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ABSTRACT 

In this study, TiO2 and TiO2/MWCNTs nano composite photoanode films were prepared. The TiO2/MWCNTs 

nano composites were prepared by direct mixing and grinding process. The films were then coated on Indium 

Tin Oxide (ITO) by doctor blade technique followed by annealing. The content of MWCNTs in nano composite 

was taken 0.3%.The MWCNTs were functionalized by acid treatment and the presence of carboxyl group was 

recognized by Fourier Transform Infrared Spectra (FTIR). Structural, optical and morphological studies of the 

films were made by X-Ray Diffraction (XRD), UV-vis spectroscopy and Scanning electron microscopy (SEM) 

respectively. The incorporation of MWCNTs in TiO2 matrix results in smaller crystallite size and greater 

separation of TiO2 particles giving more surface area and porous structure. Also the photocatalytic activity of 

TiO2 improved with the inclusion of MWCNTs which led to increase in efficiency of Dye Sensitized Solar Cells 

(DSSCs). 
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I. INTRODUCTION 
 

Since their breakthrough, in 1991, Dye-sensitized solar cells (DSSCs) based on nanocrystalline TiO2 have 

attracted a lot of technological and scientific attention and are considered as a comparatively novel type of solar 

cells due to their lower cost, simple to manufacture and more environmental friendly in comparison to p-n 

junction solar cells[1-6].A typical DSSC consists of a wide band gap semiconductor film deposited on a 

transparent conducting substrate (TCO), a sensitizer dye which absorbs photons from sunlight and undergoes 

photoexcitation and the excited electron then transferred to the conduction band of the semiconductor from 

where they go through the TCO and lastly into external load. Further the excited sensitizer is regenerated by 

transferring the electrons from a donor typically iodide ions present in the electrolyte which in turn reduced by 

the counter electrode (Pt or Carbon) [7-11].However, the solar conversion efficiency of DSSC is relatively 

smaller ~ 11.1% [12-14]. A number of feature are considered to improve the performance of DSSC devices and 

one of the most important factor on which efficiency of DSSC depends is electron transfer across a TiO2 

electrode. Efficiency of DSSC increases with increase in mobility of electrons [1]. TiO2 nanoparticles are 

broadly used as a mesoporous film electrode in DSSC because of having large surface area which is beneficial 

for large amount of dye adsorption.But also the electron transport in nanocrystalline film is limited by 

nanocrystal boundries and the electron recombines with electrolyte during migration. Therefore to overcome 
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this problem, one dimentional (1D) nanostructures can be used instead of nanoparticles to facilitate electron 

movement as reported in the literature [15-16]. The electron transport and light absorbing efficiency of the 

nanostructured film can be improved by incorporating the carbon nanomaterials in the TiO2 matrix. Carbon 

nanomaterials such as carbon nanotubes (CNTs), fullerenes and grapheneare now extensively used in 

photovoltaic applications because of having exceptional electrical properties, amazing mechanical and chemical 

stability and huge specific surface area. 1D CNTs have metallic conductivity like metals and more electron 

storage capacity. [17-18]. Hence the DSSC fabricated with the incorporation of CNTs in TiO2 matrix have 

greater electron mobility than that of simple TiO2 [19-22]. Optimal amount of CNTs should be used in 

TiO2/MWCNT nanocomposite since higher concentration results in the aggregation of CNTs and lowers the 

performance of the device [1, 23]. 
 

II. EXPERIMENTAL   

2.1 Materials 
All the chemicals were used without any further purification. Titanium (IV) oxide (Sigma Aldrich, Germany) 

multi walled carbon nanotube (>95%)  (Sigma Aldrich, USA), Polyethylene glycol (PEG20000) was purchased 

from Himedia (India). De-ionized water was used all over the experiments and Indium Tin Oxide glass (15Ω/sq) 

was used as a substrate. 

2.2 Functionalisation of Mwcnts 
The measured amount of MWCNTs was stirred for 24 h at 90°C in a concentrated mixture (3:1 v/v) of HNO3 

and H2SO4 for 24 hours. The as prepared sample was then centrifuged as well as washed with de-ionized water 

for several times to remove the excess amount of acid and dried at 90°C. 

2.3 Prepation and Characterization of Tio2/Mwcnt Electrodes 

TiO2nanopowder, PEG20000 and oxidized MWCNTs were grounded in a mortar with de-ionized water for one 

and half hour to obtain a viscous paste. Before coating the paste, ITO glass (substrate) was cleaned 

ultrasonically with acetone, ethanol and de-ionized water for 30 min. and active area of the substrate was 

defined by dimensioning with Scotch tape. TiO2/MWCNTs films were prepared by applying the paste onto the 

ITO glass by doctor-blade technique. These films were first dried at room temperature for half an hour and then 

annealed at 450°C in a furnace. 
The crystallinity and crystal phases of as prepared films were then found by Rikagu Table-Top x-ray 

diffaractometer. The absorption spectra were obtained using Varian UV-vis spectrophotometer (Cary5000). 

Surface morphology of these films was recorded by SEM using TESCAN (MIRA II LMH).The 

functionalisation of MWCNTs was confirmed by FTIR studies using Perkin Elmer spectrum (BX II). 
  

III. RESULTS AND DISCUSSION 
 

Figure1 showed the FTIR spectra of MWCNTs and f-MWCNTs. The FTIR spectrum of f-MWCNTs showed 

peaks at 1729 cm-1 for C=O stretch of –COOH, 1636 cm-1 for C=C and for O-H around 3430 cm-1. These results 

confirmed that –COOH groups were attached with MWCNTs. 
Figure 2 compared the XRD spectra of the ITO, TiO2 and TiO2/ MWCNTs films. It is found that the phase of 

TiO2 was not affected by the incorporation of MWCNTs. Only a single crystalline anatase phase of TiO2 

detected in the TiO2 and TiO2/MWCNTs nanocomposite and no mixing of phases is observed. The main 

characteristic peak of MWCNTs should be detected at 26° but as a result of high crystallinity of TiO2 this peak 
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has overlied with those of anatase and it is notable that the anatase is more favorable for DSSCs applications due 

to high diffusion coefficient of conduction band electrons [1]. A small but definite shift in the diffraction peak 

positions of TiO2 film is observed (clearly visible in figure1) possibly due to some strain and particle size effects 

initiating from the integration between TiO2 and TiO2/MWCNTs surfaces. [6] 

The average crystallite size of TiO2 and TiO2/MWCNT nanocomposite was calculated from a half width value 

of highly intense diffraction peak using Scherrer equation: 

 
Where, D is the average crystallite size,  is the shape factor having value 0.94, is the wavelength of XRD,  is 

the full width half maxima of the strongest peak and  is the angle of diffraction. And the average crystallite 

size of the TiO2 film was found to be 56.6 nm and of TiO2/MWCNTs nanocomposite was 53.2 nm. 

Figure 3 showed the SEM images of the TiO2 and TiO2/MWCNTs nanocomposite films annealed at 450°C for 

30 min. It was observed that both the films were highly rough and porous with an unwrap structure. If films are 

rougher, more dye will be adsorbed and efficiency of the DSSC is enhanced [24]. Moreover roughness caused 

the enlargement in the surface texture angle so that light bounced on the film surface reflecting light back to the 

electrode surface hence light absorption increased due to reflectance reduction. The rods like structures in figure 

3(b) are MWCNTs. It was also observed that the porosity of the films has been increased.  

Figure 4 illustrated the optical absorption spectra of TiO2 and TiO2/MWCNTs nanocomposite thin films. It was 

found that the optical absorption has increased 95% more in composite films than in pure TiO2 films [23]. 
 

IV. CONCLUSION 
 

Pure anatase TiO2 and TiO2/MWCNTs nanocomposite films were successfully prepared and the crystallite size 

of TiO2/MWCNTs nanocomposite was found to be decreased. Structural and optical properties of 

nanocomposite film were improved with MWCNTs incorporation in TiO2 matrix. The SEM analysis indicated 

that TiO2 and TiO2/MWCNTs films were highly porous and in compact configuration. In addition, f-MWCNTs 

having –COOH terminal groups could enhance the solar electron collection due to improved interconnection 

between TiO2 and TiO2/MWCNTs nanoparticles. These results concluded that DSSC’s efficiency can be 

improved significantly by incorporating MWCNTs in TiO2 nanoparticles as compared to conventional TiO2 

nanoparticles photoanodes.  
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Figure 1 FTIR spectrum of MWCNTs and f-MWCNTs. 

Figure 2 XRD spectra of (a) ITO substrate, (b) TiO2 film and (c) TiO2/MWCNTs nanocomposite film 

Figure 3 SEM images of (a) TiO2 film and (b) TiO2/MWCNTs nanocomposite film 

Figure 4 Optical absorption spectra of TiO2 and TiO2/MWCNTs nanocomposite film 
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ABSTRACT 
The combination of NFC with smart devices has various mobile terminals equipped in widening the range of 

NFC in recent years especially, replacing credit cards in electronic payment. Thus security issues need to be 

addressed for NFC electronic payment. The standards of NFC security which is currently being applied require 

the use of user's public key at a fixed value in the process. Fake profile can be created by attackers or third 

parties server by collecting the associated messages based on public key of user’s, through the created profile 

users privacy can be exposed and their privacy can be compromised. The conditional privacy prevention 

method are implemented in this paper based on multiple pseudonyms is used to solve these problems. 

Additionally, PDU (Protocol Data Unit) for conditional privacy method is defined. Users can communicate to 

the device that they will transfer the data according to the protocol by sending PDU through NFC terminals. 

The self updatable method in this paper is expected to succeed in minimizing the update cost and computation 

time by taking advantage of the physical characteristics of NFC and the processor. 
 

Index Terms: NFC Security, Pseudonym, Conditional Privacy Protocol 
 

I. INTRODUCTION 
 

Near-field communication (NFC) is a form of short-range wireless communication where the antenna used is 

much smaller than the wavelength of the carrier signal, preventing a standing wave from developing within the 

antenna. In the near-field communication there is no standard definition of  length, for practical purposes one 

can assume it is roughly one quarter of a wavelength the antenna cannot produce electromagnetic (radio waves). 

Thus NFC communicates either by modulated electric field or by modulated magnetic field, and not by 

electromagnetic wave (radio waves). For example, a small loop antenna that is also known as a magnetic loop 

produces a magnetic field, which later can be gathered by another small loop antenna, if it is close to it. 

Magnetic NFC has a useful property of being able to penetrate conductors that would reflect the radio waves. 

Many mobile phones now use electric-field NFC which is operating at its standard frequency of 13.56 MHz, has 

close similarity to its wavelength of 22.11 m transaction because the very short range of NFC makes it difficult 

to gain access to private communication (eavesdrop). To efficiently generate the data’s over greater distances, 

this sends out radio waves of particular type of wavelength covering in practice say a meter or more. If the 

antenna is just a few centimetres long, it will only set up the ‘near-field’ with respect to its length depth and 

width around itself roughly the same as the dimensions of the antenna. Very little energy will diverge away, it is 

absolutely necessary a stationary electromagnetic field pulsating at 13.56 MHz’s. If another similarly small 

antenna comes into contact, it will bring an electric potential into the field, altering the frequency by modifying 
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the signal in the field. Signals can be transmitted to passive antenna when one modifies data only in active 

region of the antenna. An analysis is conducted on the security threats that can occur in the current NFC 

environment, and the security requirements necessary for NFC are deduced.  
 

II. BACKGROUND 
 

In this section, the current NFC standards have been introduced, and the pseudonyms are also introduced as 

conditional privacy preserving method, requires both standards of NFC and pseudonyms. The NFC standards, 

defines a variety of standards ranging from the basic interface protocols that has to be tested along with the 

security methods. This also introduces the basic interface, which is done between NFCIP and NFC-SEC (the 

security method). 
 

2.1. NFCIP: Near Field Communication Interface and Protocol 
In NFC, the main object of basic communication is divided into an initiator and a target. An initiator is used as it 

generates RF field (Radio Frequency field) and ignites NFCIP-1. A target that receives signals from initiator 

responds to it that the signal is through the RF field this target communication is usually called passive 

communication mode where, the target communicates using RF field and using self generated method RF field 

is referred to as active communication mode. Communication mode is determined according to applications it 

runs for when transaction starts. Once the transaction is initiated, the communication mode is set and cannot be 

altered until the target becomes disabled or removed completely from the device. The main purpose of using 

NFCIP-1 is SDD (Single Device Detection) and RFCA (Radio Field Collision Avoidance). The SDD is an 

algorithm that is used in RF field for initiator to find a specific target among multiple targets. Collision problem 

might occur in existing RFID system. 

The collision is a state in which refers to, two or more initiators or targets transmitting data at the same time, and 

it is not possible to distinguish which data is original. 

The RFCA detects other RF fields the occurrence of collision is resolved by NFC standard using algorithm 

known as RFCA and prevents data from getting collided using carrier frequency. RFCA begins by assuring the 

presence of other RF fields. The SDD finds specific target within the range and RFCA does not permit other 

fields, thus helps the NFC protected from MITM (Man-In-The-Middle) attacks.  

 

2.2 NFC-SEC: NFCIP Security Services and Protocol 
NFC-SEC defines SSE (Shared Secret service) and SCH (Secure Channel service) for NFCIP. A secret key for 

secure communication between NFC devices and the smart card are generated in this process by SSE, where key 

agreement and key confirmation is acknowledged. SCH service provides the communication between NFC 

devices with confidentiality and quality of integrity using a key that are generated through SSE service. For 

SCH between NFC terminals in SSE, NFC-SEC defines the procedure of key agreement using ECSDVP-DH 

(Elliptic Curve Secret Value Derivation Primitive, Diffie-Hellman version). To reaches that are made from 

above methodologies, NFC terminal must have at least one public key and private key based on multiplication 

defined algebra (Elliptic curve). SCH makes three keys to arrange in order of rank by using the key generated 

through SSE and provides strict privacy and integrity to the messages using generated keys. The three keys 

created in SCH and are used to provide the confidentiality and integrity of the message. The key agreement and 

confirmation protocols are implemented as shown in the table. 
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III. PROPOSED SYSTEM 
The conditional privacy protocol method has widened the study in the light of pseudonyms. The paper proposes 

various techniques that are tailored to the NFC environment. Since this method can reuse NFCIP and NFC-SEC, 

the NFC standards are more efficient and production is possible to implement in chip design sector. 
 

3.1MuPM: Multiple Pseudonym Based Method 
If request for pseudonyms is given by the user A, TSM generates multiple pseudonyms and transmit it to the 

user. Then, the TSM stores the transmitted pseudonyms and their ID. A pseudonym composed of public key, 

private key (that is encrypted with long-term public key of user A), ID of the TSM, and signature of the TSM in 

order to maintain a record for future references 

Based on the generated data TSM creates pseudonym sets and delivers it to user. The 

used pseudonym is managed through cancellation list. This method has its advantage of simple protocol and 

easy access of service to the users. It requires a storage space to maintain the pseudonyms, revocation list, and 

communication costs for issuance of pseudonyms. 
 

3.2 uPM: Self-Updateable Pseudonym Based Method 
Considering the NFC features in the design process, the protocol can be configured without the need to 

communication channel. This communication with TSM can be used, only to maintain the records of the 

message constructor. This method does not specify the owner of the public key, but it helps to identify whether 

the public key is periodically generated or not. Therefore, it can identify the message being generated by using 

the public key received from TSM. When the protocol is disconnected from process of one-to-one short range 

communication, users have an impression of the existence and they can discontinue or restart the 

communication all over again. In this paper, users can request services through protected conditional privacy 

PDU where the data are protected from third-party. 
 

3.3 Algorithm 
The proposed protocol method consisting two users A and B. User B can obtain Q'A and Q′′A by 

decompressing QA' and QA′′.  

Q'A and Q′′A are the points on the encrypted public key. 

Q'A=rA QA = rA d AG  

Q''A=rA d A QS + QA = rA d A d S G + d AG  

According to the algorithm, user B cannot find that Q'A is QA which is the message given by the same person, 

even if user B knows QA the message cant not be extracted.  Likewise, in Q′′A, user B cannot find rAdAQS 

because user B does not know rAdA value. Thus, user B cannot extract rAdAQS from Q′′A, and cannot 

recognize that the message was instructed by the user A. In contrast, the TSM can recognize who created this 

message by following decryption method. 
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Q''A- d S QA= (rA d A (d S G)) + QA - d S (rA (d AG)) = QA 

Two users can obtain the common values by using the exchanged messages of Q'A and Q'B. To obtain the same 

value, multiply private key are used and the random values are obtained. The random value is the constant 

number used in generating Q′′A and Q′′B. The following Equation expresses the process in which the two users 

get the same value. 

P=rAdAQ'B=rAdA(rBdBG)=rAdArBdBG=rBdB(rAdAG)=rBdBQA 

 
Additional storage to maintain the pseudonyms are required which comprises of public key, private key 

(encrypted with long-term key of user), ID of TSM, and signature of the message. TSM should generate 

multiple pseudonyms and send to use in order to preserve the privacy of user’s. 

Encrypted message size is given in above table. Two users can get a shared secret value say z by taking x 

coordinate value at point P. When compared with the existing protocols based on the process, Q'A and Q'B can 

replace by QA and QB using existing public key. In other words, the anonymity of users can be guaranteed by 

replacing the public key alone. Finally pseudonyms consists of the following form, 

Table II Coding of the Conditional Privacy PDU 

Bit 

7 

Bit 

6 

Bit 

5 

Bit 

4 

Bit 

3 

Bit 

2 

Bit 

1 

Bit 

0 

RF

U 

ON

E 

ON

E 

MI NA

D 

DID PNI   PNI 

- Bit 7: Reserved for future use. The initiator will set it to Zero.  

- Bit 6 to Bit 5: Will be set ONE.  

- Bit 4: If bit is set to ONE then it indicates multiple information chaining activated. 

 - Bit 3: If bit is set to ONE then it indicates node address is available.  

- Bit 2: If bit is set to ONE then it indicates Device ID is available. 

 - Bit 1 and Bit 0: Packet number information.   

Coding of the PFB (Control information for transaction) bit 7 to 5 
Bit7 Bit6 Bit5 PFB 

0 0 0 Information PDU 

0 0 1 Protected PDU 

0 1 0 Acknowledge PDU 

0 1 1 Conditional privacy PDU 

1 0 0 Supervisory PDU 

Other setting are reserved for future use          
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Figure 3.1 Flow of Algorithm 

PN=Public key + Encrypted Private Key+ ID of TSM + Signature. 

If they are attackers, they cannot decrypt the information’s of sender. 
 

IV. SYSTEM IMPLEMENTATION 
 

First the connections are established by using the algorithmic steps. Then the interface between the hardware 

and the microcontroller are made after which the transmitter node sends the encrypted message to the recipient. 

Here in the Figure 4.1 the message gets displayed in the LCD 

The smart phone which consists of NFC module is used to encrypt the message to establish the connection. 

After receiving the data, the recipient decrypts the message and sends it back to the transmitter. This process 

happens for every single transition that takes place in the system in order to find out if the user is authenticated 

or not. If the sender receives the data which matches with the predefined data, which ensures that the user is 

authenticated and thus the connection is established otherwise automatically the connection will get discarded 

and no further transaction take place between the transmitter and the receiver assuming that the user is hacker. 

When the connection is successfully established, the data packets will be forwarded to the recipient. If the 

hacker is pretending to actual the recipient, the sender can identify the hacker and terminate the connection with 

the hacker protection the privacy of the user and the system. 

 
Figure 4.1 Inputs are Given Manually 

In the above Figure 4.1 the inputs are fed to the system for processing. Here the inputs are given manually and 

for the system to compute using the improved conditional privacy preserving algorithm. 
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Figure 4.2 Generating MAC tag 

For the corresponding input Q”B is computed and a Mac tag is generated which is shown in the above Figure 

4.2 

 
Figure 4.3 The Standardized 16-Digit Number Gets Displayed 

In each step the data packets gets transmitted and the corresponding operations are performed. In above Figure 

4.3 the sequence of data gets standardized producing a 16-digit string of number.  
 

V. RESULT AND DISCUSSION 
 

The system protects the data from unauthorized users such that the privacy is maintained and nobody breaks into 

computers. The Figure 5.1 bellow shows the detection of hacker that tries to acquire the data. 

 
Figure 5.1 Detection of Hacker 
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This method uniquely identifies each teams by taking the advantage of physical characteristics of the hardware 

components. The NFC takes 424Kbps bit rate with less than 0.1s set up time. 

 
Figure 5.2 Hardware Interfacing 

VI. CONCLUSION AND FUTURE WORK 
NCF can identify each other through the NFCID but they cannot figure out the definite identity. In creating 

updatable public key, additional time is required. This additional time does not have an impact on the transfer 

time since pre-computation is done.  Points are calculated in advance and the doubling operation takes more 

time to run the task. 

The proposed method takes less time for computation, because it performs 288 doubling operations for 

calculation.  Accordingly, conditional privacy method does not provided any additional transfer time since it is 

self-updatable. In future, the proposed algorithm can be extended by using various other processors and the 

entire system can be implemented with less duration. 
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ABSTRACT  
Any diseases are caused by infection in the blood. The blood sample consists of different cells like RBCs, WBCs, 

and Platelets. Detection of these cells will help in diagnosing the diseases. More number of sickle cells in RBC 

will cause repeated infections, and periodic episodes of pain.This paper helps to detect the sickle cell by using 

various techniques of image processing. 
 

Keywords: Image processing, Sickle cell, Segmentation, Threshold, Watershed 
 

I. INTRODUCTION 
 

Sickle cell disease is a group of disorders that affects hemoglobin, the molecule in red blood cells that delivers 

oxygen to cells throughout the body. People with this disorder have atypical hemoglobin molecules called 

hemoglobin S, which can distort red blood cells into a sickle, or crescent, shape.[1] 

Edge detection is an image processing technique for finding the boundaries of objects within images. It works 

by detecting discontinuities in brightness. Edge detection is used for image segmentation and data extraction in 

areas such as image processing, computer vision, and machine vision. [2] 

A watershed is a basin-like landform defined by highpoints and ridgelines that descend into lower elevations 

and stream valleys. Different approaches may be employed to use the watershed principle for image 

segmentation. 

· Local minima of the gradient of the image may be chosen as markers, in this case an over-segmentation is 

produced and a second step involves region merging. 

Marker based watershed transformation make use of specific marker positions which have been either explicitly 

defined by the user or determined automatically with morphological operators or other ways. This paper deals 

with detection of sickle cell using the marker-controlled watershed technique. A sample image of microscopic 

blood smear is shown in Fig 1. We have considered the gray level image for the detection of the sickle cell. 

  

II. PREPROCESSING 
 

The proposed image processing system consists of following steps: 

a) Thresholding.  

b) Segmentation. 
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2.1 Thresholding 

The thresholding methods replace each pixel in an image with a black pixel if the image intensity  is less 

than some fixed constant T (that is, ), or a white pixel if the image intensity is greater than that 

constant. In the example image on the right, this results in the dark tree becoming completely black, and the 

white snow becoming complete white. [3] 

 

2.2 Segmentation 
Image segmentation is the process of partitioning a digital image into multiple segments (sets of pixels, also 

known as super pixels). The goal of segmentation is to simplify and/or change the representation of an image 

into something that is more meaningful and easier to analyze. Image segmentation istypically used to locate 

objects and boundaries (lines, curves, etc.) in images. More precisely, image segmentation is the process of 

assigning a label to every pixel in an image such that pixels with the same label share certain characteristics. [4] 
 

III. OBJECTIVE 
 

The objective of this paper is to determine the shape of the sickle cell and the normal blood cell. The proposed 

work will help to determine the sickle cells in RBCs using image processing techniques. 
 

3.1 Image Acquisition 
The image is first acquired of an existing image can be loaded from the memory. We shall consider that the 

acquired image is in RGB format which is a true colour format for an image. In MATLAB, the captured or 

imported RGB image is three dimensional and each pixel is  represented by an element of a matrix whose size 

corresponds to the size of the image. 

 
Fig.1 

 

3.2 Preprocessing 
Preprocessing images commonly involves removing low-frequency background noise, normalizing the intensity 

of the individual particles images, removing reflections, and masking portions of images. Image preprocessing is 

the technique of enhancing data images prior to computational processing.The original image is converted into 

gray image which helps to acquire the clear image by filtering, segmenting and applying thresholding to the 

grayscale image. 
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Fig.2 

3.3 Marker-Controlled Watershed Segmentation 
The watershed transform finds “catchments basins” and “watershed ridge lines” in an image by treating it as a 

surface where light pixels are high and dark pixels are low. One of the most important drawbacks associated to 

the watershed transform is the oversegmentation that commonly results. The usual way of predetermining the 

number and approximate location of the regions provided by the watersheds technique consists in the 

modification of the homology of the function to which the algorithm is applied. This modification is carried out 

via a mathematical morphology operation, geodesic reconstruction, by which the function is modified so that the 

minima can be imposed by an external function (the marker function). All the catchment;! basins that have not 

been marked are filled by the morphological reconstruction and so transformed into nonminima plateaus, which 

will not produce distinct regions when the final watersheds are calculated. Segmentation using the watershed 

transforms works well if you can identify, or “mark,” foreground objects and background locations. Marker-

controlled watershed segmentation follows this basic procedure:  

a. Compute a segmentation function. This is an image whose dark regions are the objects you are trying to 

segment. 

b. Compute foreground markers. These are connected blobs of pixels with in each of the objects. 

c. Compute background markers. These are pixels that are not part of any object. 

d. Modify the segmentation function so that it only has minima at the foreground and background 

marker locations. 

e. Compute the watershed transform of the modified segmentation function. 
 

IV.EXPERIMENTAL RESULTS 

4.1 Thresholding 
We have applied 0.3 as threshold value and threshold output value is set as ‘r>70’. Hence we get the following 

output as, 

 
Fig.3 
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4.2 Marker-Controlled Watershed Segmentation 
Segmentation of image will help to detect the image and edge can be determined by using this segmentation 

technique. Sickle cell can be detected using this segmentation approach. Hence the output image can be 

represented as below: 

 
Fig.4 

V. CONCLUSION 
  

Segmentation of image will provide proper edges and helps to detect the sickle cell in the RBC sample blood. 

Hence by detecting the sickle cells, it’s possible to diagnose in a better way and helps to determine the diseases.  
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ABSTRACT 
Today, Computer and Internet network are essential part of our life. A number of personal transaction occur 

every second and computer network are mostly used only for transmission of information rather than 

processing. So, network security is essentialfor avert hacking of our confidential or important information. 

Network security can be attained by firewall. Firewall is a system or a group of system that implement a set of 

security rules to apply access control between two networks to protect inside network from outside network. In 

Short, we can say that, Firewall is a set of software programming and hardware device to secure host computer. 

A firewall is typically placed at the extremity of a system and act as filter for an illegitimate traffic. But, 

Conventional firewalls trust on the notions of restricted topology restriction and controlled entry points to apply 

traffic filtering.There are some problems for restricting the network topology i.e. End-to-End encryption 

problems, filtering of some protocols.Distributed firewallprotect from hackers attacks that originate from both 

the Internet and the internal network.Italso protect the client'scomputer and network's serversfrom unwanted 

hackers and intrusion.In this paper, we introduce the concept of distributed firewall. How to deal with the basic 

working, requirements and basic policies of distributed firewall? 
 

Keywords:: Distributed Firewall, Network Security Techniques,Policy Distribution. 
 

I. INTRODUCTION 
 

In Today’s world, Computer and Internet network are essential part of our life. A number of personal transaction 

occur every second and computer network are mostly used only for transmission of data and information rather 

than processing. So, network security is essential for avert hacking of our confidential or important data and 

information. Network security can be attained by firewall. A firewall is a hardware or set of instruction for 

permit or deny network transmissions based upon some protocols and regulation is frequently used to protect 

computer networks from unauthorized access while permitting constitutional communications to pass or during 

the sensitive data transmission. Traditional firewalls are devices often placed on the edge of the network that act 

as a bouncer allowing only certain types of traffic in and out of the network. Often called perimeter firewalls. 

They divide the network into two parts- trusted on one side and untrusted on the other. For this reason they 

depend heavily on the topology of the network.Conventional firewalls trust on the notions of restricted topology 

restriction and controlled entry points to apply traffic filtering. There are some problems for restricting the 

network topology i.e. End-to-End encryption problems, filtering of some protocols. Distributed firewalls are 
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used to allow enforcement of security policies on a network without restricting its topology on an inside or 

outside point of view. Distributed firewall protect from hackers attacks that originate from both the Internet and 

the internal network. It also protect the client's computer and network's servers from unwanted hackers and 

intrusion. Distributed firewall provide virtually unlimited scalability. They also solve the single point-of-failure 

problem furnish by the perimeter firewall. In Short, Distributed firewalls are host-terminal security software 

application that protect the entire network's servers and host-user machines against unwanted intrusion. They 

offer the advantage of filtering traffic from both the Internet and the internal network. This enables them to 

prevent hacking attacks that originate from both the Internet and the internal network. This is important because 

the most costly and destructive attacks still originate from within the organization. 
 

II. BASICISSUES OF CONVENTION FIREWALL 
 

A standard firewall is a set of elements, interposed between two networks that filter traffic between them 

according to some security code. There are some rules and codes to protect data from outside network. But not 

all the data are protected internally from insider of the network[1] 

Some complications with the conventional firewalls that lead to Distributed Firewalls are as follows. 

1) Depends on the network topology. 

2) Do not secure the internal networks attack. 

3) Do not handle FTP and Real Audio protocols. 

4) There are also single level entry point and the failure of this leads to problems. 

5) They do not stop "spoofed" transmissions. 

6) Unable to logging all of the network's activity. 

7) Unable to dynamically open and close their networking ports. 

To solve these problems of the traditional firewall, the evolution of the distributed firewall comes into picture. 

They provide virtually unlimited scalability. Distributed firewalls are end-user-resident security software 

applications that protect the enterprise network's servers and host-user machines against unwanted invasion. 

They offer the leverage of filtering traffic from both the Internet and the internal network. This enables them to 

prevent hacking offense that originate from both the Internet and the internal network. This is important because 

the most destructive offense still originate from within the organization called inside offense[5]. 
 

III. A DISTRIBUTED FIREWALL DESIGN 
 

Distributed firewall are host-resident security software applications that secure the enterprise network's servers 

and end-user machines against unwanted invasion. This endow them to prevent hacking attacks that originate 

from both the Internet and the internal network as given in the figure-1.They offer the feature of filtering traffic 

from both the Internet and the internal network. Usually deployed behind the traditional firewall, they give a 

second layer of security. Distributed firewalls secure the network by defending important network end-users, 

exactly where hackers want to invade.  
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Figure.1 Distributed Firewall 
The security policies are still defined centrally. The main motive with this approach is to retain the advantages 

of firewalls while clinching the disadvantages.They secure the individual machine in the same way that the 

perimeter firewall defend the overall network. The distributed firewall design is based on the idea forcing the 

policy rules at the endpoints rather than a single entry point to network. 
 

IV. ARCHITECTURE OF DISTRIBUTED FIREWALLS 
 

The network security policies are deployed in a decentralized way. The management is not allow the system 

administrators to set security policies from a server to host and fulfill the basic requirements of secure system 

and network administration. The concept of distributed firewalls, the network topological constraints are 

weakened and a decentralized use of traffic filters all over network. Distributed firewall system consists of four 

elemental parts: 
 

4.1  The Management Center 
This is responsible for the management of all end-users in the network, data security policy ordinance and 

distribution, log file receiving from the host network and analysis, invasion detection and so on. 
 

4.2 Policy Actuator 
Policy actuator is installed in each host network or every gateway to receive the data security policy provided by 

the management center, and implement the policy. It elucidate and runs the data security policy program. It is 

the program to defend the endpoint host networks, and it is mainly to recognize the function of the conventional 

firewall. Additionally, it is also to attain the functions of communicating with the management control center 

and implementing communication link request for the remote user-end. 
 

4.3 Remote Endpoint Connectors 
The remote endpoint connectors are the programs especially designed for the remote endpoint host networking, 

to prove their existence to Maintaining the Integrity of the Specifications. The template is used to modify your 

paper and text style. All paper margins, columns width, text fonts and line spaces are prescribed; please do not 

alter them. For example, the main margin in this template measures proportionately more than is conventional. 
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This dimensions and others are intended, using specifications that expect your paper as one part of the entire 

process, and not as an individual document. Please do not revise any of the current designations. Other hosts-

users on a simple network, specially the internal host-point, request to establish communication with the internal 

endpoint. The network users use certificates to prove there authorized identity of the remote network server, 

while the certificate is sent to the endpoint by the management center through a security policy document mode, 

which can merge the remote endpoint connectors and the policy actuators. Thus, in one side the communication 

between the remote endpoint and the local endpoint is convenient, in the other side the remote endpoint can be 

provided security protects[1]. 
 

4.4 Log Server 
The log server is important for the collection of the distinct events done in the whole network, such as basic 

networks protocol rule, log files, user login event logs, user Internet access logs, for audit analysis. 
 

V. POLICIES 
 

One of the most usually used term in case of network data security and in specially distributed firewall is policy. 

It is important to know about security policies. A “data security policy” defines the security rules of a system 

data and information[9]. Without a defined data security policy, there is no way to know what type of data 

access is allowed or disallowed. A simple example for a traditional firewall is: 

Ø Allow all network connections to the web server. 

Ø Deny all other unauthorized access. 

The dissemination of the security policy can be distinct and different with the implementation. It can be directly 

pushed to endsystems, and pulled when vital. 
 

5.1 Pull Technique 
The end-user while booting up pings to the central management network server to check whether the central 

management network server status is up and active. It registers with the central management network server and 

requests for its policies which it should implement. The central management network server gives the host with 

its data security policies[8]. For example, a license server or a security clearance server can be asked if a certain 

communication should be allowed. A traditional firewall could do the same, but it shortage the important 

knowledge about the context of the request. End systems may know things like which files are included, and 

what their level of security. Such data and information could be carried over a network protocol, but only by 

adding complexity. 
 

5.2 Push Technique 
The push technique is engaged when the security policies are updated at the central management side by the 

network administrator and the end-users have to be updated instantly. This technology assure that the end-

user/hosts always have the updated security policies at anytime[7]. The policy language defines which outbound 

and inbound network connections on any part of the network policy domains are allowed, and can influence the 

security policy decisions on any layer of the OSI network, being it at cancelling or passing certain packets or 

enforcing policies at the Application layer of OSI Network model. 
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VI. COMPONENT OF DISTRIBUTED FIREWALLS 
 

Ø A central management system used for implementing the data security policies. 

Ø A communication system to transmit these data security policies. 

Ø Implementation of the security policies in the user end. 
 

6.1 Central Management System 

Central Management system, a component of distributed firewalls, makes it practical to protect desktops, 

enterprise-wide servers, Tablets, laptops, and workstations. Itgive greater control and efficiency and it reduce 

the maintenance costs of managing global security installations[2]. This feature addresses the need to maximize 

network security resources by enabling policies to be centrally configured, deployed, monitored, and updated. 

From a single workstation, distributed firewalls can be scanned to understand the current operating policy and to 

determine if updating is required. 
 

6.2 Policy distribution 
The distributed firewall policy distribution scheme should guarantee the integrity of the policy during transfer. 

This policy can be dissimilar and differ with the implementation[2]. The distribution of policy can be either 

straight pushed to end systems, or pulled when needed. 
 

6.3 User-End Implementation 
The security policies transmitted from the central management server have to be implemented by the user-end. 

The end-user part of the Distributed Firewall does give any administrative control for the network administrator 

to control the implementation of security policies. The end-user allows traffic based on the security rules it has 

implemented[2]. 
 

VII. ADVANTAGES OF DISTRIBUTED FIREWALLS 
 

This is theessential advantage of distributed firewalls because they can secure hosts which are not within a 

network topology edge. The network security is no more dependents on network topology, it gives more 

flexibility in defining the data security policies. Distributed Firewall data Security policies can easily be 

extended to cover remote network hosts and networks whenever needed[6]. 

Ø The distributed firewalls network protect from hackers attacks that originate from both the Internet and the 

internal networkFiltering of some protocols like File Transfer Protocol are not easy for traditional firewall, 

on the other hand it is easy for distributed firewalls since all of the necessary information is available at the 

decision point, which is the end-user host in general[3].  

Ø In standard firewalls there is an expectations that insiders are trustable. However this expectations is 

thesource of several networks issues. With the help of distributed firewall network the insiders are no 

longer trustable. Dividing network into parts having different security levels is much easier with distributed 

firewalls. 

Ø Security policy rules are dispense and fixed on an as needed basis. Only the user-end that needs to 

communicate with the outside network should decide the properpolicy[1]. 
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VIII. DISADVANTAGES OF DISTRIBUTED FIREWALLS 
 

Acceptance of the network security policy for internal users is one of the major problem of the distributed 

firewalls. This issue speciallydone when each ending user host have the right of changing security policy. There 

can be some technologies tomake changing security policies harder but it is not totally impossible to save it. It is 

not so easy to implement an invasion detection system in a distributed firewall environment[4]. 
 

IX. CONCLUSION 
 

The main objective of this paper to understand the concept of firewalls and distributed firewalls , providing the 

security during the transmission of data and information. Distributed Firewalls provide the secure environment 

for internet access. In this security policy is specified using KeyNotes policies and distributed to the users and 

hosts in the networks.So, with the help of distributed firewall concept we can achieve the followings goals, 

Ø This Provide Complete data protection to the network. 

Ø Distributed firewall allow or deny the network traffic meant for a particular system based on the policy it has 

to follow. 

Ø Give Protection to the end-user of the networks from the inside and outside attacks. 
 

X. FUTURE SCOPE 
 

The update technology has many characteristics that, new policy is established and appended at the initiation of 

the present policy. New updated policy is created without any similar protocols. After the firewall updating and 

new configuration, the present implemented firewall has the uniqueness that the firewalls security policies 

protocols are based on the defined and develop rules’to manage the firewall to be utilized. For accuracy in 

detection and removing possible misconfiguration from the updated policy, it seems rectification algorithms, 

which determine potential errors, and also investigation in redundancy and shadowing is required. 
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ABSTRACT 
Recent experiments in the field of VLSI designing and Nanotechnology have demonstrated a working cell 

suitable for implementing the Quantum-dot Cellular Automata (QCA). QCA is a transistor less computational 

model which is expected to provide high density nanotechnology implementations of various CMOS circuits. 

QCA has been constrained by the problem of power loss. QCA adder with comparatively less number of cells 

and area has been proposed in this paper. This paper also demonstrates a reversible logic synthesis for full 

adder which gives a superior solution in terms of complexity, area and latency. The new proposed hybrid 

method reduces cell counts and area and uses conventional form of QCA cells.QCA implementation provides 

efficient design methodology for faster speed, smaller size and low power consumption when it compared to 

technology imposed by transistors.QCA provides ability to quickly layout a QCA design by providing an 

extensive set of CAD tools. 
 

Keywords: Combinational Circuits, Majority Gates, Quantum-Dot Cellular Automata (QCA), 

Quantum Cost, Reversible Logic, Latency. 
 

I. INTRODUCTİON  
 

Prior studies suggest that design complexity can be substantially influenced by the majority gate count. The 

number of majority gates also indirectly determines the cell count due to QCA wires in a design. It is therefore 

of interest to design methods that involve systematic reduction of majority gates and inverters [6-7]. To the best 

of our knowledge, there has been no prior work on deriving simplified expressions involving majority gates and 

inverters for various types of adders.QCAs are never free from fabrication imperfections. The influence of 

imperfections stem from:  

1) Changes of intercellular distance 

2) Changes of the height of the inter dot barriers 

3) Presence of stray charges 

The proposed implementation uses the advantage of the reversible logic. Minimization of the number of 

reversible gates, quantum cost and garbage outputs is the focus of research of this paper. In Section II, basic 

logic gates are discussed in brief. In Section III, some of the previous adder designed are discussed using i-

corner method and without cross connection. Conclusions are presented in last Section.  
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II. LOGIC GATES  
 

Logic gates are required to build arithmetic circuits. In QCA, inverters and three-input majority gates serve as 

the fundamental gates. 
 

2.1 QCA Wıres 
In a QCA wire, the propagation of binary signal takes place from input to output due to the electrostatic 

interactions between cells. Since the polarization of each cell tends to align with that of its neighbors, a linear 

arrangement of standard cells is used to transmit binary information from one point to another.. A QCA wire is 

shown in Figure 1.  

 
Fig.1.QCA wire 

2.2. Majority Gate  
 The governing equation for the majority gate is M (a; b; c) = ab+ bc + ca. Fig. 1 shows the gate symbols and 

their layouts. Two input AND and OR gates can be implemented with 3 input majority gates by setting one 

input to a constant. With ANDs, ORs, and inverters, any logic function can be realized. 

 
Fig.2 Majority Gate 

2.3 .QCA Inverter 
 QCA Inverter can be implemented in position QCA cells to invert the output from input logic level.In this ,the 

input is split into two and finally it impinges at the output to form the inverted input. 

 
Fig.2 Inverter 

III. PREVIOUS WORK 

3.1. QCA Adders Implementatıon Usıng I-Corner 
Majority gates a basic building block of QCA circuits. The number of majority gates used depends on the circuit 

to be implemented using QCA. Most of the circuits uses three input or five-input majority gates in designing 

QCA circuits.Five 3-input majority gates and three inverters are used to implement QCA Full-Adder l-corner 

using and its schematic and layout is shown in Fig.2.The adder designed by using minimal inverter proposed by 

Lusth and Jackson having corner turns is introduced to remove the meta-stability problem and to overcome the 

limitations of Quasi adiabatic switching .It is used for providing the asymmetric spacing.The adder designed by 

using minimal inverter work correctly for some separation distances The adder performed significantly better 

,tolerating separation distances up to 65 nm with a peak A of 0.166 mV at a separation distance of 50 nm. 
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(a)                                                             (b) 

Fig.3 One bit QCA Full-Adder. (a) Schematic of the first QCA Full-Adder (b) Layout of this 

Full-Adder 
 

3.2. QCA Adder Implementatıon Wıth Three-Input Majorıty Gates 
A full adder is a combinational circuit which is used for addition of three one bit binary inputs and produces two 

one bit binary outputs. In our proposed design, A0 and B0 are the two operands and C0 is the output carried 

from the less significant stage. The circuit produces two outputs represented as sum and carry. Expression of full 

adder: 

Sum = a’b’c + a’bc’+ ab’c’+ abc 

                                       = majority[ majority(a,b,c)’, majority(a,b,c’),c] 

Carry = ab+bc+ca = majority(a,b,c) 

 
Fig.4 The QCA İmplementation of the Previous Adder 

The simulation of the circuits was done using QCA Designer tool . In QCA Designer, cells are assumed to have 

width and height of 18nm. The quantum dots are also assumed to be 5nm in diameter and the cells are placed on 

a grid with center-to-center distance of 20nm. 

 
Fig.5 Simulated Waveforms of Adder Circuit Using Reversible 3MV Gates 
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IV. PROPOSED WORK 
 

In this section, the reversible majority gate is applied to implement a QCA adder. [4] The full adder circuit’s 

output is given by the following equations: 

                                                                       Sum=A (+) B (+) Cin 

Cout= (A (+) B) Cin (+) AB 

Where (+) is exclusive OR 

This paper presents a novel adder using QCA. In non-reversible gates there is a definite amount of power loss 

involved.The following demonstrates that the proposed full adder gate is superior to the existing counterparts in 

terms of hardware complexity, quantum costs, garbage outputs and constant inputs. The reversible adder gate 

takes three inputs say A0, B0 and C0 and produces two outputs SUM and CARRY out of which one output 

SUM is the XOR of three inputs A, B and C. In order to implement this gate in QCA, 3- three input majority 

gates and two inverters is required as shown in Fig. 6.  

 
Fig.6.QCA İmplementation of Proposed Full Adder Design 

 

V. SIMULATION 
 

With QCA Designer ver.2.0.3, the circuit functionality is verified. QCA Designer is the most popular simulation 

tool for semiconductor QCA circuit design. QCA Designer is capable of simulating complex QCA circuits on 

most standard platforms. The current version of QCA Designer has three different simulation engines included. 

The QCA Designer 2.0.3, there are two simulation engines: the bi- stable engine and coherence engine. 

5.1.  Setup Parameters 
In QCA Designer, cells are assumed to have following parameters as shown in table below 

Table 1: Set Up Parameter 
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Fig.7. Simulated Waveforms of Proposed Adder Circuit 

 

VI.   RESULTS 
 

The simulation of the circuits was done using QCA Designer tool . With QCA Designer ver.2.0.1, the 

previously proposed logical structure functionality was verified. This version of QCAD is used to implement the 

l- corner designs of inverters. In QCA Designer, cells are assumed to have width and height of 18nm. The 

quantum dots are also assumed to be 5nm in diameter and the cells are placed on a grid with center-to-center 

distance of 20nm 

 Designs Gate count Area(um2) complexity latency 

I 5 MG 

3 

inverter 

0.20 192 >1 clock 

II 3 MG 

2 

inverter 

0.25 124 >1 clock 

proposed 3 MG 

2 

inverter 

0.15 81 <clock 

VII. CONCLUSION 
 

The proposed designs are a solution for implementations of QCA based circuits using minimum number of 

QCA cells, lesser clock delays and reduced area. This paper has demonstrated the design of improved QCA 

adder structures, which will be useful as an efficient building block for larger arithmetic units. The simulation 

results of proposed (full) adder circuit have been verified using QCA Designer. This novel unit has been found 

to have less practical latency and better throughput compared to the best corresponding cases found in the 

literature, the circuit area is found to be reduced to a fraction of the previous noise rejecting implementations. 

One aim of this paper is to design simple QCA structures with available basic gates with capable versatility and 

minimum garbage outputs susceptibility. In addition, results are verified by the truth table 
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VIII. THE FUTURE WORK 
  

This paper has demonstrated the design of improved QCA adder circuits, which will beuseful as an efficient 

building block for larger arithmetic logic units (ALU) in future. The proposed architectural structures can be 

applied not only to general purpose processing, but to special purpose processing as well. The possibilities of 

applying the QCA technology to special purpose processing (such as digital signal processors) can also be 

explored. 
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ABSTRACT 
Gender classification from a fingerprint is an important step in medical studies,it reduce the effort in find out 

the person.In this paper we are giving the relationship between the gender and the fingerprint based on the 

some special features like ridge density,ridge thickness,and ridge width. We used the DWT and SVD are the two 

feature extraction methods. Stored these Extracting features and using the SVM classifier we are classified the 

Gender. Up to 98% we achieve the classification result using the SVM classifier. 
 

Keywords: Gender Classification, Fingerprint, Descrete Wavelet Transform, Singular Value 

Decomposition, Support Vector Machine 
 

I. INTRODUCTION 
 

Gender and Age information is important to provide investigative leads for finding unknown persons. Existing 

methods for gender classification have limited use for crime scene investigation because they depend on the 

availability of teeth, bones, or other identifiable body parts having physical features that allow gender and age 

estimation by conventional methods. Various methodologies has been used to identify the gender using different 

biometrics traits such as face, gait, iris, hand shape, speech and fingerprint. In this work, gender and age of a 

person is identified from the fingerprint using DWT and SVD. Fingerprint has been used as a biometric for the 

gender and age identification because of its unique nature and do not change throughout the life of an individual 

.In fingerprint, the primary dermal ridges (ridge counts) are formed during the gestational weeks and the 

resulting fingerprint ridge configuration (fingerprint) is fixed permanently.Ridges and their patterns exhibit 

number of properties that reflect the biology of individuals.Fingerprints are static and its size and shape changes 

may vary with age but basic pattern of the fingerprint remains unchanged. Also, the variability of epidermal 

ridge breadth in humans is substantial . Dermatoglyphic features statistically differ between the sexes, ethnic 

groups and age categories. It is proved by various researchers; a fingerprint can be processed for the sex 

determination. Thus the variability in sex and age with size, shape and the ridge width of fingerprints helps for 

the study. Gender and age determination of unknown can guide investigators to the correct identity among the 

large number of possible matches. Figure 1 illustrates the process of DWT and SVD based gender and 

classification system. 
 

II. FINGERPRINT FEATURE EXTRACTION 
 

Feature extraction is a fundamental pre-processing step for pattern recognition and machine learning problems. 

In the proposed method, the energy of all DWT sub-bands and non-zero singular values obtained from the SVD 
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of fingerprint image are used as features for the classification of gender. In this section, DWT and SVD based 

fingerprint feature extractions are described.  DWT Based Fingerprint Feature extraction Wavelets have been 

used frequently in image processing and used for feature extraction, de-noising, compression,face recognition, 

and image super-resolution. Two dimensional DWT decomposes an image into sub-bands that are localized in 

frequency and orientation. The decomposition of images into different frequency ranges permits the isolation of 

the frequency components introduced by “intrinsic deformations” or “extrinsic factors”into certain sub-bands. 

This process results in isolating small changes in an image mainly in high frequency subband images. 

Hence, DWT is a suitable tool to be used for designing a classification system. The 2-D wavelet decomposition 

of an image is results in four decomposed sub-band images referred to as low–low (LL), low–high (LH), high–

low (HL), and high–high (HH).Each of these subbands represents different image properties. Typically, most of 

the energy in images is in the low frequencies and hence decomposition is generally repeated on the LL sub 

band only (dyadic decomposition).For k level DWT, there are (3*k) + 1 sub-bands available.The energy of all 

the sub-band coefficients is used as feature vectors individually which is called as sub-band energy vector (E). 

The energy of each sub-band is calculated by using the equation (1). 

Ek=1/RC∑∑!xk(I,j)! Where xk(I,j is the pixel value of the kth sub-band and R, C is width and height of the sub-

band respectively.Figure 2 shows the block diagram of the frequency feature extraction by using DWT. The 

input fingerprint image is first cropped and then decomposed by using the DWT. For level 1, number of 

subbands are 4 and 3 subbands are added for each next levels Thus the increase in levels of DWT increases the 

features. 
 

III. SVD BASED FINGERPRINT FEATURE EXTRACTION 
 

The Singular Value Decomposition (SVD) is an algebraic technique for factoring any rectangular matrix into the 

product of three other matrices. Mathematically and historically, it is closely related to Principal Components 

Analysis (PCA). In addition it provides insight into the geometric interpretation of PCA. As noted previously, 

the SVD has long been considered fundamental to the understanding of PCA. 

The SVD is the factorization of any k X p matrix into three matrices, each of which has important 

properties.That is, any rectangular matrix A of k rows by p columns can be factored into U, S and V by using 

the equation (2). 

 A=USVT  --------- > (2) 

Where 

  U=AAT  ---------  > (3) 

  V=ATA --------- > (4)              

And S is a k_X_p diagonal matrix with r non-zero singular values on the diagonal, where r is the rank of A. 

Each singular value is the square root of one of the Eigen values of both AA%and_A%A. The singular values 

are ordered so that the largest singular values are at the top left and the smallest singular values are at the bottom 

right, i.e., s1,1 ≥ s2,2 ≥ s3,3) etc. 

Among the three rectangular matrices, S is a diagonal matrix which contains the square root Eigen values from 

U or V in descending order. These values are stored in a vector called Eigen vector (V). As the internal database 

contains images of size 260x300 pixels, the feature vector of SVD is of the size 1x260. 

 



International Conference on Emerging Trends in Technology, Science and Upcoming Research in Computer Science 

DAVIM, Faridabad, 25th April, 2015                                                       ISBN: 978-81-931039-3-7 

1074 | P a g e  
 

IV. FINGERPRINT GENDER CLASSIFICATION 
 

The proposed system for gender classification is built based on the fusion of fingerprint features obtained by 

using DWT and SVD. This section describes two different stages named as learning stage and classification 

stage and the KNN classifier used for the gender classification. 
 

4.1 Learning Stage 
The feature vector V of size 1x260 obtained by SVD and the sub band energy vector E of size 1x19 obtained by 

DWT are fused to form the feature vector and used in the learning stage. The fusion of feature vector V and E is 

done by concatenation of features that are widely used for feature level fusion. The resulting feature vector is of 

the size 1x279 (1x260 +1x19). 
 

V. IMPLEMENTATION 

5.1 Snapshots 

         
Fig. Selecting The Fingerprint To Classify          Fig Training The Data And Loading The Image 

           
Fig. Applying DWT                                         Fig.Recognizing the Gender 

 

VI. CONCLUSION 
 

In this work, we have proposed a new method for gender classification of fingerprint images based on level 6 

DWT and SVD. This method considered the frequency features of the wavelet domain and the spatial features 

of the singular value decomposition. The spatial features include the internal structure of the fingerprint images 

and the fusion of these features with the frequency features produces improved performance in gender 

classification.The level 6 DWT is selected as optimum level for the gender classification by analysing the results 

obtained for the database used for training and testing and the database used other than the training and testing. 

By the proposed method, the gender classification rate achieved is 91.67% for male and 84.89% for female. 
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For the finger-wise gender classification, the success rate is higher for the little fingers and decreases from little 

fingers to thumb fingers. The success rates falls at the rate of 2.56% minimum to 8.05% maximum from the 

finger 1 to 5 and rises at the rate of 1.32% to 8% from finger 6 to 10. Thus the result pattern shown in line 

diagrams formed like a valley. Similarly among the male fingers the success rate is 

higher for the thumb fingers and index fingers and decreases from the thumb to little fingers. The success rates 

rises at the rate of 0.77% minimum to 7.8% maximum from the finger 1 to 5 and falls at the rate of 0.75% 

minimum to 4.38% maximum from finger 6 to 10. Thus the result patterns shown in line diagrams are slightly 

projected at the middle.  
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ABSTRACT 
A new configuration of a three level neutral point clamped inverter that can integrates solar photovoltaic with 

battery storage in a grid connected system is proposed in this paper. The proposed system has capability of 

generating correct Ac voltage under unbalanced DC bus voltage conditions. This paper present the design 

philosophy of proposed configuration and the theoretical frame work of proposed modulating technique. The 

control scheme has capability of control the power delivery between the solar PV, battery, and grid, it 

simultaneously provides maximum power point tracking (MPPT) operation for the solar PV. The usefulness of 

the proposed methodology is investigated by the simulation of several scenarios, including battery charging and 

discharging with different levels of solar irradiation.  

 

Keywords: Battery Storage System, Solar Photovoltaic, Space Vector Pulse Width Modulation, 

Three- Level NPC Inverter.  

 

I. INTRODUCTION 
 

Nowadays demand for power throughout the world increases and these demands cannot meet by conventional 

sources (like thermal and hydro generation) because of limited availability of coal and water. Hence entire world 

foot forward to the renewable energy sources like wind and solar energy they never going to be vanish, and 

these are the most promising alternatives to replace conventional energy sources [1], [2]. But effective 

utilization of renewable sources and for getting maximum power output requires fast acting power electronic 

converters [3].  

For three-phase applications, two types of power electronic configurations are commonly used to transfer power 

from the renewable energy resource to the grid: 1) single-stage and 2) double-stage conversion. In the double-

stage conversion for a PV system, the first stage is usually a dc/dc converter and the second stage is a dc/ac 

inverter. In first stage the DC-DC converter provides maximum power tracking from PV module and also 

produces appropriate DC voltage for stage-2 inversion. In stage-2 (inversion stage) inverter produces 3-ø 

sinusoidal voltages or currents and it transfers power to load connected or to the grid. 

In the case of single-stage connection, only one converter is desired to fulfill the double-stage functions, and 

hence the system will have a lower cost and higher efficiency, however, a more complex control method will be 
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required. For industrial high power applications need a 3-ø system, single stage PV energy systems by using a 

voltage-source converter (VSC) for power conversion [4], [5]. 

Because of unpredictable and fluctuating nature of solar PV and wind energy systems the output of these 

systems not constant at terminal ends to overcome such difficulty a battery storage system is employed. This 

also can boost the flexibility of power system control and increase the overall availability of the system [2]. 

Usually, a converter is essential to control the charging and discharging of the battery storage system and 

another converter is required for dc/ac power conversion; thus, a three phase PV system connected to battery 

storage will require two converters. This paper is concerned with the design and study of a grid-connected three-

phase solar PV system integrated with battery storage using only one three-level NPC converter having the 

capability of MPPT and ac-side current control, and also the ability of controlling the battery charging and 

discharging. All these will result the cost of conversion decreases, efficiency goes up and flexibility of power 

flow control increase. The remainder of the paper is ordered as follows. Section-2 describes the structure of a 

three-level inverter and associated capacitor voltages. Section-3 presents the proposed topology to integrate 

solar PV and battery storage and its associated control. Section-4 describes the simulation and validation of the 

proposed topology and associated control system. Section-5 concludes the paper.  

 

II. THREE-LEVEL INVERTER CONFIGURATION AND ITS CAPACITOR VOLTAGE 

CONSIDERATIONS 

2.1 Three-Level Inverter 
The three level inverter was first introduced in 1981 [1], [4], they gets more popular in the areas such as FACT, 

renewable energy systems, STATCOM, HVDC, PWM rectifiers and more, The structure of three level Neutral 

point clamped inverter shown in figure 1(a). It has three bridge legs and each leg having four switches. “Three-

level” means that each bridge leg, A, B and C can have three different voltage states ( 2
dc-V

,0,2
dcV+ ) with respect 

to DC bus neutral. Switches 1 & 3 and 2&4on each leg are complementary, which means that when switch 1 is 

on, switch 3 is off and vice versa. The combination of states for the bridge legs give the space vectors plotted in 

fig.1(b) Space vector 210 means that bridge leg A is in state 2, leg B in state 1 and leg C in state 0. Some of the 

switching states give the same space vector as is seen for the inner vectors shown in   fig.1 (b). 

There are three main methods established to control the behavior of the fundamental voltage generated by the 

three-level inverter to the load. These methods are as follows: 1) carrier-based PWM; 2) space vector pulse 

width modulation (SVPWM); and 3) selective harmonic elimination (SHE) [8]. This paper deals with SVPWM. 

 
Fig. 1 (a) Typical structure of three-level inverter  (b) three-level inverter space vector diagram 

for balanced dc-link capacitors [1] 

N 
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The converter has two capacitors in the dc side to produce the three-level ac-side phase voltages. Normally, the 

capacitor voltages are assumed to be balanced, because unbalance capacitor voltages can affect the ac side 

voltages and can produce unexpected behavior on system parameters such as even-harmonic injection and 

power ripple [4], [6]. Several papers have discussed methods of balancing these capacitor voltages in various 

applications [5]-[9]. 
 

2.2 Balanced Capacitors Voltage 
Various strategies have been proposed to balance the capacitor voltages using modulation algorithms such as 

sinusoidal carrier based PWM (SPWM) or space vector pulse width modulation (SVPWM) [4]. In SPWM 

applications, most of the strategies are based on injecting the appropriate zero-sequence signal into the 

modulation signals to balance the dc-link capacitors [10], [11]. In SVPWM applications, a better understanding 

of the effects of the switching options on the capacitor voltages in the vector space has resulted in many 

strategies proposed to balance capacitors voltages in the three-level NPC inverter. These include capacitor 

balancing using conventional SVPWM, virtual SVPWM (VSVPWM) and their combination [12], [13].  

Ideally, the inverter must be able to generate the voltage output instantaneously, following the reference 

vector , generated by the control system. However, because of the limitation of the switches in the 

inverter, it is not possible to guarantee that any requested vector can be generated; as a matter of fact, only a 

limited number of vectors (27 vectors for three-level inverter) can be generated. To overcome such difficulties, 

in any space vector modulation (SVM) scheme such as SVPWM and VSVPWM, the reference vector refV is 

generated by selecting the appropriate available vectors in each time frame in such a way that the average of the 

applied vectors must be equal to the reference vector. 

å
=

=

å
=

=

n

1i iTST

n

1i iViTrefVST

    (1) 

Where Ts is the time frame and preferred to be as short as possible. It can be considered as a control update 

period where an average vector will be mathematically generated during this time duration. Ti is the 

corresponding time segment for selected inverter vector Vi and n is the number of applied vectors. 

Generally, the reference vector is generated by three different vector (n = 3), and (1) can be converted to three 

different equation with three variables T1, T2, and T3 to be calculated. Several vector PWM techniques 

presented in [6], [7], [9]–[11], and [13] apply similar technique of timing calculation. Fig. 1(b) shows the space 

vector diagram of a three-level inverter for balanced dc-link capacitors [7]. It is made up of 27 switching states, 

from which 19 different voltage vectors can be selected. The number associated with each vector in Fig. 1(b) 

represents the switching state of the inverter phases respectively. The voltage vectors can be categorized into 

five groups, in relation to their amplitudes and their effects on different capacitor voltages from the view of the 

inverter ac side. They are six long vectors (200, 220, 020, 022, 002, and 202), three zero vectors (000, 111, and 

222), six medium vectors (210, 120, 021, 012, 102, and 201), six upper short vectors (211, 221, 121, 122, 112, 

and 212), and six lower short vectors (100, 110, 010, 011, 001, and 101). 

For generating refV
r  , when one of the selections (Vi), is a short vector, then there are two choices that can be 

made which can produce exactly the same effect on the ac side of the inverter in the three wire connection (if 
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voltages are balanced). For example, the short vector “211” will have the same effect as “100” on the ac side of 

the inverter. However, this choice will have different effect on the dc side, as it will cause a different dc 

capacitor to be chosen for the transfer of power from or to the ac side, and a different capacitor will be charged 

or discharged depending on the switching states and the direction of the ac side current. For example, Fig. 2 

shows the connection of the capacitors when “100”or “211” is selected, demonstrating how different capacitors 

are involved in the transfer of power.  

 
Fig. 2 Equivalent Circuit and Capacitor Current with Two Different Shot Vectors (100) and 

(211) 
In three level inverter applications the capacitor voltage balance is achieved through proper selection of short 

vectors. In order to produce AC side wave forms the vector diagram shown in fig. 1(b) is used (here the DC side 

capacitor voltages are assumed balanced). Fig. 1(b) is used to determine the three nearest vectors which are used 

to produce reference vector, and their corresponding timing are calculated by expression given in (1). If some of 

the cases like transients and unexpected operations the capacitor voltages are unbalance even though control 

system tries to balance capacitor voltages, on those cases the AC side wave forms have even harmonics and 

power ripples.   

However, in some applications, the requirement of having balanced capacitor voltages may be too restrictive. 

The method proposed in this paper is based on the choice of having balance or unbalanced capacitor voltages. In 

such applications, it is important to be able to generate an accurate reference vector based on expression (1), 

irrespective of whether the capacitor voltages are balanced or not, to achieve the desired objectives of the 

system. 

2.3 Unbalanced Capacitor Voltages  
In the vector diagram shown in Fig. 1(b), capacitor voltage unbalance causes the short and medium vectors to 

have different magnitudes and angles compared to the case when the capacitor voltages are balanced. Fig. 3 

shows the differences between two cases as highlighted in the first sector of the hexogen in Fig. 1(b) for VC1 < 

VC2. The calculation of vector in each switching state is described in section 2.4. 

 
Fig. 3 Vector Diagram in the First Sector of Fig. 1(B) Showing the Change of the Vectors Using 

Balanced Dc and Unbalanced Dc Assuming   (Vc1<Vc2) 
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2.4 Calculation of Vector Magnitude and Phase for Each Switching State 

The requested Vector related to the switching state IV
r

can be calculated as follows: [1] 

( )cnbnanI VaVaVV 2

3
2 rrr

++=      (2) 

     Where
÷
ø
ö

ç
è
æ

= 3
2Πj

ea  aNV , bNV and  cNV  are the voltage values of each phase with reference to “N” (where N is 

the neutral point on DC bus side) . Assuming that the length of the long vectors dcV
3
2   is 1 unit and the voltage 

of capacitor C1, dchVc1V = , for 0 ≤ h ≤ 1, then the vectors in the first sector can be calculated using (2) and the 

results are given in equations (3)–(9). 
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   eq. (3) - (9)  

The vectors in the other sectors can be calculated similarly. Equations (3)–(9) show that the magnitudes and the 

angles of the vectors can change depending on the value of the capacitor voltages. For example, when h = 0.5, 

then the two capacitor voltages are the same and the two short vectors are the same su1Vsd1V
rr

= . However, 

when the two capacitor voltages are different, the vectors will have different magnitudes. Since the short vectors 

are now different in magnitude, the choice of these short vectors will now have a different effect on both the dc 

and ac side. Traditionally, each pair of short vectors is considered to be redundant, as the selection of any of the 

short vectors at any instance will have the same effect on the ac side. However, when the two capacitor voltages 

are different, the short vectors cannot be considered to be redundant any more. Thus, when 0.5h¹ , each 

different short vector needs different timing to generate the requested vector based on (1). 

 

2.5 Selection of Vectors to Generate refV Vector and Their Effects on AC and DC Side of 

Inverter 
To generate a reference vector based on (1), different combinations can be implemented. Fig. 4 shows different 

possible vector selections to generate a reference vector refV  in the first sector based on the selections of 

different short vectors. For example, to generate refV  based on Fig. 4(a), one of following combinations can be 

selected with proper timing based on (1). The combinations are: (221–210–100), (221–220–100), (221– 200–

100), (221–200–Zero), (000–220–Zero), (220–200–Zero), where “Zero” can be “000” or “111” or “222”. This 

demonstrates that there is flexibility in choosing the correct vector selections. Although all of these selections 

with suitable timing can generate the same reference vector, they have different impacts on the dc and ac side of 

the inverter in their instantaneous behavior. 
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Fig. 4 different possible vector selection ideas [1] 

2.5.1 AC Side Behavior  

To investigate the ac-side behavior, the accuracy of the generated voltage must be examined. As far as the AC  

is concerned, ideally the requested voltage ( )tV
r

 should be exactly and simultaneously generated in the three 

phases of the inverter to have the correct instantaneous current in the ac side of the system. However, because of 

the limitation of the inverter to generate the exact value of the requested voltage in each phase, in the short time 

Ts, only the average value of the requested vector ( )tV
r

 for the specified time window of Ts can be produced. 

To investigate the continuous time behavior of the ac-side voltages, the error vector ( )ter  can be calculated in 

order to determine how far the generated voltage deviates from the requested vector as follows [1]: 

                       ( ) ( ) ( )taplVtVte
rrv -=     (10) 

      ( ) ( )ò
t

0
dtteΔtE r                    (11) 

Where ( )taplV  is the applied vector at the time “t”. This error can result in harmonic current across the 

impedance connected between the inverter and the grid. If this impedance is an inductor then the ripple in the 

inductors current rLI
r

 can be expressed as 

     ( )ò=
t

0
dtte

L
1

rLI r       (12) 

Where ( )ter  is defined as 

        ( )
dt
rLId

LΔte

r
r        (13) 

To derive (13), it is assumed that the requested vector ( )tV
r

 will generate sinusoidal current in the inductor, 

which is normally acceptable in the continuous time behavior of the system. Based on (11) and (12), the 

absolute value of error E(t)  is directly related to the magnitude of the inductors current ripple. Although based 

on (1) and (11), E(Ts) = 0 or the sum of errors during the period Ts is zero; but to reduce the magnitude of high 

frequency ripples, it is important to minimize the error at each time instant. To achieve this, the three nearest 

vectors (TNV) are usually used. For example, in Fig. 4(a), to generate the requested vector ( )tV
r

in the TNV 

method, the group (221, 210, 100, or 211) appears to be the best three nearest vectors to be chosen. 
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Also, to reduce E(t), a smart timing algorithm for each vector in the TNV method has been proposed, such as 

dividing the time to apply each vector into two or more shorter times. However, this will have the effect of 

increasing switching losses. Dividing by two is common, acceptable solution. Moreover, reducing Ts will reduce 

the error E(t) while improving the accuracy of the requested vector generated by the control system. According 

to the basic rule of digital control, accuracy of the requested vector calculation can be improved by reduction of 

the sampling time and the vector calculation time. 

 

2.5.2 DC Side Behavior 

As far as the dc side is concerned, different vectors have different effects on the capacitor voltages which 

depends on the sum of the incoming currents from the dc side and the inverter side. The currents coming from 

the inverter are related to the inverter switching and the ac side of inverter currents which can be directly 

affected by the implemented vectors in the inverter. Selecting different vectors will transfer ac-side currents and 

power differently to the capacitors as discussed in Section 2.2. 

The instantaneous power transmitted to the dc side of the inverter from the ac side can be calculated as follows 

[1]: 

( ) cIcbIbaIa ivivivtp ... ++=     (14) 

Where vIa, vIb , and vIc are the ac-side inverter instantaneous voltages with reference to the “N” point, and ia, ib, ic 

are inverter currents. For example, in the first sector of the vector diagram shown in Fig. 3, p (t) for the short 

vectors can be expressed by the following equations: 

( ) ( )
( ) ( )adc
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iVhtp
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      (15) 

( ) ( ) ( )
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ihVtp
iVhtp

*
*1

{
100

221

=
--=

    (16) 

Ignoring the dc-side system behavior, selecting the upper short vectors, “211” and “221,” will affect the upper 

capacitor voltage, and selecting the lower short vectors, “100” and “110,” will affect the lower capacitor 

voltage. For example, when ia > 0, if vector “211” is selected, it will charge the upper capacitor without any 

effect on the lower capacitor voltage and if vector 100 is selected, it will discharge the lower capacitor without 

having any effect on the upper capacitor voltage. By using (15) and (16), the rate of charging and discharging 

and their dependency on h and Vdc values and inverter currents can also be observed. However, for accurate 

investigations, the dc side system behavior needs to be considered in the control of charging and discharging 

rates of the capacitor voltages. 

 

III. PROPOSED TOPOLOGY TO INTEGRATE SOLAR PV AND BATTERY STORAGE 

 
Based on the discussions in Sections 1 and 2, two new configurations of a three-level inverter to integrate 

battery storage and solar PV shown in fig. 5 are proposed, where no extra converter is required to connect the 

battery storage to the grid connected PV system. These can reduce the cost and improve the overall efficiency of 

the whole system particularly for medium and high power applications. fig. 5 Proposed configurations for 

integrating solar PV and battery storage: (a) basic configuration; (b) improved configuration. fig. 5(a) shows the 
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diagram of the basic configuration. In the proposed system, power can be transferred to the grid from the 

renewable energy source while allowing charging and discharging of the battery storage system as requested by 

the control system. The proposed system will be able to control the sum of the capacitor voltages (VC1 + VC2 = 

Vdc ) to achieve the MPPT condition and at the same time will be able to control independently the lower 

capacitor voltage (VC1 ) that can be used to control the charging and discharging of the battery storage system. 

Further, the output of the inverter can still have the correct voltage waveform with low total harmonic distortion 

(THD) current in the ac side even under unbalanced capacitor voltages in the dc side of the inverter. 

 
Fig. 5 Proposed Configurations For Integrating Solar PV And Battery Storage: 

(a) Basic Configuration; (b) Improved Configuration [1]. 
 

Although this configuration can operate under most conditions, however when the solar PV does not produce 

any power, the system cannot work properly with just one battery. fig. 5(b) shows the improved configuration 

where two batteries are now connected across two capacitors through two relays. When one of the relays is 

closed and the other relay is open, the configuration in fig. 5(b) is similar to that in fig. 5(a) which can charge or 

discharge the battery storage while the renewable energy source can generate power. However, when the 

renewable energy is unavailable, both relays can be closed allowing the dc bus to transfer or absorb active and 

reactive power to or from the grid. It should be noted that these relays are selected to be ON or OFF as required; 

there is no PWM control requirement. This also provides flexibility in managing which of the two batteries is to 

be charged when power is available from the renewable energy source or from the grid. When one of the 

batteries is fully charged, the relay connected to this battery can be opened while closing the relay on the other 

battery to charge. Special consideration needs to be made to ensure that current through the inductor Lbatt must 

be zero prior to opening any of these relays to avoid disrupting the inductor current and also to avoid damaging 

the relay. In fig. 5(b), three different relay configurations can be obtained: 

1) When the top relay is closed; 2) when the bottom relay is closed; and 3) when both relays are closed. 
 

3.1 Control Scheme 
The requested active and reactive power generation by the inverter to be transferred to the grid will be 

determined by the network supervisory block. This will be achieved based on the available PV generation, the 

grid data, and the current battery variables. Figure 6 shows the functional block diagram of control scheme of 

“integration of solar PV and battery storage system to grid through NPC three-level inverter”. Most of the 

blocks already discussed in previous sections, the MPPT block is used to get maximum power from solar PV,  

most of the papers explains MPPT algorithms [14],[15]. 
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Based on the requested active (p∗) and reactive power (q∗), and the grid voltage in the dq-axis, vsd and vsq , the 

requested inverter current in the dq-axis, id and iq can be obtained using (17): 
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After evaluating the requested reference voltage vector, the appropriate sector in the vector diagram can be 

determined [18]. To determine which short vectors are to be selected the relative errors of capacitor voltages 

given in (18), [1]. 
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Fig. 6 Functional Block Diagram of Proposed System 

where c1v  and c2v  are the desired capacitor voltages, and VC1 and VC2 are the actual capacitor voltages for 

capacitor C1 and C2 , respectively. 
 

IV. SIMULATION AND VALIDATION OF PROPOSED TOPOLOGY 
Simulations have been carried out using MATLAB/Simulink to verify the effectiveness of the proposed 

topology and control system. An LCL filter is used to connect the inverter to the grid. Fig. 7 shows the block 

diagram of the simulated system. The mathematical model of each of the PV units is given in [16] and used in 

the simulation. The values used for simulation are given in table 1. 

Table 1 Parameters of the Simulated System 

Vbat Vs(line) Lbat C1,C2 L1 Ls rf Cf 

60v 50v 5mH 1000uf 500uh 90uh0 3Ω 14uF 

 

It is assumed that the solar irradiation will produce Isc = 7.03A (short circuit current of solar module at given 

solar irradiation), *
dcV  PV module voltage is 102V to achieve MP from PV that can generate 777.3W of 

electrical power. Fig. 8 show the simulated result, 8(a) shows the phase to phase inverter voltage, 8(b) shows the 
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inverter phase voltage with respect to load neutral, 8(c) shows voltage of inverter with respect to midpoint of 

DC bus, 8(d) shows load current, 8(e) shows active power injected to the grid. 

 
 Fig. 7 Block Diagram of the Simulated System 

4.1 Simulated Result 

 

Fig. 8 Simulated Results 

V. CONCLUSION  
A novel topology for a three-level NPC voltage source inverter that can integrate both renewable energy and 

battery storage on the dc side of the inverter has been presented. A theoretical framework of a novel extended 

unbalance three-level vector modulation technique that can generate the correct ac voltage under unbalanced dc 

voltage conditions has been proposed. A new control algorithm for the proposed system has also been presented 

in order to control power flow between solar PV, battery, and grid system, while MPPT operation for the solar 

PV is achieved simultaneously. The effectiveness of the proposed topology and control algorithm was tested 

using simulations and results are presented. The results demonstrate that the proposed system is able to control 

ac-side current, and battery charging and discharging currents at different levels of solar irradiation. 
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ABSTRACT 
This paper contains a survey on real-time communication in Cyber-Physical Systems (CPS).Due to the 

requirement of sensors and computation nodes in Robotics and Automation domains; we need a self-

reconfigured nature of CPS. Therefore, a self-adaptive system may reduce deployment and maintenance cost by 

adjusting its own configuration based on the required QoS. This would be most suitable if a CPS could react to 

the presence of a new component and reconfigure itself to run afterwards with the new component integrated to 

the CPS. To achieve this capability called Plug-and-Produce is enabled in CPS to support reconfiguration, 

which makes use of three layered software architecture. 
 

Keywords: Cyber-Physical Systems, Plug-and-Produce, real-time, self-reconfiguration 
 

I.  INTRODUCTION 
 

Cyber physical system refers to computation (cyber) and physical processes. In CPS, embedded 

devices/computers and various sensors are interconnected to monitor and control the physical processes[1]. 

Naturally, the sensing component of CPS is critical to the modeling and management  of CPS because it 

provides real operational data. The goal of sensing is to provide high quality data with good coverage of all 

components at low cost. In addition, software is embedded in devices, the principle mission of which is not 

computation alone. CPSs range from relatively small systems, such as aircrafts and automobiles, to large 

systems such a national power grid.      

Depending on the application domain, these systems require at least partial real-time communication and in case 

of dynamically adaptable systems, this even implies reliable reconfiguration of the communication, especially 

real-time communication. Although such reconfiguration is already manually practicable, this process is error-

prone and strongly time consuming due to user interaction. To overcome these issues, self-reconfiguration of 

such systems is required. In automation domain, e.g., self-reconfiguration after modification of a production line 

promises not only to be less error-prone and time-consuming, but also enables a higher utilization of available 

system components and cost reduction[2]. 

Since 2006, the National Science Foundation (NSF) has awarded large amounts of funds to a research project 

titled “Science of Integration for CPSs.” Many universities and institutes (such as UC Berkeley, Vanderbilt, 

Memphis, Michigan, Notre Dame, Maryland, and General Motors Research and Development Center) have 

joined this research project [5][3]. Analogously, in 2004 the European Union (EU) began the Advanced 

Research & Technology for Embedded Intelligence and Systems (ARTEMIS) project, which aims to tackle the 

research and structural challenges faced by the European industry by defining and implementing a coherent 
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research agenda for embedded computing systems [4]. In addition to these efforts, researchers from other 

countries, such as China and Korea, have begun to be keenly aware of the significance of CPSs research. 
 

II. LITERATURE SURVEY 

2.1 General Architecture of Service-Oriented CPS  
Unlike conventional embedded systems with concentration on the physical devices, service-oriented CPS is 

typically designed to co-ordinate the computational and physical parts of a system. Since physical devices 

typically have limited resources and computation power, it is not always possible to design and execute complex 

computation and processes. To cope with this challenge, some approaches propose a service-oriented 

architecture of CPS to handle complex processes using computational and physical resources. The benefits of 

using service-oriented architecture are twofold:  

(i) Provide users a unified access/communication protocol to interact with physical and software    

    elements 

(ii) Facilitate to build flexible systems while preserving efficiency and scalability  

In general, in the reviewed works, the generic architecture of service-oriented CPS contains three layers: access, 

service, and application. 

• Access layer: It facilitates a standard platform for physical devices. First, it provides a networking 

environment for connecting devices (e.g., RFID, NFC or wireless connection such as IEEE 802.15.4, ZigBee, 

6LoWPAN, or Wireless M-Bus). Second, it provides a common representation of physical devices in the 

system. The data model is used to accommodate various devices and resource data formats. The meta-data 

relating to physical devices are also included such as spatial attribute, temporal attribute, state representation. 

Third, it is responsible for device management by detecting and identifying newly connected/disconnected 

physical devices and their resources.  

• Service layer: It is a logical abstraction layer on top of the access layer. The main goal of this layer is to cope 

with the heterogeneity issues of different physical components provided by the access layer and software 

components. Typically, this layer relies on the Web protocol such as TCP/IP, HTTP. First, service layer 

provides mechanisms (e.g., adapter, wrapper) allowing to transform physical device to physical service 

component. It defines the data retrieval for services and device access methods (e.g., push, pull, publish, 

subscribe). Second, it allows discovering and registering new software components (e.g., computational 

services). Third, it also provides a common repository of component services to be used in the system. The 

service repository maintains comprehensive information about published services in terms of functionality, QoS, 

and context information (e.g., sensor, actuator, temporal, spatial, and device related information). Fourth, it also 

concerns the QoS issue of the provided services. It ensures the adaptability, composability of services so that the 

users can compose applications in the application layer.  

• Application layer:  It provides high-level management and interaction with physical and software 

components. It allows users to create applications with ease as create Web 2.0 mashups (i.e., lightweight, ad-hoc 

composition). It also offers other features such as searchability, sharing, composition, reuse of created 

application. Typically, the application layer contains a development environment and a runtime environment for 

creating and executing applications, respectively.  

Different approaches for (re-)configuration of networks exist in literature, each focusing on different aspects of 

the problem. 
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Lim and Iqbal [ 6] proposed a middleware containing entities called agents and actors. These entities move 

across the network of sensor nodes facilitating the adaptive load balancing, monitoring, and activating resources. 

Lin et al.  views and models CPS as a multi-agent system, where each local agent communicates with other 

agents[7].  

Kim et al. [8] includes a network of cyber-nodes that provide computing resources. Each cyber-node has its own 

knowledge base and database to be shared among the network. This topology encourages scalability of the 

system as the computing elements and physical devices can be incrementally added without little interference 

with other elements. Also, distributed topology has no bottle neck point in the architecture so that it can 

minimize the network congestion. However, since these physical devices have limited resources, the limitation 

of this topology is that it is not possible to execute complex computation and processes. In addition, the tasks of 

devices registration, service discovery become harder to manage. 

Kyoung and Sang presented a novel information-centric approach for timely, secure real-time data services in 

CPSs. In this approach, to derive global knowledge of real world phenomena, network-enabled real-time 

embedded databases communicate with each other, while controlling and communicating with WSNs in a 

secure, timely manner. Based on the collective information, WSNs are controlled to extract important data 

directly related to an event of interest. By taking the information-centric approach, nRTEDBs can considerably 

enhance the efficiency of sensing, while improving timeliness and security. 

Kopetz and Bauer et al. developed the time-triggered architecture for real-time communication strongly 

focusing on fault tolerance, e.g., by means of different kinds of redundancy. Nevertheless, the authors do not 

address Plug-and-Play functionality, but rather refer to the fact that one of the considered protocols, namely 

TTP/A, provides such capabilities[2]. 

Reinhart et al.  addressed  an automatic reconfiguration of industrial Ethernet networks and presented a five-step 

model for a coordinated Plug-and-Produce within Ethernet-based networks. But in contrast to real-time 

communication concept that covers, e.g., CAN in addition to Ethernet communication, they only consider 

Ethernet as communication medium within a CPS[9]. 

Marau et al. presented a middleware supporting reconfiguration of real-time networks. Their approach provides 

hard real-time guarantees and covers hot Plug-and-Play not only by means of adding new components to the 

system, but also removing of nodes. But in contrast to the real-time communication   they focus on Ethernet as 

communication medium and define their own communication protocol called FTT-SE. Thus, they do not 

capture standard communication protocols like PROFINET that are currently used in domains like automation 

and robotics[10]. 
 

III. METHODOLOGY 
 

Efforts close to self-adaptive and self-reconfiguration nature particularly address the design and implementation 

of self-reconfiguration in embedded system software, context-oriented programming, and system-level 

adaptiveness in CPSs. Works in self-adaptive embedded system software spans phases from requirement 

engineering to verification. Co design approaches also exist where the hardware/software boundaries blur for 

greater flexibility. 
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Unlike work for self-adaptive embedded systems, these solutions focus on a few environmental dimensions, 

each requiring ad-hoc self-adaptive functionality. In our target applications, complexity arises especially from 

the combinations that multiple environmental dimensions concurrently generate. Nevertheless, most of these 

solutions would be hardly applicable in resource-constrained CPSs, due to run-time overhead. 

Villegas [11] designed dedicated software support for situation-aware software systems. Villegas approach 

relies on the end-user as a controller of context management, and these are abstracted in software-based sensor 

devices. Moreover, whereas self-adaptive approach focus on autonomous systems and can directly deal with 

physical sensors to acquire context information. 

Fleurey et al. [12] present a model-driven approach for creating adaptive firm wares. They model the application 

as a single state machine and define behavioral variations based on predicates defined over the application state. 

When such predicates are found true, the system accordingly adapts the state machine transitions.  
 

3.1. Plug-and-Produce 
Plug-and-Produce  method is based on the Plug-and-Play technology that originally was developed for general 

purpose computers as used in office applications and is known, e.g., from the commonly used Universal Serial 

Bus (USB). Due to the domain-specific requirements of automation and robotics, the term Plug-and-Produce 

was introduced by the EU funded project SMErobot™ [13].  

In paper[14], Naumann et al. focus on robot cells at shop floors and define Plug-and-Produce as the ability “to 

add devices to a robot cell and to use the functionality of these devices without the need of configuration”. 

Based on this definition, they define three Plug-and-Produce layers: 

a. Application: Offers automatically services to the user depending on the available functionality. 

b. Configuration: Configures default values, bandwidth requirements, etc. 

c. Communication: Deals with communication protocols and provides, e.g., discovery and addressing of 

devices. 

 

Figure 1. Plug-and-Produce Architecture 
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3.2. Self-Adaptation and Reconfiguration 
The cyber-physical system should be able to modify its behavior according to changes in its environment, errors 

happening at runtime, and changes to its requirement, i.e., the system should be self-adaptive. A self-adaptive 

system has the potential to improve its performance or its other QoS parameters, by tailoring the configuration 

of the system at runtime so as to match the varying requirements of the system to the changing pool of resources 

that may be available to support those requirements.  

Further, a self-adaptive system may reduce deployment and maintenance costs by adjusting its own 

configuration, based on the required QoS. Thus, a self-adaptive system must continuously monitor changes in its 

context and react accordingly. Its reaction consists of: 

(1) Assessing if an adaptation is required and if so,  

(2) Which adaptation is the most suitable answer to a detected change, and finally  

(3) Carrying out the adaptation while the system is running.  

It is critical that inspite of unexpected changes, the systems are required to operate correctly. Therefore, it is an 

important task to develop a generic and agnostic approach to express, compare, catalogue and reason about 

adaptation patterns for coordination in CPSs. An adaptation pattern refers to a reusable abstraction of adaptation 

strategies, which enables rigorous analysis and formal certification necessary for development of highly 

trustworthy, self-adaptable cyber-physical systems.  
 

3.3. Abstraction of Communication Media within the Middleware 
For real-time capabilities, an abstract cycle-based time-triggered communication medium: Cycles with a fixed 

duration (cycle length) are specified where each cycle consists of three phases as depicted in Fig 2: 

Phase 0 is used for synchronization and thus processes preparations for Phase 1. 

Phase 1 is split into slots of predefined equal length to cover real-time communication. 

Phase 2 can be used for event-triggered data transmissions, i.e. non-real-time   communication. 

Most real-time capable communication protocols are based on time-triggered approaches, i.e. these protocols 

have a similar structure to the proposed abstract communication medium shown in Fig 2. Consequently, on the 

one hand, parameters of the common abstract communication medium – e.g. cycle length, length of the different 

phases, and slot length within Phase 1 – have to depend on the real communication media within a CPS. On the 

other hand, the global time base that is required for real-time communication within a CPS can be established 

based on the synchronization mechanisms already implemented by the underlying communication protocols. 

This supports establishing a global time base, but it will also cause additional jitter due to the need of 

synchronizing time bases of different protocols that already include jitter caused by the protocol specific 

synchronization. 
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Fig 2. Cycle of the Abstract Communication Medium 
3.4. Self-Reconfiguration to Enable Plug-and-Produce 

 A coordinated Plug-and-Produce [12] is an integration of a new component to the running CPS is processed at a 

point in time that is controlled by the running CPS itself. This way, we can avoid to disturb the running CPS 

during its reconfiguration process. The presence of a new component within a running CPS is noticed as 

follows: One slot within Phase 1 of the abstract communication medium is reserved for registration of a new 

component during runtime of the CPS. This way, we can guarantee that adding a new component can be noticed 

by the CPS within each cycle of the abstract communication medium. A newly added component has to signal 

its presence depending on the transmission paradigm of the underlying communication medium it has been 

added to. 

 Consider the case that a new computation entity for processing sensor data needs to be integrated into the CAN 

network of the first robot cell. Due to the publish-subscribe communication model used by CAN, a component 

newly connected to the CAN bus is enabled to read all sent messages. Consequently, the middleware of the 

added component is able to access synchronization messages transmitted during Phase 0 and synchronize itself 

with the CAN-based sub-system. Based on the established global time, the new component can send a self-

description within the slot of Phase 1 that is reserved for registration of new components. The self-description of 

a component that is send at first contains information about the provided functionality as well as required and 

provided data. Since data size of the self-description depends on provided functionality and data dependencies 

of a component, transmission of these data can require more than one slot. In such a case, transmission of self-

description data is continued at the next cycle using the reserved slot for recognition of new components. 
 

IV. TECHNICAL CHALLENGES 
 

Since many critical challenges need to be addressed in order to accomplish requirements. There are two types of 

approaches have motivated considerable research to address issues in communications, information acquirement 

and dissemination, knowledge discovery, resource allocation and management, heterogeneous system 

integration and asynchronous control, some of the challenges are given below. 
 

4.1 Communication Issues 
Many-to-many information flow and opportunistic connection are inevitable in emergencies. Considering a fire 

emergency, to find safe paths, sensing information may need to be conveyed from many sensors to many mobile 

evacuees. This will obviously be more difficult, since communications may break down and evacuees will move 

to escape. 
 

4.2 Information Acquirement and Dissemination  
Cross-domain sensing and heterogeneous information flow is inherent features in an emergency response 

system. To guarantee the safety of people, information in different domains must be acquired (e.g., ultrasonic 

sensors for localizing people, temperature and gas sensors for identifying hazards, camera sensors for counting 

civilians and life detectors for searching civilians). These features will raise a challenge to acquire and 

disseminate information in an efficient way. 
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4.3 Knowledge Discovery 
Partial information and dynamic changes are inherent in an emergency. In such a rough environment, feasible 

and quick response must rely on data analysis technologies to extract knowledge from sensing data (e.g., 

counting, discovery, localization and tracking of civilians). Moreover, dynamic prediction and forecast of 

environmental changes should be conducted to avoid unnecessary casualties. 
 

4.4 Resource Allocation and Management 
Limited resources make timely response more difficult. Unlike other sensor-aided applications, the needs of 

intelligent actuation, scheduling and efficient resource allocation will increase in emergency response systems. 

Intelligent scheduling is needed to select the best action, while scarce resources must be allocated efficiently to 

perform actions. 
 

V. CONCLUSION 
 

A solution to provide design-time and programming support for self-adaptive software in resource-constrained 

Component-based CPS software has been presented by authors. But in this domain, there was a lack of 

principled design approach and the rudimentary programming environments result in entangled 

implementations. Thus, a concept for self-reconfiguration of real-time communication within a CPS that can be 

composed of sub-systems using different communication media, e.g., Ethernet and CAN has been proposed. 

This proposed software architecture supports coordinated Plug-and-Produce functionality based on a common 

abstract cycle-based time-triggered communication medium which ensures that adding a new component can be 

registered by the CPS within one cycle.  Authors have presented how the registration of a new component can 

be processed during runtime when added to an Ethernet sub-system as well as a CAN sub-system. 
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ABSTRACT 
This paper proposes a comparison between two MPPT algorithms. MPP is achieved in renewable energy 

systems such as solar energy system. Various algorithms are used to achieve MPP. In this paper the particle 

swarm optimization and differential evolution algorithm are used to achieve the maximum power from the solar 

energy system. The particle swarm optimization using the particles best position and velocity in general which is 

been implemented in the solar energy system for achieving maximum power. The differential evolution 

algorithm uses the iterative technique to optimize the solution that is to be obtained. These two optimization 

algorithms are compared in this paper to achieve the solution to get maximum power from the solar energy 

system. 
 

Keywords: Differential Evolution (DE), Maximim Power Point Tracking(MPPT), Maximim Power 

Point (MPP), Particle Swarm Optimization(PSO), Voltage Source Converter (VSC) 
 

I. INTRODUCTION 
 

The demand for power is increasing in the modern era. The availability for the generation sources is limited in 

modern era as the fuel is depleting. The solution to it will be the renewable energy sources. Access to quality, 

reliable and affordable energy is critical for promoting economic and social development in rural areas. Due to 

increased standards in people’s living and growth population and rapid development in industrialization etc., the 

energy demand has been increased at a faster rate and hence the gap between generation and demand has 

considerably increased. Distributed Generation (DG) is the power generation from sources available at the 

distribution end which are generally renewable energy sources. Usage of DG is increasing since distributed 

energy systems with renewable sources have achieved great potential in providing reliable and continuous 

power to the rural areas where grid power in unreliable and not continuous. The increasing demand in the 

electrical energy and the focus on environmental protection has pushed us to concentrate mainly on developing 

renewable energy sources which is completely harmless to environment. United Nations is planning 50% of 

total energy from renewable sources by 2050, Europe 20% by 2020 and India 10% by 2012. Renewable energy 

source (RES) integrated at distribution level is termed as distributed generation (DG). The utility is concerned 

about the issues created due to the high penetration level of intermittent RES in distribution systems as it may 

pose a threat to network in terms of stability, voltage regulation and power-quality (PQ) issues. Therefore for 

grid integration the DG systems are required to comply with strict technical and regulatory frameworks to 
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ensure safe, reliable and efficient operation of overall network. With the advancement in power electronics and 

digital control technology, the DG systems can now be actively controlled to enhance the system operation. 

However, the extensive use of power electronics based equipment and non-linear loads at PCC generate 

harmonic currents, which may deteriorate the quality of power. But at the same time achieving maximum 

possible power from RES is also an issue. In this paper solar energy is used in interconnection with the grid and 

the MPPT is used to get maximum possible power from solar. 
 

II. ENERGY SOURCES 
 

Natural resources such as oil, coal, or the sun, which can be used to provide power for light, heat, machines, etc. 

We are committed to the development of clean and renewable energy sources. The world's energy resources can 

be divided into fossil fuel, nuclear fuel and renewable resources. Based on long-term availability the energy 

resources are classified as, 

· Non-renewable energy resources. 

· Renewable energy resources. 
 

2.1Non Renewable Energy 
A non-renewable energy source is a source that does not restore itself at significant rate for sustainable 

economic extraction in meaningful human time-frames. An example is carbon-based, organic fuel. The organic 

material when subjected to changes with the aid of heat and pressure becomes a fuel such as oil or gas. 
 

2.2 Disadvantages of Non-renewable Energy Resources 

· Fossil fuels generate pollution. These pollutants degrade the environment, cause health hazards. Mainly 

carbon dioxide which causes global warming. 

· Coal a petrochemical is used as raw material for chemical, pharmaceutical and paint industries. In long-term 

it is desirable to conserve coal for future needs. 

· The waste materials in nuclear plants has radioactivity quotients of dangerous levels, it remains above the 

safe limit for long period and is health hazard. 

· Possibility of accidental leakage of radioactive material from reactor is another safety issue. 

· Non-renewable sources will finish up one day. 

· Conventional sources are not sufficient to meet the growing demand. 

Due to these reasons it has become necessary to identify non-conventional or renewable resources to reduce too 

much dependence on conventional or non-renewable resources. India is the only country having a full-fledged 

ministry devoted especially to developing new and renewable energy sources. 
 

2.3 Advantages of Renewable Energy 

· Its acts as a solution to the energy problem for the stabilization of carbon dioxide emissions and other 

greenhouse gases. Replaces energy generation plants which use conventional sources lead to a reduction in 

the emission of pollutants such as sulphur and nitrogen oxides which cause acid rain. 

· Domestic sources of energy and contribute to increasing energy independence and society of energy supply 

at the national level. 
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· Geographically dispersed leading to the decentralization of the energy system making it possible for energy 

needs to be met at a local and regional level reducing losses from energy transmission. 

· They provide opportunities for rational use of energy sources because they cover wide range of energy 

needs. 

· Low operating costs which are not influenced by fluctuations in the international economy and especially in 

prices for conventional fuels. 

16% of global energy consumption presently comes from renewable resources, 10% of energy from 

traditional biomass used for heating, and 3.4% from hydroelectricity. New renewable account for another 3% 

and are increasing rapidly. National renewable energy markets are projected to continue to grow strongly in the 

coming decade and beyond. Renewable energy sources all over wide geographical areas in contrast to other 

energy sources which are concentrated in a limited number of countries to particular areas. Rapid deployment of 

renewable energy and energy efficiency is resulting in significant energy security, climate change mitigation, 

and economic benefits. In international public opinion surveys there is strong support for promoting renewable 

sources such as solar power and wind power. While many renewable energy projects are large-scale, renewable 

technologies are also suited to rural and remote areas and developing countries. 
 

III. MAXIMUM POWER POINT TRACKING 
 

Maximum Power Point tracking is a technique that is used to get maximum possible power from one or more 

photo-voltaic (PV) devices. Solar cells have a complex relationship between solar irradiation, temperature and 

total resistance that produces non-linear output efficiency which can be analyzed based on I-V curve. It is MPPT 

system to sample the output of the cells and apply the proper resistance load to obtain maximum power for any 

given environmental conditions. MPP (Maximum power point) is the product of the MPP voltage (Vmpp) and 

MPP current (Impp). MPPT devices are typically used in electric power system that provides voltage or current 

conversion, filtering, and regulation for various loads such as power grids, batteries, or motors. Maximum 

Power Point Tracking frequently referred to as MPPT is an electronic system. MPPT is an essential part of PV 

system. It operates in a manner such that it optimizes the power generated by the photovoltaic panel. It functions 

as an optimal electric load for a PV cell, and converts the power to a voltage or current level which is more 

suitable to whatever load the system is designed to drive. It consists of a DC-DC converter which limits power 

loss by matching the photovoltaic panel and the load impedances by varying the duty cycle of the switch used in 

the converter circuit. 
 

3.1 Mppt Algorithm 
MPPT s utilizes some type of control circuit or logic to search for the MPP and thus allow the converter circuit 

to extract maximum power available from a PV. There are various controlling algorithm which are used as the 

tracking algorithms.  
 

3.2 Types of Mppt Algorithm 
They are mainly grouped as indirect method and direct method of tracking. The indirect methods have a 

particular feature that the MPP is estimated from the measures of PV Voltage, Current, the irradiance and 
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temperatures, by mathematical expressions of numerical approximations. Therefore, the estimations is carried 

out for a specific PV panel and they do not obtain the maximum power for varying irradiance or temperature. 

The various indirect method of controlling are,  

· Curve- Fitting Method 

· Look-up Table Method 

· Open-Circuit Voltage PV Generator Method 

· Short-Circuit PV Generator Method 

· Open-Circuit PV test Cell Method 

None of them are able to obtain the MPP exactly due to various disadvantages. 

The Direct method offers the advantage that they obtain the actual MPP by sensing the PV voltage and current. 

They are also suitable for any irradiance and temperature. There a numerous algorithms followed to obtain the 

MPP such as  

· Perturbation and Observation Algorithm (P & 0)  

· Feedback Voltage (or Current) method 

· Maximum Power Point Voltage  

· Parasitic capacitance Method 

· Incremental Conductance Algorithm (INC) 
 

IV. PROPOSED CONTROLLER 

4.1Particle Swarm Optimization 
In general Particle swarm optimization (PSO) is a computational method that optimizes a problem by iteratively 

trying to improve a candidate solution with regard to a given measure of quality. PSO optimizes a problem by 

having a population of candidate solutions, here dubbed particles, and moving these particles around in the 

search-space according to simple mathematical formulae over the particle's position and velocity. Each particle's 

movement is influenced by its local best known position but, is also guided toward the best known positions in 

the search-space, which are updated as better positions are found by other particles. This is expected to move the 

swarm toward the best solutions. 

A basic variant of the PSO algorithm works by having a population (called a swarm) of candidate solutions 

(called particles). These particles are moved around in the search-space according to a few simple formulae. The 

movements of the particles are guided by their own best known position in the search-space as well as the entire 

swarm's best known position. When improved positions are being discovered these will then come to guide the 

movements of the swarm. The process is repeated and by doing so it is hoped, but not guaranteed, that a 

satisfactory solution will eventually be discovered. 
 

4.2 Differential Evolution 
Differential evolution (DE) is a method that optimizes a problem by iteratively trying to improve a candidate 

solution with regard to a given measure of quality. DE do not guarantee an optimal solution is ever found. DE is 

used for multidimensional real-valued functions but does not use the gradient of the problem being optimized, 

which means DE does not require for the optimization problem to be differentiable as is required by classic 

optimization methods such as gradient descent and quasi-newton methods. DE can therefore also be used on 
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optimization problems that are not even continuous, are noisy, change over time, etc. DE optimizes a problem 

by maintaining a population of candidate solutions and creating new candidate solutions by combining existing 

ones according to its simple formulae, and then keeping whichever candidate solution has the best score or 

fitness on the optimization problem at hand. In this way the optimization problem is treated as a black box that 

merely provides a measure of quality given a candidate solution and the gradient is therefore not needed. A 

basic variant of the DE algorithm works by having a population of candidate solutions (called agents). These 

agents are moved around in the search-space by using simple mathematical formulae to combine the positions of 

existing agents from the population. If the new position of an agent is an improvement it is accepted and forms 

part of the population, otherwise the new position is simply discarded. The process is repeated and by doing so it 

is hoped, but not guaranteed, that a satisfactory solution will eventually be discovered. 
 

V. SIMULATION AND RESULTS 
 

The simulation of the test system is done by using MATLAB/Simulink environment. The block diagram for the 

test system is shown in the fig 1.  

 
Figure 1. Block Diagram of Test system 

The simulation diagram of the test system is shown in fig.2. 

 
Figure 2. Block Diagram of Test system 

The simulation output for the test system using PSO based MPPT algorithm is shown in fig.3 and simulation 

output for the test system using DE based MPPT algorithm is shown in fig.4 

                   
Figure 3. Simulation Output for PSO                             Figure 4. Simulation Output for DE  

Based System                                                                             Based System 
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VI. CONCLUSION 
 

Thus the test system has been designed and the simulation results have been obtained for the PSO based MPPT 

and DE based MPPT algorithms. The results represent the PSO based MPPT is better than the DE based MPPT 

system. The system can be developed for MPPT based on other optimization techniques and can be compared 

with the system results.  
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ABSTRACT 
A Control system used in this paper is Train Control System (TCS) which performs safety communication 

operations to the Rail vehicles. These Train Control systems are severely affected by communication latency. 

Usually these Train Control Systems are in Infrastructure mode, so we need to create a wireless 

communications between trains.These Train Control systems are very popular in Wireless local area networks 

(WLAN). Now-a-days due to increase in mobile units, providing the channels for communication in mobile 

environment is one of the challenging issues. Here in this paper we are going to generate and simulate various 

scenarios by with and without Co-operative relaying using link breakages between Mobility nodes(Trains) and 

Access pointby providing mobility to mobile unit as random, fixed pattern and finding the performance 

parameters like delay, throughput, Jitter, Average Transmission Delay, Average Path Loss, Average Signal 

Power, Utilization, Energy consumed in Transmit Receive and Idle mode, Percentage of Time in Transmit 

Receive and Idle mode etc., using Qualnet 7.0 software for network simulation. 
 

Keywords: Co-operative Relaying,Train Control System (TCS), Wireless Local Area Network 

(WLAN).  
 

I. INTRODUCTION 
 

Now-a-days safety has become a crucial role to prevent accidents between trains. The collision between trains 

can be controlled by controlling speed allocating a perfect route map to the trains in order to avoid collision. For 

this we need to design a Train Control System (TCS). We require a safety communication not only in a closed 

transmission manner but also in a free space and the communication is through wireless medium [1]. The Train 

Control System (TCS) has a strong requirement in communication availability and latency due to this handoff 

occurs frequently. Most of this wireless communication occurs in WLAN and the Train Control System uses the 

technology of IEEE 802.11 standard for communication [2]. 

In this Train Control System we are going to introduce a concept of co-operative relaying. Normally we use 

relays in between mobile nodes and access points here the train itself will act as a relay node. The train to train 

communication is done in order to prevent from regular handoffs. If there is any link breakage between the 

mobile node and the access point in a WLAN the communication cuts and accidents may occur [3]. That is why 

here comes a concept of co-operative relaying, if there are any link breakages between mobility nodes and 



International Conference on Emerging Trends in Technology, Science and Upcoming Research in Computer Science 

DAVIM, Faridabad, 25th April, 2015                                                       ISBN: 978-81-931039-3-7 

1102 | P a g e  

 

access points we need to achieve certain challenging parameters like throughput, delay, jitter, path loss etc. Here 

in this paper we are going to create two scenarios with and without co-operative relaying by link breakage and 

going to analyse the performance parameters like throughput, delay etc. [4]. 

The process we performed in simulating the network is as follows: we considered an area of dimension500 X 

500, in which mobile nodes, access points and a controller was considered. We gave a path that a mobile unit 

may travel and observed communication process while the mobile unit is moving along a path. The link between 

mobile unit and access point is through the wireless network. The data type we considered in communication 

between mobile unit and the controller is of constant bit rate. A fixed simulation time was set and the graphs of 

different parameters were observed. 

 
Fig.1 Network Model 

II.FIGURES AND TABLES 

2.1 Design and Architecture of Simulated Scenario Without Co-Operative Relaying and With 

Link Breakage 

 
Fig.2 without Co-Operative Relaying and Link Breakage 

Here in the above scenario we are going to take 4 mobile nodes, 3 access points and 1 server. If we observe at 

the 6th node there is a breakage of link and constant bit rate is considered between all nodes.Here we use AODV 

(Ad hoc on demand Distance Vector) routing protocol.  
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2.1.1 System Performance of Throughput                           

 
Fig.3 Performance of Throughput 

2.1.2 System Performance of Delay and Jitter 

 
Fig.4 Performance of Delay and Jitter 

In the above graphs if we see there will be no throughput, Delay and jitter near 6thnode. This is due to 

the breakage of communication between mobile node and the access point. 

2.2 Design and Architecture of Simulated Scenario with Co-Operative Relaying and with Link 

Breakage 

 
Fig.5 with Co-Operative Relaying and Link Breakage 

Here in the above scenario the mobility nodes (1, 2, 3, and 4) are created as the relay nodes by giving a 

transmission power of 30dbm and CBR is considered between the mobile nodes. For access points nodes (5, 6, 
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7, 8) the transmission power is given more than the mobile nodes such as 42dbm and CBR is considered 

between the mobility nodes and the access points. We are using AODV routing protocol. If we observe at the 7th 

node the wireless communication is broken and co-operative relaying technique is used to fulfil the complete 

performance of the system. 

2.2.1 System Performance of Throughput 

 
Fig.6 Throughput Performance Graph 

In the above graph throughput is achieved at the 7th node by the performance of co-operative relaying 

 
Fig.7 Performance of Delay and Jitter 

In the above graph delay and jitter is achieved at the 7th node by the performance of co-operative relaying. 

2.2.2 Tabular Column 

Performance Method Transmission power Data rate (Mbps) Routing Protocol 

 Mobile 

nodes 

Access 

point 

  

With Co-operative 

Relaying 

30dbm 42dbm 2mbps AODV 

Without Co-operative 

Relaying 

15dbm 42dbm 1mbps AODV 

 

III. CONCLUSION 
 

Train Control Systems has requirements in communication delay. Due to frequent Handoffs communication 

latency occurs. To overcome these problems we have generated various scenarios of network with and without 

co-operative relaying in Qual Net software by different means of communication architectures by considering 

relays as mobility nodes with constant bit rate. By these we are going to reduce multiple Handoffs and reducing 
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communication latency. The advantage of this paper is to achieve various performance parameters like 

Throughput, Delay and Jitter when there is a communication failure between mobile nodes and access points by 

means of co-operative Relaying. The future work is done on co-operative relaying with multi-link breakagesand 

multi hopping.  
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