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Abstract— The Internet of Things (IoT) applies the sensors and 
MCUs on various machines, devices and equipment, and connect 
them through internet. This brief presents the design of a low 
power dynamic comparator circuit which is compatible with wide 
range of applications (i.e., internet of things (IoT) sensors and 
integrated analog to digital convertor).In this paper different 
types of comparator-Conventional dynamic comparator, double 
tail dynamic comparator and dynamic comparator with 
enhanced latch regeneration speed have been analyzed. Dynamic 
comparator with enhanced latch regeneration speed is better 
than previous two conventional dynamic comparator in terms of 
power and speed. 

Keywords:  Internet of Things (IoT) ,VLSI Design, Dynamic 
comparator, power, speed 

 

I.  INTRODUCTION 
The Internet of Things (IoT) will transform our world. 
Connecting all of the “things” that touch our everyday lives 
through sensors and cloud computing promises to unlock the 
door to the next industrial revolution. IoT can seem like 
“magic”. It attracts large attention which is connecting and 
controlling machines, devices and equipment through network. 
By using the IoT, a lot of sensors are required in the system 
for collecting the data or information such as humidity, 
temperature, magnetic field strength, strain and motion, etc. 
from past few years, there has been a rapid growth in need of 
wireless sensor nodes for the internet of things (IoT) 
applications. This growth has led to evolutional milestones in 
IoT applications such as home automation, healthcare and 
environmental/manufacture monitoring. However, these 
sensing nodes are not installed under normal conditions and 
suffer from unpredictable dynamics. Therefore, they are 
required to achieve extremely low-power consumption. As 
they are supplied by either a battery or an energy harvesting 
module that requires low-power and high-efficiency power 
management integrated circuits [1]. 

In today‘s world, battery operated   devices is increasing, a 
major importance is given in the direction of low power 
approaches for high speed applications. With the rapid growth 
of microchip technology engineering typically portable 
electronics systems, which is wireless communication devices, 
battery-powered medical devices etc. In all these application 
battery life is one of the most important factors. So need of 

low power and low voltages is very essential. IC’s cost can 
also reducing by using thicker oxide layer or higher supply 
voltages Normally, In the IC’s where analog to digital 
convertor or digital to analog convertor plays an important 
role, low power and low voltage comparator is very essential 
and necessary thing. Comparator is the important part of 
ADC’s and also consumes large power in device. It is essential 
or primary concern to achieve low power and high speed 
comparator. Hence, to enhance the performance of 
comparator, Kick back noise is to be reduces. It is generated 
due to the back flow of the output signal to the input. The 
feedback mechanism responsible for back flow which include 
both positive and negative feedback [2-3][9]. 

In recent article[4],comparator circuit is enhanced by 
including additional circuitry and uses 0.8 V supply voltage 
and consume power about 15.54 μW. Double-tail dynamic 
comparator structure in contains two tail transistor which 
makes its operation faster. Similarly in article [5], double tail 
dynamic comparators designed. This comparator contains two 
tails which give enough current for faster decision making. In 
supply boosted comparator [6], two differential amplifiers 
have been used. One differential amplifier has been used only 
for boosting technique but other differential amplifier has been 
used for regular comparator circuit. Resolution and gain of this 
comparator has improved with respect to previous one. Latch 
comparator offset is analyzed [2] in terms of its load capacitor 
mismatch. As  offset is a very critical parameter in comparator 
design. If mismatch load is used then offset voltage of 
comparator is very high. Supply boosting technique [7] is also 
very common choice in comparator design. It is more suitable 
for low clock and low power comparator circuit. In this 
comparator charge pump circuit is used. This charge pump 
circuits boosted the clock during comparison phase. Due to 
this comparator circuits become faster than previous 
conventional dynamic and double tail dynamic comparator. 

In this paper different types of comparator-Conventional 
dynamic comparator, double tail dynamic comparator and 
dynamic comparator have been studied and analyzed with 
enhanced latch regeneration speed. The paper is organized as 
follows: In section II clock based conventional dynamic 
comparator designs have been explained. In section III 
proposed comparator is explained. In section IV simulation 
results and discussion have been done. Finally, the conclusion 
is given in section V. 
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II.  CLOCKED BASED   DYNAMIC COMPARATOR 
In this Section, different procedure of the conventional and 
double tail dynamic comparators have been discussed. 

A. Clocked based conventional dynamic comparator 

This section briefly describe the delay and power consumption 
of different dynamic comparators.  

In Fig. 2.1, the circuit design of conventional dynamic 
comparator is revealed. This comparator static power 
consumption is zero and If clk = 0 then tail transistor Mtail is 
“off”. Transistors (M7–M8) is reset by tamparerly switched, 
Output voltages (Outn, Outp) to VDD. Likewise, when clk = 
VDD,Mtail is “on”and transistors (M7, M8) are “off”. In this 
condition Outp and Outn , started discharging by dissimilar 
discharging rates, corresponds to the input voltages (INN and 
INP). Let, VINN< VINP; then Outn discharges lesser than Outp, 
hence Outpdrops down to VDD–|Vthp| earlier than Outn . As a 
result, transistor M5 (PMOS) will turn “on”that leads the latch 
regeneration due to end-to-end inverters (M3, M5 and M4,M6). 
Also, when for VINN>VINP; circuit operation is vice versa. 

INN INP

M3 M4 CLCL

CLK CLK

outn
outp

VDD

M8M7 M5 M6

Mtail
Clk

M1 M2

 

Fig 2.1Single tail dynamic comparator 

The conventional dynamic comparator have two type of delay 
that are discharge delay (t0) and latching delay(tlatch).The delay 
t0occures owing to the capacitive discharge of the load 
capacitance (CL) till the time required to transistor (M5/M6) 
turns “on”. For, INP> INN the drain current (I2) of transistor 
M2getsdischarged more rapidly of  Outp node than Outn node. 
The Outn node is driven by M1havinglesserdrain current. 
Subsequently, the t0 is drived from: 

�� � ����	
��
�


      (2.1) 

Where, �� is the delay due to all transistor except latch, ��is 
the load capacitance, ���� is threshold voltage of PMOS 
transistor and�� is Current which is contributing to tail current. 

The latching delay (tlatch) is the delay is due to cross-coupled 
inverters in the circuit and given by[8]. 

������ � ��
�����

� ��  !�"#	!�$
%    (2.2) 

�&'��( � �) * ������     (2.3) 

Where �&'��(  is total delay,��is the delay due to all transistor 
except latch,������isdelay due to latch, �� is load capacitance, 
+,'--  is Effective trans-conductance, !��.�is Output voltage 
difference. The!�)is measured output voltage diffrence at the 
dropping output.Hence,load capacitance (CL) is directly 
proportional, input difference voltage (Vin) is indirectly 
proportional to total delay (tdelay) of comparator. Therefore, the 
decreased value of Vcm, increases the delay (t0)due to slighter 
bias current (Itail) hence fourth, the increased value of  initial 
voltage difference (V0) is obtained that decreasing tlatch. 

For fast speed and switching operation Vcm requires only 70% 
Vin [8]. Also, due to several stacked transistors, a sufficiently 
high supply voltage is needed for a proper delay time because 
transistors M3 and M4 initially contributed for positive 
feedback until transistors M5 or M6get starts. If the supply 
voltage is low, then vey small amount of gate source voltage 
(transconductance) is produced which create larger latch delay 
time. To obtained enhanced Gm/I ratio and long intergrted 
interval, lower tail current is desired to retain the differential 
couple in weak inversion[9-10] contrarly,  for the fast 
generation requires a large tail current. Moreover, Mtail drives 
normally in triode region hence tail current is depends on Vcm 
and it is not suitable for regeneration. Another disadvantage of 
such circuit is that tail transistor (Mtail) have only one current 
path for latch and differential amplifier. 

The power of the comparator is given by  

/�����=/0���1� * /&(2��1�       (2.4) 

/0���1�    = ��'�3��' � �&&       (2.5) 

Where ��'�3��'  is leakage current of transistor and �&&supply 
voltage 

/&(2��1�= �� � �&&� *f        (2.6) 

Where ��load capacitance, and f is the frequency of pulse 

 

B. Clocked based double-tail dynamic comparator 

In Fig. 2.2 a double-tail comparator is shown .This comparator 
require very low supply voltage compared to the older 
conventional dynamic comparator due to less stacking. 
Advantage of double  tail is to produce huge current during 
latching and immediate latching, also it does not depends on 
Vcm  and for low offset,a very less current at the input stage 
[4].When clk = zero, transistor Mtail1/Mtail2 are “off”hence M3 
and M4begins to charge node fp, fn to VDD and  transistor MR2, 
MR1 to ground. On the other hand when clk = VDD both tail 
transitors (Mtail1/Mtail2) get “on” hence M3 and M4 turns “off” 
which leads to discharge the voltage at node fp,fn at the rate of 
IMtail1/Cfn (p) hence intermediate differential voltage Vfn(p)  is 
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established which offer protection among input/output, so 
,reduces the noise [5]. 

It can be easily seen in figure, that in evaluation phase Outp, 
Outn  both node discharge and accordingly, phase gets started. 
So, any one phase Outn or Outp energies to high and alternative 
remain in same stage. 

The time delay is analyzed by following equations: 

4444�&'��( � �) * ������                            (2.7) 

������ � ��
�����

� ��  �556�
!�7

%       (2.8) 

  �� � ����	
8�
�


         (2.9) 

Where �&'��(  is the total delay,�� is the delay due to all 
transistor except latch, ������is thedelay due to latch, 
��49:4�;<4=oad capacitance, +,'--  is the effective 
transconductance, ��is the delay due to all transistor except 
latch and �� is the current which is contributing to tail current. 

 

 

Fig. 2.2 Dynamic Comparator (Double tail) 

C. Double-tail dynamic comparator with enhanced latch 
regeneration speed 

Transistor MR2, MR1 to ground. On the other hand when clk = 
VDD both tail transitors (Mtail1/Mtail2) get “on” hence M3 and 
M4 turns “off” which leads to discharge the voltage at node 
fp,fn at the rate of IMtail1/Cfn (p) hence intermediate 
differential voltage Vfn(p)  is established which offer protection 
among input/output, so, reduces the noise [5]. 

Fig.2.3, the modified circuit diagram of comparator is shown. 
When clk = zero, transistor Mtail1, Mtail2 are “off” hence M3 and 
M4 begins to charge node fp, fn to VDD and control transistor 
(Mc1, Mc2) turn “off”. When clk = VDD, then each tail transistor 
Mtail1, Mtail2 turns “on”, and so transistors M3, M4 flip “off”. 
But still, transistors Mc1, Mc2areat “off” condition due to node 

fn , fp at VDD. Also, voltage at fn, fp begin to drop with 
dissimilar rates in keeping with the input voltages. Let us 
anticipate a case while VINN< VINP, therefore fp decreases 
lesser than fn. When node fn remains decreasing, than 
respective PMOS transistor Mc1flip to “on”, and 
simultaneously fp node reaches to VDD. So every other Mc2 
stays “off”, permitting fn to be absolutely discharged. The 
transconductance characteristics of comparators is mentioned 
in [6]. It is worth notices that static power consumption is 
observed due to transistor Mc1 is activate. To conquer this 
problem, modified circuitry have been suggested as shown 
Fig.2.3, the switches of NMOS are added with Msw1 and 
Msw2. 

The nodes of fn and fp were excited by VDD while reset 
operation, and fn, fp begins to fall with exclusive discharging 
rates so, comparator identifies quicker discharging node. The 
operation of the latch is emulated by control transistor 
switches. 

 

 

 

Fig 2.3 Double tail dynamic comparator with Enhanced latch regeneration 
speed 

The Delay is analyzed by by following equations: 

�&'��( � �) * ������       (2.10) 

������ � ��
�����>��?@A


� ��  �556

!�$

%      (2.11) 

�� � B � �	
84C4��4"#	
�	DEF4


    (2.12) 

Where �&'��(is total delay,�� is the delay due to all transistor 
except latch, ������is thedelay due to latch,��is the load 
capacitance,+,'--- Effective transconductance, +,GHA� is the 
latch transconductance, ���2is NMOS threshold voltage, ��is 
the delay due to all transistor except latch and �� is the current 
which is contributing to tail current 
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III. PROPOSED COMPARATOR 
A technique is suggested for moderates the power 
consumption effectively of all the transistor. The sub-threshold 
current can be reduced considerably by lessening the VDS. The 
VDS can be decreased by increasing source terminal voltage 
hence, additional transistors labeled PMOS have been used to 
enhance the source terminal voltage of MOSFET. As the 
additional PMOS transistor is at cutoff position, it produces 
leakage currents, consequently source voltage increases and 
due to this VDS decreases. In Fig. 2.4, four extra PMOS 
transistor have been used and due to this, power of the circuit 
decreases up to some extent. When clk = zero, transistor Mtail1, 
Mtail2 are “off”, hence M3 and M4 begins to charge node fp, fn 
to VDD and control transistor (Mc1, Mc2) turn “off”. When clk = 
VDD, then each tail transistor Mtail1, Mtail2 turns “on”, and so 
transistors M3, M4 flip “off”. But still, transistors Mc1, Mc2 are 
at “off” condition due to node fn , fp at VDD. Also, voltage at 
fn, fp begin to drop with dissimilar rates in keeping with the 
input voltages. Let us anticipate a case while VINN< VINP, 
therefore fp decreases lesser than fn. When node fn remains 
decreasing, than respective PMOS transistor Mc1 flip to “on”, 
and simultaneously fp node reaches to VDD. So every other 
Mc2 stays “off”, permitting fn to be absolutely discharged. 

 

 

Fig 3.4    Proposed Comparator circuit 

IV. SIMULATION RESULTS AND DISCUSSION 
 For simulation purpose the cadence virtuoso gpdk 180nm 
technology have been used. Firstly the circuit is design, 
analyze of delay and power of each comparator one by one. 

 

Fig.3.1 Simulation of Conventional Dynamic comparator 

Conventional dynamic comparator circuit simulation is 
presented in Fig. 3.1,The sinusoidal input of 702.5mv and 
607.5 mv to differential input have been given.Here,1pF 
capacitor is used at output node. Here both output are analyzed 
in terms of their respective input signal.Here,it can see from 
graph that how both output charges and discharges according 
to supplied input. Transient power is also analyzed in this 
circuit, So that it can get brief analysis of conventional 
dynamic comparator circuit. 

 

Fig.3.2 Double tail Dynamic comparator 

Double tail dynamic comparator circuit simulation is presented 
in Fig. 3.2.The sinusoidal input of 702.5 mv  and 607.5 mv to 
differential input have been given.Here,1pF capacitor is used 
at output node. Here both output are analyzed in terms of their 
respective input signal. Here, it can see from graph that how 
both output charges and discharges according to supplied 
input. Output plot is more accurate than conventional dynamic 
comparator. This due to two tail present in this circuit. Extra 
tail provides enough current for faster decision making in 
comparator circuit. The transient power is also analyzed in this 
circuit, So that it can get brief analysis of conventional 
dynamic comparator circuit. 
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Fig. 3.3 Double tail comparator when one of it’s input is d.c voltage 

Double tail dynamic comparator circuit simulation is presented 
in Fig.3.3 for d.c input. The sinusoidal input of 702.5mv and 
500mv as a reference voltage to differential input have been 
given.Here,1pF capacitor is used at output node. The supplied 
constant voltage source to one of its input, so that it can get 
better understanding of output response. Here both outputs are 
analyzed in terms of their respective input signal. Here,it can 
see from graph that how both output charges and discharges 
according to supplied input. Transient power is also analyzed 
in this circuit, So that it can get brief analysis of conventional 
dynamic comparator circuit. 

 

Fig.3.4 Double tail comparator with enhanced latch regeneration speed 

 Double tail dynamic comparator with enhanced latch 
regeneration speed circuit simulation is presented in Fig 
3.4,The supplied sinusoidal input of 702.5mv and 607.5 mv to 
differential input.Here,1pF capacitor is used at output node. 
Here both outputs are analyzed in terms of their respective 
input signal. In this comparator two latches have been used, 
due to this decision making operation becomes faster .As it 
can see from the corresponding output graph. Here it can see 
from graph that how both output charges and discharges 
according to supplied input. Output plot is more accurate than 
double tail dynamic comparator. This due to two tail present as 
well as two latches is present in this circuit. Extra latch 
provides enough current for faster decision making in 
comparator circuit. Transient power is also analyzed in this 
circuit, So that it can get brief analysis of dynamic comparator 
circuit with enhanced latch regeneration speed. 

 

Fig 3.5 Dynamic comparator with Enhanced latch regeneration speed when 
one of its input is d.c voltage 

 Dynamic comparator with enhanced latch regeneration speed 
circuit simulation is presented in Fig.3.5 for d.c input, The 
sinusoidal input of 702.5mv and 500mv constant d.c voltage to 
differential input is provided.Here,1pf capacitor at output node 
is used and both output are analyzed in terms of their 
respective input signal. The constant voltage source  is 
supplied to its any input, so that gets better understanding of 
output response .In this comparator two latch has been used, 
due to this decision making operation becomes faster .Here, it 
can see from graph that both output charges and discharges 
according to supplied input. Output plot is more accurate than 
double tail dynamic comparator. This due to two tail present as 
well as two latches is present in this circuit. Extra latch 
provides enough current for faster decision making in 
comparator circuit. Transient power is also analyzed in this 
circuit, So that it can get brief analysis of dynamic comparator 
circuit with enhanced latch regeneration speed. 

 

Fig. 3.6 Proposed Comparator when sinusoidal input is applied 

 Proposed dynamic comparator circuit simulation is presented 
in Fig 3.6. The feed sinusoidal input of 702.5mv  and 607.5 
mv to differential input. Here, 1pF capacitor is used at output 
node In this Simulation Output is same as Enhanced latch 
regeneration speed comparator.But this proposed circuit is  
power efficient.Here both output are analysed in terms of their 
respective input signal.In this comparator two latch has been 
used,,due to this decision making operation becomes faster . In 
graph it is clearly seen from the corresponding output.Here,it 
can seen from graph that how both output charges and 
discharges according to supplied input.Output plot is more 
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accurate than double tail  dynamic comparator.This due to two 
tail present  as well as two latches is present in this 
circuit.Extra latch  provides enough current for faster decision 
making in comparator circuit.Tratnsient power is also analysed 
in this circuit,So that it can get brief analysis of  dynamic 
comparator circuit with enhanced latch regeneration speed. 

 

Fig3.7 Proposed dynamic comparator circuit when one of its input is d.c 
voltage 

Proposed dynamic comparator circuit simulation is presented 
in Fig.3.7 for d.c input. The assumed sinusoidal input of 
702.5mv and 500 mv  constant d.c voltage to differential 
input.Here,1pF capacitor is used at output node. Here both 
output are analyzed in terms of their respective input signal. 
node In this Simulation Output is same as Enhanced latch 
regeneration speed comparator.But this proposed circuit is  
power efficient.The supplied voltage source is constant to one 
of its input, so that it can get better understanding of output 
response In this comparator two latch has been used, due to 
this decision making operation becomes faster .As it can see 
from the corresponding output graph. Here, it can see from 
graph that how both output charges and discharges according 
to supplied input. Output plot is more accurate than double tail 
dynamic comparator. This due to two tail present as well as 
two latches is present in this circuit. Extra latch provides 
enough current for faster decision making in comparator 
circuit. Transient power is also analyzed in this circuit, So that 
it can get brief analysis of dynamic comparator circuit with 
enhanced latch regeneration speed.  

In Double tail dynamic comparator with enhanced latch 
regeneration speed circuit simulation the given sinusoidal 
input of 702.5mv and 607.5 mv to differential input. Here, 
used 1pF capacitor is used at output node. Here both output 
are analyzed in terms of their respective input signal. In this 
comparator two latches have been used, due to this decision 
making operation becomes faster. As it can see from the 
corresponding output graph. Here, it can see from graph that 
how both output charges and discharges according to supplied 
input. Output plot is more accurate than double tail dynamic 
comparator. This due to two tail present as well as two latches 
is present in this circuit. Extra latch provides enough current 
for faster decision making in comparator circuit. Transient 
power is also analyzed in this circuit, So that it can get brief 
analysis of dynamic comparator circuit with enhanced latch 
regeneration speed. 

The performance comparison is illustrated in Table 1. This 
table gives detailed analysis of all the comparator circuits in 
terms of  slew rate, rise time, fall time, delay and power 
consumption and maximum sampling frequency 

 

Table1. Performance comparison 

 

V.  CONCLUSION 
In this paper, comprehensive delay analysis for various 
varieties of clocked dynamic comparators and expressions 
were derived and conferred. Three structures of conventional 
dynamic comparator, conventional double-tail dynamic 
comparators and double tail dynamic comparator with 
enhanced latch regeneration speed were analyzed. Every time 
when a new comparators were analyzed it has improved power 
and delay compared to previous one. Every comparator were 
designed in cadence virtuoso. It is confirmed that the delay 
and Power consumption of the double tail dynamic comparator 
with enhanced latch regeneration comparator is reduced to an 
excellent extent compared with the traditional dynamic 
comparator and double-tail comparator. 

REFERENCES 
[1] A.H. Hassan, H. Mostafa, K. N. Salama and A. M. Soliman, "A Low-

Power Time-Domain Comparator for IoT Applications," 2018 IEEE 
61st International Midwest Symposium on Circuits and Systems 
(MWSCAS), Windsor, ON, Canada, 2018, pp. 1142-1145. 

[2] Nikoozadeh, Amin, and Boris Murmann. "An analysis of latch 
comparator offset due to load capacitor mismatch." IEEE 
Transactions on Circuits and Systems II: Express Briefs 53.12 :1398-
1402 (2006). 

[3] nath Mandal, Dinabandhu, et al. "Analysis and Design of Low 
Voltage Low Power Dynamic Comparator with Reduced Delay and 
Power." International Journal of Engineering Research and General 
Science 2.3 (2014). 

Design 
Specification

Conventional

Dynamic 
comparator 

Double tail 
Dynamic 
comparator 

Doubletail 
comparator 
with 
enhanced 
latch 
regeneration

Proposed 

Comparator

Technology 180nm 180nm 180nm 180nm 
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Abstract— An Application Specific Instruction Set Processor 

(ASIP) is widely used as a System on a Chip (SoC) Component. 

ASIPs possess an instruction set which is tailored to benefit a 

specific application. Such specialization allows ASIPs to serve as 

an intermediate between two dominant processor designs styles- 

ASICs which has high processing abilities at the cost of limited 

programmability and Programmable solutions such as FPGAs 

that provide programming flexibility at the cost of less energy 

efficiency. In this dissertation the goal is to design ASIP, keeping 

in mind a temperature sensor system. The platform used for 

processor design is LISA 2.0 description language and processor 

designing environment from CoWare. CoWare processor 

designer allows processor architecture to be defined at an 

abstract level and automatic generation of chain of software tools 

like assembler, linker and simulator for functional verification 

followed by RTL level description. RTL level description is used 

to generate synthesized report of the design using RTL compiler 

and finally the layout is created using Cadence encounter. 

 

Keywords— 32-bit embedded processor; Language for Instruction 

Set Architecture (LISA);CoWare; Register Transfer Level (RTL); 

XILINX; Cadence RTL compiler; Cadence Encounter; 

I. INTRODUCTION  

 

Wireless sensor networks (WSN) consist of a large 

number of wireless sensor nodes deployed randomly in the 

area. The nodes collect the environmental data and send them 

through the network towards the sink node. The nodes are 

constructed to be operational for a long time without replacing 

the batteries. Therefore, one of the primary goals when 

designing sensor nodes is to reduce the power consumption. To 

minimize the power of a sensor node, researchers tend to 

combine novel architecture solutions with advanced power 

saving techniques. In [1], authors proposed an application 

specific architecture that integrates an event processor that 

assists main microcontroller executing required system tasks. 

The presented approach promises good power optimization, but 

no real world implementation results have been presented. The 

approach in [2] utilizes hardware acceleration and optimized 

radio in a highly integrated single-chip solution. It applies an 8- 

bit data, 16-bit instruction CPU with reported size of 0.381 

mm2 in a 0.25um process. The reduction of power in sensor 

node radio is also investigated. One novel approach to low 

power radio is presented in Pico Radio project [3]. Some 

researchers propose use of wake-up radio in order to reduce the 

radio power. Wakeup radio serves as a low-power switch to the 

node transceiver [4]. The implementation of advanced power-

saving techniques such as dynamic voltage scaling [5] and 

power gating [6] promises to deliver additional reduction of 

node power consumption. The energy harvesting is also 

considered as a feasible solution to extend the battery life [7]. 

Using an asynchronous processor in the design of a sensor 

node is proposed in [8]. Another solution is an asynchronous 

architecture of a sensor node presented in [9]. The later 

solution includes additionally an energy harvesting circuit. 

However, no implementation results for those solutions have 

been presented. Fully asynchronous architecture is difficult to 

implement and it requires all peripherals to have a dedicated 

asynchronous interface. 

Generally in a sensor node the processor which is used 

there is like a general purpose processor its area and power is 

not optimizes according to the application of that sensor node 

where as an Application Specific Instruction Set Processor 

(ASIP) has an instruction set optimized for a single application 

or a class of applications. On one hand, a DSP ASIP is a 

programmable machine with a certain level of flexibility, 

which allows it to run different software programs. On the 

other hand, its instruction set is designed based on specific 

application requirements making the processor very suitable 

for these applications. Low power consumption, high 

performance, and low cost by manufacturing in high volume 

can be achieved. The specialization of an ASIP provides a 

tradeoff between the flexibility of a general purpose CPU and 

the performance of an ASIC. The flexibility of these processors 

can be achieved by many Architecture Description Language 

(ADLs) like LISA, EXPRESSION etc. 

The rest of this paper is organized as follows, in section II 

a brief discussion on types of processors are provided. The 

design flow of the process is briefed in section III. Processor 

specification and generated HDL Model is given in section IV 

2019 International Conference on Innovative Trends and Advances in Engineering and Technology (ICITAET) 

ISBN -978-1-7281-1901-4 107 
Authorized licensed use limited to: Cornell University Library. Downloaded on September 26,2020 at 05:26:58 UTC from IEEE Xplore.  Restrictions apply. 



Simulation results and discussion is carried out in section V 

and finally conclusion is given in section VI. 

II.  TYPES OF PROCESSORS  

Processors mainly refer to the architecture of the 

computation mechanism employed to obtain the desired 

functionality of a system. The processors may be 

programmable or non-programmable, depending upon the 

application. They can be specialized and implement only a 

single function, or be general purpose and implement a wide 

range of functions. The main feature which governs the use of 

different types of processors for different applications are the 

design metrics. Some of the most commonly considered design 

metrics are NRE cost, flexibility, performance, power 

consumption, size, time to prototype and so on. 

A.  General Purpose Processors 

       A General Purpose Processor (GPP) or microprocessor as 

it is generally called is a programmable device that has the aim 

of implementing a large number of applications such that the 

number of devices sold is maximized. The main features of this 

processor are that, the program memory is not built-in to the 

circuit, since it has to run different programs at different times 

and it has a general data path, with a large register file and one 

or more general purpose Arithmetic and Logical Units (ALUs). 

It has good time-to-market and NRE costs since only the 

program has to be changed for the different applications 

without any change in hardware. Flexibility is also high due to 

the same reason. However, the performance is poor for certain 

applications and the size and power consumed are also high, 

because of the large hardware size. 

B. Single  Purpose Processors 

A Single Purpose Processor (SPP) is a processor or a digital 
circuit which is designed to execute only a single program. For 
example, the circuit used for image processing in a digital 
camera is a SPP which has the single function of processing the 
input image and storing it for subsequent retrievation. It has 
almost the opposite features of a GPP, since it has a small 
register file, a dedicated data path with an ALU performing 
only a limited number of operations and no provision of 
altering the program memory. It has several design benefits, 
since the performance may be fast, power consumption less 
and also small size. However, it has the disadvantages of 
having very high NRE costs, low flexibility and longer design 
time. 

C. Application Specific Instruction-set  Processors 

An Application Specific Instruction-set Processor (ASIP) 

serves as a compromise between a GPP and a SPP. It is a 

programmable processor which has an optimized data path for 

implementing only a particular class of operations. Several 

special functionalities may be added while unnecessary ones 

eliminated. Microcontrollers and Digital Signal Processors 

(DSPs) are some of the most common types of ASIPs in use. 

They have a program memory that can be changed for different 

applications and limited register-memory file depending upon 

the type of application and memory use. It has the advantages 

of having flexibility, at the same time achieving good 

performance, low power consumption and optimum size. The 

drawback is that it requires large NRE cost to manufacture, 

especially to design the compiler. Certain design environments 

such as CoWare offer the benefit of automatically generating 

the compiler which has greatly reduced the cost and time of 

manufacturing the device. 

III. DESIGN FLOW 

A. CoWare Design Flow 

Fig.1 shows the flow for Coware Processor Designer 

Platform. The design flow concentrates on Hardware Software 

Co-Design. As Shown in the figure, a LISA 2.0 description of 

the processor is written. The Coware Processor Designer then 

generates software development tools. Any particular 

application can then be fed to these software development 

tools. The executable file is then analyzed using the Processor 

Debugger. Once the design goals are met, the synthesizable 

RTL can be generated. The advantage of this flow is that if the 

design goals are not met, we just have to change the LISA 

description of the processor. The processor generator does the 

appropriate changes in the software development tools and the 

RTL. 

 
Fig.1: CoWare design ow block diagram 

 

B. The LISA processor models 

The LISA processor designer (PD) design flow was used to 

develop the embedded processors in this study. The LISA 

language supports a profile-based and stepwise refinement of 

processor models down to cycle-accurate and even VHDL or 

Verilog RTL synthesis models for fast custom VLSI 

implementation. Microprocessors from simple RISC to highly 

complex VLIW processors have been described and 

successfully implemented using the Processor Designer for 

FPGAs and cell-based ASICs. There are more than 40 LISA 

models in both industry and academia from different 

architectural categories (RISC, PDSP, and ASIP) available 

[12]. These include different ARM and MIPS models: PDSP 

from TI and StarCore, as well as ASIPs from Infineon 

(ICORE), STMicroelectronis, etc. LISA has been adopted by 

several leading ASIC houses and has over 40 members in the 

CoWare PD University program. 
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Fig.2: LISA Development tools. Disassembler (Left). Memory monitor and 

Pipeline pro_les (Center). Source _les and register window (Right) 

C. CoWare Processor Designer 

      CoWare Processor Designer is an automated, application 

specific embedded processor design and optimization 

environment. The Processor Designer is the top-level model 

managing tool of the Processor Designer product family and is 

intended to facilitate designing LISA 2.0 models of processor 

architectures in the LISA 2.0 language. Fig.3 shows the 

Processor Designer Main Window. The key to Processor 

Designers automation is its Language for Instruction Set 

Architectures, LISA 2.0. In contrast to System C, which has 

been developed for efficient specification of systems, LISA 2.0 

is a processor description language that incorporates all 

necessary processor-specific components such as register files, 

pipelines, pins, memory and caches, and instructions. It enables 

the efficient creation of a single golden processor specification 

as the source for the automatic generation of the instruction set 

simulator (ISS) and the complete suite of software 

development tools, like Assembler, Linker, Archiver and C-

Compiler, and synthesizable RTL code. 

 
Fig 3.: CoWare Processor Designer Main Window. 

 

D. CoWare Processor Designer 

The Instruction-Set Designer is a graphical user interface 

(GUI) for viewing, editing, and creating LISA processor 

models. Having a graphical representation of a processor 

model rather than just the source code makes it much easier to 

get an overview and understand its hierarchy. Instruction sets 

can be designed and maintained in an intuitive way without 

having to cope with all the details of the syntax of the LISA 

language. Fig.4 shows the Instruction Set Designer Window. 

The Instruction-Set Designer does not replace the text editor; 

rather complements it. You can arbitrarily switch between the 

graphical and the textual representation. Changes made to the 

model in the GUI only result in minimal changes to the LISA 

code. All comments and formatted code are preserved. While 

the LISA hierarchy and the encoding of the instruction set is 

most efficiently designed with the GUI, the processors 

resources and the hardware behavior is still manually written as 

LISA code. 

 
Fig .4: Instruction Set Designer Window 

E.  Simulation in CoWare Processor debugger 

The simulation in the CoWare processor debugger can be 

described by following three step process Fig.5 represents that. 

The assembler and the linker are the standard software tools 

generated by the LISATek product family. An assembly file is 

written corresponding to the instruction set defined for the 

processor. The Processor Debugger GUI allows to observe, 

debug, and profile the executed application source code and the 

state of the processor by visualizing all processor resources and 

the output which is produced by the executed application. 

 
Fig.5: Simulation in CoWare Processor debugger 

IV. PROCESSOR SPECIFICATION AND GENERATED HDL MODEL  

A. Processor Specification Description 

The designed processor is based on a 32-bit architecture 

with the following specifications as shown in table I. The total 
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number of bits used to represent an instruction including the 

opcode and operands. The current instruction being executed is 

stored in the instruction register (IR). Eight GPRs each 32 bits 

in length have been defined to store any transient data required 

by the program. Each memory location is 19-bits in length i.e., 

same as that of a GPR and hence data can be transferred from 

memory to GPR in just one clock cycle. The defined range is 

0x0000-0x8FFF (0x9000 locations). A computer program is, in 

essence, a stream of instructions executed by a processor. 

These instructions can be recorded and combined into groups 

which are then executed in parallel without changing the 

functionality of the program. This is known as instruction-level 

parallelism and implemented through pipelining. The designed 

architecture implements a 3-stage pipeline. The three stages 

comprise of stages like FE (Fetch and Decode), DC (Address 

Generation) and EX (Execution). 
TABLE I: PROCESSOR SPECI_CATION 

 
 

B. The Generated HDL Model  Structure  

The Processor Generator tool provided in the Processor 

Designer generated the synthesizable RTL for both the 

processors. The structure of the generated HDL is given in the 

Fig.6 Resource model and memory model of LISA tells the 

information about register, memory configuration, pipeline sets 

and pipeline registers. To generate the base structure of a HDL 

model this information is used. Different entities are there in 

the base structure for the register resources, memory resources 

and the pipeline. To model the register behavior the register 

resources are completely generated at RTL level. As the 

memory entity is left empty the designer has the freedom to 

place any desired memory model into this entity. 

 

 
Fig.6: HDL Code Structure 

V. SIMULATION AND RESULTS 

A. Comparison of the HDL codes generated 

The HDL codes generated from the two different 

processors. This gives the idea about the number of lines of 

code of the HDL models it has been observed that the HDL 

code of our optimized model has very less number of lines 

compared with that of the previous processor(without 

optimization). Then both the processors have been compared 

with their design summery estimated value as The HDL code 

generated was synthesized using Xilinx ISE10.1.03. Table II 

show the difference. 

 
TABLE II: COMPARISON OF TWO PROCESSORS 

 
 

B. Simulation Results using Xilinx ISE 

All the blocks of the processor are simulated individually 

using Xilinx ISE Fig.7 represents the top-module simulation 

result 

. 

 
Fig. 7: simulation result using Xilinx ISE 

 

C. Power And Area Analyses Report 

Power is find out from the power analyses report of the 

circuit and it is 86.5202 W. Area is find out from the area 

analyses report of the circuit and it is found out that the area of 

the circuit is 43765 square micron. 

D. Layout of the ASIP 

The lay out of the processor is generated Cadence 

Encounter(Cadence-IC5141 UMC180nm technology) and 

Statistics for net list and Complete Global Routing report is 

generated. The Fig.8 shows the layout. 
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Fig.8: Layout of the ASIP 

VI. CONCLUSION 

Application Specific Instruction-Set Processor whose 

instructions were tailored made for a specific application is 

discussed here. This processor processed different temperature 

data of different areas and show the highest temperate with the 

location of that area. The simulation of this design was carried 

out on CoWare Processor Debugger platform. LISA code used 

to describe the architecture of this processor and CoWare tool 

generated HDL structure. Following the simulation work and 

layout was generated in Cadence encounter. This design has a 

three stage pipelined. using LISA and the CoWare Processor 

Designer Platform a processor model was implemented. The 

processor includes arithmetic, branch, logical and data transfer 

instructions. The functionality of all the instructions was 

checked and found to be correct using Processor Debugger. 

The same model was then optimized to an ASIP, According to 

the profiling results, the optimization was with respect to 

resources like data memory, program memory, instruction set 

and number of general purpose registers. The RTL for both the 

processors was generated and synthesized. The synthesis 

results were compared and ASIP was found to be much better 

than the general purpose processor in terms of power, area, 

memory used and lines of HDL code generated. Thus the 

CoWare design  was explored. By considering the profiling any 

ASIP can be implemented and optimized taking our general 

purpose processor as a reference. 
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Abstract— The meditation is significantly suggested by the 
medical practitioners and health care organization for the 
individuals to relieve the stress and pain. The meditation has 
severe impact of human beings brain functions. Thus, it is 
required to analyze the neuro-cognitive effects of meditation 
using the more effective tool called Electroencephalogram 
(EEG) to record the brain activities of meditators. In this 
paper, it is analyze the EEG for neuro-cognitive effects on 
human being for before and after a month of meditation 
intervention for 15 subjects. The EEG analysis is done using 
the energy spectral analysis, statistical and spatial features. 
From the analysis it is found that, the variance for before 
meditation (16.8133) is higher and variance for after 
meditation (7.4628) is lower. Mahalanobis distance for before 
meditation (0.0848) is lower and for after meditation (0.1537) is 
higher.  The p-value is less than significance level (p < 0.05) for 
both features indicating that, good discrimination between 
control and meditators group. The Delta, alpha and theta 
rhythms’ energy increases in EEG after meditation. It is 
observed that after a month of regular meditation, increases 
alpha and theta energy in a frontal lobe. Hence relaxation 
improves after meditation and the brain cognitive function 
excel in meditators.  

Keywords— EEG, meditation, Variance, Mahalanobis 
distance, p-value, Energy spectral density  

I. INTRODUCTION 

EEG signals are the signatures of neural activities. Since 
long time, the meditation practices followed by the human 
beings to address the various health related problems. 
Basically the meditation is activity that helps deepen 
understanding of the sacred and mystical forces of the life. 
To analyze effects of meditation using the important 
monitoring technique called Electroencephalography to 
record electrical activity of human cerebrum. In current days, 
significant amount of mental stress due to hectic work 
schedules is leading to insomnia, negative emotions, 
depression, life spoiling diseases and many other symptoms 
after an extended period. Previous researchers showed that 
meditation can significantly affect physical and mental 
relaxation and found out the effect of meditation on stress 
relief and disease declination [1], [2]. EEG signals are 
considered to be non-stationary, random, and non-linear in 
nature. The important features of these signals can be 
determined by time-frequency analysis. In relation with the 
EEG signals, a lot of work has been done to find the 
significant changes between the signals and the mental states 

by using different advanced signal processing techniques. 
EEG studies have utilized these methods to portray the 
brainwave changes that occur in meditation [3]. Although the 
meditative changes in EEG signals have not yet been firmly 
established, the preliminary findings have implicated 
increases in theta and alpha band power and decreases in 
overall frequency [4]. Ahmed et al. presented Time-
frequency analysis using DWT [5]. Ahani et al. proposed the 
techniques of EEG processing and respiration signals by 
using Support Vector Machine (SVM) and spectral analysis 
[6]. Mingqian et al. designed the questionnaires were to 
analyze the meditation depth and brain activities recorded 
with EEG [7]. Oldrichet al. computed the fractal dimension 
and permutation entropy as features to detect calming and 
insight meditation in electroencephalographic (EEG) signals
using Sevcik’s algorithm [8]. Fulpatil et al. presented the 
study to obtain new insights into the nature of EEG during 
meditation; the recorded signals were analyzed using wavelet 
transform [9]. Andrew et al. presented the theoretical-
conceptual presented the discussion of the problem and 
presents some illustrative results on the usage of EEG 
screening for the guidance of mediation personalization [10]. 
Chandana et al. proposed approach to trace the varying 
spectral characteristics of EEG during meditation and then 
the changes of EEG signals during meditation using 
quantitative analysis [11]. Traisak et al. presented work to 
observe effect of a piano music mixed with a 5 Hz (theta 
band enhancement) binaural beat frequency was used to 
modulate the brain signals continuously for seven days [12]. 
Kaur et al. presented the broad spectrum of neural mechanics 
under a variety of meditation effects based on changing EEG 
brainwave patterns [13]. Sharma et al. investigated the effect 
of regular meditation practice on EEG brain dynamics in low 
frequency bands of long-term Rajyoga meditators [14]. 
Mariappan et al. proposed to experimental investigation of 
the impact of Rajyoga meditation on physical and mental 
health using statistical analysis and t-test [15]. 

In this work, the aim is to analyze the neuro-cognitive 
effects of meditation on human beings using the recorded 
EEG signals for before and after a month of meditation for 
15 subjects with different age and gender. The novelty is in 
study is that; the analysis is done using the energy spectral 
analysis, statistical and spatial features. The analysis 
performed in different ways such as- time-domain analysis of 
EEG signals for before and after mediation, statistical and 
spatial analysis of 15 meditators using the features: Variance 
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and Mahalanobis distance. Spectral analysis is performed 
through energy spectral density for one subject before and 
after a month of meditation intervention. 

II. METHODS AND MATERIAL

In this project the ‘Medicaid Neuro-Compact 2400’ 
system is used to acquire EEG signal from different subjects 
using Ag-Cl types of electrodes for investigating the impact 
of meditation. There are total 19 electrodes data acquisition 
systems with 10-20 international system. (The channels: 
FP1, FP2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, 
P4, T6,O1,O2) The sampling frequency Fs is 114 Hz. EEG 
signal recording is done before meditation and after a month 
meditation intervention. Before meditation EEG data 
recorded by requesting the subjects to be relaxed their mind 
for 5 Min. The same subjects have performed continuously 
meditation for minimum 10 Minute daily for a month. After 
a month of meditation intervention EEG was recorded for 5 
Minute.  

The prefrontal cortex is responsible for cognitive process 
[7]. Thus for analyze the neuro-cognitive effects of 
meditation the frontal lobe electrodes are used (F3, F4, F7, 
F8, FP1, FP2, Fz). The statistical, spectral and spatial 
analyses are performed by using Variance; Standard 
deviation; Mahalanobis distance features and energy 
spectrum. All the recorded data set are processed using the 
MATLAB R2013a platform. The equations for computation 
of each of these features are demonstrated as below. 

Standard Deviation: The Standard Deviation ( ) is the 
estimation of the mean square deviation of electrical activity 
( ) from its mean value. Standard deviation describes the 
dispersion within a local region. The standard deviation of 
EEG signal is evaluated as shown in Equation (1).  

                            (1)

where ( )  = Electrical activity of brain,  = Mean 
(Average), 

n = Number of samples of one epoch. 
Variance (Var): The variance measures the variability of 
electrodes potential. It is computed by using standard 
deviation ( ) as given in (2).      
                                                                          (2)                 

Variance shows the variability of electrodes potential 
from the mean value. As the variability electrodes potential 
low from its mean value then subject get relaxed. The 
variance calculated through all four bands of EEG (Alpha, 
Beta, Theta, and Delta) after averaging frontal electrodes for 
before and after a month of meditation intervention.

Mahalanobis Distance: Mahalanobis distance is the 
distance between a point and a distribution. And not between 
two distinct points, it is effectively a multivariate equivalent 
of the Euclidean distance. The Mahalanobis distance 
introduced to overcome the problems of Euclidean distance. 
The Mahalanobis distance of each EEG signal is computed 
given in (3). 

                        (3) 

:   The square of the Mahalanobis distance. 
x :   The vector of the observation (row in a dataset),  
m     :   The vector of mean values of independent variables     
            (Average of each column),  

: The inverse covariance matrix of independent 
variables. 

Energy Spectral analysis: The Energy Spectral Density 
(ESD) has calculated using FFT that shows the strength of 
variation as function of frequency which quantify the amount 
of energy in a different frequency band. Spectral analysis 
provides information about the presence of different 
frequencies in EEG signal, which reflects the general arousal 
levels of brain. The rhythmic nature of many EEG activities 
explains need for spectral analysis. The FFT allows 
separating different rhythms and estimating their frequency 
of each other. The energy spectrum is evaluated through FFT 
by averaging of all the channels of frontal lobe.  

The EEG data of each subject processed using band pass 
filter in 1 to 30 Hz. This band pass filter designed using FIR 
filter. The Energy Spectral Density (ESD) feature is used for 
frequency-energy analysis. This feature estimated at the 
frontal electrode various bands, including delta (0.5-4Hz), 
theta (4-8Hz), alpha (8-12Hz), beta (12-30Hz). The spectral 
analysis has performed for one subject before and after 
meditation. The ESD feature estimation process flow 
diagram for before and after meditation is shown in fig. 1. 

Fig. 1. ESD feature estimation process flow diagram 

III. EXPERIMENTAL RESULTS 

According to the methodology used, each subjects’ EEG 
signals are analyzed for before and after meditation. In the 
fig. 2, frontal lobe channels F3, F4, F7, F8, FP1, FP2 and Fz 
demonstrated the EEG signals before and after meditation 
using time domain analysis for one subject. X-axis denotes 
time (sec.) and Y-axis denotes amplitude (micro-volt). Both 
the representations show the variations and changes in EEG 
signals for all the frontal lobe EEG channels.  

Table 1, presented the minimum and maximum 
amplitudes of all frontal lobe channels for one subject. All 
minimum values are negative and all maximum values are 
positive. From the analysis, it is observed that average 
minimum and maximum values of amplitudes are -16.17 and 
14.64 respectively for before meditation. And average 
minimum and maximum values of amplitudes are -15.23 and 
11.14 respectively for after meditation. It is inferred that after 
meditation the EEG signals’ magnitudes are lowered 
compared to before meditation. 
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TABLE I. MINIMUM AND MAXIMUM AMPLITUDES OF ALL FRONTAL LOBE CHANNELS FOR ONE SUBJECT

(B = Before meditation, A = After a month of meditation intervention) 

(a) Before meditation EEG signal in time domain 

b) After meditation EEG signal in time domain 

Fig. 2. Time domain analysis of frontal lobe for a subject for before and 
after meditation 

This study estimate the statistical and spatial analysis 
after averaging the 7 channels data, it demonstrated features 
such as variance, and Mahalanobis distance. For all 15 
subjects we measured variations in the meditation effects of 
human being using EEG signals. Table 2, shows the 
statistical and spatial analysis for all 15 subjects using before 
and after meditation. It is found that, the variance for before 
meditation (16.8133) is higher and variance for after 
meditation (7.4628) is lower also Mahalanobis distance for 
before meditation (0.0848) is lower and Mahalanobis 
distance for after meditation (0.1537) is higher. Fig. 3 and 
fig. 4 depicted the bar graph of variance and Mahalanobis 
distance respectively. 

TABLE II. STATISTICAL AND SPATIAL ANALYSIS FOR BEFORE AND 
AFTER MEDITATION

Subjects(S)
/Gender/

Age

Variance Mahalanobis distance
Before 

meditation
After a month 

meditation 
intervention

Before 
meditation

After a month 
meditation 

intervention
S1/M/28 15.2154 7.8781 0.0661 0.1453

S2/F/19 12.2390 7.9882 0.0821 0.1293
S3/F/19 6.5703 6.4904 0.1536 0.1541
S4/F/22 4.4165 3.3010 0.2264 0.3035
S5/M/32 13.9722 5.6690 0.0718 0.1786
S6/M/29 22.9541 11.1701 0.0463 0.1031
S7/F/22 11.6800 7.6930 0.0862 0.1302
S8/F/23 12.6370 9.8067 0.0819 0.1031
S9/F/22 48.9391 12.6757 0.0214 0.0791
S10/F/50 15.8281 6.0260 0.0635 0.1676
S11/F/18 29.7512 10.0489 0.0339 0.0996
S12/M/30 11.0975 5.4164 0.0916 0.1854
S13/F/19 23.5830 7.1708 0.0446 0.1395
S14/F/18 16.1952 5.8808 0.0620 0.1723
S15/F/19 7.1213 4.7269 0.1405 0.2143
Average 16.8133 7.4628 0.0848 0.1537

In this paper, the student t-test is used to observe the 
significant difference between the before and after a month 
of meditation intervention EEG data. The student t-test, it is 
hypothesis that ‘there is no difference in average of two data 
sets’ [16]. It is depicted that, if the p-value is equal or less 
than significance level, it shows that there is higher 
discrimination between two data sets. The p-value evaluated 
from student t-test by choosing variance feature with 0.05 as 
the significance level. From this test, the p-value for variance 
is 0.00079  and p-value for Mahalanobis distance is 
0.0000004 . Hence it is inferred that, resulted lower 
p-value has higher discriminating data set between before 
and after a month of meditation intervention. 

Fig. 3. Bar graph of Variance for before and after meditation 

0

10

20

30

40

50

60

S1
/M

/2
8

S2
/F

/1
9

S3
/F

/1
9

S4
/F

/2
2

S5
/M

/3
2

S6
/M

/2
9

S7
/F

/2
2

S8
/F

/2
3

S9
/F

/2
2

S1
0/

F/
50

S1
1/

F/
18

S1
2/

M
/3

0
S1

3/
F/

19
S1

4/
F/

18
S1

5/
F/

19
A

ve
ra

ge

Variance
Variance
Before 
meditation

Variance
After a 
month 
meditation 
interventio
n

Channel (s)
F3 F4 F7 F8 FP1 FP2 Fz Avg. Amplitude

B A B A B A B A B A B A B A B A
Min. Amplitude(μV) -10.76 -12.20 -9.64 -10.26 -21.12 -30.27 -26.16 -18.79 -9.15 -12.43 -28.67 -14.38 -7.72 -8.30 -16.17 -15.23
Max. Amplitude(μV) 12.29 9.28 11.45 7.94 26.03 16.84   17.51 14.84 11.13 9.65 15.38 12.11 8.74 7.32 14.64 11.14

109

Authorized licensed use limited to: Macquarie University. Downloaded on June 23,2020 at 03:15:46 UTC from IEEE Xplore.  Restrictions apply. 



Fig. 4. Bar graph of Mahalanobis distance for before and after meditation 

From the results it is noticed that the variance value is 
higher before the meditation than the after meditation which 
mean that reduces the stress and anxiety on subject brains. 
The Mahalanobis distance is increased after the meditation 
so brain activities of the meditators relaxed which is differ 
from the brain activities recorded before the meditation. The 
average values show the significant changes in EEG signals 
after the meditation practices in order to justify the effects of 
meditation on human being brain activities.  

Energy Spectral Analysis: The purpose of this work is to 
estimate the effects on human being after the meditation. 
This is done by investigating the different brain rhythms. The 
energy spectrum is evaluated through FFT by averaging of 
all the channels of frontal lobe. Fig.5 presented the each 
rhythms and their ESD for a subject. Fig.5(a) shows the delta 
rhythm and ESD, fig.5(b) shows the theta rhythm and  ESD, 
fig.5(c) shows the alpha rhythm and ESD and fig.5(d) shows 
the beta rhythm and ESD.  

From the energy spectral analysis it is found that delta, 
alpha and theta bands shows an overall increase in energy 
after meditation. Whereas, beta band energy decreased in 
same subject.  Improved energy value in alpha band indicates 
that the person is alert to the external word, even when the 
person is meditating [11].Thus increase in alpha and theta 
parameter showed the relaxation in after meditation and 
enhance cognitive effects in meditators. 

(a)  Energy spectrum of delta rhythm before and after meditation 

(b) Energy spectrum of theta rhythm before and after meditation 

(c) Energy spectrum of alpha rhythm before and after meditation 

(d) Energy spectrum of beta rhythm before and after meditation 

Fig. 5. Energy Spectral analysis of all frontal lobe channels for before and 
after meditation        
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IV. DISCUSSIONS AND CONCLUSION 
The prefrontal cortex is responsible for the cognitive 

processes as problem solving, attention interactions with 
other brain parts, which also sensitive to acute and chronic 
stress. For a changed pattern of frontal functioning might be 
expected in subjects reporting a greater sense of self during 
activity. In this work frontal lobe channels used for 
analyzing the cognitive effects of human being. The work 
presented that analyzes the effects of before and after a 
month of meditation intervention. While investigating the 
work in order to analyze the impact of meditation that shows 
the variance values are higher before the meditation than 
after meditation. It means that reduces the stress level and 
anxiety of subjects.  

The Mahalanobis distance is increased after the 
meditation of the participants. The subjects are relaxed 
compared to the brain activities recorded before the 
meditation. The student t-test is used to observe the 
significant difference between the before and after a month 
of meditation intervention EEG data. The resulted lower p-
value has higher discriminating data set between before and 
after a month of meditation intervention. In the energy 
spectral analysis it is observed that, each rhythm’s energy 
has got significant changes in after meditation. From this 
analysis after a month of meditation in meditators revealed a 
generalized increase in theta energy which related with the 
mental consciousness and increases the cognitive function. 
The alpha energy after meditation in meditators also 
increases it correlated with lower levels of anxiety and 
positive effects. In summary, alpha band energy increases 
are related to relaxation, which is observed in energy 
spectral. Thus, meditation improves cognitive function and 
increase in mental concentration as evidence by increased in 
alpha and theta energy in a frontal lobe. It is implicated that 
increase in alpha and theta bands energy, decreased in 
overall frequency. Hence it is inferred that, increase in alpha 
and theta bands’ energy, increases the non-linearity of EEG. 
Therefore relaxation improves after meditation and the brain 
cognitive function in meditators which justifies the 
meditation effects. For the future work it is needed to 
investigate more features by using more subjects and with 
sustained period of meditation for better results.  
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Abstract - Splay is a video streaming progressive web application 
which uses YouTube as a server and storage for videos and the 
app itself resides on our own desired server. Splay achieves this 
by using embed feature provided by YouTube and hence can 
even be hosted on a smaller server without carrying the load of 
videos. It is developed to work on any given device and any given 
platform provided, the given device has a browser. An app shell 
architecture is implemented in splay with the use of service 
workers and JavaScript for the technology stack. It uses React.js 
for developing user interfaces and achieving a single page 
application model for the more native-like experience. Node.js 
and Mongo DB are the ones powering the back end of the 
application. This paper basically focuses on the architecture and 
working of the application and our main focus is to collect all 
important educational videos of college including lectures, 
tutorials on one platform with proper content management as 
desired by the institute or organization using it.  
 

Keywords—Progressive web apps, PWA, React.js, Node.js, video 
streaming, YouTube embed. 

I.  INTRODUCTION  

In the world of 4.5 billion internet users and astounding 
internet speeds, it is easy for people to access the internet 
whenever they want and for whatever they need, especially 
videos. This has enforced most of the activities being carried 
online including learning. Websites like Udemy, Coursera, 
EDX, TED talks and YouTube are already on the top and are 
being used by many professionals. The most viewed platform 
amongst all is YouTube and allows all types of video content 
to be uploaded on it whereas the former ones do not and they 
work on a specific niche. But due to scattered content on the 
internet, the ability to make the audience focus on what any 
given institution wants lacks. Self-hosting videos is a bad idea 
as streaming video needs a lot of transcoding and serving them 
according to the client’s device specifications. Users mostly 
access the internet through their smartphones and hence an 
application must load quickly and work as fast as it can. 

Splay is a video streaming, progressive web application for 
such institutions. It uses YouTube to upload videos and 
embeds them on splay. YouTube servers are best at 
transcoding videos and providing them at their best quality 
and formats according to the client’s device specifications and 
internet speed. Splay whereas provides more control over what 
users can see and access. Videos can be set to unlisted on 
YouTube so that they are only visible on splay. Within smaller 
organizations, it can play a vital role as a focused social media 
with more control of everything which is uploaded on splay. A 

simple approval system is implemented for verification of 
content uploaded on the application. A group of admins can be 
assigned to manage the content and users on the application 
and hence becomes a perfectly managed media app for 
institutions. 
 

Splay is implemented using Javascript. It uses React.js to 
accomplish a single page application model and easy state 
management with insane speeds. The front end works without 
reloading the web page and renders components instead of 
HTML pages for each request sent. This avoids sending 
multiple HTTP requests to the server and saves a lot of time 
and makes the app faster. Back end implements are composed 
of MongoDB and Node js, again Javascript. A NoSQL 
database like MongoDB is used because it is a lot faster, easier 
to implement with node and flexible for future purposes. 
 

Splay is a progressive web application or PWA, wherein 
progressive means for all types of users. This makes splay run 
on any given device and any given specification, condition, 
the device has a browser. PWAs implement multiple modern 
techniques like caching to provide faster and engaging apps. 
  

II. RELATED WORK 

A. So Why PWA? 

Peixin Que, Xiao Guo and Maokun Zhu “Comprehensive 
Comparison between Hybrid and Native Paradigms” have 
explained with brief statistics and some facts about why 
Hybrid applications can have an edge over native apps. From 
here we move one step closer towards Progressive Web Apps. 
Mobile apps are being used for most of the tasks today and 
that is because smart phones are easily accessible than 
desktops and laptops. The sales of phones are increasing 
exponentially with the number being 1.3 billion in 2014 and 
which is also a 27.3% increase than the previous year i.e. 2013 
[1]. Today, in 2019 the count is raised to 3.8 billion and still 
increasing. With such abundant mobile users and ever-
growing need for ease of accessibility and speed, there are 
numerous ways to develop performant apps. Native and 
Hybrid apps are such two ways with Native being the 
applications for a particular platform and the latter run on 
other platforms under a container that renders HTML, CSS, 
Javascript. The hybrid mobile apps without a doubt are easy 
for developers to develop and deploy. Below Fig 2.1 shows 
some of the aspects of the developer’s ease. 
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Fig 2.1- Comparing native and hybrid apps as per developers 

 
But from the user’s viewpoint, they do not care about 

the process of development. Users care more about their 
experience of using the app. This is called User Experience 
and this is what makes the app better for users [2].  

 

Performance Parameter Hybrid 
App 

Native 
App

Installation Consuming Time 
(sec) 

9.37 7.64 

Startup Consuming Time (sec) 1.58 1.11 

CPU Occupancy Ratio(%) 11.76 5.54 

Memory Occupancy (MB) 101.66 58.77 

Battery Temperature (Celcius) 45.32 37.54 

Network Flow (KB) 330.56 323.89 

 
Fig 2.2- Comparing the performance of native and hybrid apps 

 
Fig 2.2 clearly explains how the hybrid app lags 

behind native apps in case of performance parameters or we 
can say User Experience. The installation time is 22% more 
and the package is almost 43% larger than native apps as it is 
bundled with extra plugins to make the app run on the 
platform. But since hybrid apps save so much cost of 
companies and are better at development than native apps, 
most of the companies still prefer them over native ones[3]. 
This is where PWAs come to the rescue. They are directly 
web apps served through the web and run on any platform 
with the help of a browser. Since they are web apps, It is 
obvious they are made with HTML, CSS and JavaScript and 
hence cover all the advantages hybrid apps have over native 
apps. 
 

Progressive Web Apps provide ease to both users and 
developers. They are made using only two additional files 
namely, manifest file and service workers. They are made with 
keeping in mind the app shell architecture [5]. This is the 

minimal HTML, CSS, JS needed for your app to run and is 
usually cached using service workers [5] [6]. PWAs are easily 
installable through browsers and are installed by pop up 
banners when the user first time visits the websites and not 
only that they are also testable even before installation [4]. 
 

B. Technology Stack 

The application, as mentioned previously uses JavaScript 
for full-stack development. The application leverages react.js 
for user interfaces. React is a front end JavaScript library 
developed by Facebook in 2011. React provides better DOM 
or Document Object Model updating methods as it only 
changes the part of the DOM which has been updated and not 
the whole DOM which is the usual case without React. This is 
achieved using a concept known as virtual DOM [7]. A virtual 
DOM is a node tree just like the real DOM. The real DOM is 
not used by React as the browser needs to repaint the whole 
DOM for every change. However, React creates instances of 
virtual DOM when changes happen. Now React follows three 
steps to render the browser’s DOM -  
 
1. Whenever anything might have changed, the whole UI will 
be re-rendered in virtual DOM representation. 
 
2. The difference between previous and virtual DOM 
representations will be calculated. 
 
3. Now the real DOM will be updated as per the calculations. 
 

With rendering speed being covered, React also helps 
developers to develop the UI faster with reusable components. 
React provides easy solutions to state management and single 
page applications. Back end uses Node server, which is a 
runtime environment for JavaScript code to run on the server 
side. Node was developed by Ryan Dahl in 2009 and later 
sponsored by Joyent. Node is an event-driven, non-blocking 
asynchronous run time and hence supports scalability. Node 
provides more control to the developers of the process running 
on the system. Unlike multithreading Node uses a single 
thread which is not vulnerable to deadlocks. It uses 
asynchronous I/O for multiple processes and JavaScript is best 
for this since it supports callbacks [8]. Splay uses MongoDB 
as a database with Node. MongoDB is a NoSQL, document 
oriented database which uses collections instead of tables and 
relations. 

III. EXPERIMENTAL SETUP 

This section revolves around the basic functionalities of 
splay which are to be seen at the time of deployment. Splay 
usually works in Client-Server passion, whereas the 
commercial version of Splay is in peer to peer infrastructure 
base. First of all discussion is made along Use Cases where all 
stakeholders are considered.  

Evaluation Criteria Hybrid App Native App

Programming Language    ×

Documents/ IDE     

Compatibility     ×

Debug/ Test     

Distribution     ×
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A. Use Case Diagrams 

 
Fig 3.1 - Admin use case 

 
  Fig 3.1 enlightens the possible use cases of an actor, 
admin in the splay. As per the figure admin when interacts 
with splay, two more actors are in action. Splay uses its 
database when performing different operations such as 
managing users, videos, creating categories, managing 
sessions of admins/users,  etc. The YouTube database is used 
while uploading videos. 

 

Fig 3.2- User use case Splay 

The fig 3.2 also shows that the actor user interacts with 
two actor i.e. splay database and YouTube database. Users too 
have basic facilities like logging in and out of the application. 
They can manage their own video and like and comment on 
other videos. Users cannot manage other users in any way that 
power remains to administrator. 

B. The Front End Part 

The setup for react is created using the create-react-app 
tool chain provided by Facebook it and it is quite easy to get 

started with it. Just one command can set the entire 
environment you need for React. We’ll be using npm (node 
package manager) for the packages and maintaining them in 
our environment. Command is as follows : 

“npx create-react-app my-app” 

Here, my-app will be the name of our directory. This 
command can also be initiated inside a particular folder by 
replacing the folder name with a dot or full stop(.). Splay uses 
third party libraries such as Material UI since it is based on 
Google’s material design, react-router for making splay 
a single page application and react-redux for state 
management of components. 

C. The Back End Part 

We use npm for package management in the backend as 
well. On top of Node, we are using express, a lightweight 
node framework for faster development. For communication 
with the database, we use mongoose node package instead of 
the default available Mongodb drivers. Every route in the 
application which node serves is made a middleware for 
security of the routes. Users not logged in will be not be 
allowed to access some routes also any user should not be 
allowed to access admin’s routes and hence routes are 
implemented as middleware’s which act in the middle of the 
usual request and response process hence named 
middleware’s. Splay is divided into three main directories 
namely models, routes and controllers. Models are mongodb 
models, routes are routes to each route application is going to 
serve and controllers are the functions to be performed by the 
servers when a particular route is requested. 
 

IV. MATHEMATICAL MODEL 

 
Mathematical modelling for streaming of videos in 

peer to peer network is done using the starting delay and 
buffer size. In the future times when organizations decide to 
conceal some of their content and make it visible to selected 
users or peer to peer video sessions, these mathematical model 
implementations will help. The model uses frames and chunks 
of videos and different delays to calculate the load. Splay can 
use its existing original servers for streaming of such video 
itself as following. 
 
A. Starting Delay estimation 
 

We denote the four types of delay in the 
mathematical model as follows: Start up delay as Tstd, 
Playback delay as Tpbd , Starting delay as Tstid, delay Td. The 
start-up delay is basically the time that user is supposed to 
wait until the first and foremost frame arrives in the buffer, 
playback delay is the time where user waits until the chunk in 
the buffer is filled, starting time is the total waiting time that 
user is supposed to wait until the first frame is displayed, 
delay is initial time according to the server time [9].  
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1) Start-up Delay : 
 
The start-up delay (Tstd) depends on the number of neighbours 
used for content discovery and download. There are two 
scenarios - 
 
a) One neighbor 
 
Tstd = Transmission delay + Tracker Time + Propagation delay 
+ Peer Selection time + Exchange Buffer map time 
 

Tstd= 


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= =

==
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i i
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i i
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(Assuming queuing delay and processing delay is negligible) 
n denotes the number of link from sender to receiver denotes 
the number of peers present, Transmission Rate denotes the 
number of bits per second, Tracker time is the time to track all 
peers, Peer selection time is the time to download first chunk 
after selection of a peer, Exchange buffer map time is the time 
needed for a new comer to exchange buffers with peers 
present in the list [9].  
 
b) More than one neighbour 
 
In a case where more than one neighbour is present, it is 
obvious that there will be several paths. The first received 
frame will have the smallest delay. So let Pi be a path that is 
walked through nodes from a source to destination which 
means from ith neighbour. 
 
Tstu = Min (DelayP1, DelayP2, DelayP3… DelayPk ) 
       = Min (DelayPi) : I = 1,2,3,….k      .......... (2) 
 
From Eq (1),  Let’s  DelayPi = Tstu 

K is the number of neighbours. 
Pi is a denoted path from the ith neighbour. 
 
2) Starting Delay 
 
The total delay for the first frame to be displayed is the 
starting delay (Tstid) . It relied on the join time, the start-up 
delay and the playback time. It can be calculated as :  
 
Tsti  = Max(Tjoin , Tpbd) + Tstu            ......... (3) 
B. Buffer Size Estimation 
 
This can be estimated using the join time or the release time. 
The unit is seconds because the waiting time for displaying the 
video depends on the fill rate of the node. Delay might have a 

different effect if there are a few users and the user who joins 
late may not be able to view the whole stream. Here, the 
arrival condition is used and splay plans to implement such in 
its network. The arrival condition is : 
 

releasepbdstud TTT
M

N +≤−                                  (4)                

 
N is the total number of chunks 
M is the total number of nodes  
Tstu is the waiting time until the first chunk arrives in the 
buffer. 
Tpbd is the playback time 
Trelease is the release time 
  

C. Server Load 
 

The server load can be calculated according to two 
different scenarios for non-clustering model. In the first one, 
all users join at the same time and start the video and in the 
second all users join using the arrival condition time, then all 
users will directly download video from server. Equation (5) is 
the worst case for non-clustering model since the server load 
is highest. The worst case scenario occurs when one peer joins 
over 25 chunks of the neighbour peer. Assuming the video has 
N chunks and N is divisible by 25, the maximum number of 
peers is N/25. So, the maximum number of chunks sent by 
server becomes,  25 Ʃ(1 + 2+ 3 +… M). 
 

For the cluster model, there are two cases of : worst 
and best case. The worst case is that the server supports equal 
to maximum number of super nodes and the best case is that 
server supports only one super node, shown in equation (7) 
and (8) respectively [9]. 
 
Non-Clustering Worst Case :  
 

SLNC = )1(
2

25 +×
M

M              (5) 

 Non Clustering Best Case :  
 
SLNC = 1xN              (6) 
 
Clustering Worst Case: 
 
SLC = SP x N               (7) 
 
Clustering Best Case : 
 

SLC = 1 x N                                                   (8) 
N is number of available chunks. 

M is Total number of nodes. 
SLC is server load of cluster.  
SLNC is server load of non-cluster. 
SP is number of super nodes. 
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V. COMPARISON AND ANALYSIS 

Splay performs as a better solution to the content 
management problem of institutions desiring their own 
video streaming application. A complete package of ease to 
developers as well as users, it can be scaled and expanded in 
any way. Making it a Progressive Web App is just cherry on 
the cake. The power of PWAs can be seen in examples of 
the following implementations. 

 Treebo launched a PWA and saw 4x increase in 
conversion rate over a year. Conversion rates for repeat 
users saw a 3x increase [10]. 

 Tinder cut load from 11.9 seconds to 4.69 seconds with 
their new PWA. The tinder PWA is almost 90% smaller 
than the native app [10]. 

 BookMyShow’s PWA takes less than 3 seconds to load 
and has increased conversion rates over 80%. The PWA 
is 54x smaller than android and the 180x smaller than 
the iOS app [10]. 

 Flipkart’s PWA is driving 50% of its new customer 
acquisition. Nearly 60% of the visitors to PWA have 
uninstalled the native app to save the space [10].  

VI. CONCLUSION 

With modern functionalities and modern 
technologies used, splay becomes a robust and trustworthy 
solution for small scale as well as large scale institutions 
and organizations for video streaming. Picking up good 
points from native as well as hybrid applications, splay 
stands between the two and provides better accessibility and 
more engaging experiences. Not only, client’s device space 
splay also saves more than 90% of server storage as well as 
complex calculations by using YouTube for streaming 
videos. If the organization plans to upload their own content 
or provide peer to peer video streaming facilities, the 
provided mathematical model will be used. The technology 
stack used opens new opportunities for modern development 
and always widens the perspective for further scalability and 
updates. 
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Abstract— In a large country like India where the 
population of states is equal to the population of other 
countries, it is very difficult to obtain the count of the 
population in a given minimum time and cost. Although the 
year 2021 is going to be the Census year for India, the 2021 
Census is 8th Census (since independence) of country. In India, 
Census is conducted in every ten years by the government. 
This census is going to be very important due to many reasons. 
The previous censuses took place by the manual procedure 
that is very typical and is used since it has been introduced by 
the British in 1872. This procedure is very time consuming and 
requires large effort by mankind. So the need of the time is to 
simplify it. This could be simplified using technology. So we are 
using a Cross-Platform portal to conduct the entire process in 
a digital manner and introducing several changes in procedure 
of conduction of Census. This portal will serve to all. (i.e. 
Citizen, Census Officer, Ministers, etc.) and the entire 
procedure will be described as Mahaganana.    

Keywords—cross platform; census; cloud based census; 
machine learning;  

 I.   INTRODUCTION  

Due to the increasing population, the government is facing a 
problem of storing and maintaining the data of the Census by 
traditional methods i.e. by pen and paper, it is too time-
consuming, and requires large human power. Around all this, 
a large amount of capital is also spent. So, there is a need to 
find a single solution for all these problems. The solution we 
want to propose is to change the existing Census system and 
to introduce a new system. This system will have certain 
phases that will minimize the time and cost required in the 
procedure. This system will convert the entire typical manual 
procedure into digital. This digital procedure will take place 
in 3 phases: 
1) Registration Phase 2) Verification Phase 3) Grievance 
Phase 
   Before the Census, Government will initiate a 
campaign. They will make people aware of Mahaganana, the 
cross-platform portal, and registration on it. In the 

Registration Phase, the citizens can directly register for 
Census on the Cross-Platform Portal. This phase takes place 
at the Census Booth. Census Booths will be established by 
the government for a limited period in government offices, 
government schools, etc. Although the citizen can directly 
register by using his/her AADHAR ID  on the cross-platform 
portal through their mobile/computers [1] but the biometrics 
record can only be done on the booth. So this will be citizen’s 
choice to either perform registration and biometric record 
both on the booth or to only record biometric on the booth. 
The registration can be easier if AADHAAR ID is entered 
before registration, the data will be automatically updated and 
all other fields which are not pre-filled have to be filled by the 
citizen itself (like occupation, education, income, etc.) [2] on 
the cross-platform portal. 
  After filling the complete form and recording 
biometric the citizens will get notified that their information 
is recorded successfully. Then after some days, they will get 
pre-notification by SMS and Email regarding the schedule of 
visit of the officer at their home. They will also get basic 
details about the Officer along with their Photo. This will stop 
the frauds taking place by the name of Census Officers. This 
pre-notification regarding the visit of Officer will also stop 
the fraud of information stealing and its misuse. The 
information will reach to correct people only and such crimes 
can be stopped. 
  In the Verification phase, the census officer will visit 
each home (like previously done) and verify the information 
fed and documents. If the citizen wants to modify the filled 
data, the officer has the charge to do so only by checking the 
valid documents. 
  In the Grievance phase, the Census team will work on 
the data and find if any fault occurred and then perform 
required actions. For avoiding the problem of duplicate data, 
the data redundancies will be detected and removed by 
Normalization. 
  The time required for the entire procedure will be 
reduced as compared to the previous Census. As the 
registration will be done early, so the officer will need not 
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register the citizens on the paper books and hence only 
verification will take place. It is not necessary for a citizen to 
compulsorily register by themself using their own 
Mobile/Computer, only the biometric verification has to be 
done by themselves at Census Booths only. The citizens 
specially handicaps who cannot reach the booth and have no 
access to the portal will be registered by the officers during 
verification. The registered citizen will get pre-notification 
regarding the visit of the officer at their home so they can 
reserve that time for Officer’s visit [8]. 
  As the primary key of the database will be AADHAR 
ID, the immigrant citizens staying illegally in India with fake 
AADHAAR ID can be easily detected. There will be no effect 
of weather on the Registration Process (as earlier, the 
government avoided to organize the registration phase during 
Monsoons in several high rainfall regions of the country). 

   
 II.  METHODOLOGY  

The workflow diagram for the working of procedure of the 
Census from the registration to verification is shown in fig 2.1. 
It is proposed as a modification to the standard procedure of 
2011 Indian Census. The proposed idea is digital and has no 
role of pen and paper.  

  

   
Fig 2.1 Workflow Diagram of Procedure 

  
The procedure starts with registration of the citizen to the 
portal. This is the major step and thus does not allow the user 
to directly move to the next step. The registration is done by 

AADHAAR ID which will automatically fill the fields required 
in input and the other required fields are to be filled manually. 
The registration process can be done through mobiles and 
desktops or at the booth. The biometrics are very important and 
needed to be store/update. Although the biometrics information 
will directly come to the Census database when AADHAAR 
ID is registered. The biometrics are to be compulsorily 
recorded by each citizen. For this process, the citizen has to 
visit the booth. By completing this procedure the citizen will 
get a unique Family Id which can be used for registration of 
other members of family (this Id will remove several fields in 
the registration form). Along with Family Id, the citizen will 
get a message that registration is successful and a notification 
regarding the visit date of Census Officer to their home.   

At the date of verification the officer will visit the 
home and verify the original document and the mentioned data 
in the registration phase. If there had been any mistake during 
registration or anything to be updated, officer is the only one 
who holds the authority to update this when they visit home. 
Along with this, the officers will also be responsible for the 
registration of Special citizens (those who cannot register 
through the portal and are unable to reach census booths). The 
officer will himself fill their registration form, record 
biometrics and will verify documents.  
  At last, the data will be compared, analyzed and 
operated using several algorithms, the redundancy will be 
removed and if any dummy entry or fake id detected then 
proper objections will be taken.   

 
Fig 2.2 Sequence Diagram for entire Process  

  
Fig 2.2 is the sequence diagram for the workflow of 

the entire process. This gives a brief description of  relations 
between the actors. It states that the citizens register their data 
through mobile/desktop which will upload data at server/cloud 
which the census officer will access during the visit for 
verification. All this will be in function to IoT and will be real-
time. So it is possible for Census Officer to register and verify 
quickly after that [3].  

  

 
  

 
  

 
  

2019 International Conference on Innovative Trends and Advances in Engineering and Technology (ICITAET) 

ISBN -978-1-7281-1901-4 167 
Authorized licensed use limited to: Auckland University of Technology. Downloaded on October 04,2020 at 14:58:39 UTC from IEEE Xplore.  Restrictions apply. 



  
Fig 2.3 Sequence Diagram for flow of Data [6]  

  
Fig 2.3 is the sequence diagram for the flow of data in 

between and throughout the databases. There are two 
databases: 1) AADHAAR Database, 2) Census Database. The 
user can register and input their data using mobile, computers, 
tablets etc. on the portal at the website of the Census of India. 
When the citizen enter their AADHAAR ID in the registration, 
the census database will fetch the data stored at AADHAAR 
Database.  
  The portal although will also be functional even after 
the census and it could be used for addition or removal of 
member present on a particular Family ID in case of 
Birth/Death by uploading appropriate Birth/Death Certificate. 
This Census data can be used for the next ten years for various 
analyses and predictions for various objectives by the smart 
predictive algorithms [4][5][7].   
  

 III.  MATHEMATICAL MODELING FOR BIOMETRIC CENSUS  

Appendix I: Estimating the Annual Requirements of new 
UIDAI cards in terms of new Births by Gender and Region.  
  Let P(x) represent projected population of age x at 
time t, s(x, x+1) is a survival function, which describes the 
chance of survival for an individual of age x to age x+1 and 
F(x) is age specific rate of reproduction of new babies at age x.  
Then, 

  
  
Here equation (1), gives number of newly born babies that will 
be delivered by mothers aged between 18 and 50. Here, K is 
the proportion of eligible female out of total female in the 
reproductive age group.  
Note: As per the law, the age limit for female marriage is 
minimum 18 years and age limit for female to adopt child is 
maximum 50 years of age [9][10].  
  

Appendix II: Model for Estimating the Population Survived 
from Currently Living Population (a difference equation 
approach)  
  Using a simple difference equation, we can obtain the 
future survivors out of current living population. Suppose Pr

(t1) 
(x, x+1) is the population available at census time point t1 and 
for region r for the ages x= 0,1,2, …. ω We can obtain the 
population who are surviving out of Pr

(t1)(x, x+1) at the census 
time point t2 by using the survival function, Sr (t2- t1)(x, x+1), 
presenting the chance of survival of population of age x in a 
region r at census time t1 to live up to age x+( t2- t1) at census 
time point t2.  Such functions for all the ages can be computed 
if a life table is available for the region r. Thus, the population 
that survives throughout the time period t2- t1 and reaches the 
census time point t2 at age x+( t2- t1),   
i.e.  Pr

(t2) (x+( t2- t1), x+1+( t2- t1)) can be expressed as, 
Pr(t2)(x+( t2- t1), x+1+( t2- t1)) = Pr (t1)(x, x+1)Sr

(t2- t1)(x, x+1), 
for the values of x 0,1,2..., ω-1 For further information on 
difference equation models in biology see [9][10][11].  
  

  
Fig 3.1 Predicted Annual Number of Cards Newly Required  

  
Since the Indian population (provisional) for the year 2011 is 
1,210 million (623 million males and 586 million females) 
[12]. In Figure 1, the number of male and female AADHAAR 
cards required per year after 2011 are shown in Fig 3.1. The 
Projected decadal population growth rate from the next Indian 
census i.e. 2011 to 2021 is 12.3 percent. Models can help to 
estimate the babies that will be born in each year by gender, by 
regions, by states in India in the near future with some degree 
of accuracy, which can be useful for planning and distribution 
of cards. (Mathematically proven in Appendix I & II).  
  

 IV.  CONCLUSION  

  The 2021 Indian Census is definitely going to be 
digital all the way but the way it is going to take place and the 
ease it will provide to the citizens is not yet documented or 
disclosed yet. This is a proposed solution that will provide the 
maximum ease to the concerned authority and to the citizens 
too. This solution will lead to digital awareness among 
common citizens and a feeling of oneness and patriotism in 
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common lives. This solution will also work on the redundancy 
of data, stopping malpractices and thefts taking place during 
the census and will work on accuracy more than the traditional 
systems.      
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Abstract—Data is precious! Data generated from myriad 
resources are store and treated, extracted for getting knowledge 
through classical machine learning techniques. The MapReduce 
is a programming framework that proved its efficiency and 
reliability for big data processing in a distributed environment. 
When data are generated in a cloud platform the speed and 
volume of data are high. MapReduce has its own limitation over 
processing big data. Spark has also eliminated many boundaries 
especially dealing with online streaming and cloud generated 
data. Big Data cluster management is a tedious work that needs 
specialized algorithms for a fair share approach. Many time 
resource contention problems have to address with fair-share but 
the performance was not satisfactory. MESOS and YARN   have 
an implementation of the same. The proposed framework use 
historical job execution logs for admission control and deadline 
information is an additional and important part which supplied 
at the time of submission of the job. The work anticipates 
different deadline formulation explained in the result section. 
Finally, a comparison of justice with existing fair share allocation 
policies is discussed. 

Keywords—Resource-constrained; deadline; admission control; 
resource allocation; big data; cloud; spark; Genetic algorithms; 
Evolutionary Computation.  

I.  INTRODUCTION  

Cloud computing already proved its importance in 
computational paradigms. Many industries are looking 
towards cloud computing as a prominent solution for future 
perspectives. Now with Fog computing and IoT one challenge 
is for utilization of cloud infrastructure for tomorrow's big 
data analytics is fair share resource utilization. To mitigate this 
issue massive BDA (data processing framework) namely 
Apache Spark is largest stake and  accepted for local or cloud-
deployed cluster processing for customized big data 
processing.  

Spark framework works on a worker node with single or 
multiple available resources. This master node is in charge of 

the allocation of resources to distinguished applications. 
basically, resource allocation in spark is possible with the 
master node with 3 approaches. These three approaches are 
namely 1. Default Resource Allocation 2. Static Resource 
Allocation and finally 3. Dynamic Resource Allocation. The 
problem with these resource allocation single applications is 
running on default allocation strategies in clusters with all 
resource consumption rations. In static and dynamic user 
participation in resource allocation is mandatory. Hence 
severe performance issues are generated due to improper 
allocation of resources. If the production server mentions any 
default deadline the resource allocation will not work because 
with FIFO queue approach may force for an unnecessary wait. 
Discretization of data can be considered as optimization and 
minimal problem, evolutionary-based metaheuristic solutions 
are proposed widely [21]. With distributed solution having 
based on evolutionary heuristics could be [22] a problem for 
large scale big data processing. Gartner introduces big data 
[23] in 2001. Till its inception to the current date, many 
researchers contributed to efficient scalable time-efficient 
large scale data processing framework. Hadoop and 
MapReduce [24] are good enough for processing large scale 
data. The extremely popular approach of an open-source 
methodology of MapReduce is Apache Hadoop [25][26]. 
Hadoop and MapReduce both are not incepted for continuous 
streaming data and in-memory computation.  On the other side 
Apache spark is faster than Hadoop (100X faster) with in-
memory computations. Apache spark totally supported Read-
Evaluate-Print Loop (REPL) approach dealing and processing 
large intensive data with data associated. Spark promoted 
linear MapReduce’s linear scalability and fault tolerance, it 
focuses on 1. Broad directed acyclic graph (DAG) of operators 
by sending the result to the next step in the pipeline. 2. Richest 
set of conversions which effect to  facilitate users to precise 
working out more unsurprisingly. 3. Spark works withs in-
memory computing for a cluster of machines, it doesn’t rely 
on storage space for transitional data in MapReduce. Apache 
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Spark operation read and write from to NoSQL databases like 
HBase and Cassandra also it supports all read and write format 
which MapReduce Support.  

Finally, we can conclude Apache Spark is sustaining large 
intensive scalable, high throughput, and fault-tolerant dealing 
out of living data streams. Live stream data is inputted and 
data streams during a receiver and segregates data into micro-
batches, which are then processed by the Spark engine to 
generate the final stream of results in batches. This ultimately 
solves large scale distributed data streaming and data 
computation and processing problem.  In the next section i.e. 
chapter II is a literature survey where we try to focus on 
current research and its paradigm’s. Chapter III Optimization 
and Justice – Fair resource sharing chapter focus on the 
research gap and objectives of this work identified from 
chapter II i.e. literature survey. Finally, chapter  IV is 
Experimental Setup and Methodology which focuses on 
Methodology for job tracking, Resource Estimation and 
Resource allocation 3 different algorithms where optimization 
was implemented by nature-inspired algorithms CAT Swarm 
algorithm for effective resource allocation. In the last section, 
a detailed discussion about the current scenario and proposed 
system performance are discussed.  

II.  LITERATURE REVIEW 

For spark cluster manually resource allocation has to be 
done for application when tried to deploy on spark clusters, 
which ultimate limit the entire system to any parameters 
specified by users with constraints and minimize the cost of 
running applications. Apache Spark [1] is one of the most 
dominant big data processing platforms. Spark is open source 
basically and it’s a widely adaptable large scale data 
processing framework with batch or stream data processing 
with machine learning or graph processing [2] capabilities 
with various distributed data sources like HDFS [2], HBase 
[3], Cassandra [4] etc. with Resilient Distributed Dataset 
(RDD) [5] for data abstraction. On the other side with in-
memory computation spark has proven faster than MapReduce 
and Hadoop [6]. It express as a top module of Hadoop YARN   
[7], Apache MESOS[8] and the very important standalone 
cluster manager. Space sharing job schedulers [9] [10] to 
partition cluster resources for these platforms [11] [12] are not 
used by the cluster administrator. Existing BDA framework 
negotiate cluster manager accept resources and uses ultimately 
accepted resources [13].   

In a broader perspective, each framework is aggregated 
with its constituent assembly mentioned as 1.  Sharing on 
Multi-tenant Resource Allocators 2. Performance Prediction 
3. Admission Control [14] [15].  Combinable all these 

assembly work for efficient performance. an SLA deadline is 
given for job finishing and guaranteed that the service usage 
cost is reduced are focused [16][17] but in a limited way. We 
focus on time-sensitive Spark framework which generally 
used industry for e-commerce applications [18], web search 
platforms[19], web content hosting and live video streaming 
like Netflix[20].   For Optimization, many nature-inspired and 
prominent algorithms such as Genetic Algorithm 
(GA)[27][28], Ant Colony Optimization (ACO) [29], Particle 
Swarm Optimization (PSO) [30], and Simulated Annealing 
(SA) [31] are proposed and checked in different segments of 
framework.  Data aggregation’s with OLM (online lazy 
migration algorithms ) and RFHC Randomized Fixed 
Horizontal Control are proposed by Linquan Zhang et. al. 
[32].    

III. OPTIMIZATION AND FAIR RESOURCE SHARING POLICY  

Big Data Analytics (BDA) is processed for discovering 
hidden values from large data using parallel processing and 
infrastructure.  Facebook, eBay like BDA applications needed 
optimized search result which use massively high-
performance computing power. On the other side, large data 
storage with an on-demand approach is needed. Although 
together with increasing benefits of cloud computing has 
inevitable challenges. QoS (Quality of Service) with invariant 
services are the major bottleneck for cloud computing 
infrastructure. To address all the challenges the number of 
researchers invented and suggested various solutions.  To the 
optimized quality of BDA applications in the cloud such as 
performance, reliability, and security. Some of the research 
work such as G-Hadoop is fine-grained data processing 
frameworks that leverage MapReduce. All tenants in cloud 
computing are charged based on VM occupation. Hard 
Bandwidth Guarantee and Minimum bandwidth guarantee is 
provided in perceptive to performance in cloud computing.  

IV. PROPOSED METHODOLOGY NEUTRAL FRAMEWORK 

     In this work, we proposed a Neutral Framework which 
actually interfaces between tenants and providers for cloud 
computing with deadline requirements. All BDA jobs required 
large cloud computing jobs such as forecast analysis, social 
media, and e-commerce. The worst part of these jobs is a 
deadline if the job finishes after the deadline result will be 
useless. There must be a provision that cloud resource 
allocation will be as per deadline awareness before sharing the 
resources.  
 
Proposed algorithms need open source operating systems like 
Linux environment. With second generation of 4 Intel 
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processor having 8 GB of RAM. As platform implementation 
will be on JAVA and python.  
 

 
Fig: 4.1 Spark Based Deadline Framework. 

 
      As shown in figure 4.1 clouds provider offered tenants the 
flexibility of resource allocation for meeting the deadline for 
computing a job. This framework required to advertise 
deadline as well as a resource needed (No. of VM’s bandwidth 
for each VM’s and time duration) from each tenant to cloud 
provider. Now resource allocation algorithms work superiorly 
for allocation of resources by computing deadline for reach job 
and a fraction of resources available.  
 
Problem Formulation: - in this section discuss a formulation of 
FRAS- fair resource allocation system based on Apache Spark 
with a deadline is to discuss and algorithms for executions are 
discussed.  
 

A. Optimal cost resource allocation approach –  

In apache-spark master and worker nodes are being deployed 
on cloud VM’s (virtual machines). Assume that these Virtual 
machines (VM’s) are homogenously used In extension 
assumption is made about all virtual machines that have the 
same computation power, i.e. same CPU( cores), storage and 
computational memory. Now for fair share resource allocator 
(FSRA), Resource allocator (RAS) must advertise CPU cores, 
storage, and computing memory. Table 4.1 mentions some 
notations used for fair share policy formation. Our ultimate 
goal is to keep optimal fair share resource allocation. 

 

TABLE 4.1 NOTATION AND PARAMETER 

Symbol/Notation Definition 

Asp Application deployed on cloud 
EX Executors 
Ptvm Price of VM’s (per Second) 
M Memory 

C CPU cores w.r.t executors 
RE Price of executors 
Wn Workers 
Wc Worker core 
Wm Worker Memory 
Emax Max Possible execution 
tc Completion time of any application 
Dp Deadline parameters 

   

B. Algorithm- FRAS-Fair resource allocation system based 
on Apache Spark-  

For the execution of algorithm an application to be 
submitted to Spark Cluster with desired RSA w.r.t possible 
resources computing like (CPU), Memory (M), and total 
executors(Ex) per application. The algorithm mentioned 
specified FRAS- fair resource allocation system based on 
Apache Spark. Prior knowledge of the total resource amount of 
cluster need is essential.  
 
Algorithm-FRAS-Fair resource allocation system based on 
Apache Spark 
Initiation of Asp 
Advertise Dp, Ptvm 
Calculate (M) where f (C (Wc * Wm)) 
Calculate Emax where f N ( Wc * F) ) 
Compute FSRA 
If Ex = Emax 
         Execute FSRA 
                     else 
                    FSRA <- { C, M, Ex }  
                   FRSA <- RSA + FSRA 
                  E <-  E+1 
Execute FSRA 
 

An algorithm is executed with Spark API called as 
Spark Launcher API build in JAVA after submitting an 
application to the cluster. The total numbers of worker nodes 
are homogenous in nature. At the initiation configuration of 
one worker node is given. After calculating M and Emax values 
algorithms a total number of executors may vary. And in step 7 
of algorithms RSA is calculated and added to the FSRA 
scheme.  
    
    If splitting or partitioning of input then it will be an 
overhead on actual processing or running time. If the numbers 
input chunk exceeds with respect to actual executors then this 
chunk must be processed as a batch. The algorithm will 
outperform the only resource that will not be wasted.  
Therefore for a fixed input SLA requirements are 100% 
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satisfied. Deadline based resource allocation and spark 
combination are used with application scheduling.  

V. RESULT AND DISCUSSION  

We have proven many promising features of cloud computing 
with a fair resource sharing facility and deadline scheme. As a 
result finally, we are able to discuss possible solutions and 
limitations. There are some grand challenges 1) Job 
Scheduling- jobs scheduling with laxity. Job scheduling is a 
parameter for interpretation between time (to run) and 
resources available i.e. VM’s completely depends on 
parallelism of job. 2) Pricing – The proposed model presumes 
that deadlines are very much clear to the user before 
proceeding to job execution. 3) Learning – Our framework 
significantly learned many things from observation. Most of 
the time framework observed time series sequence can be used 
to the prediction of the future. 4) Robustness-practically to run 
efficiently framework need robustness. Robustness should be 
accountable in both planned and unexpected failures in any 
dimension. Majorly resource failure is a big challenged to 
achieve robustness. Ultimately QoS needs to be the focus. 
MESOS and YARN use fairness criteria, whereas suggested 
method estimate fraction of request resource effectively just 
before finishing the task with deadline expire time. Perhaps 
making this estimate when the job is entered for processing 
using the requested number of resources as the number 
necessary to complete the job as early as possible. Each big 
data analytic framework calculates the expansion factor is 
computed and tally across jobs, fair share resource allocation 
is possible. An exact evaluation of workload implementation 
of these two algorithms is targeted in JAVA, as a majority of 
frameworks support JAVA platform. For computing 
expansion factor is computed across jobs a script issued for 
implementation extended Kalman filter is used. Extended 
Kalman filter correct inaccuracies of its initial estimations.  

 Both MESOS and YARN the resources allocator will be 
use by job to it indentify and with no limit on the turn-around 
time a job’s owner is willing to tolerate. Proposed algorithms 
we basically focus on partial local knowledge of job submitted 
along with trade-off between the statistical data from remote 
clouds and cloudlets that each cloudlet process and store 
locally with respective the amount of information exchanged 
within the distributed. “Risk” for running frequent jobs with 
available resource may be with high or fewer than it they 
consume so that it can adapt its allocations automatically to 
changing workload parameters need to consider while 
implementing for robustness.  

VI. CONCLUSION  

In this paper designed to Optimize Neutral framework with fair 
share resource allocator for extensive big data processing on 
cloud infrastructure are proposed. The novelty of this 
framework is it meets deadlines and job execution efficiently. 
In first insight, a user needs to specify resource required and a 
deadline to complete the job need to advertise. Our framework 
efficiently utilized resource request most appropriately. 
Extensive experiments should be conducted to compare 
baseline allocation and recently proposed VM allocation, 
neutrally framework finishes more jobs, make better 
utilization of VM’s and network resources which sustainably 
achieve QoS and gain much more revenue for a service 
provider.  We assured about comparison of different fair share 
schedulers and an Oracle using multiple deadline strategies: a 
fixed multiple (Fixed), a random multiple (Jockey), a uniform 
multiple (Aria) of the actual computation time, and mixed 
loose and strict deadlines (90loose) in near future [33].  
Assuming in resource constrained clusters, when CPU 
demands exceed available cluster resources, fair-share 
mechanisms can violate fairness. 
     Proposed methodology is also aware that adding ability 
simply drops jobs which tend to missed their respective 
deadlines does not improve the fairness in resource sharing 
completely. Proposed system may not be useful when large 
jobs are meeting their deadlines and finish jobs before 
deadline. Proposed algorithms are best performing on open 
source resource management platforms like MESOS and 
YARN.  Constrained IoT analytics settings are firmly needed 
some optimize solutions for big data processing.  Proposed 
algorithms take care of Optimizing resources and investigate 
parameter for supervision  that would require larger number of  
computing resources which is nothing but additional 
overheads without adding any kind of complexity with 
minimal information from resource manager and user. As 
future work, we are planning to extend the proposed 
algorithms on live job track record generated by YARN   and 
MESOS so it can deal with more diverse workloads. 
Considering infeasible deadline cluster cannot satisfy the 
deadline suggested by user in ideal condition allocation by 
providing incentives to user. We also try for minimizing and 
adaption of FRAS for replication and repetition of jobs. Last 
but not least, just like all these investigate approaches, 
proposed algorithm gives priority and strongly recommend on 
processing job with satisfaction job deadlines in addition to 
preserve fair-sharing across jobs utilize the cluster.  

REFERENCES 

[1] M. Zaharia, T. Das,et.al. “Apache spark: A unified engine for big data 
processing,”  in Communications of the ACM,  2016. 

2019 International Conference on Innovative Trends and Advances in Engineering and Technology (ICITAET) 

ISBN -978-1-7281-1901-4 151 
Authorized licensed use limited to: Cornell University Library. Downloaded on August 19,2020 at 07:12:46 UTC from IEEE Xplore.  Restrictions apply. 



[2] K. Shvachko, et .al.  “The hadoop distributed file system,” in 
Proceedings of the 26th IEEE Symposium on Mass Storage Systems and 
Technologies (MSST), Washington, DC, USA, 2010. 

[3] L. George in HBase: the definitive guide: random access to your 
planetsize data. “ O’Reilly Media, Inc.”, 2011. 

[4] P. Malik and A. Lakshman “Cassandra: a decentralized structured 
storage system,” ACM SIGOPS OS Review, 2010. 

[5] M. Zaharia et. al., “Resilient distributed datasets: A fault-tolerant 
abstraction for in-memory cluster computing,” in Proceedings of the 9th 
USENIX Conference on Networked Systems Design and 
Implementation, San Jose, CA, 2012. 

[6] S. Ghemawatand J. Dean, “Mapreduce: simplified data processing on 

large clusters,” Communications of the ACM, 2008. 

[7] V. K. Vavilapalli, et al., “Apache hadoop YARN  : Yet another resource 
negotiator,” in Proceedings of the 4th ACM 

Annual Symposium on Cloud Computing, Santa Clara, California, 2013. 

[8] B. Hindman, et. al. “Mesos: A platform for fine-grained resource sharing 
in the data center.” in Proceedings of the 8th USENIX Conference on 
Networked Systems Design and Implementation, Boston, MA, USA, 
2011. 

[9] V. Misra,et. al., PBS: a unified prioritybased scheduler. In: ACM 
SIGMETRICS Performance Evaluation Review. Vol. 35. 1. ACM. 2007, 
pp. 203–214. 

[10] Pradeepini, G. et. al., 2017. “Opportunity and Challenges for Migrating 
Big Data Analytics in Cloud”, IOP Conference Series: Materials Science 
and Engineering 2017 

[11] GERA, P. et. al, 2016. “A recent study of emerging tools and 
technologies boosting big data analytics”  

[12] M. A. Jette, et. al., Slurm: Simple linux utility for resource management. 
In: Workshop on Job Scheduling Strategies for Parallel Processing. 
Springer. 2003, pp. 44–60. 

[13] https://hadoop.apache.org/docs/r2.4.1/hadoop-YARN  /hadoop-YARN  
site/FairScheduler.html. for YARN   Fair Scheduler. 

[14] B. Hindman et al. Mesos: A Platform for Fine-Grained Resource 
Sharing in the Data Center. In: NSDI. 2011, pp. 22–22. 

[15] M. Hu et al. Deadline-Oriented Task Scheduling for MapReduce 
Environments. In: International Conference on Algorithms and 
Architectures for Parallel Processing. Springer. 2015, pp. 359–372. 

[16] T. Chestna, S. Imai, et. al. , “Accurate resource prediction for hybrid 
IAAS clouds using workload-tailored elastic compute units,” ser. UCC 
’13. 

[17] G. Singer, et. al., in “Towards a model for cloud computing cost 
estimation with reserved instances,” CloudComp 2010. 

[18] Pradeepini.G., et. al., “Cloud Based Big Data Analytics a Review” 
, Proceedings - 2015 International Conference on Computational 
Intelligence and Communication Networks, CICN  IEEE 2016, pp. 785-
788 

[19] W. Golab, et. al. in  “OptEx: Deadline-Aware Cost Optimization for 
Spark,” Available at https://github.com/ssidhanta/ 
OptEx/blob/master/optex_technical.pdf, Tech. Rep., 01 2018. 

[20]  “Netflix at spark+ai summit 2018,”  by F. Siddiqi,  in 2018. 

[21] N. Xiong, et. al., “A walk into metaheuristics for engineering 
optimization: principles, methods and recent trends” , International, J. 
Comput. Intell. Syst. 8 (2015) 606–636. 

[22] S. Cheng, et. al., “Evolutionary computation and big data: Key 
challenges and future directions”, in: Proceedings of the Data Mining 

and Big Data, First International Conference, DMBD 2016, Bali, 
Indonesia, June 25–30, 2016, pp. 3–14. 

[23] D. Laney, et. al., in 3D Data Management: Controlling Data Volume, 
Velocity and Variety, 2001. 

[24]  S. Ghemawat,et. al., “MapReduce: simplified data processing on large 
clusters”, in: Proceedings of the 6th Conference on Symposium on 
Opearting Systems Design & Implementation, vol. 6 of OSDI’04, 2004, 
pp. 10–10. 

[25] Pradeepini. G. , et. al., in ”Experimenting cloud infrastructure for 
tomorrows big data analytics”,  International Journal of Innovative 
Technology and Exploring Engineering, 8(5), pp. 885-890.  

[26] Apache Hadoop, 2016. (Online; Accessed December 2016). 
http://hadoop.apache.org- in Apache Hadoop Project. 

[27] Goldberg,et. al., in “Genetic Algorithm in Search. Optimization and 
Machine Learning”. Addison Wesley Publishing Company (1989). 

[28] F. R., Jack, et. al., in “Application of Parallel Genetic Algorithm and 
Property of Multiple Global Optima to VQ Codevector Index 
Assignmen”. Electronics Letter 32(4) (1996) 296-297. 

[29] R., Kennedy and Eberhart, in “A new optimizer using particle swarm 
theory”. Sixth International Symposium on Micro Machine and Human 
Science (1995) 39-43. 

[30] Roddick, Chu,  et. al., in “Ant colony system with communication 
strategies”, Information Sciences 167 (2004) 63-76 

[31] Pan, J. S., et. al., in “Vector quantization based on generic simulated 
annealing”, Signal Processing 81(7) (2001) 1513-1523 

[32] L. Zhang, et. al , “ Moving Big Data to cloud : An online cost-
minimization Approach,” IEEE Journal on selected areas in 
communications , vol. 31, no. 12, pp. 2710-2721, 2013. 

[33] Stratos Dimopoulos, Chandra Krintz et.al. “Justice: A Deadline-aware, 
Fair-share Resource Allocator for Implementing Multi-analytics”, 2017 
IEEE International Conference on Cluster Computing (CLUSTER), PP-
233-244. 

 

 
 

2019 International Conference on Innovative Trends and Advances in Engineering and Technology (ICITAET) 

ISBN -978-1-7281-1901-4 152 
Authorized licensed use limited to: Cornell University Library. Downloaded on August 19,2020 at 07:12:46 UTC from IEEE Xplore.  Restrictions apply. 



Shri Sant Gajanan Maharaj Temple, Shegaon

Shri Sant Gajanan Maharaj College of Engineering, Shegaon
Khamgaon Road, SHEGAON Dist. Buldana (M.S.)



1 ^ Conference Proceeding 

International Conference on 
Innovative Trends and Advances in 

Engineering & Technology 

ICITAET-2019 
27th and 28th Dec. 2019 

^isS 

Organized by 
Shri Gajanan Shikshan Sanstha's 

Shri Sant Gajanan Maharaj College of Engineering, Shegaon 
and 

>i/-jj. 

Shri Gajanan Invention and Advance Research Center (SGIARC), Shegaon 





Copyright Information 
 

2019 International Conference on Innovative Trends and Advances in 

Engineering and Technology (ICITAET) 

 

Copyright © 2019 by The Institute of Electrical and Electronics Engineers, 

Inc. All rights reserved. 

 

 

Copyright and Reprint Permission:  

 
Abstracting is permitted with credit to the source. Libraries are 

permitted to photocopy beyond the limit of U.S. copyright law for 

private use of patrons those articles in this volume that carry a code at 
the bottom of the first page,provided the per-copy fee indicated in the 

code is paid through Copyright Clearance Center, 222 Rosewood Drive, 

Danvers, MA01923. For reprint or republication permission, email to 
IEEE Copyrights Manager at pubs-permissions@ieee.org. All rights 

reserved. Copyright ©2019 by IEEE. 

 
 

 
 For papers in which all authors are employed by the US government, 

the copyright notice is: U.S. Government work not protected by 

U.S. copyright 
 For papers in which all authors are employed by a Crown government 

(UK, Canada, and Australia), the copyright notice is:978-1-7281-
1901-4/19/$31.00 ©2019 Crown 

 For papers in which all authors are employed by the European Union, 
the copyright notice is: 978-1-7281-1901-4/19/$31.00 ©2019 

European Union 

 For all other papers the copyright notice is: 978-1-7281-1901-
4/19/$31.00 ©2019 IEEE 

 
 

IEEE Catalog Part Number CFP19T68-ART  

ISBN -978-1-7281-1901-4 
 



 

 

i 

 

2019 International Conference on Innovative 

Trends and Advances in Engineering and 

Technology (ICITAET) 

(27-28 December 2019) 

Table of Contents 
 

Sn Title Pg No. 

 

1 Recent Control And Integration Issue Of Distributed Energy Resources In 

Smart Microgrid: A Review 
 Hanuman Prasad, Kishor V Bhadane And Hemant R. Kulkarni 

 

1-5 

2 Performance Analysis Of Single Phase Series Active Compensator Using 

Control Algorithm Based On Unit Vector Generation 

Nivedita Pande And Anshu Choudhary 

 

6-9 

3 Automated Intensification Of Fertilizer Distribution In Agriculture Using 

Wireless Sensor Networks Santosh Warpe And Ravi Singh Pippal 

Santosh Trimbak Warpe And Ravi Singh Pippal 

10-14 

4 Diagnosis Of Diabetic Retinopathy Using Wavelet Based Contourlet 

Transform And K-Nn Algorithm 

Laxmikant Kalkonde 

 

15-21 

5 Microstrip Feed Two Elements Pentagon Dielectric Resonator Antenna 

Array 

Anishbhai Vahora And Killol Pandya 

 

22-25 

6 Comparative Analysis Of Foc Based Three Level Dcmli Fed Pmsm Drive 

Rakesh Shriwastava, Digambar Ramrao Bhise And Pravin Nagrale 

 

26-31 

7 Current Feedback Low Voltage Operational Amplifiers 

Manoj Sonune, Vipinkumar Pawar, Neha Dumne, Preetam Kolte And Sadaf Sayyed 

32-37 

8 Design And Simulation Of Novel Variable Gain Differential Voltage 

Current Conveyor 

Ramkrishna Yenkar And Manojkumar Nigam 

 

38-42 

9 Design And Development Of Rugged Wide Beamwidth Miniaturized Bi-

Static Patch Antenna For Xband Fmcw System 

Ramkrishna Yenkar And Manojkumar Nigam 

 

43-46 

10 A Novel Algorithm For The Automatic Detection And Classification Of 

Microcalcification Clusters Using Wavelets 

Sagar Tawani And Dr. Ajay Gurjar 

 

47-52 



 

 

ii 

 

11 Introduction And Classification Of Classical And Advanced Optimization 

Methods For Electric Power System 

Yogita Shahakar And Deepak Shahakar 

 

53-59 

12 A Basic Permanent Magnets Array Interaction Project For Teaching 

Artificial Intelligence As A Complementary Model 

Pedro Ponce, Carlos Varas, Fernando Sanchez, Julio Luna, Arturo Molina And 

Edgar Lopez-Caudana 

 

60-66 

13 Optimization Of X-Band Conical Horn Antenna For Level Sensing 

Application 

Arunkumar Heddallikar, Vinay Ghanvat, Kaustubh Sakpal And Raymond Pinto 

 

67-72 

14 Shunt Faults Analysis Of Solar Pv-Based Ac Standalone System 

Rinkesh G. Satpute And Pranay S. Shete 

 

73-78 

15 Fault Detection And Classification Based On Semisupervised Machine 

Learning Using Knn 

Prerana Wasnik 

 

79-83 

16 Traceability Analysis Of Face Spoofing Detection Techniques Using 

Machine Learning 

Sonali Chavan And Swati Sherekar 

 

84-88 

17 Critical Analysis Of Botnet Detection Techniques For Web Applications 

Priyanka Tikekar And Swati Sherekar 

 

89-93 

18 Design And Simulation Of Series Active Power Filters For Mitigating 

Voltage Harmonics In Non-Linear Load 

Satya Prakash, Manoj Hans, Shubhangi Kumbhar And Raviraj Kumbhar 

 

94-99 

19 Design And Development Of A Multi-Control Gesture Recognition Based 

Robotic Arm 

Saket Pradhan 

 

100-106 

20 Application Specific Instruction Set Processor Design For Embedded 

Application Using The Coware Tool 

Lopamudra Samal And Chiranjibi Samal 

 

107-111 

21 Effect Of Annealing Temperature On Switching Characteristics Of Zinc 

Oxide Based Rram Device 

Chandra Prakash Gupta 

 

112-115 

22 Proximal Support Vector Machine Classifier Based 0n Lms Algorithm 

Deepika Bairagi 

 

116-123 

23 Determination Of Important Parameters In Lean Implementation In 

Plastic Pipe Industries By Factor Analysis 

Dr. Javed Khan And Dr. Rajendra Dalu 

 

124-129 



 

 

iii 

 

24 Feature Based Approach For Crowd Density Estimation 

Neeta Nemade And V Gohokar 

 

130-134 

25 Performance Based Feature Selection Using Decision Tree 

Rahul Adhao And Vinod Pachghare 

 

135-138 

26 Splay: A Lightweight Video Streaming Application 

Nilesh Inkane, Siddhi Kotak And Amit Manekar 

 

 

139-143 

27 Silicon Based 2d Photonic Crystal Power Splitter For Optical Network 

Tresa E, Prerana Mankar And Dr. Jyoti Digge 

 

144-147 

28 Optimize Neutral Framework With Fair Share Resource Allocator For Big 

Data Processing On Cloud Infrastructure 

Amitkumar Manekar And Pradeepini Gera 

 

148-152 

29 Generation Of Voltage Sag For Different Loads And Conditions Using 

Matlab Simulink 

Minakshi Bhakkad And Bapurao Deshmukh 

 

153-159 

30 Lbpriu2 Features For Classification Of Radiographic Weld Images 

Jayendra Kumar, Pratul Arvind, Prashant Singh, Yamini Sarda, Neeraj 

Kumar And Shivain Bhardwaj 

 

160-165 

31 Mahaganana: An Approach To A Smart Census 

Jigar Wakhariya, Prakhar Gangrade, Amitkumar Manekar 

 

166-169 

32 Analytical Review On Various Aspects Of Educational Data Mining And 

Learning Analytics 

Jaikumar M. Patil And Dr. S. R. Gupta  

 

170-177 

33 Currency Identification And Forged Banknote Detection Using Deep 

Learning 

Megha Jadhao 

178-183 

34 Reduction In Mutual Coupling Using Modified Triangular 2x2 Mimo With 

Stub 

V.W.Sonone,  Dr.N.B.Chopade And Dr.A.N.Gaikwad 

 

184-187 

35 Driver Inattention Monitoring System :A Review 

Archana Ahir And Vinaya Gohokar 

 

188-194 

36 Cavity Backed Parasitic Patch Antenna With Slotted Strips 

Swati Tiwari And Garima Tiwari 

 

195-197 

37 Extraction Of S-Parameters, Permittivity And Permeability Of Cross-

Shaped Fss Structure Using Split Ring Resonators 

Jyotsna Sahai And Garima Tiwari 

 

 

198-200 



 

 

iv 

 

 

 

                

       

   

 

38 Mri Brain Tumor Classification Using Hybrid Classifier 

Swati Jayade, Dr. D.T. Ingole And Mrs Manik D. Ingole 

 

201-205 

39 Review Of Brain Tumor Detection Concept Using Mri Images 

Swati Jayade And Dr. D Ingole 

 

206-209 

40 Review On Design And Heat Transfer Analysis Of Solid And Perforated 

Fins For The Enhancement Of Thermal Performance Of Heat Sinks 

Madhao Bhambere, Sharad Chaudhari And Gajanan Awari 

 

 

 

210-214 

41 Comparison Of Fault Classification Accuracy With & Without Applying 

Signal Processing Method For A Distribution System 

Sarang Khond And Gunwant Dhomane 

 

215-220 

42 Design Efficient Model To Increase Crop Yield Using Deep Learning 

Ankita Tidake, Dr.Yogesh Kumar Sharma And Dr.Vivek S. Deshpande 

 

221-226 

43 Multilevel Inverter Topologies And Their Modulation Techniques For Grid 

Connection Of Renewable Energy Source 

Ashok Rajaram And Nilkanth Chopade 

 

227-232 

44 Vertical Handoff Solution On Software Defined Radios For Next 

Generation Wireless Networks 

Ganesh Rahate And Dr Nilkanth Chopade 

 

233-238 

45 Self-Hosted Kubernetes: Deploying Docker Containers Locally With 

Minikube 

Ruchika Muddinagiri, Simran Bayas And Shubham Ambavane 

 

239-243 

46 

 

An Effective Data Hiding Mechanism Based On Encrypted Images 

Aniket K. Shahade, Priyanka V. Deshmukh, Dr. A. S. Kapse, Dr. V. M. Thakare 

 

244-248 

 

 

47 

 

Kinematic Study Of Offset, Its Boundaries And Formulation Of 

Instantaneous Efficiency Of Crank Mechanism 

Nitin Metange And Dr. S P Trikal 

 

 

249-255 

91986
Highlight



An Effective Data Hiding Mechanism Based on 
Encrypted Images 

 
 

Aniket K. Shahade 
Assistant Professor 
SSGMCE, Shegaon 

Priyanka V. Deshmukh 
Assistant Professor 
SSGMCE, Shegaon 

Dr. A. S. Kapse 
Assistant Professor & Head 

AEC, Chikhali 

Dr. V. M. Thakare 
Head, Dept. of CSE 
SGBAU, Amravati 

 
 

 
Abstract— Now a day’s to stay up secrecy associated 
confidentiality of an data can be a vibrant field with two 
completely different approaches being followed, the first 
being encrypting the images through cryptography 
algorithms victimization keys, the other approach 
involves concealing information victimization 
information concealing algorithmic rule to stay up the 
images secrecy. A content owner use cryptography key 
to  perform  the  cryptography   of  original footage, and 
using a data concealing key an information hider can 
plant any data into the encrypted image though he does 
not acknowledge the primary content, as a result of the 
encrypted image contains some any data, with the help 
of cryptography key a receiver first decipher it then 
extract the embedded data and recover the primary 
image in line with the data-hiding key. 
 
Keywords— Cowl image, Knowledge concealing, 
Knowledge extraction, Image secret writing, Image 
decoding, Knowledge recovery, DWT. 
 

I. INTRODUCTION 
 
Cryptography is a method for securing the key information 
that we tend to transferring from one purpose to a special. In 
cryptography sender encrypts the message exploitation the 
key so sends it to the receiver. Once receiving from the 
sender the receiver decrypts the message to urge the key 
data. The main focus of encrypting the data i.e cryptography 
is to keep the content secret so that the information 
concentrates on keeping the existence of the secret message 
[3]. To establish a secured communication the other 
technique is information Security. Information security 
involves security of information so it appears like no 
information is hidden within the smallest degree. Somebody 
views the message that's hidden within he or she is getting to 
haven not got any construct that there is any hidden data, so 
as that it's really hard for person attempt to decipher the 
information [4]. Information security of image has many 
applications, notably in today’s trendy, sophisticated 
scenario. Privacy of data and secrecy of data could also be a 
priority for several people in the network. Hidden image 
allows for two parties to talk secretly or covertly. The 
strength of data activity gets amplified if it combines with  

 
the cryptography. In information activity, the terminologies 
used area unit cover-image, hidden image, secret message, 
and secret key and embedding algorithm.  
Cover-image is that the carrier of the message likes audio 
file, video or image. Cover- image carrying the embedded 
secret information is that the hidden image. Secret message 
is that the knowledge that's to be hidden throughout a cowl 
image. The key secret might be a clothed plants the 
message depending on the activity algorithm [4]. The 
embedding algorithm is that the design , that's utilized to 
plant the key information at intervals the duvet image. 
The securities of the transformation of hidden 
information square measure typically obtained by two ways: 
Cryptography and knowledge activity. Mixes of the 
2 technique square measure typically accustomed increase 
the knowledge security. Cryptography could even 
be method throughout that the message is modified in 
such how so as that no information square measure typically 
disclosed if it's received by associate wrong actor. Whereas 
in information activity, the key message is embedded into a 
picture sometimes mentioned as cowl image, so sent to the 
receiver agency extracts the key message from the quilt 
message. Once the key message is embedded into cowl 
image then it's mentioned as a hidden image [8]. The 
visibility of this image shouldn't be distinguishable from the 
quilt image, so as that for offender it nearly becomes 
insufferable to look out any embedded message. Here, we've 
a bent to work the info concealment technique that's 
reversible in nature. So it's termed as Reversible data 
concealing-technique. 
In severable reversible data concealing technique, firstly a 
content owner encrypts the first uncompressed image [1], 
then associate data hider compress the image to make house 
to accommodate some any data. Reversible data 
concealment are often a way to linear measure graft any 
message into some distortion-unacceptable cowl media like 
military or medical footage with a reversible manner in 
order that the primary cowl content is totally restored once 
extraction of the hidden message.  
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II. LITERATURE REVIEW 
 
Fridrich et al. (2001) [5], planned the reversible information 
embedding technique for the authentication purpose that the 
embedding capability of this technique is low. Zhang empty 
out house for knowledge embedding within the plan of press 
encrypted pictures, to filter the data extraction from image 
cryptography [6], [7]. An encrypted binary image 
could even be compressed with a lossless manner by finding 
the syndromes of low-density parity-check codes, a lossless 
compression technique for encrypted grey image 
victimization progressive decomposition and rate 
compatible cut turbo codes is developed in [6]. W. Liu, W. 
Zeng, the loss compression technique given in [7]. An 
encrypted gray image could even be efficiently compressed 
by discarding the excessively rough and fine information of 
coefficients generated from orthogonal transform. A 
receiver might reconstruct the principal content of original 
image by retrieving the values of coefficients, once we get 
the compressed knowledge. The computation of transform 
among the encrypted domain has additionally been studied 
X.Zhang[8]. 
W. Liu, W. Zeng planned, once we transmit the encrypted 
secret knowledge, a channel supplier with none data of the 
cryptanalytic key might tend to compress the encrypted 
knowledge due to the restricted channel resource, a lossless 
compression technique for encrypted image victimization 
progressive decompose and rate compatible turbo codes is 
developed in [7]. the tactic in [8] compressed the encrypted 
LSBs to vacate house for other information by finding 
syndromes of a parity-check matrix, and thus the 
info that's employed at the receiver facet is that the special 
correlation of decrypted image. RDH (reversible data 
hiding) in plain domain aims at developing a way that 
increases the embedding capacity as high as possible while 
keeping the distortion as low as possible. Since we consider 
RDH in encrypted image, the embedding capacity is 
comparatively more important, and therefore the concern 
over image quality degradation caused by data hiding are 
often alleviated or maybe neglected [1]. a completely 
unique method by reserving room before encryption with a 
standard RDH algorithm, and thus it's easy for the info hider 
to reversibly embed data within the encrypted image. The 
proposed method are able to do real reversibility, that is, 
data extraction and image recovery are freed from any error. 
All previous methods embed data by reversibly vacating 
room from the encrypted images, which can be subject to 
some errors on data extraction and/or image restoration [2]. 
 

III. ANALYSIS OF PROBLEM 
 
Now a day, a fresh challenge consists to insert knowledge in 
encrypted pictures, because the entropy of encrypted image 
is largest, the embedding step like noise isn't potential by 
victimization common place knowledge concealing 

algorithms. New plan is to use reversible knowledge 
concealing algorithms on encrypted pictures by desire to 
urge obviate the embedded knowledge before the image 
cryptography. there's one another downside if either 
concealing key or cryptography key's leaked then welcome 
person will extract or rewrite the image through data 
concealing key or rewrite the image through cryptography 
key. 
Another downside found is that, the key use for encrypting 
the image and knowledge concealing is same. That the user 
who is conscious of the key use for cryptography will access 
the embedded knowledge and original knowledge. We 
are ready to retrieve the primary image from encrypted 
image when extraction or removing the data hidden within 
the image. The content owner and knowledge hider share 
constant cryptography key for cryptography of image and 
knowledge concealing. Up to the present , there's no 
provision of choosing the key and extra encoded code time 
consumption. there's various knowledge concealing 
programs on the market. variety are glorious in each respect 
sadly, several of them lack usable interfaces, or contain 
several bugs, or inconvenience of a program for alternative 
operative systems. 

IV. PRAPOSED WORK 
 

Data concealing provides simple approach of 
implementing the strategies. the foremost purpose 
behind this is often often to provide a economical technique 
for concealing the data from hackers and sent to the 
destination firmly. this system is principally involved the 
formula ensuring the secure knowledge transfer between the 
availability and destination. For that we tend to initial used 
cryptography then knowledge concealing and vice-versa. 
In knowledge concealing we'll use cowl image for security 
purpose. The medium during which info is to be hidden is 
termed as cowl image. The key use for encrypting the image 
and knowledge concealing is same. To resolve that 
drawback we'll use one secret key for encrypting the image 
and another secret key for knowledge concealing. A content 
owner encrypts the primary image victimization 
cryptography key and employing a knowledge-hiding key a 
data-hider will plant further data into the encrypted image. 
With an encrypted image containing further knowledge, 
receiver might initial decode it keep with the cryptography 
key, then recover the primary image keep with the 
knowledge hiding key by extracting the embedded data. 
Thus, if the each keys square measure completely different 
then there are a unit sample securities in knowledge 
transmission.
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1. b represents the block size.  
2. n denotes natural shares. 
3. x, y denotes coordinates of pixels in the natural 

shares and secret image x1.w, y1.h 
4. x1,y1 represents coordinates of left top pixel in 

each block. 
5. Φ denotes the value of color code like R,G,B. 
6. Pixel value Hx,y is the sum of RGB color value of 

pixel x,y.  
 

B. The Image Preparation and Pixel Swapping 

Processes : 

 
 
 
 
 
 

 
Fig.1. Data Embedding Flowchart  

 
The image preparation and pixel swapping processes 

are used for preprocessing written pictures and for post 
processing the feature matrices that are extracted from the 
written pictures. The written pictures were handpicked for 
sharing secret pictures, but the contents of the written 
pictures should be non heritable by computational devices 
so be reworked into digital data. The advised flow of the 
image preparation method is shown in Fig. 3. Within the 
initiative, the contents of the written pictures are often non 
heritable by well-liked electronic devices. To reduce the 
excellence within the content of the non heritable pictures 
between the encoding and cryptography processes, the 
type of the acquisition devices and therefore the parameter 
settings (e.g. resolution, image size) of the devices need 
to be constant or similar in each processes. subsequent step 
is to crop the extra pictures. Finally, the images are resize so 
as that they need constant dimensions because the natural 
shares. An example of the image preparation method is 
illustrated in Fig. 4.  

 
 
 
 
 
 
 
 

Fig.2. Proposed Data Extraction Flowchart 

 
V. THE PROPOSED ALGORITHMS 

 
A. Feature Extraction Process: 

 
This section 1st describes the feature extraction 

module that extracts feature pictures from the natural shares. 
The module which is that the core module of the feature 
extraction method is applicable to written and digital 
pictures at the same time. Then, the image preparation and 
also the pixel-swapping modules are introduced for process 
written pictures. Assume that the scale of the natural shares 
and also the secret image area unit w nine h pixels which 
every natural share is split into variety of b nine, b picture 
element blocks before feature extraction starts. We tend to 
outline the notations as follows: 

 
 
 
 
 

 
Fig. 3. Flow of the image preparation process  

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Example of image preparation method : (a) A hand printed image 

(b)The resultant picture 

 
C. Encryption/Decryption Algorithms: 

 
The planned theme will code a true color secret 

image by n-1 innocuous natural shares and one noise like 
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share. For one image, we tend to denote a trifle with an 
equivalent weighted price within the same color as a trifle 
plane, then a real color secret image has twenty four bit 
planes. Thus, the feature pictures and therefore the noise-
like share are also extended to twenty four bit planes. Every 
plane bit of a feature image consists of a binary feature 
matrix that corresponds to an equivalent bit plane because 
the secret image. Before cryptography of every bit plane of 
the key image, the planned algorithmic program initial 
extracts n-1 feature matrices from n-1 natural shares. Then 
the bit-plane of the key image like noise share and n-1 
feature matrices execute the XOR operation to get the bit 
plane of the share image. Therefore, to cipher a true color 
secret image, the cryptography procedure should be 
performed iteratively on the twenty four bit-planes. 
 

VI. CONCLUSION 
 
Here during this paper, planned an honest technique of 
data concealing in an exceedingly separate ripple zone of 
carrier image. It contains most utilization of data and 
conjointly pictures in an exceedingly single carrier image. 
At the time of decipherment if any of images is corrupted 
then we'll rewrite alternative pictures in same carrier image. 
It contains maximum utilization of channels and since of 
this we will hide maximum data at a time. 

 
VII. RESULT 

 
A. Input Printed Image  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5. Input Printed Image 
B. Input Digital Image   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Input Digital Image 

After performing all operations on printed image, the 
resultant extracted original image is:  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.7. Extracted Original Printed Image 

 
 
 

C. Comparison between original Printed image and 
extracted printed image with respect to Entropy: 

 

TABLE I.  COMPARISON WITH RESPECT TO ENTROPY  

 

Sr. Printed 
Entropy of Entropy of 

 
Printed Recovered 

No. Image 
 
 

Image Printed Image       

1. Red.jpg  17.1791   17.486  
            

2. Girl.jpg  17.5022   17.7035  
            

3. Rose.jpg  17.9348   17.885  
            

4. Violet.jpg  17.3617   17.1862  
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Fig.8. Entropy Graph 
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Abstract - The Internet of Things (IoT) has various technologies 
that improve the functionalities of IoT devices to make them 
capable to connect and communicate with each other. The IoT 
with various advanced technologies and devices performing a 
rapid transformation of current society towards easier and 
smarter. As the use of IoT increases, the new challenges, 
requirements, and research/ innovation need have arisen to 
fulfill the demands. Wireless devices with low power and high 
data security are the most viable demand for diverse IoT 
applications. In an IoT environment, various nodes/ sensors are 
used to collect the data and different wireless communication 
technologies like Infrared, Bluetooth, Li-Fi, WI-Fi, Zigbee, etc. 
are used to transceive the data. As per the survey, among all 
other available wireless technologies, Bluetooth Low Energy 
(BLE) beacons have proved as most promising short-range 
wireless communication technology due to the fact of appearing 
everywhere or of being very common of Bluetooth-compatible 
technology. However, for better performance and efficiency of 
BLE beacons in the IoT ecosystem, regular research has needed 
to ensure seamless integration. For such research here we have 
combined the literature of IoT with Beacons. This paper 
consolidates: an introduction of IoT with its current market 
demand, challenges and five essential requirements observed. We 
have also discussed the research planning and strategy to 
discover the solutions. It also consolidates an introduction of 
BLE Beacon with its market demand, a survey of existing/ 
proposed solutions are reviewed to identify the current problem 
statements for research opportunities in the future. 

Keywords – Internet of Things; Wireless Communication; 
Bluetooth Low Energy; BLE Beacons 

I. INTRODUCTION TO IOT

In the Internet of Things (IoT) environment, each device has a 
connection with all other devices connected in the same network so 
that they can communicate with each other. Now a day, many IoT 
systems involve smart sensor networks, which have mainly 
connected by a wireless communication medium, generally known 
as a Wireless Sensor Network (WSN) [1]. Due to small size and 
limited computational power, nodes of such networks are called, 
‘motes'. Motes can also directly connect to the Internet to integrate 
the web servers. The facility of motes interaction with web servers 
allows for creating a web of sensors called Web of Things (WoT) 
[2]. 
In our personal lives, smart IoT devices are becoming ever more 
prevalent and pervasive. Due to the IoT era, sensors are 
everywhere in smart society, and the trend will continue in the 
future. Today, industrial equipment with sensors in Robotic 
Process Automation (RPA) have powered by advanced 
technologies like artificial intelligence (AI), machine learning 
(ML), cloud computing (CC), etc. In the last decade, the IoT 
importance has notably improved up to 15.4 billion IoT devices 
installed in 2015 which is targeted to 30.7 billion in 2020 and 75.4 
billion in 2025 [3]. In the magazine "The Five Essential IoT 

Requirements and How to Achieve Them-2019", Cognizant 
observed that enterprises that adopted IoT have decreased supply 
chain costs by more than 20%, increased productivity by 10% to 
20% and reduced design-to-market times by 20% to 50%. [4] 
The day-to-day nature of IoT applications becoming more complex 
as it includes, the number of functionalities with heavy databases 
and advance technologies. To manage and configure a plethora of 
IoT devices, large numbers of protocols are required. For a broad 
range of applications, higher levels of protocols are required. 
However, as the number of protocols in the IoT system increases, 
the increase in the deficiencies of product quality occurred. To 
improve the quality of IoT, a deeper understanding of these 
protocols in sense of their security, configuration options, and the 
application requirements are required for proper design and 
development of the best protocol. 

II. CHALLENGES OF IOT

[4] In the "The Five Essential IoT Requirements and How to
Achieve Them-2019", Cognizant observed that as seek to reap the
benefits of IoT, enterprises are facing many challenges, including
selecting, implementing, customizing and supporting new
technologies across the IoT continuum, from sensors and cloud
platforms to analytics and AI, understanding and implementing
unfamiliar data formats and proprietary communication protocols,
and integrating the IoT infrastructure with existing systems without
overloading corporate networks, compromising security, exceeding
budget or falling behind competitive efforts.

III. REQUIREMENTS OF IOT

The above challenges require careful planning, domain knowledge, 
and rigorous implementation. [4] Based on work with clients, 
Cognizant researchers have identified the following five essential 
requirements for processes and practices that should be part of 
every IoT implementation. In this survey, we are considering the 
following requirements for research in the future by the scholars. 

1) Edge computing/analytics:
In the IoT system, edge computing involves the computation and
analysis of data on distributed devices positioned at the edge of a
network system. It involves both local sensors that gather data and
edge gateways that process it. The notable advantage of an edge-
computing architecture is that data can be analyzed close to where
it is captured, resulting in a faster response to changing conditions.
Additionally, edge gateways can transform proprietary or legacy
protocols into IoT protocols for transmission to existing corporate
networks or the cloud.
Gateways and sensors operate in the low-bandwidth condition at
the network edge. In addition to perform edge analytics, the
gateways can also pre-process and filter data to reduce
transmission, processing and storage costs, as well as send
commands to IoT devices and perform software upgrades. Data
needs to be gathered by sensors and analyses in real-time to
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provide rapid response to sudden change. An edge-processing 
system can respond earlier compared with a cloud system. 

Research Planning and Strategy: 
i) To perform edge computing and analysis firstly assess the
lifetime device and maintenance costs, Also assess the operational
overhead expenses for device-monitoring, device-up-gradation,
and power-requirement. These parameters are important to adjust
planning so that such costs do not outweigh lifetime value.
ii) Design the policies for the security of devices by applying
appropriate firewall systems. Wherever necessary use model
system security systems like digital signatures, encryption
algorithms, authentication systems, etc.
iii) IoT devices have a limitation of power so always perform the
data aggregation to avoid repeated data transmission over the
network. Always perform transmission of aggregated data with
proper encoding format and packet size. For critical data
transmission whenever necessary use separate frequencies.
iv) To detect and prevent failures during data sharing with external
systems use the retry and circuit breaker patterns.
v) Perform the application at the edge to allow immediate action as
per the assessment and analysis of the application.

2) Data ingestion and stream processing:
In IoT system data ingestion refers to devise telemetry in which
data is imported and converted into a format usable by cloud-based
IoT services. Processes need to be in place for gathering data from
multiple devices/ sensors and transforming it for use by cloud-
based analytics platforms. 60 % of researchers agreed that
collection, storage, integration and analysis of the real-time data
from end-point devices is a major barrier for the successful
implementation of the IoT system.

Research Planning and Strategy:
i) To apply data ingestion and stream processing firstly assess the
expected data size, criticality and expected system response time to
select the cloud components to fulfill the requirement.
ii) As per assessed data size, perform data telemetry on a
dedicated, higher-bandwidth channel. The use of bandwidth as per
assessment reduces the bandwidth and related costs.
iii) Apply cache frequently-needed data to avoid repetition from
the source, this will improve the performance while reduces
network cost.
iv) To perform protocol conversion, configure the gateway and
hardware with high computing and storage capacity.
v) To achieve consistent and high-performance data ingestion use
load balancing, horizontal auto-scaling, and failover data
processing systems

3) Device management:
In the IoT system, device management involves the hardware,
software, and processes to maintain and ensures devices are
properly registered, managed, secured and upgraded. It also has the
notification system in case of device failure."
Required functions include device-configuration, security,
command-dispatching, operational-control, remote-monitoring,
and troubleshooting. The organization will need to account for
these functions, even if the cloud provider does not offer the
required device management components. Comprehensive device
management enables connected devices to easily and securely
communicate with other devices and cloud platforms while helping
the enterprise reliably scale to billions of connected devices and
trillions of messages. Businesses need to ensure their IoT devices
have provisioned securely, communicate efficiently and can be
updated with accelerated and agile approaches that result in energy
efficiency. Device management should reliably scale to billions of
connected devices and trillions of messages.

Research Planning and Strategy:
i) For device management firstly always create dedicated channels
and processes for various types of device data so that proper use of

available bandwidth to increase scalability. For sensor-data 
businesses maintain separate approaches for data files 
ii) In a system use of the dedicated, persistent, bi-directional
channel to transmit device commands improves reliability.
The system must provide facilities for quick addition of new
devices to the network, auto-registration through validation with a
trusted system, etc.
iii) The device management helps to reduce management costs by
applying an abstraction layer for greater automation of processes.
iv) Whenever necessary use a content delivery network to reduces
the delivery time for device software updates.

4) Cold path and advanced analytics:
In the IoT system, cold path processing performs the analysis of
large amounts of data by advanced algorithms after the data is
stored on the cloud platform. Deep dives into IoT data should
result in cost savings, as well as insights to create new products
and new revenue models. Processing at large scale includes loads
greater than 100K events per second or that have a total aggregate
event payload size of over 100MBPS.

Research Planning and Strategy:
i) To perform cold path and advanced analytics in the IoT
environment firstly drive the most insights from data by combining
data from multiple sources through a complex processing
framework. By inferring meaning from complex situations,
dynamically define and process the analytical rules.
ii) Perform the data storing in its native format to consolidate data
for easier access.
iii) To achieve high data accessing speed, categorize telemetry data
by message size and the receiving application’s needs.

5) Enterprise integration with business systems:
IoT system integration with business applications and enterprise
systems make enables the sharing of raw and processed data, as
well as analysis-driven insights. With deep enterprise integration,
the IoT architecture can deliver benefits such as improved
efficiencies, reduced costs, increased sales, heightened customer
satisfaction and the ability to create and lead the new markets. To
share data and insights businesses need mechanisms such as
application programming interface (API) gateways, service buses,
and custom connectors.

Research Planning and Strategy:
i) In enterprise integration applications, firstly evaluate
communication needs such as simple message broker,
request/response and data-level integration, data volumes,
performance requirements and the integration needs of downstream
systems.
ii) Provide self-service APIs to develop an ecosystem that enables
integrators and developers to consume data and business insights.
iii) Whenever necessary use RESTful APIs to fulfill on-demand
data sharing in various formats and among disparate systems.
iv) Design a high data-ingestion queue system on the cloud to pass
large volumes of data.

IV. INTRODUCTION TO BLE

As the name introduces Bluetooth Low Energy also known as 
Bluetooth LE, Bluetooth Smart, or BLE is a wireless 
communication technology designed to achieve secured and 
energy-efficient data transmission than the classic Bluetooth. Due 
to the low power requirement, the BLE allows small devices to 
operate on tiny batteries. 
In 2001, Nokia had realized a need for low power consuming 
wireless technology and published its solution after three years, 
named Bluetooth Low-End Extension. The design and 
development of BLE began in the first half of 2001. It had 
appealed to develop a device to perform secure data transmission 
and as small as possible in size. In 2006, Nokia had launched a 
wireless technology that would run alongside Bluetooth, known as 
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Wibree [5]. It had operated on very little power, but it had 
performed transferring of data three times slower. After 
negotiations with the Bluetooth Special Interest Group (Bluetooth 
SIG), it had decided to include, Wibree in futures Bluetooth 
specifications, as Bluetooth ultra-low-power technology, which we 
know today as BLE [5]. The low power latency nature and lower 
complexity structure make BLE perfect to perform at low-cost 
microcontrollers. BLE is a radio standard design with the lowest 
possible power consumption, specifically optimized for low cost, 
low bandwidth, low power, and low complexity. 
After reviewed all other available wireless technologies for 
communication, we have decided to focus on BLE, which becomes 
an ultimate technology for many IoT applications due to the 
following main reasons: 
• BLE has embedded massively in the latest smartphones.
• It is supported by the iOS, Android, Linux, OSX, Windows and
all other main operating systems.
• It is capable to run as per IPv6 [6].
The research on BLE is a continuing process, which results in
progressive improvement. For instance, to Bluetooth 4.2, Bluetooth
5 increases the network from 50 meters to 200 meters with a
doubled speed [7].

V. INTRODUCTION TO BLE BEACON

BLE Beacon is a small-sized 32-bits ARM Cortex M0 CPU 
configured by 2.4 GHz radiofrequency using Bluetooth 4.0 Smart. 
Bluetooth SIG maintains various versions of Bluetooth smart 
devices. As per the meaning of the beacon, we can consider it a 
small lighthouse. Only in beacon instead of light has radio signals 
and instead of ships, it alerts to the observer about its presence. 
SIG claims that Beacons are capable to broadcast up to a range of 
70 meters (230 feet). As per our reviews, due to the effect of noise 
in real-world conditions, practically users experienced a range of 
about 40 - 50 meters. 
BLE configured smart devices can detect the broadcasted 
frequency signal and calculate the distance by measuring received 
signals strength (RSS). The signal strength depends on the 
distance. The beacon does not broadcast continuously - it broadcast 
frequency periodically called advertising. In setting users can set 
the period value called Advertise Time. As less advertising, the 
more frequent the broadcasting, the more reliable the signal 
detection. BLE does not require pairing; a phone can detect and 
executes multiple beacons at a time. BLE beacons are small 
devices which periodically broadcasts specific data packets to 
show its presence or to transmit certain information. Beacons are 
generally useful for indoor navigation systems and indoor 
positioning systems. 
In the latest forecast, ABI research predicted the annual Bluetooth 
devices shipment to reach 5 billion up to 2021. At this time only 
smartphones have a share of 43% of total shipments. BLE shows 
the highest notable growth with a predicted 34% CAGR 
(Compound Annual Growth Rate) between 2016 and 2021, driven 
by new opportunities in beacons. As a result, Bluetooth smart 
devices will contribute 27% of total Bluetooth shipments by 2021 
[8]. 

VI. SURVEY OF EXISTING FEATURES OF BLE
BEACONS 

Although the foundation of protocol and hardware developments 
of BLE beacons to implement IoT applications and services have a 
strong nature. Beacon already has many advantages like small-size, 
lightweight-data-transmission, low-cost, low-maintenance, and 
less-energy-consumption but also it has limitations in terms of 
broadcasting-range, storage-capacity, battery-capacity, and other 
hardware resources [9]. Due to its inherent architecture and 
broadcasting with pairing nature, the beacon has some drawbacks 
like large fluctuation in RSS, finite battery capacity and data 

security. Such weaknesses make beacon infrastructure difficult to 
implement and manage in trusted systems. 
To solve the above mention drawbacks up to a certain level the 
development of BLE beacon involves the benefits of the big data 
and advanced signal-processing techniques. The BLE beacon 
infrastructure performs distance estimation, battery measurement 
& monitoring, security features, and scalable-server architecture & 
algorithms. In this section, the current state of development has 
reviewed and discussed in detail [10]. 

A. Battery Monitoring:
After deployment of the beacon infrastructure, the battery status
monitoring to perform the replacement of battery on time is pre-
requisite. As per the advertising packet specification, the battery
voltage level has set inside the TLM frame of the Eddystone
protocol. When any observer detects the broadcasted frequency, it
can get the battery information along with an advertising packet
[10].
To validate the accuracy of the battery-monitoring-system, a
practical experiment has conducted. To achieve the above
objective in experiment comparison of the measured battery
voltage level and the actual battery voltage level is done which
demonstrated that the battery-monitoring-system is sufficient to
provide the approximate battery life status to a user [10].

B. Distance Estimation:
Distance estimation is the main technology for many IoT
applications. The RSS is a cost-efficient method used for distance
computation, but the result of RSS is not accurate always, the
reliability of the final estimation result has errors due to
fluctuation. Many researchers already suggested that the distance
estimation accuracy can be improved by first obtaining a reliable
RSS measurement.
[11] F. Yin, et. al introduced an RSS threshold optimization
method to improve RSS for estimating distance for indoor
applications. [12] N. Patwari and A. O. H. III performed the
experiment and concluded that the error rate of the distance
measurement is even higher than the RSS measurement. Therefore
for developing IoT applications, accurate distance information is
very important. [13] X. Shen, et. al published the traditional
centroid localization algorithm which claims a significant accuracy
improvement by 63%. In the presented algorithm beacon's position
is calculated by measuring three intersecting points of beacons'
regions. [14] A. Thaljaoui, et. al presented a different approach to
calculating a path loss index by comparing the RSS at 1m and the
target distance.

C. Security Features:
Due to beacon’s simplistic broadcasting architecture, it is prooved
as an extremely scalable system, the broadcasted data can be easily
detected, hacked, abused or used by any other unauthorized user.
Such attacks included but are not limited to physical attacks, such
as thievery and vandalism, but also cyber-attacks and sabotaging
such as device spoofing, beacon hijacking, piggybacking, Denial of
services, packet injection, battery drainage attack, and selective
frequency jamming.
Beacon spoofing permits beacon services outside its service area
also; in some applications, such as the scavenger hunt at CES 2014
[15] and 2016 [16], beacon spoofing is undesired. The packet
injection method is very similar to beacon spoofing, instead of
placing a cloned beacon outside the service area, it has placed
within the original network, disturbing its normal operation.
In the case of local area services, such an attack may lead to a
critical system malfunction. [17] P. Misra illustrated the potential
damage of this type of attack. [18] C. Kolias demonstrated the
battery drainage attack on a single beacon, rendering it inoperable.
To secure beacon infrastructure, day-to-day many solutions have
been proposing, for example, geo-location validation and cloud-
based token authentication. In the geo-location validation
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approach, geo-location detail of every beacon has pre-registered on 
an online server. GPS module broadcast location details with 
beacon signals to the server, thereby ensuring the physical 
presence of the broadcaster beacon near the observer. This 
approach helps to secure the beacon infrastructure from spoofing 
attacks [5]. However, such security systems have many loopholes. 
1) The pre-registration of each beacon's geo-location detail on an
online server is complex and resource-consuming, which reduces
the scalability. 2) Geo-location validation would be possible only
in outdoor because of the limitation that the GPS readings in
indoor environments are unreliable, [5].
In the cloud-based token authentication, method beacons adopted a
method to generate a beacon unique identification based on a token
value. The generated token value can consider as a true UID for
beacon and can only be deciphered by the cloud server. However,
this UID generation method has implemented at the firmware level
of the device, i.e. once the algorithm generated UID is discovered
by the attacker, the system can be abuse so such a framework is
difficult to deploy onto an already existing infrastructure [5].

D. System Scalability:
Beacons are devices used for the application of interaction between
beacons and the edges (e.g., smartphones, smart wearable, etc).
Beacons are generally used to measure RSS and estimate distance;
they also involve network requests made to corresponding cloud
servers. Therefore, to optimize the loading and improve the
performance for beacon applications, the study of server scalability
is necessary.
After ranging a new beacon, the edge sends the detected UID to
servers using HTTP requests. For example, in a shop user can get
product information when close to the respective beacon(s) [19].

VII. RESEARCH OPPORTUNITIES OF BLE BEACON

After a long study/ inspection of BLE beacon, we can trust on the 
feasibility and suitability for IoT applications. The flexibility, low-
cost hardware and ease of deployment characteristics by BLE 
protocol allow a great degree of freedom for developers and make 
the infrastructure more affordable and scalable. However, it has 
observed that there are still some drawbacks, such as limited 
battery life, lack of interoperability between different BLE profiles, 
weak security and so on. In this section, to overcome the above 
drawbacks following some opportunities of BLE beacons have 
discussed and future research directions have suggested. 

01. Research Opportunity: Beacon must support both protocols
(iBeacon and Eddystone) simultaneously:
BLE detector protocols support only to the same type of protocol at
a time. There are two frames are available for iBeacon and
Eddystone. The protocol datagram is varied with each other. Some
developers designed beacons to support both protocols, but
practically, it can only support one protocol at a time. Developers
or users need to perform switching between the protocols
manually. While most developers incorporate such a switching
system to facilitate both protocols, the switching has to be
performed during the development or configuration phase. Once
the beacon has deployed with a particular protocol, it is very hard
to change the protocol mode [20].
Now a day, no beacons design available in the market that supports
both protocols running simultaneously. We consider the above
problem as a research opportunity i.e. to work and propose a
design for BLE beacon which will support both protocols
simultaneously.

02. Research Opportunity: Beacon must perform many-to-many
interactions:
In the IoT era, many-to-many interactions within the same given
region along with the deployment of multiple beacons required.
However, in an environment with dense beacon deployment,

interference is an issue affecting smooth and interruption-free 
interaction. In such an environment, beacons may interfere with 
one another only if they are closely spaced [0].  
We consider the above problem as a research opportunity i.e. to 
work and propose a design for BLE beacon, which will allow 
many-to-many interaction in the network. 

03. Research Opportunity: Energy Efficiency of BLE Beacon:
Opportunity is in the field of wireless sensor networks although
energy-harvesting devices have well studied. Energy harvesting for
BLE is useful in an outdoor environment only. For the indoor
environment, it is not perfectly useful, a study is required for
energy harvesting in indoor environments. Due to such limitations
of energy harvesting in an indoor environment, IoT devices usually
require lightweight data transmission protocols that optimize the
use of resources and energy consumption.
We consider the above problem as a research opportunity i.e. to
work and propose a design for lightweight protocols in the
different layers of the IoT stack. The lightweight data transmission
approach extends device battery life while degrades latency i.e.
achieve guaranteeing Quality of Service (QoS). The lightweight
protocol approach broadcast only small size data hence minimizes
communications, computational load and storage need into the
beacon. The use of standard protocols in the current IoT system
provides system scalability, interoperability, and functionality.
Therefore, such lightweight protocols have to be:
• Compatibility with every other already existing protocol
• Flexibility to implement into beacons, wearable or more robust
gateways
• Scalability to support its applications in a newly upgraded
platform.

04. Research Opportunity: Better Distance Estimation:
As per the reviewed studies, due to the instability of BLE signals,
it is very difficult to achieve accurate distance estimation. The
closest signal sources can be identified easily, as the signal sources
were not closed to each other, unlike in a beacon infrastructure.
Hence, an inaccurate RSS measuring creates problems to estimate
beacons distance. The fluctuation in RSS value is a new challenge
in developing beacon related applications. In the future, the RSS
measurement needs to stabilize to avoid c fluctuation in distance
values. [5]
We consider the above problem as a research opportunity i.e. to
work and propose a design for BLE beacon, which will achieve a
better accuracy assumption as a beacon's RSS will vary for
different devices.

VIII. CONCLUSION

The IoT with advance technologies and supporting devices have a 
huge potential to transform society. IoT with wireless connectivity, 
BLE beacons play an essential part in realizing this new paradigm. 
To recognize the potential of IoT and BLE beacons, in this paper 
different aspects of IoT and BLE beacons are studied. In the first 
half, the introduction of IoT with its market growth/ demand, 
Challenges, and Requirements have discussed based on the survey 
of Cognizant Digital - 2019. For all derived requirements, we have 
also suggested research guidelines. The research scholar can take 
help from suggested research planning and strategy to find the 
solution quickly. 
In the second half, the introduction of BLE Beacon with its market 
growth/ market demand, various challenges to identify research 
opportunities have studied. In this paper, we have observed the 
various research opportunities to improve the BLE beacon’s 
performance. The research opportunities are respect to the system 
and software for BLE beacons. For the same, the connection in the 
network, battery performance, distance estimation, data security 
features, and server scalability were surveyed in-depth. 
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