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ABSTRACT 
We present a review on rendering rigid shadows precisely and proficiently. Our review provides the details of 

all the existing methods for rendering shadows and the hybrid approaches. Hybrid approaches merge the two or 

more existing algorithms. The algorithm merges shadow map and shadow volume computation. Analysis of 

shadow volume, shadow map and projection algorithm is performed and is mentioned in the paper along with 

the detail of important elements used for the implementation of the algorithm.  

 

Keywords- buffer, mapping, projection, rendering, shadow, volume. 
 

I. INTRODUCTION 

 
Shadow maps and shadow volumes are two renowned means of rendering real-time shadows. Shadow maps are 

proficient and adaptable but they are prone to aliasing effect. Whereas shadow volumes are accurate, but they 

posses higher fill-rate requirements and so does not scale appropriate to complex scenes. 

Shadows are widely used in presenting the objects reality. The usefulness of lance Williams original shadow 

algorithm [1] is self-evident as Pixar’s RenderMan utilize this technique. The primary idea is apparently 

straightforward, yet its biggest profit is its greatest drawback which is the discrete nature of image space 

computation and hence the presence of aliasing artifacts. 

Rather than shadow map, which works in image space, Crow’s shadow volume algorithm[2] works in object 

space by creating polygons to present the boundary between illuminated and shadowed region. The shadow 

volume is the region covered by these polygons. A shadow query is used to verify whether a point resides with 

in the volume. 

Sen et al. [3] noticed that shadow map aliasing is just recognizable at the discontinuities between shadowed and 

lit regions, i.e. at the shadow shapes, on other side; shadow volumes calculate shadows accurately at each pixel 

but this certainty is required only at silhouettes. This analysis takes us to another technique referred to as hybrid 

algorithm which makes use of a slower but definite algorithm near shadow discontinuities and uses less accurate 

but faster algorithm at other places. 

 

II. THEORY 
A differentiation can be created between Image and Object space algorithms. 

2.1 Image Space 
The presentation of graphics in form of Raster or rectangular pixels has become very popular. Raster Scan 

displays are very flexible as they refreshes the screen on the basis of the values stored in the frame buffer. Image 
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space algorithms are very easy and accurate as they have the similar data structure as of the frame buffer. The 

most widely used image space method is Z-buffer algorithm which is used in graphics for storing the values of z 

co-ordinate of the displayed object. 

Image-space algorithms are less proper but they also give lesser constraints on scene presentation. In process, 

regardless of the fact that scene is presented with polygons, they can be simpler to utilize and more flexible. For 

example, many applications make use of polygonal primitives but create them over the Y form other 

presentations. Fortunately, for some applications shadows don’t need to be exact to be helpful, and image 

accuracy algorithms can be utilized. Image space is implemented in screen co-ordinate system. It determines the 

pixel which is visible of the object.(Fig. 1) 

 
Fig. 1 

2.2 Object Space 
Object space algorithms provide the benefit of storing the important and related data and due to this ability the 

communication of the algorithm to the object is easy. The computation performed for the colour is carried only 

once. Object space algorithms also help shadow creation to increment the z-values of the 3D objects on screen. 

This algorithm is used in software methods as its implementation in hardware is difficult. 

Object space provides more accurate shadows but in needs the accessibility to the polygonal presentation of the 

scene. Polygonal presentation are not present in the systems which make use of another modelling and rendering 

methods fro example selective raycasting of objects, distance volume primitives[4]. It is presented in physical 

co-ordinate system. It determines the object part which is visible. (Fig. 2). 

 
Fig. 2 

2.3 Soft Shadows 
Mainly soft shadows are very less definite and blur at the edges (Fig.3). 

 
Fig.3 Representing Soft Shadows of the Object 
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2.4 Hard Shadows 
Mainly shadows are hard which are defined crisply and have sharp edges(Fig. 4). 

 
Fig. 4 Representing Hard Shadows of Object 

III. SHADOW ALGORITHMS 
Analysts have created multiple shadows algorithms over the years, few of them depends upon the classic 

shadow map and volume methods. 

Present hard shadow techniques can be categorized in 4 categories: 

1. Ray casting 

2. Projection 

3. Shadow Volumes 

4. Shadow Maps. 

From these techniques, last 3 are used for real-time rendering. 
 

3.1 Projection Algorithm 
This method projects primitives far from the light source on the surface of other primitives. Blinn’s fake shadow 

algorithm[5] suppress all polygons of the object producing a shadow on the plane of other polygon. Here they 

can be shown in black or blended on the previously generated pixels to approximate the shadow of object on the 

plane. This method is basic and suits well for hardware acceleration but are not good to scale or generalize. 

Normally object-space projection algorithms trim polygons into shadowed and unshadowed parts[6] in a 

prepass. As they works on polygon clipping, this method needs access to polygonal representation of scene. 
 

3.2 Shadow Maps 
Shadow maps were presented by Williams in 1978[1]. This algorithm performs its operation in image space. 

Initially it renders a depth map of scene from the direction of light, depth map is then used to analyse which 

samples of final image are obvious to light. Shadow maps are powerful and are backed by the graphics 

hardware, but they contain aliasing effect. Analysts have created many methods to address shadow map aliasing. 

Approaches which are based upon filtering and stochastic sampling[8] generated good antialiased shadows. As a 

matter of fact, this filtering requires a huge number of samples per pixel which is not only expensive as well as 

very crucial for real time applications. Self shadowing artifacts that are obtained from large filter width are 

totally scene dependent and are also hard to avoid. On the other hand there exist several methods to avoid 

aliasing by incrementing the shadow map resolution. Adaptive shadow maps [9] identifies and regenerates 

undersampled areas at higher resolution of the shadow map. Another technique used is Perspective Shadow map 

[10] which is much easier than others. The reason behind it is it uses an additional perspective transformation 
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which gives the higher resolution in shadow map which resides near to the viewer. The above method is easier 

and works at higher speed but on other hand it does not eliminate the aliasing in every case. For example Fig.5 

represents the shadows generated by using the shadow map algorithm. The image presents the aliased edges of 

the object which is cube in the example. 

 

Fig.5 Representing Shadow Using Shadow Map Function 
Shadow map algorithm utilizes two steps to generate shadow scene. The first step is used to generate the shadow 

map and the other one just applies it to scene.  

The first step creates the scene from the viewpoint of light source. Perspective projection view is created if the 

light source is a point. Whereas orthographic projection is used if the source of light is directional such as of 

Sun. Depth buffer is created and stored by using this rendering method. As we know that the buffer values are 

important it can be chosen to neglect the updation of colour buffers and computations for lighting and textures. 

The buffer values stored are to be refreshed each and every time alterations are made to objects which are 

present in the scene.(Fig.6) 

 
Fig.6 Shadow Map Technique 

In many cases it is possible to generate shadows for only a particular set of objects in the scene in respect to 

shadow map so that the time taken to regenerate the map. Likewise a depth value shifter may be applied to 

shadow creation which is used to shift objects far from the light source in order to provide the solution for 

stitching problems which arises in the cases where the value of the depth map lies near to the surface map which 

is to be created.  

In second step the task is to create the scene on the basis of usual camera point of view using the values of 

shadow map. This task makes use of three components from which the first one is to identify the coordinates of 
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the object which is observed from the light source. Another component is the comparison which is performed 

upon the coordinates in contrast to the depth map. Final component is the construction or representation of the 

object in shadow or light. 

Testing a point of object in respect of depth map requires its conversion must be done first from its relative 

position as in scene coordinates into the respective position as determined by ht light. This conversion process is 

carried out with the help of matrix multiplication. Coordinate transformation is mainly used to identify the 

object position on the screen but another coordinate set is also created in order to keep the location of objects in 

light space. The matrix we create here to compute the world coordinates provides a value set of homogeneous 

coordinates which require conversion to the normalized device coordinates. It has the components (x,y,z) lying 

in between to -1 and 1. An additional scale and bias matrix computation is being performed in implementations 

to convert the values from -1 to 1 into the required 0 to 1 values which are more regular coordinate values for 

the depth map. 
 

3.3 Shadow Volumes 
Virtual world of object representation is divide into two areas by the shadow volume as first, the area which lie 

in shadow and another which not. This method of shadow rendering has achieved the popularity in real time 

shadow generation as compared to the popular shadow mapping. Shadow volumes are used mainly because of 

their advantage of defining shadows accurate to the pixel. But, CPU intensive shadow geometry creation process 

is required by the shadow volume. Shadow volume computation utilizes large fill time and polygons are also 

huge in respect of utilizing screen space as compared to shadow maps which does not carry limitations like this. 

  Shadow volume algorithm proposed by Crow[2] perform its operation in object space where enlightened and 

shadowed regions are represented by making polygons. These polygons capture a certain area of object which is 

referred as shadow volume and the evaluation of point for its presence inside the shadow volume is carried out 

by executing a shadow query.  

Another method to accelerate the computation of volume acquired by the shadow is proposed by Heidmann[11] 

who uses a hardware based stencil buffer to perform the operation of calculation. Unsuccessfully, number of 

robustness issues is present in the shadow volume algorithm musing stencil buffer. Also the algorithm proposed 

is unable to process the scenes which have high shadow complexity. Creating an extra geometry is involved in 

the process but the requirement of the large fill rate by the algorithm is the main problem. This failure is caused 

mainly due to 2 reasons. First reason is that heavy shadowed scenes which are mapped using shadow volume 

polygons are taking up the higher amount of screen surface. Whereas the second reason is that the updation in 

stencil buffer are made by every shadow polygon for every rasterized pixel as the polygons in the screen space 

overlap. 

All the techniques defined above are very useful for determining the shadows of object but they become less 

effective as soon as we go for the cases having heavy shadow regions. The reason for this reduced effectiveness 

is that the computation of pixels which exist near to the shadow are specifically those which falls in depth 

ranges, so in his case the pixels are obtain no benefit for the optimization techniques used. Fig. 7 represents the 

shadow of the object created by using the shadow volume technique. 
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Fig.7 

Lloyyd [12] provide another approach to compute the shadow volume which reduces the rasterization costs. The 

process taken by them involves the execution of query to use image space occlusions which are used for 

identification of blockers which are spread in the complete shadow, and the polygons created by using shadow 

volume are unnecessary and can be culled. Other than this Lloyd et. Al also gives a technique for shadow 

volume polygon in which screen space is made limited. This technique is performed in two ways. In first, the 

value computation of shadow receivers which are held by the depth differences obtained from the light source. 

In second, occlusion queries are applied to the disconnected slices obtained by the division of observer’s view 

portion to resolve the selection of slice containing receivers. Lloyd provided a method which decreases the 

shadow volume polygons number and size which eventually reduces the fill rate. 

For the generation of shadow volume , a ray is fired from the light source passing from every vertex to some 

point from the object which is shadow casted. Volume is generated by all these fired ray projections. The 

determination of shadows is then performed by identifying the objects lying inside and outside of the volume, 

inside point are referred as shadow whereas all the points outside the volume are light glow. In case of the 

modelling by polygon method volume of the object is mainly generated by differentiating between the faces by 

determining whether the face is in front of the light source or lies on the back of light source. Combination of 

the edges which combine the front face to the back face creates the silhouette in accordance to light source. 

Edges which collectively generate a silhouette are expelled away from light to generate faces of shadow volume. 

The volume so generated must cover up the complete visible scene. In order to create a closed volume front side 

and the back of this removal must be secured. On the basis of the method used to generate shadow volume the 

faces of the object in the set are dependent.  

Problem also exists with shadows where silhouette edges become shallow along faces. For this situation shadow 

created by an object over itself will be sharp, showcasing its polygonal features, while the conventional model 

for lighting will have a progressive change in lighting. Due to this rough shadow artefact which lie around the 

silhouette edge are generated which are hard to be corrected. This problem can be minimized by incrementing 

the density of polygon but it will not permanently distinguish this problem.  

Fig. 8 represents how shadow volumes are generated of the objects. 



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 

637 | P a g e  

 

Fig.8 Shadow Volume Technique 
Steps involved in generating shadow volumes are: 

1. Search all the silhouette edge. 

2. Expand all the found silhouette edge far from light source direction. 

3. Generate closed volume by adding the front or back cap. 
 

3.4 Stencil Buffer 
Another buffer which is found in current graphics system along with colour and depth buffer is stencil buffer. It 

stores the integer value for every pixel utilizing one byte for every pixel. This buffer along with the depth buffer 

share same RAM area. Usually the stencil buffer is used for limiting the area acquired by rendering. Rendering 

pipeline makes use of the link between the stencil buffer and the z-buffer. Automatic increment or decrement for 

the stencil values assigned to every pixel can be done on the basis of the test for the pixel whether it passes or 

fails.  

Tim Heidmann[11] showed the concept of using the stencil buffer to generate shadows using the shadow 

volume algorithm for use in real time applications fast enough to be considered. 3 different techniques are 

defined using this concept which are depth pass, depth fail and exclusive-or.  

The process used by all these techniques is same as follows: 

1. First generate the scene as it lies completely in the shadow. 

2. For every light source present in the scene: 

2.1 Make use of depth buffer to select the surfaces where visible surface does not lie in the shadow are and 

generates a mask which is in stencil buffer which contains holes at the visible surface areas. 

2.2 Repeat the scene generation process again considering the scene being completely glow by applying the 

information in stencil buffer. 

Second step of the process in which mask generation is performed creates a difference in the above three 

techniques. Some takes only two iterations and some may only one or some only needs less accuracy in stencil 

buffer. 
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3.5 Hybrid Algorithm 
McCool [13] first defines the algorithm which uses the combination of shadow map and volumes referred as 

hybrid algorithm. The algorithm in first generates the depth map and then it executes and edge detection 

technique to search for the silhouette edges. Then the algorithm regenerates the shadow volumes using the edges 

determined and then makes use of them to calculate the shadows in the image obtained. The benefit of McCool 

algorithm is it only generates the polygons using shadow volume technique for silhouette edges that can be seen 

from the light source. But it has the problem of requirement to read the depth buffer again which is expensive 

and the polygons generated are completely rasterized. Also the aliasing effect can generate artifacts in shadow 

volume generation. 

Another hybrid approach is proposed by the Govindaraju et al[14]. Their approach uses the technique of 

bounding the number of computation required in order to generate the precise shadow silhouette. Their approach 

minimizes the object processing performed by clipping algorithm. Their clipping algorithm uses the software 

method for performing the clipping of polygons. 
 

IV. CONCLUSION 
 

Review of the shadow rendering techniques is performed which provides the analysis that hybrid algorithms to 

render shadows of the object reduce the time taken in rendering the shadows. Hybrid algorithms combine two 

shadow rendering algorithms to create an efficient one. The use of hybrid algorithm is useful in game systems, 

graphic systems etc. to process shadow rendering faster. 
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ABSTRACT 

This paper presents the study of white box cryptography. . In this paper a study of various papers is done, and in 

the reviewed paper we explain  the white box cryptography for the security purpose. The main part of this paper 

covers the security assessment of white-box implementation. cryptographic primitives are designed to protect 

data and keys against black-box attacks. 
 

Keywords: Cipher, Deliniarization, Strategy, Security, Tabularization 
        

I. INTRODUCTION 
 

As we know that we live in information society, we rely on the exchange and processing of information. 

Evidence of this evolution is rapid growth of communication network and trend awards complex software 

application with strong security requirement. 

Increasing use of portable devices and wireless network are the examples of security requirement. 

Communication with friends and colleagus via e-mail and chat; the launch of (interactive) digital television and 

other media platforms(e.g., iTunes); on-line banking and purchase of goods and services; online-gaming;GPS 

navigation; professional and social networks (e.g., LinkedIn and Facebook);and many more. In one way or 

another, these new trends affect our daily activities in many ways, at home and in our professional life. On the 

downside however, we become increasingly dependent on the information infrastructure that empower our 

information society, and hence potentially vulnerable to attacks on them. In recent years, this has been 

illustrated by attacks on Internet servers, credit card fraud, hacking of banking applications and on-line games, 

cell phones and TV set-top boxes, phishing, privacy violation, botnet  threat In order to support our information 

society for the next years, and take advantage of the opportunities that it enables, the need for trustworthy 

information infrastructure is growing. The trend towards complex software applications with strong security 

requirements, increasingly demands for qualitative protection technologies. One prominent building block to 

enable information security is cryptology .The word cryptology is derived from the Greek words krypty´os  

meaning  ‘hidden ,and logos, meaning ‘word’. Strictly speaking, it is the science that studies how to hide 

confidential information. Cryptology comprises of two complementary fields .cryptography is the study and 

practice of hiding information, while cryptanalysis is the study of methods to obtain knowledge from hidden 

information. 

The foundations of cryptography originate from Shannon, who is regarded as the founder of information theory. 

In his seminal work on a mathematical model for cryptography in 1948 [10], 
 

II. OBJECTIVE  
 

The objective of White-Box Cryptography is to implement cryptographic primitives in such a way that, within 

the context of the intended application, having full access to the cryptographic implementation does not present 
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any advantage for a computationally bounded adversary in comparison to the adversary dealing with the 

implementation as a black box. 

The objectives of information security can be categorized into three main goals. 

• Confidentiality – Concealing a message against unauthorized eavesdropping. 

• Integrity – Protecting a message against tampering. 

• Authentication – Refers to entity authentication, related to the identification of the (legitimate) parties, whereas 

data authentication is equivalent to integrity.   

Depending on the application in which a cryptosystem is deployed, a number of other objectives can be 

formulated, such as non-repudiation, and availability. 

A cryptosystem is designed in order to achieve these objectives, and a cryptographic cipher is a pair of 

algorithms that implements the encryption (E) and decryption (D) primitives for a cryptosystem. In accordance 

to Kerckhoffs’ principle [14], the algorithms are public, while a (secret) key is used to instantiate a cipher.  
 

III. MODEL OF WHITE BOX 
  

Cryptographic ciphers are generally designed in the standard cryptographic model named  as the black-box 

model  where the communication end points and computing environments are been  trusted.  Exist applications 

do not comply with this model,so for this  new model needs to be formulated. We define the white-box model as 

the worst-case attack model, in which adversaries have full access to the implementation of cryptographic 

primitives, and complete power over their execution environment. Software obfuscation is an active field of 

research, and many other techniques have been proposed to protect software code and embedded data structures. 

However, no technique has been presented that is able to obfuscate cryptographic primitives such that a 

sufficient level of confidentiality of secret key information is obtained. As a result of these efforts, by the end of 

the nineties, it was believed to be impossible to hide computational information into software binaries. That is, 

information that is used at execution time (in contrast to passive information, such as watermarks). In the white-

box model, the adversary has total visibility of the software implementation of the cryptosystem, and full control 

over its execution platform. One could refer to the white-box model as the worst-case model, where in contrast 

to grey-box models, it is impossible for an adversary not to comply with the this model. The white-box model is 

used to analyze algorithms that are running in an untrusted environment, that is, an environmentin which 

applications are subject to attacks from the execution. 
 

IV.INITIAL STRATEGY OF WHITE BOX 
 

The strategy proposed by Chow et al.[ 31] consists of  transforming a given block ciphers into a randomized, 

key dependent network of lookup tables. This consists of three main steps- 
 

4.1 Partial Evaluation 
This can be done by embedding the key into operation by transforming the (fixed)S-boxes Si into key dependent 

lookup tables Ti. 

                                                                                  Ti(x):=Si(x+Ki)  

4.2 Tabularizing 
In this  process  transforming  of all components of the block cipher  including the linear transformations  into 

lookup tables is performed. This process may seem like ‘black art’ for those who are not familiar with white-
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boxing techniques. Also, there is no generic ‘compiler’ or algorithm for transforming a given algorithm into its 

tabularized equivalent. Instead, in the literature, a list of techniques is presented by means of demonstration on 

white-box implementations of the DES and the AES. 
 

4.3 Randomization and Delinearization 

The reason why a transformation to lookup tables is used, is because lookup tables can implement any given 

function.Hence they are the ideal primitive to hide information.Observe a chain of three consecutive lookup 

tables in the network L3 oL2 oL1,where L2 contains some key information that needs to be hidden (e.g., L2(x) 

=x © k). Because the description of the lookup tables is available to a white-box adversary. 
 

V. SECURITY 
 

The (black-box) security of any primitive is captured using a security notion where the adversary is given black-

box access to some functionality (e.g., encryption), and a white-box implementation can be required to satisfy 

that security notion when the adversary is given access to at the function of white-boxed version .We would like 

an obfuscation to ensure that all the security notions are satisfied in the white-box variant when they are 

satisfied in the black-box.so  from prior work, it is not fully clear if any of the existing definitions of obfuscation 

can be used to achieve such a aim .In respect to this a natural question is arises that the obfuscator satisfying the 

virtual black-box property for a program P and some security notion that is satisfied when the adversary is given 

black-box access to P, can it be proved that the security notion remains satisfied when the adversary is also 

given access to the obfuscated program O(P)? A major area of study in cryptology involves formal security 

models to assess the security of cryptographic primitives. Formal security models specify how an adversary can 

interact with (legitimate users of) a cryptosystem, and what should be achieved in order to break the 

cryptosystem. We refer to Dent [30] for an overview of models in provable security, and their respective issues. 
 

VI. CONCLUSION 
 

From the above study we conclude that the main aim   of  White-Box Cryptography is to implement 

cryptographic primitives in such a way that they achieve a certain level of robustness against an adversary that 

has full access to and control over the implementation of the primitive. At some extent, this is related to code 

obfuscation, which attempts to hide certain characteristics of a program. Despite the fact that many formal 

models for obfuscation have been presented, white-box cryptography lacks foundations. This paper   provides an 

initial step to bring the foundations of white-box cryptography to a same level as obfuscation. Our work made 

several contributions in this regard. We extend   the notion of WBC to arbitrary cryptographic primitives and 

initiated a formal study of WBC by introducing precise definitions of what it means for a white-box 

implementation to be secure 
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ABSTRACT  

The usage of Smartphone increased more in the last five years. Nowadays people are using a smartphone much 

for chatting which help share the information between two or to the group. Presently there are lots of 

applications available on the Android market for chatting and information sharing. All these just share the 

message but won't provide any message status like the message is seen or not and if seen, it is accepted or not. 

In this paper, we proposed a new application called as “Shary” an Android based application developed using 

Android Kit Kat version 4.4. The main aim of this application is to share any last minute updated information to 

a specific group and receive the status of the messages. 
 

Keywords:  Android Application, Chatting 
 

I. INTRODUCTION 
 

Today the world is full of technologies; there are lots of inventions made to use the latest technologies. To be 

specific on technology, Mobile phones have been a part of our everyday use where we share lots of information 

through this communication channel. Now a day’s android system is becoming more popular, especially in the 

Smartphone market. Because there are some of the development tools which is available free are used to 

generate many applications in an android platform. The main reason for its popularity is, it also provides a very 

convenient hardware platform for developers. In android, there are applications for SMS controller, SMS spam 

and Auto-reply features [1]. Some of the android applications allow creating group between the family and 

friends to share their messages and location [2]. Group scheduling feature is also implemented in some android 

application to improve the response time [3]. In this paper section2 explain the related works of this application. 

Section 3 explain the concept of the application relates to the implementation such as system architecture, 

modules, functions to develop this application and its working principles. Section 4 conclude the overview of 

the application along with the future enhancements. 
 

II. RELATED WORKS 
 

Few related applications which are developed for sharing information using an android platform is discussed in 

this section. Today’s world has Server-less multi-user chat application which is implemented for group 

communication [4]. And also there are various applications where the message is recorded and then converted 

into SMS text message [5] which is basically known as speech recognition applications. There are also 

applications which share the location and the message using the GPS facility available on the phone [6]. [7] 

Proposed Easy GSMS, a group messaging application that enables sending personalized messages to groups of 

contacts by just a few clicks. It support features like: sending messages to the group of contacts or individual 
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recipients, allows adding and managing scheduled SMSs, sent message stored for the later use enable to add 

new groups and delete existing groups. 

But these applications are allowed to add, only the contacts which are stored in the phone but not from even 

phone Sim card, it has an implementation problem and there is no record of sent messages, and also it will not 

communicate in two way i.e. between web server and device and vice versa. 
 

III. IMPLEMENTATION 

3.1 System Architecture  

 
Fig 1 System Architecture  

This application Shary stores all the information such as messages, group’s information in the external database 

i.e. the online database via the server (internet). The server is connected to the database using PHP language. 

The server tells the application for every new update. So that the message get stored into the database and it is 

available for retrieval for any time. System architecture of the application is shown in Fig. 1. 
 

3.2  System Modules 
In this section working principles and the functions which are used in to implement this application are 

explained. This application basically developed for two different users, one is for the Faculty and the other is 

Student. 

The Faculty can create the group by selecting the Students from different branches and can send the message to 

the created group and view the status of the message either the Student viewed, accepted or declined. The 

Student can respond the messages by selecting the option Accept or Declined. 

User interface of Faculty has the following modules  

· Faculty login: - This module allows the faculty to login to the application using username and password.  

By means of this login page, the application will provide security and access control by allowing only 

registered faculties to access the app. 

· Faculty registration: -Faculty who have not registered can register with the app here by giving a code, 

username, and password. Code will be different for Faculty so that the user will have secure access to the 

application. 

· Create group: - After the Faculty is logged in, the application will direct to a new page to create a group or 

to use existing group. The Faculty can add Student who are registered with the application and create their 

own group. The message can be sent across to that group. 
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· Status of the message: - This module allows the Faculty to know the status whether the Student has 

accepted, declined or kept pending to respond the messages. 

User interface of Student consists of the following modules 

· Student login: - The Student can login if he has already registered with the app by giving a user name and 

the password.  

· Student registration: - Registration form for Students allows the Student to register by giving a code, 

username, branch, contact number, and password. Code will be different for Student so that the user will 

have secure access to the application. 

· Notification: - The Students receives a notification via pop-ups in their mobile like a message alert when 

the Faculty updates the message. Students receives the alert only if they are online or logged into the 

application otherwise the message gets stored directly into the Students inbox, and it can be viewed when 

he/she login to the application. 

· Student’s inbox: - In this inbox, all the messages received by the Student is stored and the messages which 

are read is highlighted in different colour. Once the message is read they can respond by, a click on any one 

of the buttons provided (got-it or decline), by this Faculty will get the response. If the Student doesn’t 

respond it will be displayed as pending. 
 

3.3 Functions Used 
This section brief the eclipse inbuilt functions which are used to develop the application 

3.3.1 Alarm manager  

The Alarm Manager is intended for cases where the application code run at a specific time, even if the 

application is not currently running. For normal timing operations (ticks, timeouts, etc.) it is easier and much 

more efficient to use Handler. 

In this application, alarm manager is used to notifying the Students if they receive any message from the 

Faculty. The alarm screen appears on the Student’s phone with the information such as the admin name, subject 

of the message, date and time of the message posted will appear on the alarm manager. 

3.3.2 Httppost 

The Httppost request method is designed to request a web server to accept the data enclosed in the request 

message's body for storage. 

In this application, Httppost is used to post the information from the application to the database via the server. 

For example information such as message, date, time, group details are stored in the database. 

3.3.3 Httpget 

The Httpget method helps to retrieve information from the server. In this application, Httpget is used to get the 

information from the database to the application via the server. For example information such as group, Faculty 

name, Student name will be retrieved from the database to the application. 
 

3.4 Working Principles 
The home screen has two login buttons for two different users, Faculty and Student. New Faculty user should 

register their detail with the application by giving their details such as code, username and password. Similarly, 

new Student user should register with the application by giving their details such as code, username, branch and 

password. 
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If the Faculty login button is clicked. The Faculty can login to the application and the page will direct to a new 

page where there are two buttons send message and message status. If the Faculty clicks on send message then 

the Faculty can send message to an existing group or newly created group, Faculty can create a group using the 

Student who ever has registered with the application. Once grouping is done the page will direct to a new page 

where the Faculty can send a message to the group. In this page there is an option where the Faculty can type the 

Messagetitle or can use Suggestedtitles.  

After the Faculty sent the message to the group, all the Students under the specified group receives an alert on 

their phone, then Students can open the message or can view it later. The Students can view the message along 

with the Faculty’s name, date, time and message title. Now the Student can reply back to the Faculty by 

selecting one of the two buttons Accept or Decline. Once the Student clicks on any of the button immediately 

the status of the Student is updated. If the Student click on accept the status appear as accepted, if the Student 

click on decline the status appears as declined, if the Student doesn’t reply back to the message the status is 

assumed as pending. The status of the message is viewed in the Faculty’s profile. Once the Faculty is logged in 

he/she can click on the message status button to view the status of the message.  

                
Fig  2. (a) Message entry by faculty Fig (b) Received Message by student Fig (c ) Message Status 
The screen where there the faculty can type the message and share it with the selected list of Students who are in 

the group is shown in fig 2(a).The Student receives the message with the date, time and the name of the Faculty 

who sent the message is shown in fig 2(b). The Student replies back to the Faculty using any one of the button 

gotit or decline the faculty can view the status of the message as shown in fig 2(c). 
 

IV. CONCLUSION 
 

This paper gives the overview of an android mobile application Shary. This application is developed to share an 

important message which needs to reach Students within few minutes. It can be used by the different group of 

people like trip advisor, Academic events etc. The future developments which can be added to the application 

are, notify the Students immediately when a message is updated even when they are not logged into the 

application and message sharing among the Students, between Faculties, and from Faculty to Student and vice 

versa. This helps the entire group who registered with this application can be updated with the last minute 

message. 
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ABSTRACT 
Electric vehicles (EVs) are needed in densely populatedurban areas to reduce air pollution. Battery chargers 

are needed to supply dc voltage to charge the high-energy batteryPacks used in EVs.Battery chargers are 

designed to be used as offboardarrangements or on-board arrangements. With on-board battery chargersthe 

weight, size and cost are challenging issues otherwise we can charge the vehicle anywhere and at any time.In 

this paper an efficient power electronic converter that integrates the electric vehicle with ac or dc grid that 

minimizes the system weight, size and cost is designed. Electric vehicles that use grid power to charge their 

batteries, traction components are generally not involved during charging and hence the traction motor and 

inverter of the powertrain can be used as an integral part of the converter. The windings of the traction motor 

can serve as the inductors of the power converter along with power devices of the traction inverter to transfer 

power. The converter has bidirectional capability that allows power to flow in both directions from vehicle to 

grid and vice-versa. And therefore the power converter of the electric vehicle can draw power from the grid 

when it requires, and also can deliver power to the grid in the peak time when the grid needs power. Electric 

vehicles with this type of converter can also be used as intermittent energy storage devices to store energy 

produced by renewable energy sources like solar and wind in addition to V2G services.The converter that 

integrates electric vehicles with both ac and dc grid has been analyzed using mat lab/simulink software, It is 

also analyzed in the simulation that the electric vehicle with this type of converter can also store the energy 

produced by solar system and  supplies the stored energy when the grid needs power.The simulation and 

experimental results havedemonstrated that the proposed converter is more efficient in achieving high 

performance and reliability for vehicle to grid capable vehicles. 
 

Key Words: Electric Vehicle, Bidirectional Converter, Vehicle to Grid Technology 
 

I. INTRODUCTİON 
 

Electric vehicles (EVs) are expected to drive reduction of air pollution in densely populated metropolitan areas. 

The increasing use of EVs will inevitably prompt the use of a large number of battery chargers to supply the dc 

voltage required to charge battery packs. Battery chargers often are designed to be used as off-board or on-board 

arrangements. The use of battery chargers with an on-board arrangement would allow battery charging at any 

time, given the availability of the supply grid. But the on-board battery charger limits power density because of 

the size and weight constraints. In case of battery electric vehicles, generally traction components are not 
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involved in charging and hence, the traction motor and inverter of the powertrain can be used as an integral part 

of the converter. The windings of the traction motor can serve as the inductors of the power converter along 

with power devices of the traction inverter to transfer power. If the power converter has bidirectional capability, 

it will allow the vehicle to charge from the grid whenever it requires and also can deliver power to the grid in 

the peak time when the grid needs power. 

Several research activities for integrating the battery charging system with the traction drive have been reported 

in [1] and [2]. In one approach, traction motor windings used as filter components have been used for battery 

charging systems [3]. An on-board integrated charger has been proposed with reconfiguration of the stator 

windings of a special electric machine in [4]. The interleaving technique is another interesting approach used in 

designing dc–dc converters for reduced switching stresses and increased efficiency [5]–[7]. The approach 

reduces the size and power rating of the converter passive components. 

In this paper an efficient integrated power electronic converter is proposed that can be used as the traction motor 

drive, a battery charger, and a power converter to transfer energy from vehicle-to-grid (V2G) through 

reconfiguration of the inverter topology using relays or contactors. The traction inverter with the proposed 

reconfiguration method can also transfer power from the vehicle to a dc grid and from a dc grid to the vehicle 

using the traction motor windings with the appropriate relay settings. The three phase machine windings and the 

three inverter phase legs can be utilized with an interleaved configuration to distribute the current and reduce the 

converter switching stresses. 

EVs that are incorporated with this type of power electronic converter can also act as distributed energy storage 

device to store the energy produced by intermittent energy sources like solar and wind. EVs with this type of 

converter is acting as a distributed energy storage device to store the energy produced by solar power and fed 

back the stored power to the grid is discussed in this paper. 
 

II. CONCEPT OF INTEGRATION OF EV WITH GRID 
  

BEVs incorporated with this type of bidirectional power flow capable converter when plugged in, the power can 

flowboth ways:when electric power stored in electric vehicles flows to power grid, it is called vehicle-to-grid 

(V2G); the opposite flow of electric power, which means charging batteries in EVs, is referred to as grid-to-

vehicle (G2V). The figure below shows the two operation modes. 

 
Fig.1.1 Block Diagram of V2G and G2V Connections 
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In general, by serving in two modes: G2V and V2G, BEVs can provide benefits to the power system operation. 

The G2V mode can be used to charge BEVs atreduced cost when the power system load is reduced and 

generation capacity is abundant,such as during night time. The V2G mode may be used whendemand is high or 

supply isaccidentally lost since the stored electric energy can be released from BEVs in anaggregated way, 

which will offer major contributions to regulation service and spinningreserves, as well as load-shedding 

prevention. 

Most of the time vehicles sit idle parked at homes, streets, parking lots, or garages; henceBEVs battery capacity 

can be fully utilized during such times. BEVscould serve as decentralized energy storage in a smart grid and can 

act as either a load or a generator as needed. PEVs/BEVs may be an attractive integral part of a smart grid,when 

aggregated in sizeable numbers and capable to operate in the V2G mode.The V2G approach considers batteries 

in PEVs/BEVs as a generation resource for thebuildings via bidirectional power transfer through energy 

exchange stations(chargers/dischargers) at certain periods of time, which could increase the flexibility ofthe 

electrical distribution system operation. 

With the help of advanced control and communication methods, BEVs can work as a generation resource 

connected to the power grid via bidirectional power transfer through energy exchange stations. This could 

increase the flexibility of the electrical distribution system operation since the additional storage will allow for 

more widespread use of solar and wind generation, which are currently underutilized due to lack of storage. By 

participating in the ancillary services market, BEVs based V2G will improve the grid’s stability and reliability. 
 

III. SYSTEM CONFIGURATIONS 
 

Different types of topologies have been developed for electric vehicles for battery charging and bidirectional 

power flow between the battery and the power supply. However, the traction inverter uses the standard six-

switch configuration that has elements of the various power converter topologies. The converter topology 

utilizing the traction inverter along with the switches used for reconfiguration is shown in Fig.1.2 (a) and (b) 

shows the detailed switch or relay arrangements required for different modes of operations. 

 
(a) 

Most of the time vehicles sit idle parked at homes, streets, parking lots, or garages; henceBEVs battery capacity 

can be fully utilized during such times. During these times, the battery of electric vehicle can be charged 

through the solar power and can supply the stored power to the grid through the converter when the grid needs 
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power. The power electronic converter can operate in different modes: it acts as a battery charger, it can 

integrate solar powered electric vehicle with either dc or ac grid, it can operate in traction mode also.   

 
Fig 1.2: An Efficient Power Electronic Converter With Switches Capable of İnterfacing Solar 

Based Ev With Both Ac and Dc Grid 

 (a). Combined(b). Details. 
 

IV. IMPLEMENTATION OF EFFİCİENT POWER ELECTRONİC CONVERTER FOR THE 

INTEGRATION OF SOLAR POWERED EV AND GRID 
 

Here the integration of electric vehicle with the dc grid for boost mode(with solar panel and with battery alone) 

and traction mode of operation has been discussed. 

Mode 1: Vehicle to Dc Grid Boost Mode with Battery Alone 

 
Fig1.3.1: Simulink Model of The İntegrated Converters And İnduction Machine With Dc Grid V2G 

Boost Mode of Operation. 

Battery is connected to the converter through the interleaved windings of the induction machine. The machine 

windings acts as inductances that helps in the transfer of power between battery and dc grid. Here the load 

resistance is assumed as DC grid.The interleaved machine windings reduce the voltage stresses of the switches 

unlike the conventional boost converter, thus improves the converter efficiency. Capacitor is used to remove the 

ripples in the converter output voltage.In this mode the power electronic converter acts like an interleaved boost 



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 

654 | P a g e  
 

converter. Each phase of the machine acts like a single coupled-inductor boost converter cell; the three phases 

are connected in parallel and operated at the same switching frequency but at a phase shift of 120 degrees. 

The control circuit to drive the switches of converter is shown in fig.1.3.1. Here the upper IGBTS are always 

turned off, lower IGBTs turned on/off. The pulses for lower IGBTs are generated by using this control circuit, 

here actual voltage is compared with the reference value, and the error is processed by a PI controller, the output 

of PI controller is used as one signal and which is then compared with the saw tooth repeating sequence to 

generate the pulses. 

Simulation parameters for vehicle to dc grid boost mode are:Battery voltage is taken as 200V, output reference 

voltage is assumed as 280V, machine phase inductance is 5mH, capacitance of capacitor is 3300μF, load 

resistance of 20Ω is assumed as dc grid. The switching frequency of converter is 10 KHz. 

 
Fig 1.3.2: Output voltage, battery voltage, load current, and input current, output power of 

integrated motor/converter for V2G boost mode of Operation with dc grid. 
The output voltage, battery voltage, load current, input current, output power is shown in fig.1.3.2. From the 

simulation results it is observed that the output voltage is following the reference voltage of 280V in the boost 

mode of operation. Battery voltage is taken as 200V. Load current is about 15A, input current drawn from the 

battery is pulsating and settles down to 20A at t=0.6sec. 

Shared input currents in the three phase windings on the machine and Input current in boost mode of operation 

are shown in fig. 1.3.3. 
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Fig 1.3.3: Shared İnput Currents in The Three Phase Windings on The Machine and Input 

Current in Boost Mode of Operation. 
The Input current is equally shared through the interleaved windings of the three phase induction machine. 

During t=0s to t=0.1s  inductors store energy and from t=0.1s to t=0.2s the stored energy in inductor is 

discharging during this period. 

Mode 2: Integration of solar powered Electric vehicle with dc grid for boost mode 
The simulation model of the efficient power electronic converter for the integration of solar powered EV and 

DC grid for V2G boost mode of operation is shown in, fig.1.4.1. 

 
Fig.1.4.1: Simulink model of the efficient power electronic converter for the integration of solar 

based EV and DC grid for V2G boost mode of operation. 
In this mode battery is connected to the solar system through the switches which are controlled by using step 

signal and it is also connected to the dc grid through the converter. Here the converter acts like an interleaved 

boost converter which uses inductors on battery side. DC voltage source which is controlled through the ideal 

switch is treated as solar system and the resistance is taken as dc grid.  

When V2G capable solar vehicles are parked, they can use the solar power to charge their batteries, or else they 

can act as micro grid when aggregated in large number and supplies the nearby dc grid or ac grid when the grid 
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needs power. Here the circuit is implemented to supply the dc grid when the grid needs power or else it can 

charge the batteries during off-peak loading through solar power. Capacitor is used to remove voltage ripples in 

the converter output, and converter acts like an interleaved boost converter which boosts the battery voltage to a 

level that suits the grid voltage.  

Simulation parameters during this mode are: Battery is taken as 12V, 100Ah lead acid battery, dc voltage source 

which is controlled through ideal switches is taken as solar power source .DC voltage is taken as 15V and it is 

controlled to supply 6A to the battery, machine phase inductance is 5mH, capacitance of capacitor 3300μF, load 

resistance of 3 Ω is assumed as dc grid. 

 
Fig.1.4.2: Simulation Results of Battery SOC, Battery Voltage, Output Voltage, Battery Current, Load 

Current, Output Power Versus Time. 

Simulation results of battery state of charge, battery voltage, output voltage, battery current, load current, output 

power for the integration of solar based EV and DC grid for V2G boost mode of operation are shown in 

fig.1.4.2. 

The circuit is designed in such a way that the battery charges from the solar system from t=0s to t=1s and at t=1s 

the grid (load resistance) needs power and then battery starts supplying to the dc grid.  

Initially  battery state of charge is assumed to be at 70%.Initially battery charges through the solar power, Battey 

voltage is initially 12.125V and starts increasing upto t=1s. From t=0s to t=1s,battery current is negative as it is 

charging,Load current and output voltage  are zero. 

From t=1s,battery starts discharging through the load and therefore battery State of charge and battery voltage 

starts decreasing. The output reference voltage is taken as 18V, from the output voltage it is seen that the output 

voltage is following reference voltage.Battery current is  6A, load current is about 12A.Power absorbed by the 

load resistance is about 150W. 

 

Mode 3: Traction mode 
Simulink model of the solar based electric vehicle with induction motor as load in traction mode is shown in 

fig.1.5.1. 

Electric vehicle is fed by solar power. Solar array connected to the converter through solar charge controller and 

battery. In this mode six switch converter functions as an inverter which is driven by sinusoidal PWM control. 
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Converter converts the battery voltage into ac voltage and its output is given to induction motor. The 

performance of the converter in traction mode is evaluated in traction mode and the stator currents, rotor speed 

& electromagnetic torque has been observed. Capacitor is used to remove voltage ripples in inverter output. 

 
Fig. 1.5.1: Simulink Model of Converter for Solar Based Electric Vehicle with İnduction Motor 

as Load 
Simulation parameters used in traction mode are: Battery voltage is taken a 200V, Capacitance of capacitor is 

3300μF, induction motor ratings 5.4HP, 400V, 1430rpm, the switching frequency of inverter is 1.05 KHz, 

1200V, and 100A inverter is used. 

Three phase stator currents, rotor speed and electromagnetic torque of induction motor in traction mode are 

shown in fig.6.5.1. 

 
Fig.1.5.2: Three Phase Stator Currents, Rotor Speed and Electromagnetic Torque of İnduction 

Motor in Traction Mode. 
Initially the stator current is very high and the current reaches to its nominal value of 25A at t=0.5sec.the rotor 

speed settle downs to rated speed of 1430rpm  and starting torque is very high and it reaches its nominal value 

of 22.5N-m at t=0.5 sec as shown in fig.1.5.2.From the results it is observed that the stator currents and hence 

torque contain ripples as the induction motor is fed by a PWM inverter, but the noise is not observed in speed 

because it is filtered by machine inertia. 
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V. CONCLUSİON 
 

An integrated machine-converter topology and reconfiguration method in which traction machine windings can 

be used as the inductors of the converter to transfer power between solar based electric vehicle and either a DC 

or an AC grid with high efficiency. The converter reconfiguration concept is useful in minimizing the size and 

parts in the power train of an electric vehicle. It is also analyzed in the simulation that the electric vehicle with 

this type of converter can also store the energy produced by solar system and supplies the stored energy when 

the grid needs power. The simulation and experimental results have demonstrated that the proposed converter is 

more efficient in achieving high performance and reliability for vehicle to grid capable vehicles. The machine-

converter coupled simulation results showed that the integrated converter can be used for the power transfer 

with versatility without significantly extra power elements.  
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ABSTRACT 
In his century, it is believed that petroleum and crude oil products will become very scare and costly and fossil 

fuels are rapidly depleting. The problem of global warming is largely contributed by conventional engine 

technology. Any alternative technology solve this problem will considered as a bounty and compressed air 

engine (C.A.E.) is one of them. It is environment friendly, cheaper as well as easily available. It can run only 

with highly pressurized air as input energy source. Another reason motivating the development of alternate fuel 

for (IC) engine is the concern over the emission problem of (conventional) gasoline and diesel engines. This 

technology solves the problem of hot and harmful exhaust unlike diesel or gasoline engine because of no 

combustion process is done here. 
 

Keywords: Compressed Air, Energy, Operation Of Compressed Air Engine, Pollution, Cam Design 
 

I. INTRODUCTION 
 

Now-a-days, conventional fossil fuel meets most of world’s energy demand are being depleted rapidly. The 

product of combustion process of gasoline or diesel engine are causing global problems such as ozone layer 

depletion air pollution, acid rain, greenhouse effect and global warming effect which are posing ruin for 

environment and eventually for this planet’s lives. One of the best of all alternative is CAE (compressed air 

engine) in which air is abundantly available. Air can be compressed to comparatively higher pressure at cheaper 

way. Air has property to get compressed to extremely high pressure and retain it up to long time period. Number 

of research is going on this field and scientists are trying to improve the effectiveness of compressed air 

powered engine. An engineer Louis Mekarski developed first compressed air powered vehicle in 1870, that was 

patented in 1872 and that was tasted in 1876 at Paris [1]. 
 

II. BEHAVIOUR OF COMPRESSED AIR 
 

Compressed air is efficient, clean as well as safe in terms of inflammable property. It is not combustible and 

non-polluting. As per thermodynamic laws, air of atmosphe     ric pressure can be mechanically compressed by 

compressor the transformation of pressure of air is at 1 bar up to 414 bar[2]. According to boyle’s law, volume 

decrease during compression then pressure increase. As per Charle’s law volume is directly proportion to 

temperature. As conclusion of these laws; pressure, temperature and volume are in proportionality relation, 

changes of one, and makes other change. 
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III. A LITERATURE REVIEW 
 

Prof. B.S.Patel et al. [3] have been tried to develop a compressed air powered engine by modifying single 

cylinder four stroke engine by replacing spark plug with the pulsed pressure control valve which can create 

required pressure. Now valve is controlled by supply of electrical signal to it, for this purpose they suggested an 

electronic timing circuit and hence speed of engine can also controlled by input electrical signal. 

Haisheng Chen et al. [4] experimented on typical compressed air engine system figure shown below of working 

of CAE and diagram of Temperature versus Entropy. 

 
Fig (1): compressed air engine [4]       Fig (2): T-S dia. of compressed air engine [4] 

Conditions of analyses: 

Working Pressure P2 =300bar 

Ambient Pressure P3 =1.013bar 

Ambient temp. T0 =300K 

Volume of tank = 300lit. 

At temperature of 300K and pressure of 300 bar the actual work done output for isothermal of   =0.90 & 0.75 

are respectively 284.2KJ/kg &222.8 KJ/kg. 

Bharat R. Singh et al. [2] explained the range of pressure and work output of compressor used for CAE. 

Compressed air piston operates in between 1hp. To 563hp (0.7 kW to 420kW) and generate working pressure of 

1.5 bar to 414 bar (21 to 6004psi). Vane type compressors can operate between range of 1.1kW to 75kW (1.5 to 

100hp); producing working pressure of 7 to 10bar (101 to 145psi). 

Air has property to fill up any given space of any shape, the easiest way to understand that is balloon inflation. 

The elastic material of balloon holds the air tightly in inner volume of balloon but at the time when you insert a 

pin to make a hole in balloon’s body pressurize air expands with too much energy. JP Yadav [2] states that 

compressing a gas into small space is better way to store energy, this is basic key principle behind compressed 

air engine technology. 
 

IV. COMPARISON OF OPERATION 

4.1 General Operation: 4-Stroke Engine 
1. Intake/suction stroke: mixture of air and fuel introduced combustion chamber. It starts when the piston is at TDC and about 

to move downward (BDC). Position of intake valve is open and exhaust valve is closed.  

2. Compression Stroke: Both valve are in closed    position in this stroke. The mixture which fills entire cylinder volume is 

now compressed into clearance volume. Piston moves from BDC to TDC. 
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3. Power/Expansion Stroke: The compressed fuel charge combusted in combustion chamber which produce power for 

engine by moving piston from TDC to BDC. Both valves are remains closed position. 

4. Exhaust Stroke: In this stroke product gases escape via opened exhaust valve whereas inlet valve remains closed. Piston 

travels from BDC to TDC. 
 

4.2 Operation of CAE: Compressed Air Powered Engine 

The working mechanism of compressed air powered engine partially similar with conventional 4-stroke engine. But, it has only 

two strokes like: 

1. Power Stroke 

2. Exhaust stroke 

4.2.1 Power Stroke 

In power stroke of CAE, High pressurize air via inlet valve, supply to cylinder and it will move the piston from TDC to BDC. 

Problem concerned to working of this engine at starting, it requires initial torque to be provided by other means to bring engine 

into motion. This can be solved by providing DC powered exciter motor which provides necessary initial torque to be start [3]. 

4.2.2 Exhaust Stroke 

In exhaust stroke of CAE, air escape from cylinder via exhaust valve and inlet valve get closed. One interesting benefit is that 

the exhaust air temperature of C.A.E. measured practically as low as 17.6 0C is less than atmospheric temperature. 

Conventional four stroke engine is modified into two stroke engine with re-designing of CAM [5]. 

 
Fig (3): Cycle of Operation of cae[5] 

 

V. COMPARISON OF DESIGN OF CAM 
5.1 Conventional Cam Design:  

A General Design Only one lobe is involved in general cam design to operate according to valve timing. 

5.2 Compressed Air Engine Design :  

In compressed air engine cam involves two lobes to operate 2-strokes.
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Fig(4): general cam design in four                                  Fig(5): design of cam for compressed 

stroke engine[5]                                                                                                     air  engine[5] 

 

VI. MERITS OF CAE 
 

• Air is economical, inflammable, abundant, easily transportable, storable, and non-polluting. 

• Mechanical design for engine is simpler & robust. 

• Low maintenance cost, manufacturing cost as well as low operating cost.    

• Manufacturing cost reduces because there is no need of fuel tank, spark plug, silencers, cooling system and 

complex fuel injection mechanism. 

• Very less wear& tear of parts, so smooth working is possible. 

• There is no possibility of knocking and detonation which is major problem of conventional engines [3]. 

• Longer life span; Compressed air powered vehicle gives higher efficiency than electric vehicles, which is 

another technology which fulfils the shortage of fuel and environment friendly. 

• Refilling of tank is time consuming than time of batteries to be charged. 

• Problem of recycle or dispose of batteries can be eliminate by accepting this one. 
 

VII. IMPORTANT DEVELOPMENTS OF COMPRESSED AIR ENGINES FOR LIGHT 

VEHICLES 
 

Korean inventor “Beau de Rocha” made zero pollution cars using Quasiturbine and disclosed on Sept’2005 

using gasoline [6]. 
“Guy Negre”, a Scientist ,developed compressed air engine run on air and gasoline, claims  zero pollution car 

and got 52- patents registered since 1998 to 2004.The car was demonstrated in 2004 publically[7]. 

“E.J. Honton” an inventor in 2004 presented the Hydrogen Fuel Car at 15th Annual US Conference & Hydrogen 

Expo, USA and projected the scope of its market in different country [10]. 
 

VIII. CONCLUSION 
 

It is very necessary to develop such tank made of carbon fibers which can carry huge amount of pressure with 

least volume of space will meet the general acceptance with zero harmful emission. CAE is the realization of 
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new technology in automobile field.it is also necessary to develop compressed air engine of multi-fuel engine 

that runs with either Air or Fuel. 
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ABSTRACT 

Labeo dyocheilus is economically important fish and has been categorized as vulnerable species of India. The 

objectives of the present study includes how it lives and grows, factor influencing natural feeding, to determine 

the exact type of food that fish consumes, so one can adopt an improved plan for its culture and all the findings 

of the study would be an adoptable plan for this vulnerable species Ex-situ conservation. Our study on feeding 

habits of fish revealed that the primary food of fish was green algae and diatom, secondary food was sand and 

debris while occasional food was zooplanktons along with insects and macrophytes, so experimental fish was 

classified as herbi-omnivorous and column feeder according to its mouth position. Thus, feeding plan for 

culture should be according to feeding habit of fish and ecological niche of fish. Furthermore, age and size wise 

study of fish showed that the fingerlings were carnivorous while the adults herbivorous in nature. Hence, there 

should be different feeding plans for fingerling and adult fish. Annual cyclic feeding variations revealed 

February as its favorable feeding month. By knowing this one can adopt a better plan for its annual feeding 

management. Feeding intensity study showed that as the length, size and age increases fish feeding intensity 

decreases, it means mature fish reduce its feeding. Hence, this finding would be helpful to manage its annual 

feeding and determination of harvesting time.Water temperature affects growth performance and feed 

conversion ratio. For that the three temperature ranges were selected and maintained in laboratory condition. 

Labeo dyocheilus attained significantly higher body weight (12.260 ± 0.256g) and total length (11.898 ± 0.073 

cm) under water temperature range of 20-22°C. The fish reared in water having temperature between 20-22°C 

showed the best FCR value (2.324 ± 0.167).It was concluded that water temperature ranging from 20-22°C 

seems to be the most effective for rearing of Labeo dyocheilus, with the help of this results the rearing plan for 

its conservation would be successful. 

 

Keywords: Feeding Biology, Conservation, Vulnerable Species and Labeo Dyocheilus 
 

I. INTRODUCTION 
Over the last century, freshwater ecosystems have suffered from intense human intervention resulting in habitat 

loss and degradation [1]. If conservation projects are to be more successful there is an urgent need to carry out 

research on the basic ecology of species, including habitat preferences and environmental tolerances, and 

historical and contemporary evolutionary processes, to underpin rehabilitation and recovery programmes [2]. 

The “feeding biology” is certainly one of an important aspect in the biological investigation in the fishes. In the 
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present work we were study feeding biology of Labeo dyocheilus and approach towards ex- situ conservation of 

this species by our findings. Too many species are now in need of immediate intervention, and decisions need to 

be derived on best available information to save them from pending extinction. 

Labeo dyocheilus has been categorized as vulnerable by National Bureau of Fish Genetic Resources (NBFGR) 

Lucknow, Dubey [3], and Prasad [4]. Over the last 10 years, its wild population has undergone a steady decline 

(>50%) and is listed among the 82 vulnerable freshwater fish species of India CAMP [5]. Feeding habits of fish 

help to know the inter-specific relationship and the productivity of the water bodies. Moreover the knowledge of 

feeding biology helps to produce optimum yield by utilizing all the available potential food of the water bodies 

properly without any competition. Feeding habits of fish help to determine the ecological condition of fish, 

niche in the ecosystem and preferred food items [6]. Different fish species vary in there tolerances to water 

temperature and each species has an optimum temperature for growth [6]. Each fish species has an ideal 

temperature range within which it grows quickly. Growth and livability in fish are optimum within a defined 

temperature range [3]. 

The objectives of the present study includes how it lives and grows in its natural condition, what factor can 

influence its natural feeding, distribution and the relative quality of feeding condition. Study would be 

supportive to determine the exact type of food that the experimental fish consumes in its natural habitat, so one 

can adopt an improved plan for its culture and all the findings of the study would be an adoptable plan for this 

vulnerable species conservation. 

 

II. MATERIAL AND METHODS 
 

The monthly sampling was carried out during three years for adults and fingerling. During study fish were 

observed naturally and in laboratory as well.  

The gut content analysis was done by point method Hynes [7]. Alimentary canal length and weight were 

measured with food and without food to calculate the Gastro-somatic Index (GaSI) and relative length of gut 

(RLG), followed by calculation using the formula given below.  

 
Feeding intensity (F.I.) observations were based on the state of fullness of gut and the amount of food content in 

it. Based on the capacity of food in gut, the collected fish samples were categorized as follows: Empty, when the 

gut is empties i.e. no food. Poor intensity, when gut is filled ¼ part of its capacity. Medium intensity, when gut 

is filled ½ part of its capacity. Good intensity, when gut is filled ¾ part of its capacity. High intensity, when Gut 

is filled more than ¾ part of its capacity. 

For the study of fingerling feed conversion ratio, survival and growth, six weeks experiment was conducted in 

six glass aquaria in laboratory. Fingerlings were randomly stocked in each aquarium having water at three 

temperature range of 16-18°C, 18-20°C, 20-22°C. The average initial body weight of the fingerlings was 9.60 g 

and total length was 8.42 cm.  An experimental diet was given to fingerlings about 4% of wet body weight of 

the fingerling once a day in feeding aquaria and remaining feed was collected after 3 hours. Different 

component of experimental food were (Vitamins 1%, Green algae 3.5%, Fish oil 10%, Soybean meal 12.5%, 

Blood meal 30 %, Rice polishing 43%). Mean wet body weight of the fingerlings in each aquarium was 
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calculated to work out the feeding rate for the next week. The data on feed consumption and body weight gain 

were used to calculate feed conversion ratio [8]. The differences in the means were compared by Duncan’s 

multiple range test series [9]. 

 

III. RESULTS 

3.1 Gut Content Analysis 
The gut content analysis of fish was the quantitative analysis of food. The primary food of Labeo dyocheilus 

was found out to be green algae and diatom, which were summed up as 68.397 % of the total food content. 

Secondary food available for fish was Sand and debris, which is 24.108 % of the total. Fish was observed that 

take occasionally Zooplanktons along with insect and Macrophytes as a food. The gut had highest proportion of 

primary food during winter which was lowest during monsoon. The proportion of secondary food in gut was 

highest during monsoon (September). Hence, the fish was classified as herbi-omnivorous and had column 

feeding habit because of its straight mouth position. (Table 1) 
 

3.2 Different Food Items in Different Size Groups 
On the basis of food habit, fishes can be categorized as herbivores, carnivores and omnivores in their natural 

habitat. Study of fish at different age and size result showed that higher quantity of animal mater food was found 

in selective fishes of size group 1-5 cm i.e. fingerlings. The adult fishes with size variation from the 5.1 to 30 cm 

were observed to take higher percentage of plant mater. Thus, we concluded that with growing in age from 

fingerling to adult Labeo dyocheilus changes its food from carnivorous to herbivorous. (Table 2) 
 

3.3 Gastro-Somatic Index (GaSI) 
GaSI is quantitative analysis of gut contents of a fish. Gastro-somatic index (GaSI) was highest in February and 

lowest in August with the values of 2.573±0.627 and 0.240±0.042 respectively in our observation. These values 

indicated that February is its favorable feeding month of Labeo dyocheilus. (Table 1) 
 

3.3 Relative Length of Gut (RLG) 
Relative length of gut (RLG) is a useful index which provides an idea of the nature of food consumed by the 

fish. Thus RLG value was ranged from 3.0121±0.577 to 4.4971±1.051 during August to February respectively. 

Since the fish is herbi-omnivorous in nature, its intestinal length was found to be longer than its body length. 

(Table 1) 
 

3.3 Feeding Intensity in Different Size Groups 
Feeding intensity of fish gives an idea about fullness of gut. We found that no fish has empty gut, maximum 

fishes of size group 1.0 to 5.0 cm had moderate feeding intensity thus their gut was filled ¾ part of its capacity. 

The gut of the maximum fishes of size 5.1 to 25.0 cm was filled ½ part of its capacity to had medium feed 

intensity. Maximum fishes of size group 25.1 to 30.0 cm had poor intensity i.e. their gut was filled only ¼ parts. 

The cause of variation in feeding intensity with the age was due to the maturation of gonad of Labeo dyocheilus. 

This is also supported from the observation that only small number of fishes in size group 20.1-25.0 cm and 

25.1-30.0 cm has full gut. (Table 3) 
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3.4 Fingerlings Feed Conversion Ratio, Survival and Growth 
Labeo dyocheilus gained higher body weight 12.260± 0.256g under water temperature range of 20-22 °C. The 

next higher weight of fish was 11.813 ± 0.203g and 11.436 ± 0.162g in water temperature ranges of 18-20°C 

and 16-18 °C, respectively. The comparison of means of body weight in different water temperatures indicated 

that three water temperature ranges significantly affected the average body weight gain of the fish. Labeo 

dyocheilus attained higher total length (11.898± 0.073 cm) under temperature range of 20-22°C, followed by 

18-20°C (11.789 ± 0.110 cm) and 16-18°C (10.325 ± 0.178 cm). The analysis of the data revealed that the 

temperature of water significantly influenced the total length of the fish. The interaction between weeks and 

water temperature in respect of total length gain was also significant. The comparison of means of total length 

on different water temperatures indicated that all three temperature ranges differe significantly from one 

another. The fish kept in water having temperature between 20-22°C showed better FCR value (2.324 ±0.167), 

followed by 18-20°C (2.760 ± 0.132) and 16-18°C (3.018 ± 0.173). These results showed that temperature of the 

water significantly influenced the feed conversion values of the fish. However, the interaction between weeks 

and water temperature in respect of feed conversion ratio was non-significant. Mean values of feed conversion 

ratio under three water temperature ranges were found to be significantly different from one another. (Table 4) 

  

IV. FIGURES AND TABLES 

 

Table 1- Monthly Variations in the Gut Contents and Alimentary Canal 

 

 

 

Months Gut contents analysis Alimentary canal analysis 

 
Green 

Algae 
Diatoms 

Sand 

and 

debris 

Zooplankton 

and insect 
Macrophytes 

Gastro-Somatic Index 

(Average ± SD) 

Relative Length of Gut 

(Average ± SD) 

Jan. 56.25 31.17 5.73 4.75 2.10 2.317±0.511 3.754±0.882 

Feb. 55.14 30.31 8.38 5.10 1.07 2.573±0.627 4.497±1.051 

Mar. 54.39 28.27 11.98 4.15 1.21 2.010±0.731 4.214±1.005 

Apr. 52.82 27.46 15.68 3.07 0.97 1.601±0.312 4.011±0.995 

May 54.78 29.65 9.48 4.94 1.15 0.820±0.244 3.914±0.875 

Jun. 50.47 28.75 15.79 4.17 0.82 0.431±0.158 3.712±0.792 

Jul. 30.55 20.14 40.86 2.72 5.73 0.261±0.078 3.412±0.687 

Aug. 15.20 8.72 65.33 0.50 10.25 0.240±0.042 3.012±0.577 

Sep. 16.20 4.54 67.30 0.16 11.80 0.873±0.027 3.721±0.957 

Oct. 42.72 24.35 24.67 3.56 4.70 0.914±0.148 3.912±0.989 

Nov. 47.38 27.56 17.73 4.18 3.15 1.571±0.297 3.861±0.754 

Dec. 54.19 29.75 6.37 5.94 3.75 1.992±0.387 3.412±0.587 

Average 44.17 24.22 24.10 3.603 3.892 --------- -------- 



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 

668 | P a g e  
 

Table 2 - Percentage of Food Items in Different Size Group 

 Fingerling Adult 

 1.0-5.0 5.1-10.0 10.1-15.0 15.1-20.0 20.1-25.0 25.1-30.0 

Green Algae 12 61 54 63 62 50 

Diatoms 09 08 11 09   06 10 

Zooplankton and insect 58 14 08 12 10 15 

Macrophytes 14 7 10 04 06 05 

Sand and Debris 07 10 17 12 16 20 

 

Table 3 - Feeding Intensity of Different Size Groups in Labeo Dyocheilus 

 

 

 

1.0-5.0 

 

5.1-10.0 

 

10.1-15.0 

 

15.1-20.0 

 

20.1-25.0 

 

25.1-30.0 

Empty gut 00 00 00 00 00 00 

Poor intensity 09 15 10 13 05 45 

Medium intensity 22 40 45 40 60 24 

Moderate intensity 51 20 40 35 25 27 

Full gut/ high intensity 18 25 05 12 07 03 

 

Table 4 - Labeo Dyocheilus Growth and FCR Comparison in Various Temperature Range 

S. No. Time duration Tem. Range 
Total Length 

(cm) 

Body weight 

(gm) 
FCR 

Mean of 

FCR 

1. Initially 

20 to 22 0C 8.234±0.120 9.321±0.132 Not taken  

18 to 20 0C 8.465±0.073 9.600±0.157 Not taken  

16 to 18 0C 8.710±0.176 9.545±0.163 Not taken            

2. First week 

20 to 22 0C 8.872±0.238 10.567±0.186 2.260±0.127  

18 to 20 0C 9.240±0.154 9.948±0.193 2.662±0.255  

16 to 18 0C 8.935±0.142 9.823±0.046 2.855±0.178  

3. Second week 

20 to 22 0C 8.987±0.154 10.437±0.176 2.280±0.092  

18 to 20 0C 9.369±0.179 10.297±0.181 2.717±0.170  

16 to 18 0C 9.199±0.114 10.141±0.121 2.921±0.171  

4. Third week 

20 to 22 0C 9.671±0.187 11.875±0.183 2.298±0.051 2.324±0.167 

18 to 20 0C 9.489±0.121 10.667±0.162 2.753±0.174 2.760±0.132 

16 to 18 0C 9.464±0.102 10.489±0.200 2.956±0.106 3.018±0.173 

5. Fourth week 

20 to 22 0C 9.982±0.129 11.972±0.178 0.327±0.067  

18 to 20 0C 10.334±0.167 11.003±0.142 2.802±0.178  

16 to 18 0C 9.736±0.121 10.792±0.027 2.934±0.114  

6. Fifth week 

20 to 22 0C 10.945±0.122 12.369±0.125 2.370±0.038  

18 to 20 0C 10.965±0.371 11.439±0.122 2.854±0.199  

16 to 18 0C 10.115±0.150 11.210±0.149 3.062±0.157  
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V. DISCUSSION 
 

Green Algae and Diatom, which have been observed round the year in good quantity determine as a primary 

food. Secondary food (Sand and debris), occasional foods was Zooplankton along with insect and Macrophytes. 

This classification based on as per food quantity in the gut. Thus, Labeo dyocheilus observe to classify as herbi-

omnivorous fish. The fish was observed to be as column feeder on the basis of straight mouth position. 

Classification of fishes based on amount of variation in the types of food eaten by them as they may be herbi-

omnivorous which feed more of plant food and carni-omnivorous which subsist more of animal food [10]. 

Classification based on strata in water column where the fish feeds, thus they can be surface feeder, column 

feeder or bottom feeders [11]. Thus, feeding plan for culture or ex-situ conservation should be according to 

feeding habit of fish and ecological niche of fish. 

It was concluded that with growing in age Labeo dyocheilus changes its food from carnivorous to herbivorous. 

Many fishes change their food habits as they grow [12].Variation in the composition of the food with age and 

size is a substantial adaptation towards increasing the range of food supply of population by enabling the species 

as a whole to assimilate a variety of food [10]. Hence, there should be different feeding plans for fingerling and 

adult fish for its culture. 

GaSI of Labeo dyocheilus was highest during winter (January-February), because at that time aquatic vegetation 

was at its peak. By knowing this one can adopt a better plan for its annual feeding management, so this result is 

very important for its conservation. During monsoon period amount of basic food items are less so the rate of 

feeding appears to be affected mainly by the flooding river condition. Availability of the food is entirely 

dependent on the environment [13, 14, 15]. 

The RLG values of herbivorous fishes such as Labeo rohita and Labeo genius were about 12.0 and 9.5 

respectively whereas in carnivorous fishes the RLG values are generally low, as in Bagarius bagarius the value 

is 0.8 and in Notopterus chitala have RLG of 0.4 [16, 17].  The average RLG value were 0.7 in carnivorous, 

4.77 in herbivorous and 1.37 in omnivorous and 3.7 in plankton feeder fishes [18]. From these researches, a 

range of RLG for herbi-omnivorous fishes can be set up thus; the above studies support our finding of RLG 

value for Labeo dyocheilus which is proved to be a herbi-omnivorous fish. 

From present study of feeding intensity we conclude that the variation with the age is due to the maturation of 

gonad in Labeo dyocheilus. Hence, this finding would be helpful to manage its annual feeding and 

determination of harvesting time. It is reported that generally during spawning season, feeding rate would be 

relatively lower and it increases immediately after spawning [19, 20]. 

Growth rate, food intake and feed efficiency ratio of juvenile Labeo dyocheilus was significantly influenced by 

temperature and fish size, a linear relationship between specific growth rate and temperature has also been 

stabilized in Atlantic salmon [21]. Temperature is related to fish growth because it influences fish metabolism 

since water temperature affects the rate of enzyme activity, mobility of gases, diffusion and osmosis [22]. In our 

study the weight gain increased with increase in water temperature. These results support the earlier findings 

that growth and survival of fish are optimum within a defined temperature [23]. Generally there is a positive 

7. Sixth week 

20 to 22 0C 11.898±0.073 12.260±0.256 2.390±0.028  

18 to 20 0C 11.789±0.110 11.813±0.203 2.920±0.171  

16 to 18 0C 10.325±0.178 11.436±0.162 3.180±0.103  
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exponential relationship for many species of fish between standard metabolism and temperature [24]. As 

temperature increases, standard metabolism increases [25]. The highest weight gain was observed in the Labeo 

dyocheilus maintained on 20-22 °C. Fish were markedly influenced by the temperature of water in which they 

lived [26, 27, 28]. Increased growth has also been reported in Labeo reared at average temperature of 19°C as 

compared with those in outdoor tanks at average temperature of 14.8°C [29]. An increase in temperature 

increases the activity of digestive enzyme, which may accelerate the digestion of the nutrients, thus resulting in 

better growth [30]. 40% increase in growth rate of Cod reared at 8.3°C compared with 4.5°C [31]. Growth rate 

increase about 50% with each 4°C increase from temperature between 6 to 14°C [32]. However, different fish 

require different temperature regimes; a range between 20-22°C being the optimum for Labeo dyocheilus. 

Optimum temperature for best growth of European catfish Silurus glanis was within the range of 25 to 28°C 

with best results noted at 27°C [33]. 

The results of the present study was that Labeo dyocheilus maintained less body weight under low temperature 

(16-20°C) as compared to the other treatment groups. The present findings were in line-with an observation that, 

rapid decrease in growth rate when temperature reached 18.9 °C [34]. The lower body weight of the Labeo 

dyocheilus maintained in low water temperature (16-20°C) may be due to less feed intake than those kept under 

higher water temperature (20-22°C). Our results was supported by a study that, most species cease to feed at low 

temperatures (below 16°C) [35]. Our finding is also supported by a laboratory study, who reported that, in low 

temperature fingerlings growth was less as compare to high temperature [36]. Therefore, better growth rate at 

20-22°C in Labeo dyocheilus may be attributed to the high water temperature, which increased the feed intake 

and metabolic rate of the fish. 

In the present work relationship between temperature and food consumption ratio (FCR) was also observed. 

Relationship between temperature and food consumption in golden shiners were also studied [37]. The best FCR 

was observed in the fish kept at 20-22°C temperature range, followed by those maintained at 18-20°C and 16-

18°C. These results are consistent with findings that, Ictalurus Punctatus, fingerlings reared at a temperature 

range of 18-34°C registered improvement in FCR, with the best values obtained at 30°C [38]. Better efficiency 

of feed in fish reared at high temperature than those kept at low temperature 17-27°C [39]. In literature 

relationship between temperature and food consumption, find positive relation between them in various fishes 

[40, 41, 42]. Increase in temperature resulted in better utilization of feed in fish than those kept under lower 

temperature 20.9-24.3°C [43]. Better feed conversion ratio of the fish maintained at 24-26°C in this study may 

be attributed to the increased feed intake of the fish, which spared more nutrients for growth of the fish after 

meeting the maintenance requirements.  

Some other cited literature especially on Labeo dyocheilus at Western Ramganga River, were also similar and in 

support of our work and research findings [44 to 50].  With the help of these results from fingerlings feed 

conversion ratio, survival and growth, the rearing plan of fingerlings can be designed so that conservation plan 

would be successful. 

 

VI. CONCLUSIONS 
Decisively, we have effectively observed the food and feeding habits of Labeo dyocheilus. The primary, 

secondary as well as occasional foods of the fish were found out. On the basis of food selection, Labeo 

dyocheilus was classified as herbi-omnivorous and on the basis of ecological niche, column feeder. It was also 

concluded that the fish changes its food habit as it grows, since the fingerlings are carnivorous while the adults 
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herbivorous in nature. We also summarized from GaSI analysis that the basic food items were highest in the gut 

during winter. The RLG study concludes that the fish is herbi-omnivorous in nature and February is its 

favorable feeding month. It has also been reviewed that there is a variation of feeding intensity with the age of 

fish and is due to its gonadal maturation. Water temperature ranging from 20-22°C seemed to be the most 

effective for rearing of Labeo dyocheilus. However, the effect of water temperature on nutrient digestibility of 

the diet fed to the Labeo dyocheilus still remains an important factor, which might play an important role in 

understanding the growth performance of the fish. A well defined plan for study species conservation has been 

put forward, there is, however, a note of caution with respect to research; it should not be used to delay taking 

action to conserve endangered fish species or communities. 
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ABSTRACT 
In Process Industries, proper hygiene should be maintained to ensure the proper quality of the product. So, the 

cleaning of Process Equipment’s must be done very properly and hygienically. Clean in Place (CIP) 

Automation is a best way to clean the process equipment’s without disassembling. There are various 

requirements for cleaning equipment as well as many cleaning types. Some process equipment is cleaned with 

only water while other equipment is cleaned using detergents such as acids or caustic solutions. Also, some 

plants have taken to recovering the water used for a final rinse and use it as the initial rinse of the next CIP 

sequence in order to reduce the overall production cost. The following paper gives an approach that makes CIP 

automation a straight forward task and provides ample modularity and flexibility through the use and 

application of PLC and SCADA. This paper outlines the method of conversion of manual cleaning towards the 

fully automated cleaning and making the plant environment safer. 
 

Keywords: Automation, CIP, PLC, SCADA. 
 

I. INTRODUCTION 
 

Cleaning in Place is commonly used in hygiene critical industries, such as Food, Dairy, Beverage and 

Pharmaceuticals etc., to clean a wide range of Plants. CIP refers to the use of a mix of various chemicals, heat 

and cold water to clean equipment’s, machinery, vessels or pipe work without dismantling or disassembling the 

plant. The process can be one shot or sequence, in which everything goes to drain or recovery, which recycles 

most of the liquid. CIP automation can be a very efficient way of cleaning because cleaning process is faster; 

also it requires less human power. CIP is more repeatable and focuses on less chemical risk to cleaning operator. 

CIP technique provides significant advantages to manufactures as it provides cleaning of equipment’s in run 

time at lower costs which improves product quality and plant hygiene. In order to keep less human interference 

in process, PLC (Programmable Logic Controller) and SCADA (Supervisory Control and Data Acquisition) is 

used. SCADA screen is developed in order to control plant and monitor entire system from control room. 
 

II. DRAWBACK OF CONVENTIONAL SYSTEM 
 

There are many conventional systems available to clean the industrial equipment’s and machinery. Those 

systems are manual or semiautomatic which require human power to dismantle the plant or enter the equipment. 

The cleaning operator needs to enter into the plant and also to handle the hazardous chemicals for cleaning 

which is definitely not safe and dangerous. Also, those systems are both time and power consuming which is not 

desirable in any process industry. 
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III. BLOCK DIAGRAM OF PROPOSED SYSTEM 
 

  

 

 

 

Fig. 1: Block Diagram of CIP System 
There are roughly four components in block diagram: 

1. PLC (Programmable Logic Controller):PLC is a digital computer used for automation of typically industrial 

electromechanical process. PLC is a computerised industrial controller that performs discrete or sequential logic 

in a factory environment. PLCs are used to execute complicated control operations in plant. 

2.SCADA (Supervisory Control and Data Acquisition): SCADA is a system operating with coded signals over 

communication channels so as to provide control of remote equipment. A SCADA system gathers information 

(such as where a leak on a pipeline has occurred), transfers the information back to a central site, then alerts the 

home station that the error has occurred, out necessary analysis and control, such as determining if the error is 

critical, and displaying the information in a logical organized fashion. 
3. CIP Station: CIP station is the assembly of all components. It contains tanks, valves, pipes, pumps and other 

equipment. This station is the platform where all basic preparation is done which is required to clean the 

destination equipment in place. 

4. Destination equipment: It is the process equipment which is to be clean in place. It is usually huge and 

complex. It can be anywhere and any sized in Industry such as machinery, vessels or pipes, tanks etc. 
 

IV. OPERATIONAL ELEMENTS 

4.1 PLC (Programmable Logic Controller)  
A Programmable Logic Controller (PLC) is a solid state computerized industrial controller that performs 

discrete or sequential logic in a factory environment. The Technical Definition of a Programmable Logic 

Controller is currently defined by the National Electrical Manufactures Association (NEMA) as a “digital 

electronic device that uses a programmable memory to store instructions and to implemented specific functions 

like logic, sequence, timing, counting and arithmetic operations to control machines and processes”. 

 
Fig.2 Basic Components of PLC 
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PLC mainly consists of a CPU, Memory areas, I/O module, and appropriate electronic circuits. PLC works by 

continuously scanning a program.  

PLC Programming languages: The IEC standard 1131-3 defines the software model of programmable controller 

and the languages to program it. The many dialects and proposals from PLC vendors result in a suite of 

programming languages: 

i. Instruction List (IL) 

ii. Structured Test (ST) 

iii. Ladder Diagram (LD) 

iv. Functional Block Diagram (FBD) 

v. Sequential Function Chart (SFC) 

Ladder Diagram:Ladder logic is a programming language that represents a program by a graphical diagram 

based on the circuit. LD is a rule based language rather than a procedural language. Ladder logic is widely used 

to program PLCs, where sequential control of a process is required. Ladder logic is used in simple as well as 

critical control systems. The name based on observation that programs are similar to the ladders, which has two 

vertical rails and a series of horizontal rungs between ladders. The flow of logic of ladder diagram is typically 

from left to right. Each rung consists of combination of input instructions. 
 

4.2 SCADA (Supervisory Control and Data Acquisition) 
SCADA is a system operating with coded signals over communication channels so as to provide control of 

remote equipment. SCADA collects the information, transfer it back to the central site, carry out any necessary 

analysis and control and then display that information on a number of operator screens or displays. 
 

4.3 Components of SCADA 
i. Human Machine Interface (HMI):HMI is an interface which presents process data to human operator and due 

to this human operator monitors and controls the process.  

ii. Supervisory System:It gathers information of the process and commands to the process.  

iii. Remote Terminal Units (RTUs):RTUs are used to connect the sensors in the process, and it converts sensor 

signals to digital data and sending that digital data to the supervisory system.  

iv. Communication Infrastructure:It provides connectivity to the supervisory systems to the supervisory systems 

to the Remote units.  
 

V. CIP PROCEDURE 
 

A typical CIP process consists of many steps which often include (in order): 

i. Pre-rinse with WFI (water for injection) or PW (purified water) which is performed to wet the interior 

surface of the tank and remove residue.  

ii. Hot Water Circulation. 

iii. Caustic solution single pass flush through the vessel to drain. Caustic is the main cleaning solution. 

iv. Acid solution wash – used to remove mineral precipitates and protein residues. 

v. Final rinse with WFI or PW – rinses to flush out residual cleaning agents. 

vi. Final air blow – used to remove moisture remaining after CIP cycle. 
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VI. CIP STATION 
 

CIP station contains assembly of three tanks, pipes, valves, pumps, heat exchanger, level and temperature 

sensors, etc. 

What Can the CIP station do? 

· Deliver a material from a SOURCE 

- Cold Water, Hot Water, Detergent, Caustic Water. 

· Control the FLOW RATE 

· Control the TEMPERATURE 

· Monitor Supply and Return conditions 

- Supply temperature, flow rate, conductivity; return temperature, flow rate, conductivity [1]. 
 

VII. DESTINATION EQUIPMENT 
 

The destination may include tanks, transfer lines, etc. which is to be clean. Each destination may have multiple 

options for a supply inlet path as well as return path. For simplicity, only two destination tanks will be used in 

this example.This methodology is applicable to one or many destinations and paths. 
 

VIII. CIP PROCESS 
 

The CIP process can be divided into three steps as follows, 

1. Filling Process. 

2. Preparation Process. 

3. Cleaning Process. 

1. Filling Process:In this process, all the tanks at CIP station are filled with the cold water from the mains 

supply. Level indicators are used to indicate the filling level of the tanks to avoid the overflow. We can control 

the flow of water using the inlet valve. 

2. Preparation Process: In this process the water is being prepared for cleaning, that is water is heated up to its 

set point temperature which is typically 80º C. In order to heat, the water from tank2 is passed through "Heat 

Exchanger (HE)".When temperature sensor indicates that the water is heated up to set point, then it will stop and 

Tank2 get filled with the hot water. The same process is carried out for filling tank3 with hot water. After 

heating, caustic soda is added into tank3 with proper concentration and conductivity. Caustic soda is used to 

remove unwanted soil and rust from container to be cleaned. So, tank2 and tank3 can be label as Hot water tank 

and Caustic water tank respectively. 

3. Cleaning: After the completion of preparation process, the actual cleaning process is started.  Initially the cold 

water is rinse through the destination equipment, which is to be cleaned, to wet the interior surface of the tank 

and remove residue.  After this the hot water is passed and rinsed through the equipment and then taken back to 

the station in order to save energy. Same procedure is done with Caustic water. Finally after cleaning with 

caustic water, Cold water is again rinsed through the equipment to flush out residual cleaning agents. After 

completing all these three process, it can be said that the Destination Equipment is cleaned thoroughly and ready 

for the manufacturing of the next batch. 
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IX. FLOWCHART OF CIP AUTOMATION 

 
Fig. 3 Flowchart of CIP Process 

 

X. ADVANTAGES OF CIP AUTOMATION 
 

A Cleaning in Place system has many benefits to the end user, the main reasons for implementing Cleaning In 

Place are: 

· Increased throughput or productivity. 

· Improves the quality or increases predictability of quality. 

· It improves robustness of processes. 

· Increased consistency of output. 

· Less operation time and work handling time significantly. 

· Safety operators are not required to enter plant to clean it. 

· Production down time between product runs is minimized. 

· Cleaning costs can be reduced substantially by recycling cleaning solutions. 

· Water consumption is reduced as cleaning cycles are designed to use the optimum quantity of water. 

· The cleaning system can be fully automated therefore reducing labor requirements. 

· Hazardous cleaning materials or chemicals do not need to be handled by cleaning operators. 

· Use of cleaning materials is more effectively controlled using a CIP system. 
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XI. RESULT AND DISCUSSION 
 

The result of this project can be observed as the destination equipment which is to be cleaned is cleaned and 

hygienic after CIP process is done without dismantling the plant. CIP process is nothing but the ladder program 

which is downloaded into the PLC. The SCADA screen to operate the CIP process is developed, shown below. 

 
Fig.4 SCADA Screen of CIP 

XII. CONCLUSION 
 

Using PLC and SCADA automation, we have developed a modular and flexible CIP process with significant 

advantages: 

· The automation team is not needed to know how to CIP the equipment. 

· It gives a modular and straight forward design and implementation approach. 

· There is no need to change the code to create new or change the CIP procedure. 

· Create reusable operations to meet standard CIP operating procedures. 

This advanced methodology results in reduced costs in engineering and implementation time, also a flexible 

solution that can be implemented across a facility with limited re-work of code. 
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ABSTRACT  
This project is to develop an autonomous robot with four wheel drive. It is capable of negotiating the obstacles 

with a leg motion mechanism. When the obstacles are encountered, wheels are lifted and moved ahead in a 

stepping like motion and lowered back down. It can also avoid any obstacles by changing the path by using 

fuzzy logic and path planning. When the vehicle encounters terrai n intractable by leg motion, with its current 

posture, the vehicle change its posture until it can traverse the terrain. Many robots are developed for industrial 

use, and home use Autonomous robots are characterized by their ability to execute tasks deprived of any human 

intervention. Decision making requires full or partial knowledge of the surrounding environment, or workspace, 

in which the agent is operating. Recent advances in sensor technology have enabled the use of reliable 

multisensory perception systems. Uncertainty in the perception stage leads to accumulated localization. 

Processing of collected data and accounting for errors is essential for accurate mapping and localization. When 

some interrupt occurs, it should take the correct decision using path planning algorithm and SLAM 

(Simultaneous Localization And Mapping). This autonomous robot which is not controlled by joystick, instead it 

is controlled by brain computer interfaces for intended movements from electrical activity. This robot will 

tolerate some rough environments. Some examples of access barriers are steps at the entrances of buildings, 

curbs without ramps and gutters and holes in the road. 
 

Index Terms:  Gait  Algorithm,  Mobility  Performance, Obstacle, Personal Mobility Vehicle, 

Autonomic Robotic Wheel Chair, Rough Terrain, Terrain Topology. 
 

I. INTRODUCTION 
 

A Robot is mechanical or virtual intelligent agent that can perform tasks automatically guidance, typically by 

remote control. The robot is usually an electromechanical machine that is guided by computer and electronic 

programming. Robotics is the branch of technology that deals with the design, construction, operation, 

manufacture and application of robots and computer systems for their control and information processing. 

Robotic technology is used to deal with hazardous situation such as dealing with suspicious packages and 

collection of intelligence. Sensors are used to sense the environment and give useful feedback to the device. 

Robotics can be described as the current pinnacle of technical development. Robotics is a science using the 

continuing advancements of mechanical engineering, material science, sensor fabrication, manufacturing 

techniques, and advanced algorithms. 
Proximity sensor easily detects the presence of any object. Our robot will follow the technique of bat to detect 

obstacle in its path. If the receiver receives this reflected wave then we can be sure that there is an obstacle in front of 

the robot. The time difference between the transmission of the light wave and the reception of the reflected wave is 
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calculated. Since the speed of the sound wave .we can calculate the distance of the obstacle. This is done in two parts. 

The first part consists of taking visual information of the object. Camera is used to take images and we would use 

various image processing techniques to extract the object from the image. The second part consists of taking the range 

information of the object. . A photo electric sensor is a device used to detect the distance, absence, or presence of an 

object by presence of an object by using a light transmitter, often infrared, and a photoelectric receiver. The principle 

behind infrared automatic door (or) find the obstacles sensors is the transmission and receiving of infrared light. An 

element known as a light emitting diode (LED) transmits active infrared light, which is reflected on the floor and 

received by an optical receiver known as a photo diode (PD). 
 

1.1 Deviate the Vehicle 
The most common barriers to widespread autonomous robot use are uneven footpaths, uneven ground, and 

curbs. Based on this, it is clear that an ability to negotiate uneven terrain and obstacles approached at an oblique 

angle would greatly expand the usability of autonomous robots. Therefore, we have developed a autonomous 

robot named RT-Mover P Type 3, which can traverse steps approached not only from the front, but also at an 

oblique angle. The main feature of our development is its leg motion mechanism. The ability to lift each wheel 

up and down in accordance with the terrain is paramount to the ability to traverse steps approached at an oblique 

angle. This is a autonomous robot has the lowest number of actuated axes among currently available four-

wheel-based mechanisms capable of lifting each wheel up and down independently while keeping the seat part 

horizontal. This means that the leg motion mechanism of our autonomous robot is among the simplest. The 

general strength of our autonomous lies in its energy efficiency due to the wheel-based mechanism, as well as 

the simplicity of the mechanism. 
 

1.2 Sensing the Obstacles Using Proximity Sensor 
These are possible motions for enhancing static stability, and find that only the steering axis on the leg motion 

side can be used to enhance static stability for the following reasons: The support-side steering axis should 

already be turned all the way in one direction or another in order to maximize stability, and the pitch axis is 

controlled to maintain the seat horizontal. Thus, to increase the static stability margin, the steering axis on the 

leg motion side is rotated around the leg motion wheel. 
 

1.3 Controlling Tilt in Some Terrains 
Localization and Mapping have all been applied in robot for path planning. It is proposed of that artificial forces 

repelled the robot away from the obstacles and attracted it towards the goal position. Sensor based reactive 

planning methods have been proposed. Control based methods require formulating accurate models for the robot 

and the environment which can be a rather daunting or terrain task 
 

1.4 Automating the System 
An autonomous vehicle, also known as a driverless car, driver-free car, self-driving car, or robot is an 

autonomous vehicle capable of fulfilling the human transportation capabilities of a traditional vehicle. As an 

autonomous vehicle, An autonomous robot is a robot that performs behaviors or tasks with a high degree of 

autonomy, which is particularly desirable in fields such as space exploration, cleaning floors, mowing lawns, 

and waste water treatment. It can find the position of the vehicle and navigate their own routes to destinations on 

the fly by: 
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· Computing safe and unsafe areas on the surface within the field of vision.    

· Computing  optimal  paths  across  the  safe  area towards the desired destination.   
· Driving along calculated route.    

·  Repeating this cycle until either the destination is reached, or there is no known path to the destination.    
 

1.5 Path Planning 
Planning is not only one of the fundamental problems in robotics, it is perhaps the most studied. Early efforts to 

develop deterministic planning techniques showed that it is computationally demanding even for simple 

systems. Exact roadmap methods such as visibility graphs diagrams adaptive roadmaps attempt to capture the 

connectivity of the robot search space. The use of graph search methods involves discretization of the 

workspace and their performance. 
Degrades in a high dimensions. Efficient discretization can be achieved on the expense of completeness and 

high-resolution discretization is computationally expensive. The emergence of novel computational methods 

inspired their use in path planning. Methods such  as Fuzzy Logic Control , Neural Networks, Genetic 

Algorithms,  and  Simultaneous 
 
II.RELATED WORK 
A number of researchers have developed schemes for controlling leg motion of a leg-type machine along with 

consideration of footstep width and vehicle stability Cohen et al (1989). Our research is similar in that our 

algorithm adjusts vehicle posture such that leg motion can be carried out by considering footstep width and 

vehicle stability. However, our PMV (Personal Mobility Vehicle), which has fewer leg motion drive axes than 

do conventional leg-type machines, is different in that it requires the support points bearing the vehicle weight 

to be shifted in order to secure stability for leg motion. In contrast, a leg-type machine can utilize its large 

number of degrees of freedom to easily adjust its center of gravity without shifting the support points in order to 

increase its stability Chapelle et al (2008). Because of this difference, the gait algorithms adopted for 

conventional leg-type machines cannot be utilized here. Also, while reference does discuss research on a mobile 

platform that is structurally similar to our PMV (Personal Mobility Vehicle), the discussion extends only onto a 

verification of its mobility under a fixed gait. Therefore, the proposed algorithm in this paper is completely new, 

and we provide the first evaluation of a gait algorithm through both experimental and numerical analysis, which 

is expected to be extremely useful for research on PMVs of this type Chapelle et al (2008). we configured the 

vehicle to provide adequate mobility stably with a simple mechanical structure, taking a four wheel model as the 

base. Our PMV (Personal Mobility Vehicle) can move in two modes: a conventional wheel mode and a leg 

motion mode. Shows that our PMV can maintain the horizontal orientation of the seat.when one side wheel is 

on an obstacle in wheel mode, and perform the pivot turn and the sideways motion by aligning its wheels with 

90 steering angles. During wheel mode, the seat of the vehicle is kept in the horizontal position through 

feedback controls of the pitch axis and front and rear roll axes. The vehicle has a total of 13 drive axes are four 

driven wheels of four axes at front and rear steering axes. Then two axes at front and rear roll axes. Next two 

axes at a pitch axis a seat slide mechanism axis and another is footrest mechanism .The footrest mechanism 

merely serves to move the footrest out of the way when moving the front wheel leg and is irrelevant to the gait 

algorithm discussed 
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the gait algorithm Nakajima (2011). Upon excluding the above axes from consideration, we can say that this 

mechanism is rather simple because it consists of only four drive axes, four driving wheel axes, and front and 

back steering axes Nakajima (2011). 
Planning is not only one of the fundamental problems in robotics LaValle (2006), and Choset (2005). It is 

perhaps the most studied Latombe (1999). Early efforts to develop deterministic planning techniques showed 

that it is computationally demanding even for simple systems Reif (1979). Exact roadmap methods such as 

visibility graphs adaptive roadmaps, attempt to capture the connectivity of the robot search space. Cell 

decomposition methods, in which the workspace is subdivided into small cells, have been applied in robotics 

Search algorithms such as Dijkstra (1959). Find an optimal solution in a connectivity graph, whereas are 

tailored to dynamic graphs. Hart et al (1968). The use of graph search methods involves discretization of the 

workspace and their performance degrades in high dimensions. The work in generates state lattices using 

motion primitives and combines them with graph search algorithms but, it still suffers from undesirable 

discretization. Efficient discretization can be achieved on the expense of completeness and high-resolution 

discretization is computationally expensive Pivtoraiko (2011) and Beom et al (1995). 
The emergence of novel computational methods inspired their use in path planning. Methods such as Fuzzy 

Logic Control Beom(1995), Martinez Alfaro(1998) and Gomez Garcia et al(2002). Neural Networks Janglova 

(2004), Genetic Algorithms, Gerke(1999), Yanrong et al (2004). Ant Colony Optimization Garcia et al(2009) 

and Simulated Annealing have all been applied in robot path planning. Khatib (2010) and Maekawa et al 

(2010). Those are proposed of the potential field method such that artificial forces repelled the robot away from 

the obstacles and attracted it towards the goal position. Potential fields were also applied for mobile robots in, 

however they suffered from falling into local minima and performed poorly in narrow regions. Koren and 

Borenstein (1991). Sensor based reactive planning methods have been proposed. Control based methods require 

formulating accurate models for the robot and the environment which can be a rather daunting task Howard 

(2007) and Kelly et al (2012). 
It is pointed out in that technologies required for a general autonomous UGV(Unmanned Ground Vehicle) can 

be divided up into five areas: mobility, localization, navigation, planning, and communication Durrant Whyte 

(2001). The relationship between them is depicted. It is deals with the vehicle mechanism design, the motion 

control technique, and the interaction between the vehicle and terrain. It is concerned with the kinematics and 

dynamics of the vehicle platform and the control algorithms for the vehicle as well as all actuators outfitted on 

the vehicle to obtain the desired motion on a certain terrain. It is allows the vehicle to be connected with human 

operators and other vehicles or systems. Whether the vehicle is fully autonomous or not, it requires a 

communication link to co-operate with other vehicles or the base station in many missions. It is related to 

estimation of the vehicle position and attitude in a fixed frame: for example, an earth-fixed coordinates system. 

It is concerned with robust algorithms for more accurate estimation to deal with sensor uncertainties. Taking 

information from internal and external sensors as inputs, its outputs affect both navigation and mobility 

processes Durrant Whyte (2001). 
It handles information obtained from environment sensors to build up a map of the environment. The 

representation of the environment is then used to control the vehicle in small area around the current vehicle 

position in order to follow a trajectory defined in a planning process. It also manages obstacle detection and 

avoidance. It is makes use of all known information from prior maps, mission goals, sensory and control 

structures to generate trajectories, or way points and other actions for the vehicle to execute. However, due to 
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the incomplete knowledge of the world in outdoor missions, the vehicle must use the environment information 

gathered along the local path to update or rebuild the trajectory Durrant Whyte. 
 

III.SYSTEM ARCHITECTURE 
Architecture diagram is the representation of a system in which the principal parts or functions are represented 

by blocks connected by lines that show the relationships of the blocks. It is typically used for higher level, less 

detailed description aimed more at understanding the overall concepts and less at understanding the details of 

implementation. 
 

 

 

 

 

 

 

 

Figure 3.1 System Architecture 
The figure 3.1 represents the architecture of proposed system. Autonomous robot is designed to be operated 

remotely. The major components used are IR sensors in the front and back wheels to sense the environment. 

This sensed data is given to the processing unit having 16F877A Micro controller. The function of this 

processing unit is find the presence of objects or any obstacles present in that environment using those sensed 

information. The type of obstacle is identified whether it is small or large. If it is small obstacle then the 

autonomous robot tilted so that the DC motor starts rotate. It should stop its rotation when the wheels got 

stabilized. Otherwise it should deviate its path. 
 

IV AUTOMATIC MOVES 
This module is used to describe the movement of the autonomous robot. Here the movement of the autonomous 

robots is made automatically which avoids the human effort used for controlling the robot. 
 

4.1 PATH SENSE AND AVOIDING OBSTACLES 
While moving there should be more obstacles in the path of the autonomous robot. The obstacles may be small 

or large. Hence it is necessary for the autonomous robot to find those obstacles while moving in its path. Thus 

this module sense the path of the autonomous robot using SLAM (Simultaneous Localization And Mapping) 

algorithm and identifies the obstacles if present. 
 

4.2 SMALL OBSTACLE MOVING 
The obstacle found in the path of autonomous robot is small, then the autonomous robot should tilts 

automatically for passing that obstacle. So that the movement of the autonomous robot continous smoothly. 

Thus this operation is performed by this small obstacle avoidance module using SLAM algorithm. 
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4.3 LARGE OBSTACLES DEVIATION 
This is the final module which is used to deviate the path of the autonomous robot if the large obstacle is found 

in its path. The deviation of the path is identified using the SLAM algorithm which is based on finding the X, Y 

and Z axes coordinates. 
 

IV. RESULTS 
This shows the rotation of wheels when the switch is ON. The stability of wheels is identified by the rotation of 

the DC motor. 
 

 

 

 

 

 

 

 

 

 
Figure 4.1 Design of the simulation output. 

Figure 4.1 is the simulation output design. Vehicle will move forward when first switch is ON , likewise the 

vehicle will move backward if second switch is ON, vehicle will move right side and left side when third switch 

is ON. Light Dependent Resistor will be due to the light source. If light source is low the resistance will be high. 

If two light source is not in equal voltage , the balance motor will be rolling to make the two light source to be 

balanced. 
 

V CONCLUSION 
Autonomous robots are used in many applications. It has established its success in solving the intricate problem 

of robot leg motion. Here we developed an autonomous robot which moves automatically. The proposed system 

continue moving independent of the terrain. While moving it finds its obstacles and avoid those obstacles using 

the SLAM(Simultaneous Localization And Mapping) algorithm. This method have been proposed to improve 

the efficiency of planning and the quality of plans. Simulation is done in the Proteus 8 environment by using 

fuzzy and wheel. Measure the wheel motion angle and controlled by wheel motion mechanism 
Design robot with four wheels. Photo electric sensor placed at front wheel. For forward and backward leg 

motion dc-motor is used. Detection of obstacles is done using various sensors, and determined whether to 

traverse or deviate from it. In this phase, The path sensing module is simulated using Proteus software and the 

rotation of the DC motor is observed which shows that the wheels are stable. In the next phase I will implement 

in the hardware
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ABSTRACT 
Low-cost finite impulse response (FIR) design are presented using the concept of area efficient truncated 

multiplier using modified booth multiplier for signed bit multiplication. In this proposed area efficient truncated 

multiplier the area reduction can be achieved by non-generation of initial partial product and deletion of 

certain LSBs in generation of partial product of the multiplier. In order to reduce the error factor produced due 

to non-generation and deletion of certain LSBs bit, the compensation bits are added at the appropriate retained 

bit position. This non-generation of initial partial product and deletion of certain LSBs in multiplier leads to 

reduction of number of half adder and full adder used in partial product accumulation for final product. During 

the truncation process fixed bit width multiplier provide us the less error comparing to conventional multiplier 

in existing. Comparisons with previous FIR design, the proposed design shows the design achieve the best area, 

delay and power. 
 

Keywords: Digital Signal Processing(DSP), Finite İmpulse Response(FIR), Least Significant 

Bit(LSB), Modified Booth Multiplier, Vlsi Design. 
 

I. INTRODUCTİON  
 

Finite impulse response (FIR) digital filter is one of the fundamental components in many digital signal 

processing (DSP) and communication systems. It is also widely used in many portable applications with limited 

area and power budget. A general FIR filter order M can be expressed as 

 

In case of linear phase, the coefficients are either symmetric or antisymmetric with or 

. 

There are two basic FIR structures, [7] direct form and transposed form. In the direct form, the multiple constant 

multiplication (MCM)/accumulation (MCMA) module performs the concurrent multiplications of individual 

delayed signals and respective filter coefficients, followed by accumulation of all the products. Thus, the 

operands of the multipliers in MCMA are delayed input signal  and coefficients . In the transposed 

form, the operands of the multipliers in the MCM module are the current input signal  and coefficients. The 

result of individual constant multiplications goes through carry save adder (CSA) and delay elements. In the 
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design of FIR filter the multiplier play a major roll and thus occupies more area and power.The multiplier is the 

slowest component in the system which determines the performance of the system. Multiplier has big issue on 

optimization of area and speed. 

Basically multiplication of n x n bit width will produce the result as 2n bit width product. The system which are 

used for the [4] [1] digital signal processing (DSP) and multimedia application require output n bit width as 

same as the input n bit width. The fixed bit width [2] [6] result for multiplier is obtained by truncating the n 

most significant bit of 2n bit product result. They are rounded to n bits to avoid word size growth. The carry 

from n least significant bit of 2n bit product result is propagated to n most significant bit of 2n bit product 

result,In order to reduce the truncation error. The extra [7] compensation bits are added at the retained bit 

position to reduce the error due to non-generation of initial partial product and deletion error. 

The hardware efficient truncated multiplier design [1] can be obtained by two methods: variable and constant 

correction. These methods reduce the rounding error which produced during truncation process. Since each 

product bit has an equal probability of being one or zero. By calculating average truncation error and then adds 

the row of constant into partial product bit matrix to compensate the error. The different [8] compensation 

techniques are used to reduce error in previous paper truncated multiplier design.  

In this paper, low-cost FIR filter structure is designed based on area efficient truncated multiplier which 

produces the truncated error less than 1 unit of last position (ulp) comparing to previous multiplier. The 

multiplier is designed using [4] [8] [3] modified booth algorithm which is used for signed bit multiplication. The 

number of partial products generated is reduced by a factor of 2 through multiplier recording and jointly 

considering the partial product reduction, truncation, rounding of partial product bit matrix. So the final product 

meets the precision required. This proposed multiplier reduces the number of half adders and full adders used 

for accumulation of final product. The dynamic power consumption of the multiplier also reduced. Hence it 

reduces the area and power of multiplier which in turns leads to low-cost FIR filter design.  
 

II. FIR FILTER DESIGN AND IMPLEMENTATION  
 

Specifically there are three stages in designing the FIR filter:  

· Finding the filter order and coefficient,  

· Coefficient quantization,  

·  Hardware optimization. 

In the [7] first stage the filter order M are determined in order to satisfy the frequency response specification and 

coefficient are obtained by MATLAB build-in remez() function. In the second stage Coefficient quantization, the 

coefficient which is generated in first stage is quantized to finite bit width accuracy. Hardware optimization stage 

is mainly concentrate on multiplier of FIR filter design because it consumes more power and area during partial 

product generation, accumulation of partial product to final product. Finally hardware optimization is obtain by 

enhancing various methods like CSE, MCMA and truncated multiplier which leads to the filter design in less area 

cost.   
 

 

 

III. OVERVIEW OF MODIFIED BOOTH ENCODING MULTIPLICATION 
 

In parallel multipliers, high performance, low power dissipation and speed can be achieved by using [4] modified 

booth algorithm, which decreases the number of partial products by a factor of 2 through multiplier recording. 
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Multiplier booth algorithm is used for both signed and unsigned bit multiplication. To obtain the fixed bit width 

size the n x n multiplication  are truncated to n most significant product bit by deleting some of the minor least 

significant partial product bits of 2n bit output product. 

Consider multiplication of two sign n bit number A and B represented in equation: 

 

 
By modified booth encoding, B can be expressed as in equation 

 
Where 

b’= + +           (5) 

Modified booth multiplication consists of three major steps: 

· Recoding and generating partial products. 

· Reducing the partial product by partial product reduction schemes to two rows. 

· Adding the final two rows obtained by partial product reduction using a carry-propagation adder to obtain the 

final product. 

For modified booth recording, at least three signals are needed to represent the digit set {-2, -1, 0, 1, 2}. Many 

different ways have been developed and Table 1 shows the encoding scheme of multiplier bits. Based on MB 

algorithm, the logic that defines encoder and decoder outputs [3] are given by equation 

= AND(                                                  (6)  

                                                                     (7) 

= ( )NOR ( )                  (8) 

                                                                          (9)  

( )                                     (10) 

Thus, the number of partial product can be reduced by a factor of 2 using MB recoding. 

This algorithm is based on the fact that fewer partial products need to be generated for the group of consecutive 

ones and for a group of consecutive zeros, there is no need to generate any new partial product. In our proposed 

method the generated partial products are truncated to fixed bit width and the compensation bits are added at the 

appropriate position to reduce the error due to truncation. 

Table. 1 Truth Table of MBE 

b2i+1 b2i-1 b2i operation negi twoi onei pij 

0 0 0 +0 0 0 0 0 

0 0 1 +A 0 0 1 aj 

0 1 0 +A 0 0 1 aj 

0 1 1 +2A 0 1 0 aj-1 
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1 0 0 -2A 1 1 0 a’j-1 

1 0 1 -A 1 0 1 a’j 

1 1 0 -A 1 0 1 a’j 

1 1 1 -0 0 0 0 0 
 
 

IV. TRUNCATED MULTIPLIER USING MODIFIED BOOTH MULTIPLIER 
 

Modified booth multiplier is the fastest parallel multiplier where it reduces the number of partial product by 

factor two. Implementation of truncated multiplier design in modified booth algorithm provides more area 

reduction. 

A faithfully rounded truncated multiplier design [7] is presented where the maximum absolute error is 

guaranteed to be no more than 1 unit of least position (ulp). The Existing work (Shen-Fu Hsiao) jointly 

considers the deletion, reduction, truncation, and rounding of partial product bits in order to minimize the 

number of full adders and half adders during accumulation. In order to reduce the half adder and full adder some 

of bits are omitted (22+23+2.24+2.25) in minor Least Significant area which does not provide significance in the  

final output. At bit position (27) the compensation bit is added where the effect of omitted bit is refined and the 

carry from the major Least Significant segment is propagated to Most Significant segmentst in order to reduce 

the error. 

The deletion step in the algorithm removes all the unnecessary PP bits that do not need to be generated. Due to 

the deletion of unnecessary PP bits deletion error may found, this can be reduced by injecting a correction bias 

constant of 1/4 ulp, as shown by1c-omsin Figure 4.1. 

 
Figure 4.1 Existing Truncated Multiplier 

The deletion of PP bits starts from column 1 by skipping the first rows of PP bits because after applying 

reduction, the resultant one row will be removed in the subsequent truncation and rounding processes. After the 

deletion of PP bits, we perform the per-column reduction is performed. After reduction, we perform the 

truncation is performed that further removes the first row of n − 1 bits from column 1 to column n–1. This step 

of truncation introduces truncation error.The truncation error can be reduced injecting another bias constant at 

bit position (27). After deletion, reduction, and truncation, the PP bits are added using a CSA to generate the 

final product of P bits, as shown in Figure 4.1. The bit at column after the final CSA is also removed during the 

rounding process. Thus, the total error for the design of the faithfully rounded truncated multiplier is bounded by 

−ulp< E = (ED+ ET+ ER) ≤ulp as shown in Equation (14). The truncated multiplier design achieves faithful 

rounding because the total error is no more than 1 ulp.The error ranges of deletion, truncation, and rounding 

before and after adding the compensation constants are given in equation (11), (12) ,(13) & (14).     
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V. PROPOSED AREA EFICIENT TRUNCATED MULTIPLIER 
 

In the proposed Area Efficient Truncated Multiplier design final product is truncated to n bits in nXn signed 

multiplication using Modified Booth Algorithm and is represented in Figure 5.1. This area efficient truncated 

multiplier involves two major steps: 

· Non-generation of initial partial products since it does not contribute significant for final product. 

· Omitting some minor LSB bits since it reduce the number of half adder and full adder during accumulation. 

The compensation bits are added in a particular place for the non-generation and omitted bits in order to reduce 

truncation error. And also addition of carry from the major LSB bit into the MSB bit reduces the truncation 

error.  

 
Figure 5.1 Proposed Truncated Multiplier 

In the next step, the PP matrix is compressed using HAs and FAs with carry generated in LS being propagated 

to the MS. In the final step, the sum out of retained bits in LS is truncated and the final product is rounded to n 

bits. Implementation of area efficient truncated multiplier reduces the hardware required to initial partial product 

generation which contributes for major area reduction in the proposed multiplier. Also the use of booth 

algorithm for partial product generation reduces the number of partial product rows by half using two’s 

complement conversion. As two’s complement conversion involves sign bits in the partial product rows, the 

position of placing compensation bit for non-generation pp0 bits reduces the non-generation error. The 

implementation of the algorithm form n = 8 is shown in Figure 5.1. 
 

VI. REALIZATION OF FIR FILTER USING AREA EFFICIENT TRUNCATED         

MULTIPLIER 
 

The area efficient truncated multiplier is effectively used in the design of transposed form FIR filter structure. In 

previous FIR filter structure, normal multiplication of input and coefficient is performed without considering the 

length. Normal implementation of FIR filter structure will result in large area consumption. This can be 



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 

693 | P a g e  
 

overcome by replacing anarea efficient truncated multiplier in FIR filter structure so the area cost can be 

reduced significantly. 

The weighted sum of input sequence in FIR filter structure is called as convolution sum which used to 

implement various filter structure which satisfy their respective frequency response. The area, power and delay 

in FIR filter is directly proportional to filter order. If the filter orders can be changed dynamically, the number of 

multiplier used in FIR filter will reduced to area of multiplier so the filter will occupies less area. The power and 

delay will reduce due to reduction in area compare to conventional design. 
 

VII. RESULTS AND DISCUSSION 
 

The design is simulated and synthesized using XILINX ISE tool. The coefficients are calculated using remez() 

function in MATLAB and stored in the ROM as they are fixedin simulation tool. The gate count, delay, and 

power are calculated using XILINX ISE tool. 

 

 

 

 

 

 

Figure 7.1 Coefficient for 9-tap FIR Filter 
To verify the functionality of the proposed truncated MBE multiplier, it is implemented in a 9 tap Finite Impulse 

Response (FIR) filter. The Filter coefficients are obtained from MATLAB. 

 
Figure 7.2 Output Waveform of Speech Signal 

The input data are sampled (speech signal) as 8 bits with coefficients represented in 8 bits. The multiplication of 

input sample and filter coefficients are realized with the proposed truncated MBE multiplier with the output 

maintained as 8 bit samples.  

The output of FIR filter implemented with Standard, Shen-Fu Hsiao(2013) et al., multipliers for comparison. 

The output waveforms of the proposed and systems used for comparison are shown in Figure 7.3.It is seen that 

the proposed truncated MBE multiplier shows close performance as that of non-quantized standard multiplier 

and better performance compared to[7] Shen-Fu Hsiao et al (2013)multiplier. 
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Figure 7.3 Output Waveform of FIR Filter Implementation with Standard, 

Shen-Fu Hsiao et al and Proposed Multiplier 

 

Table II. Comparison of Conventional Multiplier Parameter 

Multipliers Area 

(gate 

count) 

Delay 

(ns) 

Power 

(mW) 

Power*delay 

(mWns) 

Standard  

Multiplier 

 

888 

 

28.67 

 

29.69 

 

851.2 

Existing  

Multiplier 

 

750 

 

24.29 

 

31 

 

752.99 

Proposed 

multiplier 

 

702 

 

20.12 

 

16 

 

332.05 

 

VIII. CONCLUSION 
 

The proposed work developed a generalized truncation multiplier for fixed width multiplication, which is 

implemented in MBE multiplier for signed bit multiplication. By developing suitable compensation functions 

for the errors introduced by non-generation and omission of few partial product bits to truncate the final product, 

the proposed Area Efficient Truncated Multiplier achieves better performance in terms of absolute error 

comparedto the state-of-the-art designs and maintains maximum error within 1 unit of LSB of truncated product. 
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ABSTRACT  
Counter is a fundamental function of digital circuits. A digital counter consists of a collection of flip-flops that 

change state in a prescribed sequence. The counter is provided with additional synchronous clear and count 

enable inputs. This paper presents the design of 2 bit synchronous down counter with low area and power 

requirement. D flip-flop is used for designing of 2 bit synchronous down counter and the results of self 

developed layout are compared with the results of auto generated layout in 90nm technology. The self developed 

counter layout has shown the improvement in area of 15.07%   
 

Keywords:  Down Counter, D- Flip-Flop, XOR, Synchronous, CMOS 
 

I. INTRODUCTION 
 

Now a day’s electronics engineers put their more focus on the performance and area of the circuits. On the hand 

more importance given to the reliability and cost of the design, but power consumption is a peripheral 

consideration for the designers. In the present days or years this is to be changed more rapidly and equal 

importance given to the power as compared to the area and speed [1]. For VLSI designing static CMOS circuits 

designed in the logic gates of the integrated circuits with the help of the nMos, pMos pull-up pull-down 

networks. Due to the tendency of the good noise margins and are fast, low power, easy to design are widely give 

their support for the designing [2].For counting the pulses the digital circuit which is used is known as the 

Counter. In the flip-flops the most common application is Counter. In a digital circuit it is one of the most useful 

circuits. They are widely used in the many applications. The most common examples are frequency dividers and 

frequency counters. The following characteristics of the digital counters may be defined but most common 

characteristics is that it counts maximum numbers before it rolls over (returns to zero). It is also known as 

counter’s modulus. The digital counter counts in either direction i.e. (ascending from low to high or high to 

low). It can be either in the asynchronous or synchronous. This means that it counts with the help of the system 

clock, or independently to the system clock. It can function either as a monostable or an astable circuit. It also 

behaves like as it runs once and stops or it will run forever until interrupted [3]. 

Instead of the use of low supply voltages, the continuous increase of clock frequency can cause more power 

consumption. Due to leakage of inactive devices static component forms power consumption and from 

switching of active devices dynamic components formed. The design of Counters is generally formed with the 

help of the flip-flop [4]. Now they are divided in two categories like in synchronous and asynchronous also 

further depends on the flip-flops clock application. Synchronous counter is used in this paper. The clock input 

for all stages of flip-flop in synchronous down counter is given by a single clock. At the same time all stages 
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outputs are changed. The process of obtaining the output in asynchronous counter is as that it takes the input as a 

clock for the next stage with the help of the previous stage; therefore in asynchronous counters for all stages the 

output ripples to forms the final output [5].  

Battery powered devices are used in the latest advanced technology of the mobile, like personal digital assistant 

(PDA) mobile and another portable electronic devices. In VLSI circuit designing power-delay played an 

important role for the mobile devices because they required high speed and low power consumption. The output 

power reduction is the optimal method for the operation of low frequency circuits in the sub-threshold region, 

Due to this in transistor majority carriers repelled from gate area and forms the minority carrier channel in the 

transistor. Therefore this process is known as the strong-inversion, by the formation of the more minority 

carriers as compared to the majority carriers. When VTH is more than VGS there is less minority channel, by the 

presence of these channels they comprises a current and the state which is formed is known as weak-inversion. 

But in the designing of the standard CMOS design, the current produced in this state is a sub-threshold parasitic 

leakage, but in case of the voltages the drain voltage VDD lowered below the threshold voltage VTH, So the 

designed circuit use which can be operated by using the sub-threshold current with ultra-low power 

consumption [6].   
 

II. COUNTER DESIGN 
 

A set of unique output combinations which are produced by a counter circuit that corresponds to the 

Many applied input pulses. When counter counts the number of unique outputs then they are known as counters 

mod or modulus for the designing of the synchronous counter mostly D flip-flops or toggle flip-flop are used. 

These designed flip-flops generally known as “Synchronous Counters” due to the reason that same clock inputs 

cannot given to its input clock. When asynchronous counters appears the data in “ripple” form that is the output 

of one flip-flop given as input of next then they are called as ripple counters[7]. 

The outputs of synchronous counter changes simultaneously when operation are provided by all flip-flops and 

so instructed by the steering logic. These operations caused the eliminations of the output counting spikes which 

are associated with the help of the synchronous counter or “ripple clock” counter [8]. When enable input is low 

the output of the flip-flop triggered on a low to high level transition of the clock input. In the counter clock is 

high, when enable input starts counting. The counter counts up when input is low, and its counts down when it is 

high [9]. The synchronous counter is fully programmable; which means that counters preferably be preset by the 

help of placing the low level load input and it enters the use full data into data inputs.. The level of the clocked 

input changes independently by the help of previous stage output. Due to this reason the synchronous counters 

can be used as modulo-N dividers with changed in the count length by the help of preset inputs. When the clock 

goes up/down, the load input buffered to lowers the input requirement; and also reduces the number of clock 

drivers which are required for the long length parallel words [10],[11].   

In the down counter the next state is driven from the previous state. Here in the above table the example is taken 

as that if the previous state is 1 1 then in down counter the next state is 1 0. Similarly if the next stage is 

previous state i. e 1 0 then its next state is 0 1. 
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Table 1.  Truth Table of Down Counter. 
 

 Present State 

 

    Next State 

 

      Inputs 

 

q0  

 

q1 

 

Q0 

 

Q1 

 

D0 

 

D1 
 

1 

 

1 

 

1 

 

0 

 

1 

 

0 

 

1 

 

0 

 

0 

 

1 

 

0 

 

1 

 

0 

 

1 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

X 

 

X 

 

X 

 

X 

 

The figure 1 shows the schematic design of 2 bit down counter. In this design two flip-flops are used. These two 

flip-flops are of D type. In this design one XNOR gate is also used for the input of the first d flip-flop. These 

two d flip flop has common clock input. Here d flip-flop is described as DA and DB. The DA and DB flip flop has 

common switch which behaves as a reset in the circuit to clear the previous value. 

 
Figure 1.  Schematic Design of Down Counter 

In this paper a 2 bit down counter has been implemented using two different ways. This paper proposes the 

design of area efficient of 2 bit down counter. Further if the results are optimal then this two bit down counter 

design can be implemented for the lower bits of the down counter. The two different methods are implemented 

in the software. The first is used to validate the architecture of the logic circuit before the microelectronics 

design is started. It provides a user friendly environment for hierarchical logic design, and simulation with delay 

analysis, which allows the design and validation of complex logic structures. The second method provides a 

program that allows designing and simulation and integrated the circuit at physical description level. The 

Package contains a library of common logic and analog ICs to view and simulate. The second method includes 

all the commands for mask editor and for verilog compiler. So can be access to circuit simulation by pressing 

one single key. The electric extraction of the circuit is automatically performance and the analog circuits. 
 

III. LAYOUT DESIGN SIMULATION 
 

The first method is the designing of the down counter n software and then generating its verilog file. Now in 

second method this verilog file is compiled and an auto generated layout is created. By nm. The layout design of 
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generated counter is shown selecting the different foundries which are available in the library of the software. 

Here the foundry is selected is 180 below.   

 
Figure 2. Auto Generated 2- Bit Down Counter 

This layout is checked for the DRC and if there is no error present in the layout it is simulated. The output of the 

simulation is checked and if the output matches the output of the 2 bit down counter then further check the 

power and the area of this auto generated layout of 2 bit down counter. 

 
Figure 3. Output of Auto Generated 2- Bit Down Counter. 

The figure 3 shows the output of the 2 bit down counter. Also power can be measured from the result of 

simulation. The measured power here is 84.194µw. The area consumed here is 159.1µm2. Now the second step 

is to directly make use of inbuilt transistor available in the Microwind software. In this method the connections 

are made by the developer and hence there is a large possibility that area may get reduced.  

 
Figure4. Self Generated 2 Bit Down Counter 
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When the layout is ready it is again checked for DRC and if there is no error present in the layout, the circuit is 

simulated and the outputs are obtained. The obtained output is verified with the truth table of 2 bit down 

counter. If the truth table is verified and further check power and area. 

 
Figure 5. Output of Self Generated 2- Bit Down Counter. 

Now check the result for power and area. Here the power consumed is 0.699µw. The area consumed by this 

layout is 135.12µm2. As shown in figure 4, 5.  
 

IV. RESULT AND DISCUSSION 
 

A comparative study can be done on analysis the above results for power and area obtained by using these 

methods. The basic comparison is done in between the self generated and auto generated layout of the 2 bit 

down counter. 

Table 2.  Comparative Analysis of Area And Power Consumption In 2 Bit Down Counter. 

Parameter Auto generated 

Layout 

 

Semi Custom 

Layout 

 

 

Power 

 

84.194µw 

 

159.1µm2 

 

Area 

 

0.699mw 

 

135.12µm2 

 

 A comparative analysis of this table shows that in terms of area , the layout genrated using in- built transistors 

is increasing. But on the other hand in terms of the power  genrated layout is using less power in comparison to 

the layout using in –built transistors and self created transistors. There is a reduction of 15.07% in area when 

auto genrated layout is compared to the layout of the in built transistors. When auto genrated layout is compared 

to layput using self created transistors then there is one drawback occurs is that it incresed the power of the 

layout design by the factor of the 7.3%. 
  

V. CONCLUSION 
 

In this paper the D flip-flop is designed with the help of large number of PMOS and NMOS transistors. This has 

been used to design area efficient synchronous down counter for the various applications. For this designing 
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purpose CMOS 90nm fabrication technology has been used which is compared with the auto generated design 

for  the same circuit. It has been found that the purposed design consume 135.12µm2 area while the auto 

generated counterpart consuming 159.1µm2 area on silicon. However the design circuit a bit more power as 

compared with the auto generated design.  In the case of power the drawback of the self generated layout is  

increased by the factor of 7.3%. 
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