as inputs. The name and other printed information are removed from the MRI images during preprocessing, and the data is
converted to a 1D array. The 1D array is then sent into the RBM, where each pixel on the visible layer gets its multiplying weight. After that, all of the pixels
are passed through the hidden layers, the weight of each hidden layer is multiplied, and the bias is added. To generate a difference image, the 1D output
image is transformed to a 2D image before being compared to the ground truth image. (b) The proposed method is tested in real-time on a blinded sample
using trained mRBM, with the resulting output image being used for RMSE estimates. We discovered that RMSE can be as low as 0.008.

34.13. Armanious et al. [13] proposed using cycle GAN to fix
motion artifacts. They received an MSE of 375.01 for the 256
× 256 image size. Cycle-MedGAN and Cycle-MedGAN V2.0
were also created. Ciric et al. [14] improved MRI scans by 100
times using motion estimation and mathematical expressions.
In addition, motion artifacts could be corrected in as little as
40 minutes to 4 hours.

Pipe et al. [15] employed Propeller MRI techniques to
fix spatial discrepancies by sampling K-Space data. Their
approach identifies and rejects data that has motion artifacts.
Diffusion-weighted imaging (DW) was employed by Liau et
al. [16]. They discovered that signal dropout occurs during
heart scanning and is proportional to the b value. To eliminate

motion artifacts in MRI, Smith et al. [17] employed a pulse
sequence, better scanning, and a specific pulse design. To
reduce motion artifacts, Goto et al. [18] employed regional
displacement interaction (RDI) and scrubbing. Wang et al. [19]
employed a convolutional constrained Boltzmann machine to
predict breast cancer pathological response. The feature map
is extracted using the CRBM, which is subsequently used
for classification. In both the visible and hidden layers of
their convolutional RBM model, they used a 2D block. They
utilized a standard PCR as a comparison. They were able to
obtain a maximum accuracy of 80 %.



Fig. 2. Optimizing learning parameters with respect to Mean Square Error (MSE). (a) Plot of variation of input image size vs MSE. 256 X 256 pixels yields
the lowest RMSE. (b) Plot of variation of sampling steps vs MSE. 80 sampling steps was the most optimal value. (c) Plot of variation of learning rate vs
MSE. MSE was lowest at the learning rate of 0.02. (d) Plot of variation of the maximum number of iterations vs MSE. The lowest RMSE was produced
in 900 iterations. (e) Plot of variation of the mini-batch size vs MSE. A mini-batch size of 13 yields the lowest RMSE value. (f) Comparison of RMSE for
natural and artificially-induced motion artifacts in MRI scans. The average RMSE for natural motion artifacted MRI scans was lower than the average RMSE
value of artificial motion artifacted MRI scans. Hence the proposed mRBM system should be preferred in cases of natural motion artifacts occurring in MRI
scans.

III. METHODOLOGY

All of the image files that needed to be trained were housed
in a single folder. The training inputs were set to a size of
256 × 256 pixels for the length and breadth of the images.

We also tried 512 X 512 pixels and 1024 X 1024 pixels
as size variations. If there were any colored images, they
were transformed to grayscale, and all of the photos were
changed from their standard uint-8 format to double format
for mathematical computation.



Fig. 3. Testing the proposed mRBM algorithm. (a) A motion blurred MRI scan is provided as input to the system. (b) Corresponding output generated by
mRBM. (c) Plot of iterations vs Root Mean Square Error (RMSE). For this particular pair of input and output images, the lowest RMSE was 0.00343 obtained
after 900 iterations.

We employed a conventional restricted Boltzmann machine
(RBM method) and adjusted its parameters based on the
difference between motion artifact corrected photos and their
ground truths. The number of learning iterations that could be
performed was limited to 900. We performed the algorithm
from 50 to 1300 iterations with a configurable step size of 50,
100, and 200 to get the optimal number of iterations for the
desired accuracy. The number of neurons in the hidden layer
was set to 256 and the size of the mini-batch data was set at
13 images. We experimented with changing the learning rate
from 0.01 to 0.04 in 0.1 increments. We also attempted Gibbs
sampling steps of 50, 60, 70, 80, 90, and 100. The RMSE was
minimized in all of these versions.

A. Details of training with mRBM

The entire input data was normalized between 0 to 1 using
equation 1 and 2.

xn(i) = x(i)−min(x) (1)

Where,
xn(i) is difference between the current value and the minimum
value.
x(i) is the pixel value at ith location where i goes from 0 to
(m X n).
min(x) is minimum value in image x.

xnormalized(i) = xn(i)/(max(x)−min(x)) (2)

Where,
xnormalized is the normal value of x.
max(x) is maximum value in image x.

For both visible and hidden layers, all starting biases were
set to 0. The seed point was chosen at random and mini-batch
data was loaded following the seed point for training. Each
neuron’s initial weights were created at random. We began
Gibbs sampling with the energy function. The hidden weights



were adjusted using sigmoid functions of the visible layer
weights. Equation 3 gives the sigmoid function.

S(w) = 1/1 + e−w (3)

Where,
S(w) is the sigmoid function at w.
w is the weight value of the other layer.

The weights of visible layers were adjusted as a sigmoid
function of the weights of newly discovered hidden layers. In
terms of ground truth, positive divergence (pd) and negative
divergence (nd) were calculated. As indicated in equation 4,
the network weights were changed according to the learning
rate specified and constructive divergence.

w(itr) = w(itr − 1) + ϵ X (pd− nd) (4)

Where,
w(itr) is the weight value of the current iteration.
w(itr-1) is the weight value of the previous iteration.
ϵ is the learning rate.
pd is the positive divergence.
nd is the negative divergence.

The overall difference between the visible layer and the
ground truth image from the mini-batch with which we started
was used to update the bias of visible layers.

b(itr) = b(itr − 1) + ϵ X (O(itr)−GT ) (5)

Where,
b(itr) is the bias value of the visible layer in the current
iteration.
b(itr-1) is the bias value of the visible layer in the previous
iteration.
O(itr) is the output of the current iteration.
GT is the ground truth

hb(itr) = hb(itr − 1) + ϵ X (O(0)−O(itr)) (6)

Where,
hb(itr) is the bias value of the hidden layer in the current
iteration.
hb(itr-1) is the bias value of the hidden layer in the previous
iteration.
O(0) is the output of the first iteration.
O(itr) is the output of the nth iteration at which the node is
activated.

RMSE =

√
1

m X n

∑
(O(i)−GT (i))2 (7)

Where,
RMSE is the root mean sqaure error.
m X n is the total number of locations

O(i) is the output of the ith location.
GT(i) is the ground truth of the ith location.

The visible layer’s revised biases are presented in equation
5. Similarly, the hidden layer’s biases were adjusted using the
learning rate and the difference between the initial output and
the output of the last iteration, where the output image is
identical to the ground truth (as shown in equation 6). The
RMSE of a mini-batch image is calculated by comparing the
output of the last visible layer to the ground truth for that
image. The existing trained mRBM network is used to import
all of the training parameters, such as weights and biases.
Visible layer biases and hidden layer biases are examples of
these biases. The input is denoised using this trained network
after the accuracy is within the specified range. By comparing
the output of the last visible layer to the ground truth for that
particular mini-batch image, the RMSE is calculated (as shown
in equation 7).

B. Experimental Procedure

A group of local hospitals in Mumbai and Akola provided
us with 160 motion artifact-induced MRI images. The pho-
tographs were in the 32-bit Digital Imaging and Commu-
nications in Medicine format (DICOM). Before sending the
dataset, the hospital erased the identities of all patients for
data privacy reasons. All of the photos were saved in two
different datasets, one with 50 % training data and the other
with 50 % testing data. The original graphics were 512 by
512 pixels in size. The images were downscaled to a size of
256 × 256 pixels for analysis and speed optimization. Between
the labeling of the two images, there is a perfect correlation.
The images were upscaled to a resolution of 1024 by 1024
pixels to better comprehend the influence of size fluctuation.
We treated an entire range of 50 samples to 100 samples
with a configurable step size to optimize the amount of Gibbs
samples to be considered. The number of Gibbs samples and
the image size were both optimized. The mRBM’s mini-batch
size ranged from 11 to 14 images in 1 image increments. We
also attempted to create a motion artifact image and fix it for
better analysis. Finally, the mRBM’s mini-batch size ranged
from 11 to 14 images in steps of 1.We employed a rotation
and translation procedure to create the intentionally created
motion artifact images. The image was rotated by a 10-degree
angle and translated to a 10-pixel motion, and the final image
was created by averaging the original image with the rotated
and translated image. We utilized a motion blur filter with
fspecial for averaging, and the final image was created with
the imfilter function. For the required image and the generated
image from the modified restricted Boltzmann machine, the
RMSE was calculated.

IV. RESULTS

The image sizes were modified from 256 x 256 pixels
to 1024 × 1024 pixels, as shown in Fig. 2 (a). The RMSE
increases from 0.6 to 0.11 as the image size increases. The
sample steps were varied between 50 and 100, as shown in



TABLE I
COMPARISON OF THE PROPOSED MRBM WITH METHODS REPORTED IN THE LITERATURE

Method RMSE Iterations Execution
time (Sec.)

Number of
images PSNR

Tamada et al. [3] 0.01 80 – 40 –
Zhao et al. [11] 0.068 – – 375 23.38
Armanious et al. [13] 0.805 – – – 26.03
Oh et al. [12] 0.9078 – 3.2 150 34.13
Rotman et al. [20] 0.013 120 159 7474 –
Proposed algorithm
mRBM 0.00343 900 1.926 160 34.0875

Fig. 2 (b). As a consequence, 80 sample steps and a 256x256
pixel image size were determined to be ideal.

When the learning rate (eps i.e. ϵ) is altered between 0.01
and 0.04, the RMSE ranges from 0.0255 to 0.036. The effect
of iterations variation on the least RMSE is shown in Figure 2
(c). With a learning rate ranging from 50 to 1300 in stages of
50, 100, and 200, the minimum RMSE occurs at 900 iterations
as shown in Fig. 2 (d).

Because of the small size of the data set, the RMSE of
a minibatch of motion artifact photos ranges from 0.022 to
0.034. The effect of changing the size of the mini-batch from
11 to 14 images is seen in Fig. 2 (e). As illustrated in Fig.
2 (f), we compared 160 naturally induced motion-artifact im-
ages to programmatically induced motion-augmented images.
Artificially generated motion artifact images have an RMSE
roughly three times that of naturally occurring motion artifact
images. Artificially produced motion artifact images have an
error bar of 0.098, whereas naturally, caused-motion artifact
images have an error bar of 0.028. Both sorts of images
have the same error bar. As a result, the suggested method
outperforms the artificially induced method in the situation of
naturally induced motion artifact images.

A sample motion blurred MRI scan and it’s corresponding
mRBM regenerated output is shown in Fig. 3. The RMSE of a
trained mRBM can be as low as 0.00343 after 900 iterations,
as shown in Fig. 3. Because the error decreases exponentially
after the first 50 iterations, it is expected that at least 100
iterations will be necessary to fix any image with motion
artifacts.

A. Discussions

The suggested mRBM technique is compared to existing
methods reported in the literature in Table 1. The best approach
for RMSE is mRBM, which has a value of 0.00343. Tamada
et al. [3] and Rotman et al. [20] both have good RMSE in
the 0.01 area. Other methods have reported only 80 [3] to
120 [20] iterations, however, the suggested technique takes the
maximum number of iterations, ensuring greater quality. We
also discovered that after the first 50 rounds, our algorithm
works well, and we recommend at least 100 iterations for
good accuracy. After training, the suggested approach has the
best execution time of around 2 seconds, although others have
reported 3 seconds [12] and 159 seconds [20]. The proposed
approach has the second-best PSNR with 34.08, and Oh et
al. [12] has the maximal PSNR of 34.13. Rotman et al. [20]

utilized 7474 images, which was the maximum number of
images used in the reported literature. Others, including the
suggested technique, have samples ranging from a few hundred
to a few thousand (it is difficult to get motion artifact data since
most of the time rescan is immediately performed and such
data is then discarded to save memory).

We needed a ground truth as well as motion artifact-induced
images for this particular mRBM technique. To obtain rapid
results, we employed an eight-core processor with 16 GB
RAM and 6 GB of GPU. Because the entire network size
is dependent on the size of the image, tuning a network
like RBM is extremely challenging. Our network’s accuracy
is determined by the ground truth and their edge-to-edge
matching with previous scans. Because the photographs were
not aligned in the specific domain, we had to delete around 60
% of the images received. Only when the edge is not blurred
can we align a ground truth image with the motion artifact-
induced image using an extra pre-processing step based on the
Canny edge detector.

V. CONCLUSIONS

Rescanning the MRI is the standard method for eradicating
motion-induced artifacts. It is now possible to fix motion
artifact photographs using advances in machine learning. The
proposed method takes a limited Boltzmann machine and turns
it into a closed-loop system that repeats until the error is within
acceptable bounds. This mRBM (modified RBM) allows us
to fix motion artifacts in less than 2 seconds with an RMSE
of 0.00343. PSNR of 34.08 was attained with the proposed
approach. The suggested approach required 900 iterations, and
we anticipate that in the future, researchers will be able to
employ this mRBM algorithm to fix motion artifacts in less
time.
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Abstract— Error free communication is possible due to 

channel coding. Polar code has been identified by control 

channel code for 5G wireless communication. In this paper we 

implement combinational logic for polar decoder. As compare 

to sequential circuits for polar decoder, the proposed 

combinational logic circuit has low complexity in design. The 

parallel architecture of proposed logic provides fastest logic for 

the designing of polar decoder. Polar decoder by using 

sequential bit decoding approach is also proposed here. The 

design implementation and its simulations are done on Xilinx 

platform using Verilog HDL. The analysis for complexity and 

delay is done here. 
Keywords—Polar decoder, Polar code, Combinational logic, 

Channel coding, 5G. 

I. INTRODUCTION 

Polar code is identified as channel code for 5G wireless 
communication (by 3GPP – third generation partnership 
project). The role of channel coding is to recover the noisy 
channel hence the reliable communication is possible. Such 
type of channel code is known as Error Correcting Code 
(ECC). According to Shannon’s theorem [1] the receiver can 
receive correct information bit, if encoder and decoder 
designed properly. These information bits can be recovered 

at the receiver with coding rate � = �� < � 

                        � = max�(
) �(�; �)        (1) 

Where �  is the channel capacity and �(�; �) is the mutual 
information between input and output and the maximization 
is over the all probability distribution p(x) on the channel 
input.  

 Polar code was first time introduced by Arikan [2] in 
2009, which provably achieved channel capacity with low 
complexity encoding and decoding algorithm. It achieved 
maximum channel capacity as compare to Turbo codes [3] 
and Low Density Parity Checked (LDPC) Codes [4][5][6]. 
Achieving maximum channel capacity for code is 
challenging. These three turbo codes, LDPC and polar codes 
are remarkable uses for wireless communication such as 
HSPA, Wi-Fi, WiMAX, and LTE etc.  

 LDPC codes can effectively supports multiple code rates, 
block length with better decoding latency and throughput 
than other codes; hence it was selected for the data channels 
of NR replacing the turbo code [7]. Whereas in 3GPP 
Meeting in 2016, it was discussed that polar codes can have 
best error correction capability at short length that are used 
for control information hence polar codes was selected for 
control channel coding replacing tail-biting convolution 
codes (TBCC) of LTE [8]. 

Polar code is low complexity channel coding method 

which can achieve Shannon’s channel capacity for any 

binary input discrete memory less channel (B-DMC) W, 

based on the idea of channel polarization. The code create N 
synthetic channels from � independent uses of such channel, 

which turn out to be less or more noisy than the original 

channel. According to channel polarization, Bhattacharya 

parameter is used to quantify the reliability of channel �. 

The good bit channel has lowest Bhattacharya parameter, 

which is defined as  

                 �(�) = ∑ ��(�|0)�(�|1)�∈!                        (2) 

Here � is output alphabet and input alphabets are {0,1} for a 

binary memoryless Symmetric (BMS) channel  � . {�(�|%): % ∈ �, � ∈ �} is the transition probability. 

In this we paper, we implement combinational logic to 

design polar decoder. The details of polar encoder and polar 

decoder are explained. The combination logic is the 

representation of equation used for decoding purpose. The 

equations of decoding can be formed from flow diagram of 

polar decoder. The '-function, (-function and partial sum 

function equation are used to implement combinational logic. 

We design SC polar code decoder by directly following the 

polar code P (8, 5) decoding graph as it is. Also here we 

present the design by structural way also, which constitute 

component code for 4-bit polar code. Here the 4-bit polar 

code is designed by combination logic. Polar decoder using 

sequential bit decoding approach is also designed here. The 

synthesis and simulation of SC polar decoder design has 

been done on Xilinx platform.  

This paper is organized as follows: Section II has the 

details of polar code. The details about polar encoder are 

mentioned here, with the formulation of code using 

codeword. The representation of codeword is given in the 

form of tree as well as in encoder graph. The concept of 

polar decoder is given in section III. The decoding approach 

is well defined using different function (' and () with their 

equivalent equations. Section IV has proposed work of 

combinational logic for polar decoder. The combinational 

logic is implemented for 4-bit polar code. This 4-bit polar 

code is treated as component code. By using component 

code we designed polar decoder. Polar decoder using 

sequential bit decoding approach is present in this section. 

The simulation and synthesis is done on Xilinx. The 

synthesis result of proposed design and comparison with 

present design is given in Section V. 

II. POLAR CODE 

Polar codes P (N, K) has (-) information bits and (N – K) called frozen bits. It allowed to divide the � - bit input 
vector 3  between reliable (message bits) and unreliable 
(frozen bits) bit channels as due to channel polarization 
effects. The predefined values of frozen bits are set to 0.  The 
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reliability sequence (position of reliable and unreliable bits) 
will be known to encoder side and decoder side, which will 
make easy to decode the bits at decoder side with error 
correction.  

A. Polar Encoder : 

Polar encoder encodes the message bits (-) with frozen 

bits (� 4 -). A polar code is a linear block code of length � = 26 and rate R = 89.  The encoding process of polar code 

can be represented by modulo-2 matrix multiplication. The 

code word is  

         � = 3:�                                         (3) 

Here u is the inputs bits of length �  (3;, 3<, … … . 3�) and X 

is the coded output bits of length N (%;, %<, … … . %�), The 

key point for this code word is polar transform :�, which is � ? �  generator matrix also known as n-th Kronecker 

product with a basic kernel of  2? 2.  

                                    :< = @1 01 1A 
As  � = 26 , hence :� can be written as  

    :� = :<B = @1 01 1A⨂6 = :<⨂:<(BDE)⨂:<(BDF)       (4) 

Code word for � = 2 is  

� = 3:� 

 G%;, %<H = G3;, 3<H @1 01 1A 

               %(<) = G%;, %<H = G3; I 3<, 3<H              (5) 

Here I operator indicates modulo 2 operation that is bitwise 

xor (⊕) operation.  �(<)  is the output decoded bits for N=2.  

The polar transform for � = 4  is 

:L = :<⨂ :< = M1 01 1 0 00 01 01 1 1 01 1N 

Hence the code ward for � = 4  can be found as follows 

                              � = 3:� 

          G%;, %<, %O, %LH = G3;, 3<, 3O, 3LH M1 01 1 0 00 01 01 1 1 01 1N 

�(L) = G%;, %<, %O, %LH = P3;, I3< I 3O I 3L, 3< I 3L,3O I 3<, 3<Q         (6) 

The code word tree representation of equation (6) for � = 4 

is shown in Fig. 1. Here the dotted rectangular box represents 

the code word tree of � = 2 which follows the equation (5). 

We can combine two component code ( c;and c< ) 

of  � = 4  to form the code ward � = 8. The code word tree 

for � = 8 is shown in Fig. 2 and its equivalent circuit graph 

is shown in Fig. 3. The polar encoder graph is having xor 

circuit elements, which follows equation (3). The rectangular 

box in Fig. 3 shows the component code of � = 4.  

We may achieve the code word for highest values of  N 

by combing  N/2 component codes. 

 

Fig. 1. Polar encoder codeword binary tree for � = 4 

 

Fig. 2. Polar encoder codeword binary tree for � = 8 

 

Fig. 3. Polar encoder graph for � = 8  

III. POLAR DECODER 

To decode the original signal from noisy signal at 
receiver end, we need decoder. Polar code decoder uses a 
successive cancellation (SC) decoding approach introduced 
by Arikan in [2].  A code word is transmitted from 
transmitter; which receives at receiver end with the output 
vector � ∈ ��. The channel W has an input alphabet X {0, 
1}, an output alphabet Y and transition 
probabilities{�(�|%): % ∈ �, � ∈ �}. The receiver calculates 
the log-likelihood ratio (LLR) vector ℓ =(ℓ;, ℓ<, ℓO, … … . ℓ�) to decode the received message. These 
LLRs are the input for polar decoder. The LLR can be 
defined as 

                       ℓW = ln YZ(�[|
[\])Z(�[|
[\;)^                                  (7) 

Decoding binary tree of polar decoder is shown in Fig. 4. 
This tree is for polar code _ (8, 3) where � = 8 and - = 3 
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i.e. last three bits are message bits and 5 bits are frozen bits. 
The same bit information is known to polar encoder side 
with reliability sequence. At the decoder side, we have to 
decode the bits from received vector at receiver side. These 
received vectors have the LLR values received. The tree 
shows the root or vertex node at a = 0, which received all 
LLR values. At each stage a of tree, the soft LLR values b ={b;, b<, bO, … … . . , b<(cDE)} are passed from parent nodes to 

its child node and hard bit estimates d ={d;, d<, dO, … … . . , d<(cDE)} are passed from child node to its 

parent node [9]. Here in Fig. 4, consider a e root node has bf 
LLR values and df  received hard bit estimation at e  root 
node. Followed by next stage parent node having LLR values bg and bhfor left and right side respectively, whereas dg and dh received hard bit estimations. 

 

Fig. 4. SC polar decoder tree for Polar code _(8,3) 

SC polar decoder tree can be depicted in its equivalent 
XOR circuit graphs shown in Fig. 5, which would be seen to 
be same as encoder side. The computations of the SC decode 
pertaining to XORs in the graph; here the XOR functionality 
will vary according to LLRs value at different steps in 
decoding process [10]. 

 

Fig. 5. Polar decoder graph for N=8 

In the decoding process, the XOR operation is performed 
according to LLR of various received vector. It has identified 
by three operations which has ' 4 function, ( 4function and 
partial sum function, shown in Fig. 6. Fig. 6(a) is of ' 4function. Here we consider baand bb  are two available 
LLRs value as inputs for XOR to compute LLR  bc  
according to function ' [13]. bc = '(ba, bb) 

bc = 2 tani;(tanh( ba/2) tanh(bb/2))                  (8) 

or 

           bc k lm(n(ba)lm(n(ba)min (|ba|, |ba|)                (9) 

This equation (9) is min-sum approximation, where sm(n(. )  
returns -1, if argument is negative and returns +1 in case if 

argument is positive. 

According to the value of output LLR (αc)  of ' 4 

function, we get the first decoded bit βa
q  (hard bit). βa

q  bit 

value is 0 for positive LLR value and 1  and for negative 

LLR. Using αa and αb and hard bit βa
q , can compute for LLR  αc according to ( function in equation (10). 

 

                   bd = (rba, bb, βa
q s = (41)ta

uba I bb            (10) 

 

                   (a)                                     (b)                                    (c) 

Fig. 6. Bits decoding approach with  (a) ' function (b) ( function and (c) 
partial sum 

Second hard bit detection can be achieved by ( 4 

function shown in Fig. 6 (b); it depends on LLR value of αd. 

From the decoded bits (βa
q ,  βb

u), we can go reverse back that 

is left side to right side for partial sum. By XOR function 

[13], we can find partial sum βcq and βdu from equation (10) 

and (11), same is illustrated in Fig. 6(c). 

βcq = �v� (βaq , βbu )                               (11) 

ddu = db
q                                                  (12) 

The SC decoding process is begin with  ' function (8) or 

(9) by propagating LLRs from the right hand edge of the 

graph, to the top connection on the left-hand edge of the 

graph, allowing the first bit to be recovered as shown in 

Fig.5. decoding graph of SC decoder. '  function 

continuously calculates LLR using min-sum approximation 

method till not reaching to first decoded bit. Once first bit is 

decoded, it may go with ( function of (10) to decode second 

bit for a particular XOR to switch from bit propagation to 

LLR propagation. Before using the ' function to propagate 

LLRs to the next connection on the left-hand edge of the 

graph, allowing the corresponding bit to be recovered. Each 

successive bit from top to bottom is recovered by using the 

partial sum computations of (11) and (12) to propagate bits 

from left to right. This process is continuously on till not 

reaching to last bit. Binary tree of SC decoder of _ (8, 3) shown in Fig.4 also depicted the same thing. The left 

child node  bg = {b] g , b]g , … … , bwi;g } can be computed by ' 

function (8) or (9), whereas the right child node bh ={b] h , b]h , … … , bwi;h } can be computed using ( function (10). 

Here we assume the LLRs values of respective value of node 

will be stored in internal LLR memory. The bit will be 

decoded according to LLR value, when node traverse and 

reach to leaf node. 

The bit estimation in the SC decoder is based on the 
previous bit values. To complete this decoding process, the 
decoder takes (2� 4 2)  steps. To store LLR values, it 
required channel LLR memory, internal LLR memory and 
hard estimated bit storage memory to store the decoding bits. 

IV. COMBINATIONAL LOGIC FOR POLAER DECODER 

In this paper, we designed polar decoder for 8-bit using 
combination logic of 4-bit polar decoder. The combinational 
logic is developed from ' and ( function of equation (9) and 
(10) respectively. Another implementation of polar decoder 
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is done, which follows the polar decoder graph shown in Fig. 
5.  

A. Combinational Logic : 

Combinational logic is made by using f-function 

combinational circuit and g-function combinational circuit 

with some additive gate for overall design of polar decoder 

[12]  

1. '-function circuit: The '-function circuit is implemented 

based on equation (8) (min-sum) as discussed in previous 

section. To implement this, we use a comparator circuit 

which will compare two LLR values; multiplexer which 

provide us the minimum values of LLT depends on control 

signal generated from comparator; another XOR gate is used 

for sign generation. All the combination of comparator, 

multiplexer and XOR gate shown in Fig. 7 follows the min-

sum equation (8).  
 

 

Fig. 7. '-function circuit 

2. ( -function circuit: The ( -function circuit is 

implemented based on based on equation (9) as discussed in 

previous section is shown in Fig. 8. To implement this, we 

used an adder/subtractor circuit which will work depends on 

previous estimated bit. Multiplexer gives the output LLR, 

depends on previous estimated bit.  

 

Fig. 8. (-function circuit 

3. Polar decoder 4-bit: The polar decoder is implemented 

using ' 4function and ( 4function circuit. The design of 

this 4-bit polar decoder follows the circuit graph shown in 

Fig. 9. This circuit graph shows the interconnection between ' 4function and ( 4function to form combinational logic 

for 4-bit polar decoder. The RTL schematic of 4-bit polar 

decoder using combinational logic is shown in Fig. 10. The 

simulation and synthesis of 4-bit polar decoder are done on 

Xilinx platform.   

4. Polar decoder 8-bit: According to circuit flow diagram 

shown in Fig. 11, the 8-bit polar decoder can be 

implemented using two 4-bit component codes. Here we 

design 8-bit polar using 4-bit polar decoder and some ' 4function and ( 4function. The RTL schematic of 8-bit 

polar decoder is shown in Fig. 12. The simulation and 

synthesis of 4-bit polar decoder are done on Xilinx platform. 

 

Fig. 9. Circuit graph of polar decoder (4-bit)  

 

Fig. 10. RTL Schematic of polar decoder (4-bit) using combinational logic 

 

Fig. 11. Polar decoder graph for N=8 with using 4-bit polar decoder 

 

Fig. 12. RTL Schematic of polar decoder using two 4-bit polar decoder 

B. Sequential Bit decoding approach: 

As SC polar decoder is sequential in nature, the bits at 

receiving side will be decoded one by one. Decoding of next 

bits depends on preceding bits. Hence the roles of ' and ( 

function are important in this case. Sequential bit decoding 

approach of polar decoder used three types of function as 
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discussed in section III. These are ' 4function, ( 4function 

and partial sum or xor function. The design of these 

functions have to be done very carefully to get correct 

output, as they will used many of times in overall circuit of 

decoder. To design polar decoder for 8-bit, here we will 

follow polar decoder graph as shown in Fig. 13. As per 

decoder graph, we designed the polar decoder in the Verilog 

HDL by considering pre-designed functions (', ( and xor) 

as components in it. Simulations and synthesis are done on 

Xilinx. The RTL schematic view of SC polar decoder is 

shown in Fig. 14. The final outputs are decoded bits, 

whereas the internal bits and LLR values are stored in 

memory for decoding the bits.  

The external input LLR values are given in pair to '-

function as   �; �| ,�< �} , �O �~  and  �L �� to ' -function ';; , '<; ,'O;  and 'L; respectively at first stage. These ' -functions 

calculate the internal LLR values and generate output LLR 

values, which will be fed to nest stage f functions denoted 

by  ';<and '<<. Here the output of  ';; 'O; and '<; 'L; become 

the inputs to second stage '-function ';<and '<< respectively. 

The outputs of these '-functions feed forwarded as inputs to ' -function  of stage three. Finally at stage three, the ' -

function  ';O decoded the first bit 3;. Using this pre-decoded 

bit  3; and output LLR values of  ';<and '<<, the (-function 

decoded second bit  3< . The process flow of decoding 3;  

and  3<  bits using ' �n� (  function is shown by color 

dotted line in Fig. 13. Once  3;  and  3< bits are decoded, it 

goes reverse back using xnor-function, ' -function and (-

function to decode the remaining bits. All these output bits 

are decoded in sequential way. 

 

Fig. 13. Polar decoder graph for N=8 with flow details 

 

Fig. 14. RTL Schematic of Polar decoder (8-bit) by bit decodeing approach 

V. RESULTS 

As per the functionality of polar decoders, both polar 

decoders i.e. by using combinational logic and using 

sequential bit-decoding approach is same, only we found 

difference in delay and area (used LUTs). We reduce the 

latency in the case of combinational logic as compare to 

sequential bit-decoding approach design polar decoder. The 

synthesis result of SC polar decoder using combinational 

logic and using sequential bit decoding approach are shown 

in Table. I. SC polar decoder using combinational logic is 

efficient in terms of latency as compare to using sequential 

bit decoding approach. While with respect to area and 

dynamic power, the sequential bit decoding approach has 

performed better than polar decoder using combinational 

logic. But the delay parameter has a great role for high-

speed communication. It will make a great difference while 

designing higher bits polar decoder like 32, 64 –bits and so 

on. Table. I also show the comparison of proposed design 

with existing design mention in various literatures.  As 

compare to work given in [13], the proposed work has 

remarkable result for latency and area as well as dynamic 

power. The proposed work is based on 2-bit SC decoder 

[14] with iterative decomposition technique. The work 

proposed in [12] has combinational and pipeline 

combinational decoder with ASIC synthesis result. Out of 

the proposed work present, we found 16-bit combinational 

decoder result is related to our result shown in Table.I. 

TABLE I.  COMPARASION BASED ON PERFORMANCE 

PARAMETER 

Paramet-

er 

Proposed Polar Decoder [13] 

[12] 
(16-bit ) 

combinati

-onal 

decoder 

Using 

sequential 

bit-

decoding 

approach 

Using 

combinati

-onal 

logic 

2b SC 

decoder 

2b SC 

decoder 

with 

iterative 

decompos

-ition 

technique 

Latency 3.351ns 3.105ns (1.5n-2) (1.5n-2) -- 

Area 

(LUTs) 
446 470 488 259 1479 

Dynamic 

Power 

(W) 
4.141 4.59 5.881 3.261 -- 

*n- is no. of cycle 

VI. CONCLUSIONS 

In this paper, we proposed the polar decoder by using 
combinational logic and by using sequential bit decoding 
approach. The combinational logic for f function, g-function 
and 4-bit polar decoder are designed, where 8-bit polar 
decoder is designed using two 4-bit polar decoder. Polar 
decoder using sequential bit decoding approach is design 
with ', ( and xor function. These function are followed their 
mathematical equations. The proposed work has remarkable 
result as compare to existing one. Polar decoder using 
combinational logic is more efficient as compare to using 
sequential bit decoding approach in case delay parameter. 
But with respect to area and dynamic power, the sequential 
bit decoding approach has performed better than polar 
decoder using combinational logic. Combinational logic 
makes design simple and will have the scope to design for 
more number of bits. The proposed work is designed using 
Verilog HDL. The synthesis and simulation are done on 
Xilinx.  
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Taxonomy and Open Challenges of an Innovative Bio-
Inspired PSO Algorithm for Optimization in Big Data 

Analytics Application
Amitkumar Manekar

Abstract: Nature-inspired and Bio-inspired computing and artificial intelligence encompass 
a wide variety of contemporary computer science, mathematics, and biological disciplines. 
Biomimetic computer optimization techniques are indeed a brilliant way to launch innovative 
and effective competitiveness methodologies that are based on the concepts and inspiration of 
biological evolution. In recent decades, bio-inspired optimization algorithms gained popularity 
in machine learning for overcoming significant challenges in engineering and science. 
Unfortunately, these problems are frequently regressive and governed by many regressive 
constraints, creating numerous problems such as time limitations and high dimensionality 
in choosing the optimum solution. Recent advancements attempt to integrate bio-inspired 
optimization algorithms to solve the problems of traditional optimization algorithms, which 
represent a potential approach for tackling complex optimization problems. The state-of-the-
art of some contemporary bio-inspired algorithms, gap analysis, and their implementations 
are presented in this paper.
Keywords: Genetic Bee Colony Algorithms, Fish Swarm Algorithm, Artificial Algae 
Algorithm, Chicken Swarm Optimization, Grey Wolf Algorithm, Cat Swarm Optimization, 
Bioinspired Algorithms, Particle Swarm Optimization

Introduction
The study of optimization is associated with identifying the optimal solutions to various 
challenges. Day after day, we invented a lot of operations which we endeavored to refine 
in necessary to come at the optimal resolution; for illustration, the trip to work may be 
maximized based on the number of parameters such as traffic and distance. On the other hand, 
the introduction of smart vehicles demands an optimization with a number of goals in mind, 
namely reduced wind resistance, lower fuel consumption, and increased muscle potency [1]. 
These optimum solutions are determined by altering the algorithm’s parameters to give the 
solution a maximum or minimum value. As a result, numerous optimization methods have 
been proposed in past years with the objective of boosting existing solutions [2][3]. 

The conveyance of data is utilized to make successful judgments for big data analytics 
in IoT-based smart cities. During data collection and processing from smart devices on IoT 
networks, information is recorded and processing on cloud servers. Additionally, to process 
the huge quantity of observations, automatically massively scalable cloud computing is 
necessary, which may enhance the system’s performance [4]. Conventional cloud-based data 
processing systems, according the literature, are unable to achieve performance requirement 
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Interactive Smart Mirror Using Raspberry Pi 4
Akshay J. Agrawal, Vaishnavi S. Kanherkar, Kalyani U. Bonde, 

Radhika S. Jadhav and Amit S. Manekar

Abstract: IoT is a very emerging trend in today’s world it has a variety of application in our 
life. We are living in 21st century where all the work is done using technology and has become 
an integrated part of life. The internet of things which is very trending now-a-days is used in 
various electronic devices as we want all our work to be in fractions of a second. We come 
up with solutions to problems which are very familiar to everybody, as we all go to corporate 
offices at one time of our lifetime. As anyone go in any office for the very first time we don’t 
know anything about that office like about the infrastructure, various departments and all. 
When we don’t know anything we ask the receptionist for help and this is time consuming. 
To solve this time consuming problems Smart Mirror is introduced which will act as the 
information desk for new visitors, employees and clients. Also we have made our mirror 
multitasked more information about that is available in this paper. Moreover we have added 
matrix server in our mirror so that calling and chatting can also be done with this mirror. 
This paper contains the problem statement and detailed technology stack along with our 
project development idea and our results and conclusion. The internet of things, AI is used to 
implement this project.
Keywords: IOT, Smart Mirror, Raspberry Pi, Voice Command, Magic Mirror, Matrix

Introduction
In this globe of fierce competition, each one needs a comfortable life and stay updated 
with latest technology. Modern man has proposed high tech technology to make his life 
at ease. People think necessary to be attached with the external world and they are willing 
to grab the information easily. Whether it is through the television or internet, people 
must have to be in contact with the present events happening all over the world. Internet 
of Things (IoT) is a theory where an entity having the capability to gather and transmit 
information over a network without the human contact to human or human to system. Due 
to this technology people can do their task in faster and efficient way. In this we will design 
and develop a smart mirror that symbolized an useful interface for glancing data in a co- 
operate office.

In market various smart mirrors are available that acts as a mirror which display date, 
time, image gallery but it is not sufficient as we can make our mirror more interactive. The 
main property of the mirror will be that it will totally work as a computer or we can say more 
than a computer. Now all will think that we have computer already then why one go for this 
mirror, so the reason for this will be mirror will be available at the 50% cost of the computer. 
Our mirror broadcast current temperature, weather details, and to-do list along with that we 
have added the feature of voice command. In addition to that we have added matrix to our 
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A Review on Pose Estimation and its Recent Progress
Om Masne, Mohit Bohra, Gita Fase,  

Kshitij Khillare and Amitkumar Manekar

Abstract: Pose estimation is a challenge in computer vision field which has been researched 
for quite some time, reason being the richness of applications that can benefit from such 
technology. Pose estimation is one of the main components in problems which include the 
approximation of object placement and location relative to the reference frame. It is the task 
of using techniques such as machine learning methods to calculate the pose of a character 
from a video or image by approximating the spatial locations of key body joints.
Keywords: Human Pose Estimation, Pose Estimation, Deep Learning, 2-D Pose Estimation, 
3-D Pose Estimation, Multi-Person Pose Estimation

Introduction
Pose estimation is the procedure of approximating the location of the connections in some 
human body or other objects and subjects. It has uses in tracking the motion of a person or 
object, detecting gestures, analysis of changes in pose of a subject, human fall detection, etc. 
Pose estimation is generally of 2 types – 2-D pose estimation and 3-D pose estimation. 2-D 
pose estimation results in accurate position approximation in a particular plane or axis. In 3D 
pose estimation, the results are generated in multiple planes or axis which can be used when 
the results need to be used in 3D world. Pose estimation can be done by using images of a 
subject or by using video for input and the output can then be used in the required fashion.

Many known methods of pose estimation include Deep Cut, Regional Multi-Person Pose 
Estimation (Alpha Pose), Pose Net, High-Resolution Net (HR Net), Open Pose, Dense Pose. 
Each method has its pros and cons. Some have better results with single object estimation 
while some give better results when the environment is more supportive. Pose estimation has 
applications in human activity estimation, motion transfer between objects, training robots, 
detection of gestures, augmented reality, human fall detection, motion tracking for consoles, 
full body / sign language communication (for use in accessibility, or a traffic policemen 
signal understanding), a person falling or is sick.

Other applications include the analysis of basketball, volleyball, tennis, badminton, 
and other sports, application of posture learning for body works or exercise and fitness, 
applications in supervision enhancement and defence.

Litrature Survey
Pose Estimation
Pose estimation (PE) is widely explored in computer vision field. It includes approximating 
the structure of a subject’s body segments from input data obtained by camera or other devices, 
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