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Abstract: Today students’ (class) attendance became more important part for any organizations/institutions. The conventional 

method of taking attendance by calling names or signing on paper is very time consuming and insecure, hence inefficient. This 

paper presents the manual students’ attendance management into computerized system for convenience or data reliability. So, the 

system is developed by the integration of ubiquitous computing systems into classroom for managing the students’ attendance 

using palm print scanner. The system is designed to implement an attendance management system based on palm print scanner 

which students need to use their palm to success the attendance where only authentic student can be recorded the attendance 

during the class. This system takes attendance electronically with the help of the webcam, and the records the attendance in a 

database. Students’ roll call percentages and their details are easily seen via Graphical User Interface (GUI).This system will have 

the required databases for students’ attendance, teachers, subjects and students' details.  
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I. INTRODUCTION 
Biometric system is becoming increasingly important, since 

they provide more reliable and efficient means of identity 

verification. The physical dimensions of a human palm 

contain information that is capable of authenticating the 

identity of an individual. 

Attendance management is the act of managing attendance 

or presence in a work setting to minimize loss due to 

employee downtime. Attendance control has traditionally 

been approached using time clocks and timesheets, but 

attendance management goes beyond this to provide a 

working environment which maximizes and motivates 

employee attendance [10]. As common as it seems, such 

system lacks automation, where a number of problems may 

arise. This includes the time unnecessarily consumed by the 

students to find and sign their name on the attendance sheet 

;some students may mistakenly or purposely sign another 

student's name. Also, the attendance sheet may get 

misplaced [1]. 

As for system development and implementation, it should be 

able to help the lecturers to managing their student 

attendance systematically. The system must have database 

that contains student information and it must be able to help 

lecturer to manipulate data, update database, alert lecturers 

accordingly, and also nice interface to make it easier to use. 

Finally, the attendance system must be user friendly for 

commercial purpose. This system will focus on MTU 

regulation about attendance to class, and implement it to  

develop the system that will do all the attendance 

management automatically. 
 

In this system the palm print recognition is also adopted to 

enable the process of identifying of student more reliable 

and secure for facilities management .Palm print based 

attendance management system was developed to provide a 

faster, more secure, and more convenient method of user 

verification than passwords and tokens can provide for a 

reliable personal identification. 

 

II. LITERATURE SURVEY 

  

M.B. Srinidhi and R Roy [1] proposed the  main purpose of 

this paper is to develop a safe and secure web based 

attendance monitoring system using Biometrics and Radio 

Frequency Identification (RFID) Technology based on 

multi-tier architecture, for both computers and smart phones. 

There is a functionality of automatic attendance performance 

graph in the system, which gives an idea of the student's 

consistency in attendance throughout the semester.. 

 

 A. Jain, L. Hong, S. Pankanti, and R. Bolle [2] proposed the 
task of extracting knowledge from the given palm. They 
provide the identificaion method from fingers.  

 

Sanchez-Reillo R., Sanchez-Avila C., Gonzalez-Marcos[3] 

proposed that how accurate our measurements can be with 

respect to resolution of the image taken. He proposed that 

hand biometrics have been developed by using different 

metrics 

 

R.S. Reillo, C.S. Avila[4], in this paper he proposed hand 

features that are extracted from a color photograph taken 

when the user has placed his hand on a platform designed for 

such a task. Different pattern recognition techniques have 

been tested to be used in classification and/or verification 

from Euclidean distance to neural networks 

 

Golfarelli, M., Maio, D., and Maltoni [5], described about 

the error trade-off in biometrics measures. He formulated  

the identity verification problem as a statistical pattern 

recognition problem and thus evolved a method for 

performance evaluation in biometric verification system. 
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R. P. Miller [9], described about the finger measurement, 

how accurately take it due to its different size. He had 

invented the first automatic hand geometry identification 

device purely based on mechanical means 

 

D. G. Joshi, Y. V. Rao, S. Kar, Valli Kumar and R. Kumar 

[10], described about the finger crease pattern. Every 

individual have different type of  creases on their finger as 

well as hand. 

Comparative analysis of Literature survey is shown below in 
Table 1. 

 

III. PROPOSED WORK 

 However, it is increasingly difficult for teachers or 
management to hold the full picture of attendance of student. 

In addition, how to motivate teachers to calculate each and 
every student’s attendance using web app. There are some 
other challenges in the existing attendance system. In 
manual attendance system there are high probability of 
getting errors . In previous system, i.e.: in manual system, 

they do get accurate percentage of attendance of each and 
every student according to their convenience.  

  To motivate the teachers and the management to 

get accurate result of the attendance this system is been 

made. 

 
 

In the proposed system, we are developing a proper system 

that is easier for the college management. This system 

makes it much easier to calculate. We can predict less error 

and high efficiency.  

The student will keep his palm over the webcam without 
touching it. The webcam will take the photo of the palm and 

will check the picture in its database and if it matches den it 
will give presentee or else absent  will be marked in front of 
that student. After this at the end of any class the subject 
teacher will be able to see the daily report of class on his/her 
mobile via mobile app. This will make the work of teacher 

very easy. If the teacher wants to see it in graph form then 
they can see that also. If any student have attendance less 
than 30% then both teacher and student both will get a 
warning alert on their phones and even if the student does 

not cover their attendance then direct the alert will go to 
their respective parent. In this we can make sure the student 
attendant classes. 

 

Table  1: Comparative Analysis 
Sr. No  Author and Year  Techniques  Problems  

   1. M.B. Srinidhi and R Roy.   RFID (Radio Frequency 

Identification Techniques)  

1. Complex software design 

2. Android application development 

difficult.  

 

 2. A. Jain, L. Hong, S. Pankanti, 

and R. Bolle. 

Touch print 1. Overlapping of prints. 

2. Authentication problem. 

 3. R.S. Reillo, C.S. Avila. Euclidean distance  Not much secure. 

4. Sanchez-Reillo R., Sanchez-
Avila C., Gonzalez-Marcos. 

 Geometric Algorithm. 1. High error rate. 

5. Golfarelli, M., Maio, D., and 

Maltoni. 

Bayesian decision criterion. Moderate error rate. 
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 6. HaSIS - A Hand Shape 

Identification System. 

Geometric and Biometric method.  Takes the complete hand. 

 7. R. P. Miller.   

Finger Detection. 

Problem to detect the finger. 

 8. D. G. Joshi, Y. V. Rao, S. Kar, 

Valli Kumar and R. Kumar. 

  

Computer-vision-based Approach to 

Personal Identification using Finger 

Crease Pattern 

Detection of Crease pattern. 

   
 

As per the management requirement the attendance can 
be fetched using web mining or mobile application that 

provide information of each and every student monthly, 
quarterly, yearly.  

 

The Fig 1.1 shows, how the system will collect the 
attendance from different classes. Then categories that 
attendance as per the teacher choices. The categories contain 

the different options such as attendance monthly, quarterly or 
yearly. The system will notify the teacher about the student’s 
attendance. We are developing the system with the following 
new features:  

a. Any teacher would be able to access any student’s 

record. 

b. Any teacher would b e able to create graph monthly 

or quarterly or yearly. 

 

IV. CONCLUSION 

 

In this paper, we discussed the way to measure the attendance 
of students. A preliminary experiment demonstrates a teacher 
can classify any student’s attendance according to their use. 
Any teacher can take the records and generate graph 

according to their use. 

 
 In addition, for further case studies we can create an app so 
that teachers can see any student’s attendance. There is no 
need to login in to the main system just by login will fetch the 
complete record. And if any student fails to maintain the 
required attendance then accordingly the teacher will get 

notification about that student. 
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Abstract- Diagnosis and monitoring of health is a very important task in health care industry. Due to time constraint people are not visiting 

hospitals, which could lead to lot of health issues in one instant of time. Priorly most of the health care systems have been developed to predict 

and diagnose the health of the patients by which people who are busy in their schedule can also monitor their health at regular intervals. Many 

studies have shown that early prediction is the best way to cure health because early diagnosis will help and alert the patients to know the health 

status. In this paper, we review the various Internet of Things (IoT) enable devices and its actual implementation in the area of health care 

children’s, monitoring of the patients etc. Further, this paper addresses how different innovations as server, ambient intelligence and sensors can 

be leveraged in health care context; determines how they can facilitate economies and societies in terms of suitable development. 

Keywords- Internet of Things (IoT);ambient intelligence; monitoring; innovations; leveraged. 

__________________________________________________*****_________________________________________________

I. INTRODUCTION 

Now a day’s, Internet has become one of the imperative 

part of our daily life. It has changed how people live, work, 

play and learn. Internet serves for numerous ideas such as in 

education, finance, business, industries, entertainment, 

social networking, shopping, e-commerce etc. The next 

innovative mega trend of Internet is Internet of Things (IoT). 

The IoT connects smart objects to the Internet. It can 

facilitate an exchange of data never available before, and 

bring users information in a more secured way.  

The Internet of Things (IoT) is an innovative concept 

reflecting a connected set of anyone, anything, anytime, 

anyplace, any service, and any network as shown in figure 1. 

The IoT is a megatrend in next-generation technologies that 

can culminate the complete business gamut and can be 

thought of as the interconnection of uniquely identifiable 

smart objects and devices within today’s internet 

infrastructure with extended benefits. These benefits 

typically include the advanced concatenation of the devices, 

systems, and services that goes beyond machine-to-machine 

(M2M) scenarios. Therefore, initiating automation is 

feasible in nearly every domain. The IoT provides 

appropriate solutions for a wide range of applications such 

as smart cities, traffic congestion, waste management, 

structural health, security, emergency services, logistics, 

retails, industrial control, and health care. 

Medical care and health care represent one of the most 

attractive application areas of the IoT [2]. The IoT has the 

potential to give rise to many medical applications such as 

remote health monitoring, fitness programs, incurable 

diseases, and elderly care. Compliance with treatment and 

elixiring at home and by health care contribution is another 

important potential application. Thus, various medical 

devices, sensors, diagnostic and imaging devices can be 

viewed as smart devices or objects constituting an interior 

component of the IoT. IoT-based health care services are 

foreseen to reduce costs, increase the quality of life, and 

enrich the user’s experience. 

In order to make our health care services robust immense 

and secure, the IoT relies on several enabling technologies. 

Congregating  real-time data from different sources, in this 

case, unlimited number of patients for a considerable  period 

of time has become very simple and fast using the potential 

of IoT. The potential of IoT for health and medical services 

are tackled by smart sensors which accurately measures, 

monitors and analyze a variety of health status designators. 

These include basic crucial health signs such as pulse rate 

and blood pressure. With the help of IoT’s potential, doctors 

are now able to collect real time raw data from numerous 

patients for a continual period of time through smart devices 

connected on an interconnected network, which ensure them 

not only with trustable and reliable results but also time 

saving which will be of maximum benefits. Internet of 

Things (IoT) is going to revolutionize health care by 

significantly lowering costs and improving quality. 

 

II. RELATED WORK 

 

Deepika Agrawal et al. [1] proposed an IoT based 

health monitoring system that collects all the medical 
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relevant data of a patients, including patients heart rate, 

blood pressure and ECG and sends alerts to the patient's 

doctor regarding patients full medical information, 

providing a fast and reliable health care service. 

Sapna Tyagi et al. [2] defined the role of IoT in 

health care deliverance and its technological aspects that 

makes it a reality and examine the opportunities. This 

system build's a network among all entities (doctors, 

patients, Labs, Pharmacists, Nurses) participating in health 

care that not only limits to the entities under one umbrella 

but also cover's nationwide entities. Tried to implement the 

concepts of IoT where these entities would be directly 

communicating to the cloud. 

Alexandru Archip et al. [3] defined the steps taken 

to design and build a low-cost monitoring system prototype. 

The system focuses on remote patient monitoring in hospital 

wards, following an ICU discharge. The system offers 

mobile support in order to facilitate faster and better medical 

in emergency cases and has been developed using low-

power dedicated sensor arrays for EKG, SpO2, temperature 

and movement. 

S. Sivagami et al. [5] defined a proposal  for smart 

hospital system (SHS), which relies on different, yet 

complimentary, technologies, specifically RFID, WSN and 

smart mobile, interoperating with each other through a 

Constrained Application Protocol (CoAP)/IPv6 over low-

power wireless personal area network 

(6LoWPAN)/representational state transfer (REST) network 

infrastructure. In this proposed system, the sensors are built 

to get the environmental conditions of the hospital for which 

hospital staff would be responsible and RFID is used for this 

monitoring. For the patient , nurse would be responsible for 

tracking/monitoring the patient health condition 

(temperature and heart rate ), based on which graphical chart 

is generated which is shared with doctor. 

 

 Nitha K. P. et al. [6] reviewed the concept, 

applications and various existing technologies in health care. 

The system uses all the potentialities of Internet of Things 

by connecting with smart devices or things with the human 

beings to provide them the best health care and also 

enumerated the key difference between and brief elucidation 

of the scope of IoT in personalized health care, that ranges 

from wrist worn devices to health care systems. 

Alex Page et al. [7] proposed that network sensors 

either worn on body or embedded in living environment that 

can help in providing rich information captured on continual 

basis which is  aggregated and effective minded about the 

patient’s physical and mental health. They have proposed a 

system where the data acquisition is performed multiple 

wearable sensors that measure physiological biomarkers 

such as ECG, skin temperature, respiratory rate, EMG 

muscle activity and posture. A zigbee or Bluetooth is used to 

transfer sensor data to the concentrator. Often a 

storage/processing device in vicinity of a mobile client, 

sometimes referred to as a cloudlet, is used to augment its 

storage/processing capability whenever the local mobile 

resources do not fulfill the applications requirements. The 

cloudlet can be a local processing unit (such as a desktop 

computer) which is directly accessible by the concentrator 

through WiFi network. Cloud based medical data storage 

and the upfront challenges have been extensively addressed 

in the literature. Analytics that use the sensor data along 

with e-Health records that are becoming prevalent can help 

with diagnoses and prognoses for a number of health 

conditions and diseases. Additionally,  Visualization is a key 

requirement for any such system. This treasure trove of data, 

when analyzed and presented to physicians in easy-to-

assimilate visualizations has the potential for radically 

improving healthcare and reducing costs. Also highlighted 

several of the challenges in sensing, analytics, and 

visualization that need to be addressed before systems can 

be designed for seamless integration into clinical practice. 

S. M. Riazul Islam et al. [9] proposed An 

intelligent collaborative security model to reduce security 

risk; discussed how different innovate technologies such as 

big data, ambient intelligence, and wearable's are leveraged 

in a health care context; addressed various IoT and eHealth 

and regulations around the world. Furtherly, analyzed the 

distinct IoT security and privacy features, as well as 

including security requirements, threat models, and attack 

taxonomies from health care perspectives and defined the 

advances in IoT-based health care technologies. 

Danilo De Donno et al. [10] proposed A novel, 

IoT-aware, sharp-witted architecture for automatic 

monitoring and tracking of patients, personnel and 

biomedical devices within the hospitals and nursing 

organizations. Staying true to the IoT vision, they proposed 

a Smart-Health-System (SHS) which relied on different, yet 

complementary, technologies, specifically RFID, WSN, and 

smart mobile technologies. 

 Cecilia Occhiuzzi et al. [11] proposed An 

Ambient Intelligence platform, here after denoted as 

NIGHTCare for remote monitoring and control of overnight 

living environment which is entirely based on RFID passive 

technology which is bale to recognize nocturnal behaviors 

and activities, generates an alarm to the operators, families, 

or towards first-aid remote centers in case of anomalous or 

pathological events and support diagnostics. The 

NIGHTCare platform deploys miniaturized wearable tags 

(WT) properly integrated into clothes, conventional ambient 

tags (AT) dispersed in the environment, a long-range UHF 

RFID reader, a physical layer software engine for real-time 

processing and a web-based graphical processor with 

warning modules. By processing the electromagnetic signals 

arising from the interaction between the subject and 
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surrounding environment, the system detects and reports the 

presence or the absence of the user in the bed, his/her jerky 

movements and the motion patterns, accidental falls, 

prolonged absence from the bed and prolonged periods of 

inactivity such as fainting, unconsciousness or even death. 

Mohamed Adel Serhani et al. [12] proposed a 

frame work to collect patients data in real time, in order to 

perform appropriate nonintrusive monitoring and propose 

medical and/or lifestyle engagements, whenever needed. 

The framework completely relies on service-oriented 

architecture (SOA) and the cloud which allows seamless 

integration of mobile technologies and services to smoothly 

collect the vital data of the patients wearable biosensor 

devices. The data are stored in the cloud which and made 

available that can be accessed by the physicians and/or by 

any other authorized entity. 

Hasmah Mansor et al. [13] proposed an health 

monitoring system which helps the doctors to monitors the 

patients health  vital signs via web. Designed and developed 

the body temperature measurement device that helps the 

doctors to measure the patient vital signs via internet and as 

well as to trace the patients history which indicates an alarm 

to the doctors in case of abnormality signs in patients health.  

Ming Li et al. [14] proposed a novel patient-centric 

framework and a suite of mechanisms for data access 

control with the PHR stored in semi trusted servers in order 

to achieve fine-grained and scalable data access control for 

PHR’s by leverage attribute-based encryption (ABE) 

techniques in order to encrypt every patient's PHR file. 

Made focus on multiple data owner scenario and has divided 

the user in the PHR system into multiple security key 

management which gradually reduces the key management 

between the users and the owners.  A high degree of patient 

privacy is guaranteed simultaneously by exploiting multi-

authority ABE that enables dynamic modification of access 

policies or file attributes, supports efficient on-demand 

user/attribute revocation and break-glass access under 

emergency scenarios. 

Yi Mao et al. [15] proposed an early warning 

system (EWS) designed to identify or to trace the signs of 

clinical deterioration and provide early warning for serious 

clinical events. Also introduced a bucketing technique that 

identifies and captures the changes in the vital signs. 

Meanwhile, managed to handle the missing data so that the 

visit who don’t have all the parameters can still be 

classified. Conducted a pilot feasibility study by using an 

amalgamation of logistic regression, bucket bootstrap 

aggregating for addressing over fitting, and exploratory 

under sampling for addressing class imbalance. Also showed 

that this combination can significantly improve the 

prediction accuracy for all performance metrics, over other 

major methods. 

Pragati Gupta et al. [17] described the wireless 

sensor network and its application to wearable physiological 

monitoring, In the conventional wearable physiological 

monitoring system, the sensors are integrated at specific 

locations on the vest and are interconnected to the wearable 

data acquisition hardware by wires woven into the fabric. 

But the main drawbacks associated with these systems are 

the cables woven in the fabric pickup noise which results in 

corrupting the physiological signals. Also repositioning of  

the sensors in the fabric is difficult once integrated. So in 

order to overcome with this physiological monitoring 

sensors must be designed by miniatures electronics which 

must be placed strategically at various locations of the vest. 

Number of sensors integrated into the fabric form a network 

(Personal Area Network) and interacts with the human 

system to acquire and transmit the physiological data to a 

wearable data acquisition system. The wearable data 

acquisition hardware collects the data from various sensors 

and transmits the processed data to the remote monitoring 

station. 

Robert Matthews et al. [18] derived a description 

and evaluation of a wireless version of a system based on 

these innovative ECG sensors. Developed a new class of 

miniature, ultra low noise, wearable and ultra low power 

wireless capacitive sensor node called Eco that does not 

require direct contiguity to the skin, and has equivalent 

performance to gold standard ECG electrodes. 

Yunxia Chen et al. [19] derived a general formula 

for the lifetime of wireless sensor networks that holds the 

underlying network model including network architecture 

and protocol, data collection initiation, lifetime definition, 

channel dwindling characteristics, and energy consumption 

model which identifies two key parameters at the physical 

layer that affects the network lifetime. Based on this 

formula, they have proposed a medium access control 

protocol that utilizes both the channel state information and 

the residual energy information of individual sensors. 

Rita Paradiso et al. [20] proposed a system based 

on a textile wearable interface which is implemented by 

integrating sensors, electrodes, and connections in fabric 

form, innovative signal processing techniques, and modern 

telecommunication systems. The system shows the 

feasibility of a system based on fabric sensing elements. 

Designed to monitor individuals affected by cardiovascular 

diseases, in particular during the reformation phase. The 

system can also help professional personnel’s who are 

subjected to considerable physical and psychological stress, 

environmental and professional health risks. 

 

 

III. PROPOSED SYSTEM 

The proposed system aims to cover an end-to-end smart, 

efficient and innovative health application that can be built 
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up from two functional building blocks. However the main 

function of the first building block is to gather all sensory 

data that are related to the monitoring of the patients, 

whereas the second block functions is to store, process and 

present the resulted information at the server where the 

doctors can access health reports following the case of the 

monitored patients. 

 
 

Figure1: Proposed Block Diagram of IoT based 

Smart Health Care Kit 

 

As depicted in Figure 1, which illustrate the overall model, 

the system consists of a robust health monitoring system that 

is intelligent enough to monitor the patient health 

automatically using IoT. This would help the doctor's to 

monitor patient's report from anywhere and at anytime. 

The system uses smart sensors that generate raw 

data information collected from each sensor and send it to a 

data server where the data can be further analyzed and 

converted into a graph analysis and statistically maintained 

at the server which can be used by the medical experts. 

 

IV. CONCLUSION 

The internet has immensely changed the way we 

live, intercommunicating between people at a virtual level in 

several contexts spanning from professional life to social 

relationships. The IoT has the potentiality to add a new 

dimension to this process by establishing communication 

among smart objects, leading to the vision of “anytime, 

anywhere, any media, anything” communication. Ingenious 

use of IoT technology in health care not only bring benefits 

to doctors and managers to access wide ranges of data 

sources but also challenges in accessing heterogeneous IoT 

data, especially in a mobile environment of real-time IoT 

application systems.  

The health monitoring system is beneficial to the 

patients as well as to the society where the implementation 

of such systems will save hospital bill, waiting time, and 

also reduce the long queues in the hospitals. 

This paper tries to emphasize on a health care 

system which is enabled with IoT technology that not only 

realizes the illustration and traceability of health care actors 

but guarantee the improved health care services. The key 

motive behind the proposed system is to provide better and 

efficient health services to the patients by implementing 

networked information so that experts and doctors can make 

use this data and could provide fast and efficient solution.        
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Abstract- Civil habitation is moving fast towards the urban civilization. Everything is heading towards digitization and automation. Internet 

of things (IoT) is the latest innovative approach known for its automation facilities. The cities are incorporating IoT in their backbone 

infrastructure to become smart cities. Amongst numerous applications of IoT, waste collection is one of the most useful one. Waste generated 

from various sources such as household, industries, hospitals, construction sites etc are in large amount. All these solid waste possess a great 

deal of concern worldwide. Although waste collection methods in the past years have been static, it is essential to develop an automated system. 

This is important for reducing manual work and time consumption. Waste collection via IoT can provide an innovative and robust approach. 

This paper provides a method for waste collection in smart cities incorporating IoT. The city is considered to be divided into number of sectors, 

each including certain areas and bins. This method uses smart bins that notify when it is to be emptied. This is done by including certain 

hardware in the bins. It can also handle vehicle malfunction. The server is informed when a vehicle is malfunctioned and its services are allotted 

to another vehicle. Also a ward member for every sector is allotted who is also notified with the status of the bin. 

Keywords- Internet of things, waste management, automation, smart city 

__________________________________________________*****_________________________________________________

I. INTRODUCTION 

 

Internet and its growing applications have become an 

important part of human lifestyle. As a result of these 

growing necessities, application of internet went way 

beyond connecting just the computers to web. One such 

application is the development of the concept of Internet of 

things. IoT refers to connection of physical devices to the 

internet such that they can be automated. These physical 

devices could be anything such as hardware, software, data 

or a service. This may include vehicles, buildings etc. IoT is 

that development which changed the user- user 

communication to device – device communication.  

Smart city is the city that integrates various technologies 

and Internet of things to provide different services of a city 

[3]. These services may include administration, healthcare, 

education, transportation, agriculture etc. The necessity of 

building smart cities is to enhance the quality of living and 

the services provided to people. IoT is the need of the future 

worldwide. It has a wide scope in the near future in every 

field [1]. One of the fundamental components of smart city 

is smart environment. Its essential service is the smart waste 

management. Incorporation of technologies such as IoT 

transforms the cities into smart cities [2].   

Growing waste is a major problem to deal with in 

today’s era. Actions must be taken to develop proper waste 

management system. In the past years waste management 

was treated as a static service. Door to door waste collection 

was a prominent way of waste collection. But with the high 

technological developments it is not an efficient approach. 

Innovative approach is a need for today. IoT provides one 

such approach in building a real time and automated system. 

Internet of things interconnects various objects such that 

they can exchange data. These things include a wide variety 

of devices such as vehicles, buildings etc. It could be 

anything in hardware, software, data or a service. The 

network connectivity it provides makes it more usable. In 

the near future everything would become smart i.e. 

incorporated with IoT. One major concern in waste 

management is vehicle routing. Directing the vehicles to 

correct route is necessary. Shortest routes must be chosen 

always. This will lead to less fuel and time consumption. 

This paper provides an innovative approach for waste 

management. It will help to develop a real time and 

automated system. City is divided into many sectors. Each 

sector is incorporated with certain number of smart bins. 

These bins are included with hardware which consists of 

micro controller, GSM, and sensors. Micro controller is kind 

of a mini computer that handles the functioning of system. 

The sensors will sense the level up to which the bin is filled. 

Upon completion it will give a notification to the server. The 

server will route the vehicle to the bin for emptying it. The 

vehicle will carry the waste to the dumping area. In case of 

any damage caused to the vehicle, a new vehicle will be 

routed to that bin.  
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II. RELATED WORK 

 

Various static as well as dynamic models have been 

developed for waste management. Although static models 

cannot handle the dynamic nature of IoT, so most models 

handle waste collection problem dynamically. This section 

contains work related to the dynamic approaches. 

W. Juyoung et.al [4] proposed a method based on roll on 

– roll off routing. This approach was suitable for the places 

that generated huge amount of waste. Such places often 

could be industrial areas, construction sites, shopping 

districts etc. The container size differentiated whether to use 

roll on or roll off routing. Pickup and transportation were the 

major concerns in this method. Also unloading the large 

containers, mainly at construction sites was a problem. 

Another method was based on ant colony system (ACS) 

algorithm, presented by M. Reed et.al [5]. The ACS is based 

on probabilistic models and helps achieving dynamic 

routing. In this approach the spatial location of bins is 

considered. K-mean clustering is applied to form partial 

clusters. It takes into consideration the behaviour of real 

ants. It also keeps a record of the past actions performed. 

K. Buhrkal, A. Larsen [6] proposed a method that used 

routing with time windows which analyze the logistics 

activity within a city. The time windows applies a restriction 

on the vehicle arrival time which must reach before the 

window expires. This restriction leads to imposing 

complexity in the system. This method works towards 

finding the optimal route for a vehicle such that the waste is 

emptied into dumping area within the time window 

provided. X. Bing [7] presented a model which separates the 

degradable and non degradable waste. It removes plastic 

waste from other solid waste. It is a specialized approach 

that uses eco- efficiency as an important metric. Eco- 

efficiency deals with the social issues, costs, environmental 

impacts etc. This method considers studying of number of 

scenario based on various assumptions in collection 

methods, collection points, vehicle type etc.  

M. Mes [8] proposed a different approach for the waste 

collection from underground bins. Motion sensors are 

embedded in the underground bins which transmit 

information required for dynamic planning. A drawback of 

this system is that, even though motion sensors are present 

the routing is based on static schedules. To achieve dynamic 

planning, sensor information must be used appropriately. 

This would lead to a more efficient system in terms of cost, 

profit and time. Another heuristic solution is devised by 

Vera Hemmelmayr et.al [9] where authors state the waste 

collection as a periodic truck routing problem with 

intermediate 2 waste depots. Using this system, all kinds if 

waste i.e. glass, paper, plastic etc are collected and bought to 

a certain point by the citizens. Therefore, this collection is 

treated as a node routing problem. This waste is then taken 

to special sites called intermediate facilities (IF). These are 

similar to depots. Thus, this approach requires a planning 

period of certain days because every collection point need 

not be visited every day. 

Hui Han and Eva Ponce [10] studied the waste collection 

vehicle routing problem (WCVRP). It studies waste 

collection of three types of wastes: industrial, commercial 

and household. This paper consists of various methods 

proposed by different authors for waste collection of the 

three categories. Various classical heuristic and Meta 

heuristic algorithms are studied. Somayeh Fooladi et.al [11] 

devised a mathematical model for the reduction of cost of 

collecting and transporting the waste for recycling process. 

It keeps a balance between distance between trashcans and 

the type of waste contained in trashcans to find an optimal 

route for transport vehicles. Designing if similarity pattern is 

done for this purpose and this pattern is used for selection of 

route. A mixed-integer non linear programming is applied in 

this approach. A paper was presented by Aderemi Oluyinka 

and olawale Adeleke [12] who gave a new approach for 

waste management using customer’s time windows and road 

attributes. It works in order to reduce the high cost required 

to manage the garbage carrying vehicles. Its major 

contribution was the consideration of attributes of each road 

in collecting solid waste. Two approaches were proposed, 

one using non- linear function and another using a linear 

function.  

P. Pratheep, M A Hannan [13] proposed the system for 

monitoring of waste bins carrying solid waste using RFID 

technology. It stores all the information related to driver, 

vehicle, and location in the database. This technology is 

used for handling the transmission and reception of data. 

Clients can access the database for system information. The 

recycle bins are incorporated with reader and the trucks with 

RFID tag. The hardware implementation of this system is 

very complex and it is suitable only for designing a 

prototype due to short range of frequency detection. 

Theodoros Anagnostopoulos, Arkady Zaslavsky et.al [14] 

proposed a robust waste collection system for smart cities. 

They considered two types of trash carrying vehicles, high 

capacity trucks (HCT), and low capacity trucks (LCT). A 

robust routing algorithm was applied which was common 

for both the types of vehicles. It could also handle 

malfunctioning of the trucks. They studied two scenarios for 

LCT and HCT. First scenario considered carrying the waste 

from bins directly to dumping are by LCT. Second scenario 

considered depots as temporary storage, thus carrying waste 

from bins to depots by LCT and depots to dumping are by 

HCT. It showed that the use high capacity trucks reduced 

the operational cost for waste carrying and transportation. 

Another method was proposed by 

S.S.Navghane,M.S.Killedar, et.al [15]. The authors 

presented a model using IR sensors, microcontroller and Wi-
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Fi module. This model assures that the bin is emptied as 

soon as it reaches its maximum capacity. If it is not being 

emptied then the record is sent to higher authority which can 

take necessary action. This system also assures that the 

overall expense required for waste collection is minimized 

by developing cheaper bins, thus making the system more 

efficient.  

Alexey Medvedev, Peter Fedchenkov et.al [16] proposed 

a methodology for smart waste collection. Firstly, they 

worked for providing software-as-a-service (SaaS) product 

to customers. The customers here are mainly private 

companies which work for waste collection in cities. 

Secondly, they worked for developing a system which is 

beneficial to all the stakeholders involved in the garbage 

collection process. The important component of their system 

was cloud based decision support system (DSS), an 

intercommunication channel. The DSS have all the 

information related to bin capacity, truck location, fuel 

available and consumed etc. This provides an easy way to 

provide optimal route to the customers.  

Authors Gaurav Kodwani et.al [17] have presented a 

paper on an automated alarming system sing a smart 

container. Major components of this model were: IR 

sensors, GSM connected to Arduino, and alert via SMS. The 

IR sensors were used to detect the minimum level required. 

The wireless GSM modem was used for communication 

over wireless network. It used SIM card and IMEI number 

for this purpose. Alert notifications were provided through 

the message on mobile phones. 

Vikrant Bhor, Pankaj Morajkar et.al [18] proposed a 

smart garbage management system consisting of transmitter 

and receiver sections. The transmitter section consists of 

smart bins incorporated with level sensors and 

microcontrollers. The output of level sensor is provided to 

microcontroller. At the receiver end is a control room 

handled by a person who monitors all the activities. A GSM 

module is used to send a notification for clearing the 

dustbin. This system also consists of a GUI which displays 

the level of the dustbin on a computer screen. This system 

also assures monitoring of the fake reports, thus making it 

more reliable. 

Meghana K C and Dr. K. R. Nataraj [19] presented a 

method for construction of smart bins using infrared sensors 

and GSM facility. LED’s are present near the bins which 

emits light when the bin is full. The road maps showing a 

route to the bins is attached to the internet. On clicking the 

blinking LED, the road map shows the route to be followed. 

A text message is sent to the mobile number of the 

concerned person. All this can be visualized in the control 

room. This model allows the reduction in the number of 

times the vehicle must travel to empty the bins. Such smart 

bins were a great development toward clean environment.  

  

III. PROPOSED SYSTEM 

This section presents an innovative robust approach for 

waste collection in smart cities. This method considers the 

city to be divided into many numbers of sectors. Each sector 

consists of some buildings, houses or areas. Numbers of bins 

are incorporated in different areas. These are called smart 

bins as they are attached to certain hardware. Trucks are 

used for carrying garbage to dumping areas. An android 

application is available for handling the system remotely. 

This application is used to track the vehicles, know the 

status of bins, direct the vehicles to proper routes etc. 

Notifications are provided through this app. The GSM 

technology is used for the mobile communication. For every 

area a ward member will be appointed to take care that all 

the activities are performed on time. When the maximum 

level of bin will be reached a message will be sent to the 

ward member for making sure that the bin is emptied. In 

case of any delays this member must take appropriate 

actions. 

 

 
Figure1: Working of IoT enabled waste management 

system. 

 

The block diagram of the proposed system is as shown in 

figure 1. Everything is connected over internet. Level 

sensors are attached to the bins. These sensors in the bin will 

sense the level up to which it is filled. It will send 

notifications at different levels of bin being filled. After the 

notification of bin being filled to its maximum level, it must 

be emptied immediately. If the bin is not cleared then the 

alert message will be sent to the ward member appointed to 

that area.  The analog to digital convertor is used to convert 

the signal of sensors into digital value. Microcontroller 

controls all this functioning. The RS232 communication is 

used for communication between hardware and software.  

After getting a notification about the bin being filled, the 

system routes a vehicle to empty the bin. Meanwhile, if any 

malfunction occurs then the server is informed about it. 
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 The proposed system will also assure that the vehicles 

used to empty the bins are routed to the smallest route. 

When a vehicle is serving a bin, it will be informed about 

the nearest bin to be served, if any. Also the system will 

handle the truck malfunctioning. In such a situation, the 

server will be notified about the vehicle being 

malfunctioned. The server will give all the allotments of this 

vehicle to another working vehicle. Thus, this system will be 

able to continue working even under the case of 

malfunctions. 

 

IV. CONCLUSION 

 

Waste collection as treated as a static problem in the past 

years. These static methods were not compatible with the 

dynamic nature of IoT. So a dynamic method had to be 

developed for the smart cities which could also use the 

potential of IoT efficiently. This paper presents an 

innovative and dynamic approach for this problem. An 

android application is also provided to handle the system 

functioning remotely. This makes the system more usable. 

This system can also handle vehicle malfunction by 

allocating its services to another vehicle.  

 

V. ACKNOWLEDGEMENT 

This work is a part of the postgraduate level project 

work and I represent my sincere gratitude to Dr. R. S. 

Mangrulkar, Head and Professor, BDCOE, Sewagram, for 

his constant guidance throughout the work and support. And 

all the staff member of Computer Science & Engineering 

department, Bapurao Deshmukh College of Engineering for 

providing me excellent atmosphere for Dissertation work.  

  I would also like to thank my parents and my 

brother. They were always supporting me and encouraging 

me with their best wishes.   

 

 

REFERENCES 

[1] Jayavardhana Gubbi, Rajkumar Buyya et.al, “Internet of Things 

(IoT): A Vision, Architectural Elements, and Future Directions”, 

Future Generation, Elsevier, 2013. 

[2] J. Jin, 1. Gubbi, S. Marusic and M. Palaniswami, "An Information 

Framework for Creating a Smart City Through Internet of Things", 

Internet of Things Journal, IEEE, 2014, vol. I (2), pp. Il2-12. 

[3] Aditya Gaur, Bryan Scotney, et.al, “Smart city architectureand its 

applications based on IoT”, Procedia Computer Science, Elsevier, 

2015, 1089-1094. 

[4] W. Juyoung, K .. Byung-In and K. Seongbae, "The rollon-rolloff 

waste collection vehicle routing problem with time windows", 

European Journal of Operational Research, Elsevier, 2013, vol. 

224 (3), pp. 466-476. 

[5] M. Reed, A. Yiannakou and R. Evering, "An ant colony algorithm 

for the multi-compartment vehicle routing problem", Applied Soft 

Computing, Elsevier, 2014, vol. 15, pp. 169-176. 

[6] K. Buhrkal, A. Larsen and S. Ropke, "The Waste Collection 

Vehicle Routing Problem with Time Windows in a City Logistics 

Context", Procedia Social and Behavioral Sciences, Elsevier, 

2012, vol. 39, pp. 241- 254. 

[7] X. Bing, "Vehicle routing for the eco-efficient collection of 

household plastic waste", Waste Management, Elsevier, 2014, vol. 

34 (4), pp. 719-729. 

[8] M. Mes, "Using Simulation to Assess the Opportunities of 

Dynamic Waste Collection", Use Cases of Discrete Event 

Simulation, Springer, 2012, pp. 277-307. 

[9] V. Hemmelmayr, K. F. Doerner, R. F. Hartl and S. Rath, "A 

heuristic solution method for node routing based solid waste 

collection problems", Journal of Heuristics, Springer, 2013, vol. 19 

(2), pp. 129-156. 

[10] Hui Han, Eva Ponce-Cueto, “Waste collection vehicle routing 

problem: literature review.”, Promet- traffic and transportation, 

Vol. 27, 2015, No. 4, 345-358. 

[11] Somayeh Fooladi, Hamed Fazlollahtabar et.al, “Waste collection 

vehicle routing problem considering similarity pattern of trashcan 

and garbage unloading.” International Journal of Engineering and 

Management 5, pp.187-198. 

[12] Aderemi Oluyinka and olawale Adeleke, “A new model for 

optimizing waste disposal based on customers time windows and 

road attributes.”  Applied Mathematical Sciences, vol. 10, 2016, 

no. 42, 2051- 2063. 

[13] P. Pratheep, M A Hannan, “Jornal of Applied Sciences Research, 

7(7): 1093-1101, 2011. 

[14] Arkady Zaslavsky, Alexey Medvedev, “Robust Waste Collection 

exploiting Cost Efficiency of loT potentiality in Smart Cities", 

IEEE 2015, International conference on Recent Advances in 

Internet of Things (RioT). 

[15] S.S.Navghane, M.S.Killedar, Dr.V.M.Rohokale, “IoT Based Smart 

Garbage and Waste Collection Bin”, International Journal of 

Advanced Research in Electronics and Communication 

Engineering (IJARECE) Volume 5, Issue 5, May 2016. 

[16] Alexey Medvedev, Peter Fedchenkov, et.al, “ Waste management 

as an IoT- enabled service in smart cities”, 8th International 

conference on Internet of Things and Smart spaces, ruSMART 

2015, At St. Petersburg, Russia, August 2015, DOI: 10.1007/978-

3-319-23126-6_10. 

[17] Gaurav Kodwani, Mayur Mehta et.al, “ Smart Container- An 

Automated Alerting System”, International Journal of Computer 

Applications (0975 – 8887) Volume 155 – No 5, December 2016. 

[18] Vikrant Bhor, Pankaj Morajkar et.al, “ Smart Garbage 

Management System”, International Journal of Engineering 

Research & Technology (IJERT) ISSN: 2278-0181 

IJERTV4IS031175 www.ijert.org , Vol. 4 Issue 03, March-2015. 

[19] Meghana K C,  Dr. K. R. Nataraj, “ IoT Based Intelligent Bins For 

Smart Cities”, International Journal on Recent and Innovation 

Trends in Computing and Communication (IJRITCC), Volume: 4 

Issue: 5, pp. 225-229, May 2016. 

 

 

http://www.ijritcc.org/


International Conference On Emanations in Modern Engineering Science and Management (ICEMESM-2017)              ISSN: 2321-8169 

Volume: 5 Issue: 3                                                                                                                                                                     14 - 19 

____________________________________________________________________________________________________________________ 

14 
IJRITCC | March 2017, Available @ http://www.ijritcc.org (Conference Issue) 

_______________________________________________________________________________________ 

IOT Based Agriculture Monitoring System Using Wemos 

 
Sandip Rukhmode

1 

Department of ETRX Engineering, 

SSPACE, Wardha, 

Nagpuruniversity, 

Indiasandiprukhmode@gmail.com
 

 

Gayatri Vyavhare
3 

Department of ETRX Engineering, 

SSPACE Wardha, Nagpur 

University, India 

gayatrivyavhare@gmail.com 

 

Sharda Banot
2 

Department of ETRX Engineering, 

SSPACE, Wardha, Nagpur 

university India 

Shardabanot@gmail.com 

Abhilash  Narad
4 

Department of ETRX Engineering, SSPACE 

Wardha,Nagpur university,India 

abhilashnarad442105@gmail.com 

 

Dr. R.M.Tugnayat
5 

Principal, 

Engineering, SSPACE Wardha, Nagpur university, India 

 

 

ABSTRACT:-Modernization of the farming process is one of the crucial steps for a country like India, which has to import tremendous 

amountof grains and agro products from other countries to meet the demand of 1.2 billion populations. Various architectural andtechnological 

improvements have been suggested in the past and have been widely adopted over the years to improve theproductivity of the agricultural field. 

One of the major challenges of the agriculture is the propermonitoring of the soil health, theenvironment, and adjusting the irrigation as well as 

the plant clear Issues which results in less efficient and less productive crops. 

The proposed work is about having control over the irrigation and monitoring of the agricultural field using IOT. The system connects physical 

sensing devices with the cloud and connects the irrigation control mechanism with the cloud. This keeps an immense analysis and problem 

solving capability to the overall architecture. 

The Internet of Things can be defined as ―a global, immersive, invisible, ambient networked computing environment built through the continued 

proliferation of smart sensors, cameras, software, databases, and massive data centers in a world-spanning information fabric known as the 

Internet of Things.‖1 The basic idea of the lOT is that virtually every physical thing in this world can also become a computer that is connected 

to the Internet. Internet of Things (IOT) aims to extend Internet to large number of distributed devices by defining standard, interoperable 

communication protocols. 

Fluctuations in rainfall or market prices can cause profits to quickly rise or plummet. Obtaining accurate, ongoing data on operations has 

historically also been a challenge. Unlike cars or microprocessors, you can‘t mass produce identical tomatoes. Companies like Clean Grow and 

Slum have begun to bring Big Data to the field with tools that can dynamically calibrate moisture and other metrics. Between efforts to eat more 

food grown locally, a younger generation of farmers and cheaper component-farming is getting an infusion of data and technology.9 As the 

concept of the ‗Internet of Things‘ becomes increasingly prevalent, many systems are being devised to allow all manner of data to be gathered 

and analyzed and devices controlled via wireless data networks. 

 

KEYWORD :- IOT, Wemos, Arduino, Humidity Sensor, Soil Moisture Sensor, Temperature Sensor, Water Level Sensor. 

__________________________________________________*****_________________________________________________ 

 

I. INTRODUCTION 
India‘s major source of income is from agriculture sectorand 

70% of farmers and general people depend on 

theagriculture. Internet of things (IOT), is a cloud of 

interconnected physicaldevices, which can communicate 

with each other over theInternet.Physical devices such as 

microcontrollers and sensors will not directlycommunicate 

with the Internet; they do so by using an IOTgateway. This 

entire infrastructure is known as IOTinfrastructure. For 

example we can take a Home LightingSystem where all the 

switches are been connected to the main controller which is 

connected to the internet. 

       Agriculture is considered as the basis of life for the 

human species as it is the main source of food grains and 

other raw materials. It plays vital role in the growth of 

country‘s economy. It also provides large ample 

employment opportunities to the people. Growth in 

agricultural sector is necessary for the development of 

economic condition of the country. Unfortunately, many 

farmers still use the traditional methods of farming which 

results in low yielding of crops and fruits. But wherever 

automation had been implemented and human beings had 

been replaced by automatic machineries, the yield has been 

improved. Hence there is need to implement modern science 

and technology in the agriculture sector for increasing the 

yield. 

The smart farm, embedded with IOT systems, could be 

called a connected farm, which can support a wide range of 

devices from diverse agricultural device manufacturers. 

Also, connected farms could provide more intelligent 

agriculture services based on shared expert knowledge. 

Improvement of agriculture field has become 

biggestchallenging for the countries like India, so new 

technologieshave to be adopted.  
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Wehave used temperature sensorand the moisture sensor. 

These sensors have been installed inthe agriculture field to 

collect the data, and thus data ismitigated into the cloud with 

the help of IOThub(Thingspeak), monitoring of agricultural 

field and optimization of agricultural resources. WSNs also 

help to know the real time data related to the agricultural 

field and the condition of the crop, so the farmers can make 

sure that they  

are ready to face the future conditions related to their 

agricultural field. 

The realization of precision agriculture monitoring system 

based on wireless sensor network,  has used wireless sensor 

networks to design the monitoring of agriculture, at the 

same time the system is based on the real time monitoring of 

agriculture environmental  

 

information such as temperature, humidity and the soil 

moisture. Precision agriculture monitoring framework based 

on WSN, The realization of precision agriculture monitoring 

systembased on wireless sensor network, 

 

II. RELATED WORK 

         Monitoring of soil moisture and groundwater levels 

usingultrasonic waves to predict slope failures, 

 

 [1] Used an ultrasonic wave to predict the slope failures 

when there is a heavy rainfall, and they have used a method 

of monitoring of soil moisture. Optimal sensor placement 

strategy for environmental monitoring using Wireless 

Sensor Networks, 

 

[2] has used wireless sensor networks to determine the 

optimal sensor placement method for the monitoring of 

environmental changes. They have also been used age 

statistical analysis and Monte Carlo theory to develop the 

strategy.The system architecture is composed of sensors 

(temperature,moisture, rainfall and the light), which are 

installed in theagriculture field. These sensors will be 

collecting theenvironmental parameters. The sensed data is 

mitigated intothe cloud through an IOT gateway 

(thingspeak); thingspeakgives a real time data visualization. 

 

III. ELECTRONIC COMPONENTS 

 

[1] WEMOS D1 

The D1 is a mini wifi board based on ESP-8266EX.11 

digital input/output pins, all pins have 

interrupt/pwm/I2C/one-wire supported(except D0) 

 
Fig.(1).Wemos D1 

 
Pin Function ESP-8266 

pin 

TX TXD TXD 

RX RXD RXD 

AO Analog 

I/P,MAX 

303V I/P 

AO 

DO IO GPIO 16 

D1 IO,SCL GPIO 5 

D2 IO,SDA GPIO 4 

D3 IO,10K 
pull up 

GPIO 0 

D4 IO,10K 

pull-up 

GPIO 2 

D5 IO,SCK GPIO 14 

D6 IO,MISO GPIO 12 

D7 IS,MOSI GPIO 13 

D8 IO,LOK 
pull 

down,SS 

GPIO 15 

G GROUND GND 

 
TECHNICAL 

SPECIPICATION 

Micro-

controller 

ESP-8266 EX 

Operating 

voltage 

3.3V 

Digital 

I/O pins 

1(max input 

3.2v) 

Analog 

input pins 

80Mh/160MH 

Clock 

speed 

4m byte 

Flash 3402mm 

Length 2506mm 

Width   

 

Tabel(1)&(2):- Functional & Specificationtable of WEMOS 
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[2] SOIL MOISTURE SENSOR 

Our VH400 series soil moisture sensor probes enable 

precise low cost monitoring of soil water content. Because 

our probe measures the dielectric constant of the soil using 

transmission line techniques, it is insensitive to water 

salinity, and will not corrode over time as does conductivity 

based probes. Our probes are small, rugged, and low power. 

Compared to other low cost sensor such as gypsum block 

sensors, our probes offer a rapid response time. They can be 

inserted and take an accurate reading in under a second. 

 

Soil Moisture Sensor Probe Features 

 Extreme low cost with volume pricing. 

 Not conductivity based. 

 Insensitive to salinity. 

 Probe does not corrode over time. 

 Small size. 

 Precise measurement. 

 Measures volumetric water content (VWC) or 

gravimetric water content (GWC). 

 Output Voltage is proportional to moisture level. 

 Wide supply voltage range. 

 Can be buried and is water proof 

 
Fig.(2) Soil moisture sensor 

. 
[3] WATER LEVEL SENSOR(Ultrasonic) 

The sensing probe element consists of a special wire cable 

which is capable of accurately sensing the surface level of 

nearly any fluid, including water, salt water, and oils. The 

sensor element is electrically insulated and isolated from the 

liquid into which it is inserted, and will not corrode over 

time. 

 

Fig.(3)Water level sensor 

Unlike, other sensors, the measurement range is adjustable 

from a few centimeters to over several meters. The reading 

is reported back as an analog voltage ranging from 0V to 3V 

where 0V represents the sensor not beingsubmersed, and 3V 

represents the maximum water level. 

The AquaPlumb water level sensor can be easily calibrated 

to nearly any range and any fluid in the field with the use of 

two buttons. One button records the minimum fluid level 

(0V level), and the other button records the maximum fluid 

level (3V level). After being calibrated, the sensor will 

return a value of 0 to 3 volts linear with the liquid level. The 

AquaPlumb water level sensor is compact, low cost, low 

power, easy to use, and can take an accurate reading in less 

than a second. The AquaPlumb has an easy to mount water 

resistant enclosure. The cable can be made taut with a cable 

clamp, which can be mounted to the side of a reservoir, to a 

small weight, or to a stick. 

Water Level Sensor Probe Applications 

 Flood and spill alarms. 

 Rain barrel monitoring. 

 Reservoir monitoring. 

 Environmental monitoring.  

 Water conservation applications.  

 Mechanical float replacement. 

 Electronic toilets. 

 Aquaponics. 

 Monitoring of Aquariums.  

 Sensor for Internet of Things. 

[4]  TEMPERATURE SENSOR 

Soil temperature sensors come in a variety of designs using 

thermistors, thermocouples, thermocouple wires, and 

averaging thermocouples. The electrical signals transmitted 

from the sensors to our dataloggers can be converted to 

different units of measurement, including °C , °F, and °K. 

Our dataloggers are also capable of measuring most 

commercially available soil temperature sensors. 

 

Temperature Sensor Probe Features 

 Low cost. 

 No need to calibrate. 

 Rugged design for long term use.  

 Small size.  

 Consumes less than 3mA for very low power 

operation. 

 Precise measurement. 

 Output Voltage is linear to temperature.  

[5] HUMIDITY SENSOR 

 

The sensor and electronics are enclosed in a weather 

resistant flanged box for easy mounting. The electronic 

sensor is directly connected to the outside air through a 

small inlet tube, on the bottom side of the box near the cable 

gland. Because the small inlet tube isolates the sensor from 
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the rest of the air volume in the box, latency to changes in 

relative air humidity is reduced. 

Relative Humidity Sensor Features 

 Low cost. 

 Output Voltage is proportional to relative humidity. 

 Rugged design for long term use. 

 Compact size. 

 Very low power operation. 

 Precise measurement. 

 Wide supply voltage range (3.5 to 20VDC). 

 Weather resistant enclosure. 

 Compatible with Arduino. 

 
Fig. (4) Temperature & Humidity sensor 

 

[6] IOT 

The Internet of Things can be defined as ―a global, 

immersive, invisible, ambient networked computing 

environment built through the continued proliferation of 

smart sensors, cameras, software, databases, and massive 

data centers in a world-spanning information fabric known 

as the Internet of Things.‖1 The basic idea of the lOT is that 

virtually every physical thing in this world can also become 

a computer that is connected to the Internet. Internet of 

Things (IOT) aims to extend Internet to large number of 

distributed devices by defining standard, interoperable 

communication protocols. 

The basic concept of IOT is that together with web services, 

such as Radio Frequency Identification (RFID), infrared 

sensor, Global Positioning System (GPS), laser scanner, a 

network of Internet-enabled objects connected with the 

Internet based on the conventional protocol, to exchange 

information and communicate, in order to achieve intelligent 

identify, locate, track, monitor and manage a network. The 

decline of size, cost and energy consumption, hardware 

dimensions that are closely linked to each other, now allows 

the manufacturing of extremely small and inexpensive low-

end computers.2 First, in order to connect everyday objects 

and devices to large databases and networks, and indeed to 

the network of networks (the internet) a simple, unobtrusive 

and cost effective system of item identification is crucial. 

Only then can data about things be collected and processed. 

Radiofrequency identification (RPID) offers this 

functionality. RPID technology, which uses radio waves to 

identify items, is seen as one of the pivotal enablers of the 

Internet of Things. Although it has sometimes been labeled 

as the next generation of bar codes, RPID systems offer 

much more in that they can track items in real-time to yield 

important information about their location and status.  

Second, data collection will benefit from the ability to detect 

changes in the physical status of things, using sensor 

technologies. Embedded intelligence in the things 

themselves can further enhance the power of the network by 

devolving information processing capabilities to the edges 

of the network. Finally, advances in miniaturization and 

nanotechnology mean that smaller and smaller things will 

have the ability to interact and connect.In the Internet era, 

where information plays a key role in people‘s lives, 

agriculture is rapidly becoming a very data intensive 

industry where farmers need to collect and evaluate a huge 

amount of information from a diverse number of devices 

(e.g., sensors, farming machinery, meteorological sensors, 

etc.) in order to become  more efficient in production and 

communicating appropriate information. These efforts deal 

with a number of factors such as ecological footprint, 

product safety, labour welfare, nutritional responsibility, 

plants‘ and animals‘ health and welfare, economic 

responsibility and local market presence. The efforts cover 

almost all steps in the production chain concerning the daily 

agricultural tasks, the transactional activities for all involved 

stakeholders and the support of information transparency in 

the food chain. 

 
Fig. internet of thing 

 

Agriculture has been a leader for years in automation—

many industrial farms rely on harvesters guided by GPS. It 

is also an industry starving for more data. Fluctuations in 

rainfall or market prices can cause profits to quickly rise or 

plummet. Obtaining accurate, ongoing data on operations 

has historically also been a challenge. Unlike cars or 

microprocessors, you can‘t mass produce identical 

tomatoes. Companies like CleanGrow and Slum have begun 

to bring Big Data to the field with tools that can dynamically 

calibrate moisture and other metrics.Between efforts to eat 

more food grown locally, a younger generation of farmers 

and cheaper component-farming is getting an infusion of 

data and technology.9 As the concept of the ‗Internet of 

Things‘ becomes increasingly prevalent, many systems are 

being devised to allow all manner of data to be gathered and 

analyzed and devices controlled via wireless data 

networks.10 Connected devices such as smart thermostats 
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and lighting systems are making their way into homes, but 

another big opportunity for the Internet of Things could be 

outdoors, in the area of agriculture. 

 

 

 

IV. DESINGN AND IMPLEMENTATION 
 

 
Fig.(5):- Flow Chart 

 

 
 

Fig.(6):- Block Diagram 

 

 

 

 
V. WORKING AND RESULT 

 

     It state the steps that the proposed system is working 

which is shown in fig.(5). 

 

STEP 1:- Start the process. 

 

STEP 2:- Initialize all the sensor to the system by using the 

IOT. 

 

STEP 3:- Check the sensor value is less or more, soil 

moisture sensor gives the moisture level reading from 

humidity sensor we get the reading of humidity level present 

in the atmosphere also, temperature sensor gives the 

temperature present in soil and most important sensor is 

water level sensor which gives the water in the soil is less or 

more. 

 

STEP 4:- If the water level and soil moisture level the a 

fixed criteria. There is no need to give to irrigation. 

STEP 5:- If the soil moisture level or water level is less than 

the fixed criteria. We start the motor pump. 

 

STEP 6:- After the step 5 we need to initialize the all the 

sensor value. The process will be completed. After the 

process completed. It moves to the original state. 

 

  It in field sensing sensor monitor the field condition of soil 

moisture, soil temperature and humidity in air. We get 

monitors the information on the field i.e. humidity, 

temperature of soil, etc. All in field sensor data are 

wirelessly transmitted to our system.In the day to day life 

atmospheric condition is change fastly and climate  is 

change due to this type of the change that‘s effects on the 

agriculture or the production of the crops. Some time water 

in the agriculture field is over does of water given by the 

former also the production of crop is less due to the less 

rainfall or less does of the water.  There are many types of 

the reason for the less production of crop for overcome fall 

this type of query this projects is designed and it is handled 

from any place.  

 

VI. CONCLUSION 

In the fierce global competition environment, our country 

agriculture highlights the low level of industrialization, the 

low value chain level, low management level, low level of 

information. In order to solve the above problem, the 

application of new technology is a feasible method. In this 

paper, the applications of the Internet of things technology 

to the agricultural products supply chain, in order to 

improve the operation efficiency of the supply chain of 

agricultural products, promote the development of 

agriculture in our country. Of course, there are many factors 

affecting the adoption of agricultural products supply chain 

of the Internet of things. There is still a long run for the 
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internet of things to enter into the practical stage of 

agricultural supply chain. There are also many problems for 

the 

internet of things to solve, which include how to reduce 

costs, carry on the R&D of core technology, develop ndustry 

standards, protect the privacy and so on. 

 

REFERENCES 
[1] R.Suresh, S.Gopinath, K.Govindaraju,      

T.Devika,N.SuthanthiraVanitha, ―GSM based Automated 

Irrigation Controlusing Raingun Irrigation System‖, 

International Journal of AdvancedResearch in Computer 

and Communication Engineering Vol. 3, Issue 2, February 

2014 

[2] Pavithra D.S, M. S .Srinath, ―GSM based Automatic 

IrrigationControl System for Efficient Use of Resources 

[3] LaxmiShabadi, NandiniPatil, Nikita. M, Shruti. J, Smitha. 

P&Swati. C, ―Irrigation Control System Using Android 

and GSM for EfficientUse of Water and 

Power‖,International Journal of Advanced Research in 

Computer Science and Software Engineering, Volume4, 

Issue 7, July 2014. 

[4] Shiraz Pasha B.R., Dr. B Yogesha, ―Microcontroller Based 

Automated Irrigation System‖, The International Journal 

Of Engineering And Science (IJES), Volume3, Issue 7, pp 

06-09, June 

[5] S. R. Kumbhar, Arjun P. Ghatule, ―Microcontroller based 

Controlled Irrigation System for Plantation‖, Proceedings 

of the International MultiConference of Engineers and 

Computer Scientists 2013Volume II, March 2013. 

[6] Yunseop (James) Kim, Member, IEEE, Robert G. Evans, 

and William M. Iversen, ―Remote Sensing and Control of 

an Irrigation System Using a Distributed Wireless Sensor 

Network‖, IEEE 

[7] AnjumMei Fangquan. ―Smart planet and sensing china—

analysis on development of IOT‖ [J]. Agricultural Network 

Information, Vol.12, pp. 5-7, 2009. 2012. 

[8] Hong-ryeol Gil1GuPingli, Shang Yanlei, Chen Junliang, 

Deng Miaoting, Lin Bojia, ―Enterprise-oriented 

Communication among Multiple ESBs based on 

WSNotification and Cloud Queue odel‖,International 

Journal of Advancements in Computing Technology, Vol. 

3, No. 7, 

pp. 255-263, 2011. 

[9] S.K. DhurandherSun Qi-Bo, Liu Jie, Li Shan, Fan Chun-

Xiao, Sun Juan-Juan, ―Internet of things: Summarize on 

concepts, architecture and key technology problem‖, 

BeijingYoudianDaxueXuebao/Journal of BeijingUniversity 

of Posts and Telecommunications, Vol. 33,No. 3, pp.1-9, 

2010, 2008. 

[10] Yang Guang, GengGuining, Du Jing, Liu Zhaohui, Han 

He, ―Security threats and measures for the Internet of 

Things‖,QinghuaDaxueXuebao/Journal of Tsinghua 

University, Vol. 51, No. 10,pp.1335-1340, 2011. 

[11] AlGabriMalek,Chunlin LI, Z. Yang, NajiHasan.A.H and 

X.Zhang,‘ Improved the Energy of Ad hoc On- Demand 

Distance VectorRouting Protocol‘, International 

Conference on Future Computer Supported Education, 

Published by Elsevier, IERI, pp. 355-361,2012. 

[12] S. R. Nandurkar, V. R. Thool, R. C. Thool, ―Design and 

Development of Precision Agriculture System Using 

Wireless Sensor Network‖, IEEE International Conference 

on Automation, Control, Energy and Systems (ACES), 

2014  

[13] JoaquínGutiérrez, Juan Francisco Villa-Medina, Alejandra 

Nieto-Garibay, and Miguel Ángel Porta-Gándara, 

―Automated Irrigation System Using a Wireless Sensor 

Network and GPRS Module‖,IEEE TRANSACTIONS ON 

INSTRUMENTATION AND MEASUREMENT, 0018-

9456,2013  

[14] Dr. V .Vidya Devi,G. Meena Kumari, ―Real- Time 

Automation and Monitoring System for Modernized 

Agriculture‖ ,International Journal of Review and Research 

in Applied Sciences and Engineering (IJRRASE) Vol3 

No.1. PP 7-12, 2013  

[15] Y. Kim, R. Evans and W. Iversen, ―Remote Sensing and 

Control of an Irrigation System Using a Distributed 

Wireless Sensor Network‖, IEEE Transactions on 

Instrumentation and Measurement, pp. 1379–1387, 2008.  

[16] Q. Wang, A. Terzis and A. Szalay, ―A Novel Soil 

Measuring Wireless Sensor Network‖, IEEE Transactions 

on Instrumentation and Measurement, pp. 412–415, 2010  

[17] Yoo, S.; Kim, J.; Kim, T.; Ahn, S.; Sung, J.; Kim, D. A2S: 

Automated agriculture system based on WSN. In IS 

International Symposium on Consumer Electronics, 2007, 

Irving,TX, USA, 2007  

[18] Arampatzis, T.; Lygeros, J.; Manesis, S. A survey of 

applications of wireless sensors and Wireless Sensor 

Networks. In 2005 IEEE International Symposium on 

Intelligent Control & 13th Mediterranean Conference on 

Control and Automation. Limassol, Cyprus, 2005, 1-2, 

719-724  

[19] Orazio Mirabella and Michele Brischetto, 2011. ―A Hybrid 

Wired/Wireless Networking Infrastructure for Greenhouse 

Management‖, IEEE transactions on instrumentation and 

measurement, vol. 60, no. 2, pp 398-407.  

[20] N. Kotamaki and S. Thessler and J. Koskiaho and A. O. 

Hannukkala and H. Huitu and T. Huttula and J. Havento 

and M. Jarvenpaa(2009). ―Wireless in-situ sensor network 

for agriculture and water monitoring on a river basin scale 

in Southern Finland: evaluation from a data users 

perspective‖. Sensors 4, 9: 2862-2883. 

doi:10.3390/s90402862 2009.  

[21] Liu, H.; Meng, Z.; Cui, S. A wireless sensor network 

prototype for environmental monitoring in greenhouses. 

International Conference on Wireless Communications, 

Networking and Mobile Computing (WiCom 2007), 

Shangai, China; 21-25 September 2007.  

[22] Baker, N. ZigBee and bluetooth - Strengths and 

weaknesses for industrial applications. Comput. Control. 

Eng. 2005, 16, 20-25.  

[23] IEEE, Wireless medium access control (MAC) and 

physical layer (PHY) specifications for lowrate wireless 

personal area networks (LR-WPANs). In The Institute of 

Electrical and Electronics Engineers Inc.: New York, NY, 

USA, 2003.  

http://www.ijritcc.org/


International Conference On Emanations in Modern Engineering Science and Management (ICEMESM-2017)                                   ISSN: 2321-8169 

Volume: 5 Issue: 3                                                                                                                                                                                                          20 - 24 

________________________________________________________________________________________________________________________________ 

20 

IJRITCC | March 2017, Available @ http://www.ijritcc.org (Conference Issue) 

_______________________________________________________________________________________ 

A 2 Level Dynamic Scheduling Method for Real Time Tasks on Homogeneous 

Distributed System 

 

Lipika Datta 
Computer Science and Engineering Deparment, College of Engineering and Management Kolaghat 

Purba Medinipur, W. B., India 

lipika.datta@cemk.ac.in 

 

 
Abstract - A distributed system is a collection of independent computers that appears to its users as a single coherent system. Depending on job 

arrival rate some of the computing nodes may become overloaded while some other nodes may sit idle. The imbalance in load distribution may 

affect overall system performance. So proper task scheduling algorithm is needed. Real time task scheduling algorithm must take deadline of a 

task in consideration. Task dependency is another parameter that is to be considered while scheduling. If arrival time of job is not known apriori, 

runtime scheduling is needed.  The centralized scheduling schemes are not scalable as the scheduling decision is taken by a central server. Fully 

distributed schemes are scalable, but they lack global information. A hierarchical dynamic semi distributed scheduling model is proposed in this 

paper, taking deadline and dependency of each task in consideration.  
 

 Index Terms - Task scheduling, Clustered homogeneous distributed system, dynamic scheduling, real time task, DAG. 

 

__________________________________________________*****_________________________________________________

 

I.  INTRODUCTION 

 Fundamental properties of a task are: arrival time and 

approximate execution time. A real-time task also specifies a 

deadline by which it must complete its execution.  The 

completion of a request after its deadline is considered of 

degraded value, and could even lead to a failure of the whole 

system. So, the real-time scheduler for distributed systems 

must consider the deadline of each task along with the load 

balancing issue while allocating tasks to processor.  

Some real time tasks may execute on the regular basis. Those 

are called periodic tasks. Aperiodic real time tasks are 

activated randomly. Real time schedulers may be classified in 

two categories.  

In static scheduling algorithm the assignment of tasks to 

processors is done before the program execution begins. 

Current allocation information is used to determine the 

availability of a processor by dynamic scheduler. So static 

scheduling is workable only if all the processes are effectively 

periodic. A distributed application may be represented by a 

Directed Acyclic Graph (DAG), in which the node weights 

represent task processing time and the edges represent data 

dependencies.   

A fully distributed system suffers from huge message passing 

while taking a scheduling decision. This gives rise to huge 

traffic. A semi distributed system model is discussed in this 

paper. The nodes of the system are grouped in clusters. Each 

cluster contains a subset of nodes in the system. Each cluster is 

represented by a designated node called cluster master (CM). 

Local or global scheduling decision is taken by the CM. Based 

on the proposed model an algorithm is presented that is tested 

by conducting experiments in simulated environment. 

The work is organized as follows: The status of the 

considered domain is presented in section II. Section III 

describes the system model and the responsibilities of each 

type of node. The 2-Level Dynamic Scheduling Policy (2LDP) 

policy is discussed in Section IV. Section V analyses the 

communication cost. Simulation results of experiments are 

presented in Section VI. Section VII includes the conclusion. 
 

II.  RELATED WORK DONE 

The theoretical foundation to all modern scheduling 

algorithms for real-time systems was provided [1] for hard 

real-time tasks executing on a single processor. According to 

the authors that upper bound of processor utilization quickly 

drops to approximately 70% as the number of tasks increases. 

So, Liu and Layland suggested a new, deadline-driven 

scheduling algorithm, which assigns dynamic priorities to tasks 

according to their deadlines. Earliest Deadline First is too 

complex to be implemented in real-time operating system [2]. 

These algorithms were developed for uniprocessor system. 

They can be extended for centralized controlled distributed 

system, and then they would have to suffer from all the 

difficulties of centralized control. The RT-SADS [3] algorithm 

is designed for scheduling aperiodic, non-preemptable, 

independent, soft real-time tasks with deadlines on a set of 

identical processors with distributed memory architecture. RT-

SADS self-adjusts the scheduling stage duration depending on 

processor load, task arrival rate and slack. Epoch scheduling 

[4] is a special type of scheduling for distributed processor. In 

this scheme at the end of an epoch, the scheduler recalculates 

the priority of each task in the queue using Shortest Task First 

(STF) criteria.  LLF [5] assigns priorities depending on the 

laxity. In [6] authors present a novel list-based scheduling 

algorithm called Predict Earliest Finish Time (PEFT) for 

heterogeneous computing systems. In [7] authors have 

presented a modified dynamic critical path algorithm (CBL) to 

find the earliest possible start time and the latest possible finish 
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time of a task using the distributed nodes network structure. 

Tasks are sorted by the ascending order of their loads and the 

processors are sorted by the descending order of their current 

loads in [8]. Tasks are assigned to processor to make the loads 

assigned to each processor balanced as much as possible. Ant 

colony based task scheduling for real time operating systems is 

proposed in [9]. In [10] the authors have assigned weight to 

nodes and edges of DAG to find the earliest finish time in 

HEFT algorithm. In [11] the DAG is clustered and then HAFT 

is applied for scheduling of tasks. 

 

 III.  SYSTEM MODEL 

In this paper a network is considered consisting of N 

homogeneous nodes P1, P2…, PN connected by a 

communication network. Each node has the same 

computational power and local memory. A distributed 

application is represented as a DAG. The service time of the 

tasks are exponentially distributed with mean of 1/μ. Each 

node maintains a ready queue to store jobs which are assigned 

to the node, but yet to be executed. The jobs are assumed to be 

non-preemptive. Worker nodes schedule tasks in ready queue 

according to First In First Out (FIFO) algorithm. In the 

proposed model the whole system is divided into L clusters. 

Each cluster has a specific node designated as the Cluster 

Master (CM). This proposed model is semi-distributed and 

decentralizes the load balancing process. It is scalable and it 

minimizes communication overhead. 

 

 
 

IV.  2 LEVEL DYNAMIC SCHEDULING POLICY 

 

A DAG is submitted to the system. The algorithm makes 

an effort to assign a task to a computing node, after its 

predecessor completes its execution, such that the deadline 

of the task can be met. The scheduler first tries to assign a 

processor in its predecessor’s home cluster to reduce 

communication cost. This is intra cluster scheduling. The 

CM searches for an idle node in the cluster. On failure, CM 

searches for a node whose remaining workload is less than 

the slack time of new task. If such a node is found, the task 

is assigned in that node. Otherwise, inter cluster task 

scheduling is required. The CM broadcasts a message 

containing the slack time to all other CMs. If the receiver 

CM is able to find a suitable node, it sends response to the 

initiating CM. The response message contains minimum 

load information of that cluster. The initiating CM selects 

the cluster with least minimum load. The new task is 

transferred to the selected CM. If no response is received, 

the task is assigned to the least loaded node in home cluster 

and it misses deadline. 
 

A. Scheduler Algorithm 
 

 

Initial state of scheduler process is idle. When a task is 

generated the scheduler checks its precedence. If precedence is 

0 the task is independent. The scheduler searches for free 

cluster. If free cluster is found the independent task is assigned 

a processor in free cluster, otherwise it is assigned in the least 

loaded node in the system. For dependent task it finds the 

home cluster of the predecessor and assigns that cluster as the 

home cluster of the task. If the task is independent, after 

selection of node and for dependent task, after assigning home 

cluster, the scheduler state changes to idle. 
 

Process scheduler 

1. Begin 

2. While TRUE 

3.       Wait for task generation; 

4. If precedence is 0 

5.               Search for free cluster 

6.                If free cluster is found  

7.                       Assign a node 

8.                Else 

9.                        Find least loaded node and assign it              

10.           Else 

11.            Sends query to CMs  

12.          Receives response from the CM where the 

predecessor is assigned 

13. Declares that CM as the home cluster 

14. End 

 

B. Cluster Master Algorithm 
 

After receiving a query from scheduler process, CM checks 

whether the predecessor task is assigned to its cluster. If match 

is found it sends response to scheduler process. Upon task 

arrival or CM poll the CM sends query to its worker nodes. 
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Each worker node calculates its remaining load (RL) and sends 

it to CM. Accordingly CM updates its load table. If it finds any 

idle node or a node with RL less than the slack time of the new 

task it assigns the node for the task. On failure it sends CM 

poll to other CMs mentioning the slack time. Other CMs 

update their load table and if they find any idle node or nodes 

with RL less than slack time, they send response with 

minimum RL information. If the initiating CM receives more 

than one response it selects the cluster with least RL and 

transfers the task to that cluster. 
 

Process CM 

1. Begin 

2. While TRUE 

3. Wait for scheduler query; 

4.        If match is found response is sent; 

5. Wait for Load_Receipt or CM_poll; 

6. Send Load_query to all worker nodes in its cluster; 

7.        Receive RL from each worker node 

8.        Update load table 

9.        If CM_poll has occurred 

10.               Search for suitable node. 

11.               If suitable node is found 

12.                     Send response to initiating CM 

13.   Else 

14.          Search for idle node in home cluster 

15.        If no idle node found 

16.               search for a node whose load is less than 

slack time 

17.               If such a node found 

18.                        Send New_Load to selected 

node; 

19.                       Else 

20.               Broadcast CM_Poll to all other CMs; 

21.                       If response is received before time out 

22.                                Select the response with 

least RL; 

23.                                 Send New_Load to selected CM; 

24.                                Else 

25.                                  Send New_Load to least 

loaded node in home cluster 

26. End 
 

V.  ANALYSIS 

Let us assume k, m and d be the upper bounds on the 

number of clusters, nodes in a cluster in the distributed system, 

and the diameter of a cluster respectively [12]. A node can 

communicate to its CM in maximum d steps. Two theorems 

are proposed based on time and number of messages required. 

 

Theorem 1. The total time to assign a task is between (2d +k) 

T+L and (4d +2k)T +L where T is the average message 

transfer time between adjacent nodes and L is the actual 

average load transfer time.  

Proof: Searching for free cluster or finding the least loaded 

node requires k hops. Sending query and receiving load from 

each node in home cluster requires 2d steps. So, total time to 

load transfer is (2d+k) T+L. If intra cluster task scheduling is 

not possible, CM polls to k-1 CMs and their responses require 

maximum k hops. Query and response in each cluster requires 

max 2d steps. So number of hops to load transfer is (2d + 2k + 

2d) resulting in (4d + 2k) T + L time. If the diameter of cluster 

decreases this approach produces better result than [12] in 

inter cluster task scheduling. 

 

Theorem 2. The total number of messages to assign a task is 

between (k+1+2m) to (2km+3k-1) 

Proof: Searching for free cluster or least loaded node requires 

k+1 number of messages. Total number of messages in intra 

cluster scheduling is (k+1+2m). In inter cluster load balancing 

k-1 request messages are sent and at most k-1replies can be 

received. Each CM sends and receives replies from each 

worker node resulting (k -1)*2m messages. So, maximum 

number of messages is (k+1+2m + 2(k-1) + (k -1)*2m). This is 

much less than required in [13]. 

VI.  RESULT 
 

 Experiments were conducted in simulated environment to 

evaluate the performance of the proposed 2LDP algorithm. 

The experiments were performed by varying several 

performance parameters in the system namely the number of 

worker nodes and the number of jobs. It is assumed that DAG 

nodes have single fan in and multiple fan out. 
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TABLE I 

PARAMETER VALUES 

Parameters Values 

Number of processors 10 ~ 50 

Number of tasks 100 ~ 1000 

Service time 
Exponentially distributed with 

mean 20  

 

ns 

 

 

 
Fig. 4 No of tasks missed deadline among 1000 tasks vs varying no of nodes  

 

 
Fig. 5. % of tasks missed deadline vs no of tasks per node 

 

 
Fig. 6. % of tasks missed deadline vs varying no of nodes for varying no of 

tasks 

 

 
Fig. 7. Turnaround time for 500 tasks vs varying no of nodes 

 

Figure 4 reveals that number of tasks missed deadline among 

1000 tasks executed in varying number of nodes is less than 

the existing algorithms.  From figure 5, it is observed that 

2LDP algorithm reduces percentage of deadline missed for 

varying average no of tasks per node. From figure 6 it can be 

seen that with increase system load % of tasks missed deadline 

is not varying much. So with increase of system load the 

performance is not degraded. Figure 7 shows the turnaround 

time of an application with 500 tasks executed in varying no of 

nodes for 3 different algorithms. In LL algorithm for assigning 

each new task huge number of message passing is needed, 

which takes some time and incur cost. That time is not 

considered while calculating the TAT of each job here. Even 

though, it is observed that 2LDP’s performance is the same as 

LL. From the graphs it can be inferred that if the nodes are 

heavily loaded, then the performance of the system is much 

better in terms of missing deadline than existing algorithms.  

  

VII.  CONCLUSION 

In this paper a semi-distributed task scheduling method for 

real time tasks is proposed for clustered homogeneous 

distributed system. A distributed application is represented as a 

DAG. It is assumed that a task may have only one predecessor. 

Upon generation of new task a node is assigned for its 

execution considering the present load status of each node and 

the slack time of the new task. The task assignment method is 

scalable and has low message and time complexities. The 

method of partitioning the system into clusters and the method 

of load transfer are not addressed.  Cluster Master may fail and 

due to their important functionality in the proposed model, new 

masters should be elected. Also, a mechanism to exclude faulty 

nodes from a cluster and add a recovering or a new node to a 

cluster is needed. These procedures can be implemented using 

algorithms as in [14]. As a future work I will focus on 

heterogeneous system and tasks with more than one 

precedence relations. Scheduling algorithm of each worker 

node may also  
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Abstract– In real-time systems, a task needs to be performed correctly and timely. The correctness of each computation depends 

on both the logical results of the computation and the time at which results are produced. So “time” is most important in real-time 

application systems. Multicore and multithreaded CPUs becomes the new approach in real time system to achieve system 

performance, power efficiency, and software concerns in relation to application and workload characteristics. Multiprocessor Real 

time system requires an efficient algorithm to determine when and on which processor a given task should execute. The work 

presents a comparative study of different customized Multiprocessor scheduling algorithms which maximizes system performance 

and decides the real time tasks that can be processed without violating timing constraints. A major advantage of the simulation is 

that it provides a fast and easy way to evaluate the system performance in Real-time system and consider tasks priorities which 

cause higher system utilization and lowers deadline miss time. To overcome the run-time scheduling and the prioritized-

partitioned problems, accomplish a multiprocessor system which is capable of accurately simulating a variety of processor, 

memory, multiprocessor system on chip configurations and evaluate their effect on real-time system to improve the system 

performance.  

Index Terms – Real Time Operating System, Uniprocessor, Multi-Processor, Scheduling Algorithm, Context Switch, Multicore. 

__________________________________________________*****_________________________________________________  

I.  INTRODUCTION  

The Central Processing Unit (CPU) is the heart of the 

computer system so it should be utilized efficiently. For this 

purpose CPU scheduling is very necessary. CPU  Scheduling 

is one of the fundamental concepts of Operating System 

Sharing of computer resources between multiple processes is 

called scheduling [1].  

 

A. Scheduling on Uniprocessor  
Uniprocessor platforms include one processor on which 

number of jobs can be executed. In uniprocessor scheduling, 

central state information of the entire task states accurately. In 

a single processor multi-programming system, multiple 

processes/tasks are contained within memory. Processes 

survive between Running, Ready, waiting, Blocked, and 

Suspend. A main goal is to keep the processor busy, by 

allocating task to the processor to execute, and always having 

at least one process able to execute. To keep the processor 

busy is the main purpose of process scheduling. Uniprocessor 

scheduling is categorized as follows:  

 Long-term scheduling: To add to the processes those 

are fully or partially in memory.  

 Short-term scheduling: The decisions as to which 

process to execute next or in future.  

 

The goal of the scheduling in Uniprocessor is to achieve 

high processor utilization, high throughput, number of 

processes completed per unit time and low response time. But 

Uniprocessor scheduling affects the performance of the 

system, because it determines which process will wait and 

which will progress.  

 

B. Scheduling on Multiprocessors  

Multiprocessors platforms include more than one 

processor on which jobs can get executed. The approaches to 

multiprocessor real-time scheduling can be categorized into 

two classes: partitioned and global. Under partitioning, the set 

of tasks is statically partitioned among processors, that is, each 

task is assigned to a unique processor upon which all its jobs 

execute. In contrast to partitioning, under global scheduling, a 

single system, priority is used, and a global ready queue is 

used for storing ready jobs. The performance of each and 

every scheduling algorithm depends on performance 

parameters like deadline of a task, release time of a task, 

execution time of a task, laxity of a task, CPU utilization of a 

task, number of preemption, resource utilization etc and all the 

tasks will be scheduled according to their unique assigned 

priority scheduling. It takes decisions to introduce new 

processes for execution or re-execution. 

 

The various CPU scheduling algorithms are 

FCFS (First Come, First Serve) CPU Scheduling :  

In this scheduling the process that request the CPU 

first is allocated to CPU first. 

SJF (Shortest Job First) CPU Scheduling :  

In this scheduling the process with the shortest CPU 

burst time is allocated to CPU first. 

Priority Scheduling : 

In this scheduling the process with high priority is 

allocated to CPU first. 

Round Robin Scheduling :  

RR scheduling is used in timesharing systems. It is 

same as FCFS scheduling with preemption is added to switch 

between processes. A static Time Quantum (TQ) is used in 

this CPU Scheduling  

The various scheduling parameter for the selection of 

the scheduling algorithm are : 

Context Switch :  
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A context switch is process of storing and restoring 

context (state) of a preempted process, so that execution can 

be resumed from same point at a later time. Context switching 

is wastage of time and memory that leads to the increase in the 

overhead of scheduler, so the goal of CPU scheduling 

algorithms is to optimize only these switches. 

Throughput : 

Throughput is defined as number of processes 

completed in a period of time. Throughput is less in round 

robin scheduling. Throughput and context switching are 

inversely proportional to each other. 

CPU Utilization :  

It is defined as the fraction of time cpu is in use. 

Usually, the maximize the CPU utilization is the goal of the 

CPU scheduling 

Turnaround Time :  

Turnaround time is defined as the total time which is 

spend to complete the process and is how long it takes the time 

to execute that process.  

Waiting Time :  

Waiting time is defined as the total time a process has 

been waiting in ready queue.  

Response Time :  

Respond Time is better measure than turnaround time. 

Response time is defined as the time used by the system to 

respond to the any particular process. Thus the response time 

should be as low as possible for the best scheduling. 

 

II. RELATED WORK  

In real-time systems, produced output is equally important 

as the logical correctness. That is, real-time systems must not 

only perform correct operations, but also perform them at 

correct time. A logically correct operation performed by a 

system can result in either an invalid, completely a waste of 

time, or degraded output depending upon the strictness of time 

constraints. Based on the level of strictness of timing 

constraints, real-time systems can be classified into three 

broad categories: hard real-time, soft real-time, and firm real-

time systems.  

 

In Hard Real-Time System requires that fixed deadlines 

must be met otherwise disastrous situation may arise whereas 

in Soft Real-Time System, missing an occasional deadline is 

undesirable, but nevertheless tolerable. System in which 

performance is degraded but not destroyed by failure to meet 

response time constraints is called soft real time systems. Such 

systems must be predictable and temporally correct. The 

designer must verify that the system is correct prior to runtime 

–i.e., for instance, for any possible execution of a hard real-

time system, each execution results in all deadlines being met. 

Even for the simplest systems, the number of possible 

execution scenarios is either infinite or prohibitively large. 

Therefore, simulation or testing can be used to verify the 

temporal correctness of such systems. In the proposed work, 

following are the standard parameters that characterize tasks 

of real-time applications.  

A Processor: A processor performs the major number of 

critical situation that drives any computer’s operation. 

Processor plays such an important role that computers are 

often defined and described exclusively on the type of 

processor. Processors work by performing calculations based 

on specific instructions that software running on the computer. 

These instructions, which are loaded into the processor when 

an application runs, tell the processor how to manipulate 

amount of data stored in the computer’s memory (RAM).In 

other words, processors are constantly merged through 

instructions and data that are loaded into it from the 

computer’s memory.  

 

A Multiprocessor: Multiprocessor system contains more than 

one such CPU, allowing them to work in parallel. This is 

called SMP, or Simultaneous Multiprocessing. As the 

multiprocessor architectures are already widely used, it 

becomes more and more clear that future real-time systems 

will be deployed on multiprocessor architectures. 

Multiprocessor architectures have certain new features that 

must be taken into consideration. For that application 

programs executing on different cores usually shared caches, 

interconnect networks, and shared memory bandwidth, making 

the conventional design practices not suitable to multi-core 

systems.  

 

Cache: A small amount of high-speed memory residing on or 

close to the CPU as shown in Figure-1. In addition to working 

with the main memory, processors also work with a special 

type of high-speed memory referred to as cache. In fact, most 

of the time processors work directly with various types of 

cache memory and this cache memory, in turn, works with the 

main memory. Essentially, the cache memory acts as a high-

speed buffer in between the processor and main memory, 

shuffling data into the processor as it needs it, or requests it. 

As a result, the processor takes advantage of the high-speed 

cache memory and therefore works faster, which, in turn, 

makes the computer that the processor drives, operate faster.  

Cache memory supplies the processor with the most frequently 

requested data and instructions. Level 1 cache (primary cache) 

and Level 2 cache (secondary cache) is the cache second 

closest to the processor and is usually on the system board. 

 

 
Figure. 1: Cache memory 

 

Multitasking: In computing, multitasking is a method by 

which multiple tasks, shares common processing resources 

such as a CPU. Multitasking refers to the ability of the OS to 
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quickly switch between each computing task to give the 

impression that different applications are executing 

simultaneously. As CPU clock speeds have increased steadily 

over time, not only do applications run faster, but OSs can 

switch between applications more quickly. This provides 

better overall performance. Many actions can happen at once 

on a computer, and individual applications can run faster.  

Single Core: In a single CPU core, as shown in Fig. 2 tasks 

runs at any point in time, meaning that the CPU is actively 

executing instructions for that task. Multitasking solves this 

problem by scheduling which task may run at any given time 

and when another waiting task gets a turn. 

 

 
Figure. 2: Single-core systems schedule tasks on 1 

CPU to multitask 

 

Multicore: When running on a multicore system, multitasking 

OSs can truly execute multiple tasks concurrently. The 

multiple computing engines work independently on different 

tasks. For example, on a dual-core system, as shown in Figure-

3,four applications - such as word processing, e-mail, Web 

browsing, and antivirus software - can each access a separate 

processor core at the same time and can multitask by checking 

e-mail and typing a letter simultaneously, thus improving 

overall performance for applications. 

 

 
Figure. 3: Dual-core systems to execute two tasks 

simultaneously 

 

The OS executes multiple applications more efficiently by 

splitting the different applications, or processes, between the 

separate CPU cores which shown in Fig. 4. The computer can 

spread the work - each core is managing and switching 

through half as many applications as before - and deliver 

better overall throughput and performance. In effect, the 

applications are running in parallel.  

 

Thread : A thread is a basic unit of CPU utilization, 

consisting of a program counter, a stack, and a set of registers. 

Traditional processes have a single thread of control - There is 

one program counter, and one sequence of instructions that 

can be carried out at any given time. Multi-threaded 

applications have multiple threads within a single process, 

each having their own program counter, stack and set of 

registers, but sharing common code, data, and certain 

structures such as open files. Multithreading extends the idea 

of multitasking into applications, so subdivide specific 

operations within a single application into individual threads. 

Each of the threads can run in parallel. The OS divides 

processing time not only among different applications, but also 

among each thread within an application. 

 

 
Figure. 4: Parallel Execution on Multicore System 

 

In a multithreaded, an example that application might be 

divided into four threads - a user interface thread, a data 

acquisition thread, network communication, and a logging 

thread. All can prioritize each of these so that they operate 

independently which shown in Fig. 5. Thus, in multithreaded 

applications, multiple tasks can progress in parallel with other 

applications that are running on the system. 

 

 
Figure 5: Dual-core system enables multithreading 

 

Applications that take advantage of multithreading 

have numerous benefits, including the following:  

 More efficient CPU use  
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 Better system reliability  

 Improved performance on multiprocessor computers  

 

In many applications, a single-threaded request, a 

synchronous call effectively blocks, or prevents, any other task 

within the application from executing until the operation 

completes. Multithreading prevents this blocking.  

While the synchronous call runs on one thread, other parts of 

the program that do not depend on this call run on different 

threads. Execution of the application progresses instead of 

stalling until the synchronous call completes. In this way, a 

multithreaded application maximizes the efficiency of the 

CPU because it does not idle if any thread of the application is 

ready to run.  

 

A. Scheduling Algorithms  

 

Earliest Deadline First Scheduling (EDF) algorithm 

assigned the highest priority if it is having the shortest 

deadline. The highest priority belongs to the task with the 

closest deadline while the task with the longest deadline has 

the lowest priority. Deadline of a task plays an important role 

in earliest deadline first scheduling and schedule the number 

of tasks on the processor.  

 

Earliest Deadline First until zero laxity (EDZL) 

Scheduling algorithms is a hybrid preemptive priority 

scheduling scheme in which jobs with zero laxity are given 

highest priority and other jobs are ranked by their respective 

deadlines that a number of jobs missing their deadline are 

significantly reduced if scheduled by EDZL on m  identical 

processors. 

 

 

III. LITERATURE SURVEY  

 

Jian Chen and Lizy K.John [1] proposed a scheduling model 

that heterogeneous multicore processors promise high 

execution efficiency under diverse workloads, and program 

scheduling is critical in exploiting this efficiency. This work 

presents a novel method to leverage the inherent 

characteristics of a program for scheduling decisions in 

heterogeneous Multicore processors. The method projects the 

core’s configuration and the program’s resource demand to a 

unified multi-dimensional space. 

 

Zheng Wang Michael F.P.O’Boyle [2] describes that the 

thread mapping has been extensively used as a technique to 

efficiently exploit memory hierarchy on modern chip-

multiprocessors. It places threads on cores in order to amortize 

memory latency and/or to reduce memory contention.  

 

Kumar et al. [3] proposed a straightforward scheduling policy 

uses trial-and-error approach to find the match between 

programs and cores and a dynamic program scheduling 

approach.  

Julian Bui, Chenguang Xu [4] states that cache memories are 

widely used in microprocessors to improve the system 

performance and several works have been done in cache 

fields. Cache size, cache protocols, associate numbers, etc. are 

all important parameters for performance.  

 

Sherry Joy Alvionne [5] proposed a technique which to be 

used in multiple processors executing in parallel. Also, 

because of embedded systems have limited memory size, 

adding more functions in the system will limit the data that can 

be stored in the memory.  

 

Chen and John [6] employ fuzzy logic to calculate the 

program-core suitability, and use that to guide the program 

scheduling. However, their method is not scalable since the 

complexity of fuzzy logic increases exponentially as the 

number of characteristics increases.  

 

C. Cao Minh, J. Chung, C. Kozyrakis, and K. Olukotun [7] 

specifies that, the problem of reliability that is a serious threat 

to the current computer industry. While recent advances have 

embraced low-cost reliability solutions as a replacement for 

traditional high-cost full redundancy techniques, focused on 

single threaded workloads running on a single core.  

 

Gulati et al. [8] uses efficiency threshold to dynamically 

allocate processor for the given task. All of these methods 

exploit intra-program diversity, and could adapt to program 

phase changes. In scheduling scheme exploits inter-program 

diversity and statically allocates programs to cores by 

analyzing inherent program characteristics.  

 

M. Diener, F. Madruga, E. Rodrigues, M. Alves [9] in this, 

focused on how to improve barrier performance by either 

reducing memory contentions introduced by accessing shared 

flags within a barrier or by reducing the critical path of a 

barrier.  

 

M. Bertogna, M. Cirinei, G. Lipari [10] presents the Fixed 

Priority until Zero Laxity (FPZL) scheduling algorithm for 

multiprocessor real-time systems. FPZL is similar to global 

fixed priority preemptive scheduling; however, whenever a 

task reaches a state of zero laxity it is given the highest 

priority. 

 

IV. CONCLUSION  

In real-time system, to overcome the run-time 

scheduling problem and the prioritized-partitioned problem 

implement a multiprocessor system on chip simulator which is 

capable of accurately simulating a variety of processor, 

memory, multiprocessor system on chip configurations and 

evaluate their effect on real-time system to improve the system 

performance with the help of different algorithms i.e. FPZL 

(Fixed Priority until Zero Laxity) & DPZL (Dynamic Priority 

until Zero Laxity). The main objectives of the proposed 

system to Simulate and evaluate effect of algorithm on real 

time system to improve performance and to increase efficiency 

and maximum utilization of the processor.  
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ABSTRACT 
 

The purpose of this study is to review current application areas of Pneumatic Artificial Muscle (PAM) actuator. 

This article analyses result of ongoing theoretical and experimental research on operational behaviour of pneumatic muscle 

such as muscle structure, as well as data on generated forces. Also, analyses that available materials to manufacture PAM. The 

speed of response of PAM actuator mostly depends upon its shape and size, pressure inputs and outputs. All these factors have 

impact on overall force which is generated by PAMs. The force generated purely depends on rate of pressure added and 

removed from PAM. It has wide application in robotics, industrial automation. Also, have medical application. PAMs are 

easy to manufacture, low cost and can be installed human operations without any large scale safety. 

 
Keywords: McKibben muscle, Pneumatic Artificial Muscle, Braided Pneumatic Actuators, PVC gel, SMA (Shape 

 

Memory Alloy), Conductive Fibre etc. 
 

----------------------------------------------------------------------------------------------------------------------------- 
 

1.   INTRODUCTION 

McKibben invented braided pneumatic actuator 

to help Polio patient. They are also called McKibben 

muscles or artificial muscles driven by the compressed 

air. In 1958 that R.H Gaylord discovered a pneumatics 

actuator which was used as the original applications 

such as, a door opening arrangement and an industrial 

hoist. These muscles were made by pure rubber latex, 

covered by a double helical braided wire which would 

contract when expanded radially. A PAM is a pneumatic 

actuator which converts pneumatic power to pulling 

force. 
In 1980, Bridgestone Company introduced 

more powerful PAMs (Wickramatunge and 
Leephakpreeda, 2009). Pneumatic muscles were used for  
painting  applications  and  for  assist  disabled 
individuals   and   service   robotics.   Conventional 
Pneumatic actuators with piston and cylinder were 

widely used in automation. A muscle produces more 

strength ten times greater than the strength of a 

conventional  pneumatics  actuator  (Wszolek  et  al., 

2007). 

Lately robotic systems have started using 

pneumatics as a main motion power source. The main 

reasons for using pneumatics are: availability, 

dependability, flexibility, cleanliness, linear motions, 

variable speed and safety. 

 

1.1 Characteristics of PAM 

PAMs are operated by pneumatic pressure and are 

contractible naturally on inflation. Flexible inflated 

membrane which is reinforced with fibrous filament is 

used as construction material. When the membrane is 

pressurized, it bulges outward in radial direction, while 

contracting in length along is axial direction. Force exerted 

in axial direction. This force generated by PAM on the 

loads is unidirectional (Ramasamy et  al.,  2005).    

McKibben muscle, has some drawbacks, mainly with 

regard to its control but also with regard to service life: the 

flexible membrane connected to rigid end fittings which 

introduces stress concentration and there from possible 

membrane ruptures (Lynn, 2008).   Cylinder, being 

entirely composed of rigid  materials, does not suffer 

from these problems. 

 
2.   DEVELOPMENT OF PAM 

In the robotic application, actuator should be 

strong and lightweight. Pleated muscles have been proven 

to be able to perform very accurate positioning tasks by 

actuating PAMs (Vanderborght, 2006). [1] 

Ramasamy et al. (2005) mentioned the residences 

of PAMs which might be chargeable for their   load-

carrying   capability   and   low   weight capability in 

assembly. FE (Finite Modelling) is used to   analyse   

design   and   capacity   to   operate   as locomotion  tool  

in  robotics  application.  He  also (Ramasamy et al., 

2005a) mentioned the development of  PAMs  specifically  

such  as  bendy,  inflatable membranes, which can behave 

as orthotropic cloth. [1] Wanderborght   (2006)   is   

describing   the implementation   of   Pleaded   Pneumatic   

synthetic muscle mass (PPAM) into modern robotic 

application. This actuator has a very excessive power to 

weight ratio.  In  recent  times  legged  robots  are  

gaining increasingly interest. However most of the robots 

are driven by electric drives which makes it heavy. An 

actuator, inclusive of the PAM lowers the robot weight and 

the artificial muscle can be exploited to lessen 

power intake. [1] 
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Deaconescu (2007) offered some of the end 
result of research carried out inside the Fluidtronics 
Laboratory of the nearby festo education centre.The 
experiments were performed for determining variation 
diagrams of feed pressure and flow of consumed air for  
a  complete  cycle  of  the  pneumatic  muscle. 
Similarly, the response instances of the muscle could 
be decided for various values of the feed pressure and the 

effect of quick exhaust valve which is introduced in 

circuit on muscle deflation could be studied. Figure 

1 presents the numerous varieties of pneumatic muscles 

and Fig. 2 gives the evolution in time of positive 

solutions for pneumatic automation. [1] 

Kawashima et al. (2004) has described using 

Fibre Knitted Pneumatic synthetic muscle Rubber 

Muscle (PARM) which was selected as the actuator for 

the arm. This arm may be designed for smooth set up and 

portability. Experimental consequences carried out 

through the setup shown in the Fig. 3, confirmed that the 

evolved device correctly operated in material handling 

system. [1] 
 
 

 

 
 

Figure 1: Constructive variants of constructive muscle 

 

 
 

Figure 2: Constructive variants of pneumatic drives 
 

 
 

Figure 3: Knitted PARM and Experimental 

Apparatus 

 
Ahn and Nguyen found solution for position 

control of a robot arm with slow motion which is driven 

by two PAMs. There are some limitations like a 

deterioration of the performance transient response 

because of change in external load. [1] 
 

 
 

Figure 4: Prototype of Humanoid Eye 

 
Wang et al (2008) proposed a novel humanoid 

robot eye, which is driven by six PAM and rotates with 3 

degree of freedom as in figure4. The design of the 

mechanism and motion type of the robot eye are inspired 

by that of human eyes.  The design and kinematic 

analysis of the prototype could be a significant step 

towards the goal of building an autonomous humanoid 

robot eye with the movement and especially the visual 

functions similar to that of human. [1] 
 

3.   PERFORMANCE     EVOLUTION     OF 

PAMS: 

In Deaconescu and Deaconescu (2008), presented  
results  of  the  ongoing  theoretical  and 
experimental research on the operational behaviour on 
pneumatic muscle. Information is presented regarding 
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muscle structure, as well as the data on the generated 
forces, the maximum working frequency and positioning  
accuracy  of  these  pneumatic  actuation 
elements. 
 

 
 

Figure 5: The Stroke Carried Out By PAM 

 
Figure5 elaborate the stroke carried out by 

muscle depending on the level of the feed pressure. 

Pneumatic muscles are actuating elements that transforms 

pneumatic energy into mechanical energy. A 

characterization of the behaviour and performance of  

pneumatic  muscle  entail  both  analytical calculations and 

thorough experimental research. In order to determine the 

working characteristics of a pneumatic muscle, first its 

structure need to understand. A pneumatic muscle includes 

an interior tube of various lengths made from an elastic 

material, generally neoprene. This is wrapped in a 

multilayer nylon tissue ensuring its strength and protection 

from the influence of the working environment. [1] 

In Lynn (2008) described the use of 

biomechanical phenomenological model to commercially 

available pneumatic muscle actuator. Experiments shows 

that boundaries of operation where linear approximation 

can be used to explain dynamics of pneumatic muscle. The 

dissertation shows that nonlinearities exist more 

dominantly at higher loads of PAMs. [1] 

In Toman et al. (2009) designed an apparatus 

which would show experimental investigation of pneumatic 

muscles. The stand used in this study is a stand of didactic 

laboratory stand, which can investigate and gather 

knowledge of construction of working elements PAM such 

as: a PLC controller, a fluidic muscle, DSP system as well 

as proportional pressure control technique. The stand was 

designed and visualised by utilization of professional CAD 

software-Autodesk. [1] 

In Shen (2010) proposed a control methodology of 

the pneumatic artificial muscle which actuated two servo 

systems. The four major processes including the pressure 

dynamics, load dynamics, force dynamics and flow dynamics 

are studied to develop a full nonlinear model taking a valve 

command as input and calculating a third order derivative of 

the load position as the output. Based on this model the 

standard sliding mode control approach was applied to obtain 

a robust control in the existence. [1] 

In Kuriyama et al. (2009) proposed a method of 

estimating the length from the circumferential displacement, 

which can be measured by a sensor mode of electro 

conductive, flexible rubber. Higher accuracy is  obtained  

by  measuring circumferential displacement than measuring 

axial displacement using sensor. The flexibility of sensor 

allows us to control the actuator without any loss in 

flexibility or increase in weight. Furthermore, the sensor 

does not need attachment of any rigid fixtures. The accuracy 

of the estimate is successfully estimated and the usefulness 

of the proposed method is verified through is application to 

multi-link arm. [1] 

Chang (2010), developed an adaptive self- 

organizing fuzzy sliding mode control (ASOFSMC). Its 

fuzzy sliding surface can help reduce the no of fuzzy rule. 

The self-organising mechanism is employed to modify fuzzy 

rule online. The model matching technique is then adopted 

to adjust the scaling factors. In Wickramatunge and 

Leephakpreeda, 2010 proposed models that are 

experimentally derived to describe mechanical behaviours 

of the PAMs. The experimental results shows a non-linear 

relation between contraction as well as air pressure within 

the PAMs and a pulling force of the PAMs. Three different 

size of PAMs available in industry are studied for empirical 

modelling and simulation. The case studies are presented to 

verify close agreement on simulated results to the 

experimental results when the PAMs perform under the 

various loads. [1] 

In Zhu et al. (2008) described a discontinuous 

projection-based adaptive strong control strategy is being 

adopted to compensate for both the parametric uncertainties 

and uncertain nonlinearities of a three- pneumatic-muscles-

driven parallel manipulator to achieve precise posture 

trajectory tracking control. The resulting controller 

effectively handles the effect of change in various parameter 

and the hard-to-model nonlinearities such as the friction 

forces of the pneumatic muscles. Simulation and 

experimental results are obtained to explain the effectiveness 

of the proposed adaptive robust controller. [1] 

 

4.   DIFFERENT MATERIALS FOR PAM 

There are different materials for manufacturing 

PAM such as conductive fibre, SMA (shape memory 

alloy), PVC gel, SMP (shape memory polymer) 

Conductive fibres are easy to manufacture, 

lightweight, control over it is easy by servo control 

technique, and S/N ratio can be improved by using 

multiple conductive fibres. [2] 

PVC gel based artificial muscles showed a great  

potential  for  practical  applications. PVC  gel artificial 

muscles as a robust actuation device. PVC gel artificial 

muscles based actuation modules are capable of generating 

a stable movement in the air without any noise, with a large 

strain and stress, a fast response rate with a low power 

consumption. In addition to these advantages, a more than 

5 million times’ cycle life is also  sufficient for  practical 

uses.  Therefore, as  an alternative among the artificial 

muscles or the traditional mechanical actuators, many 

applications are expected. [3] 

SMA coils are lightweight, and on rise of 

temperature it contracts and after cooling it regains its 

shape. [4] 
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Figure 5: Conductive Fibre, PVC Gel, SMA 

 

5.     APPLICATIONS    OF     

PNEUMATIC ARTIFICIAL MUSCLES: 

5.1 Biorobotic Applications 

Until now PAMs have been applied mostly in 

the area of biorobotic applications or in biomimetic 

robots. As these actuators resemble the characteristics of 

actual skeletal muscles, researchers have tried to emulate 

the ―soft" compliant structure of organic muscle, bone, 

tendons and skin by PAMs. This approach has led to the 

development of biologically inspired robots that mimic 

the morphology and physiology of humans and animals. 

Several biorobotic applications of PAMs are presented in 

Figure 5. 
 

 
 

Figure 5: Bio robotic Application: (3.1) Shadow biped 

walker, (3.2) Isac, (3.3) Airbug, (3.4) Hopping robot, (3.5) 

Panter leg, (3.6) Ajax, (3.7) Lucy, (3.8) Stumpy, (3.9) Low 

cost humanoid hand, (3.10) Pneumatic bicycle, (3.11) Three 

– legged robot, (3.12) Mowgli, (3.13) Robotic arm, (3.14) 

Bipedal robot, (3.15) Quadruped robot, (3.16) Pneumatic 

torso, (3.17) Pneumatic athlete robot, (3.18) Pneumatic 

climbing robot, (3.19) Airic’s arm, (3.20) Aqua Ray, (3.21) 

Shadow robot  leg,  (3.22)  Robotic eye  with  pneumatic 

actuation 

 

A pioneering PAM–actuated robot has been the 

Shadow Biped Walker by Shadow Robot Co., a life–size 

humanoid robot that has been in development since 1988. 

Twenty–eight PAMs (fourteen on each leg) were acting 

across the eight joints of the robot, enabling a total of twelve 

Degrees of Freedom (DOF). The humanoid robot Intelligent 

Soft Arm Control or ISAC, was consisted by two six–DOF 

arms and multiple  PAMs  that  antagonistically actuated  

each joint of the arms. The construction of a six–legged, 

insect–like robot, called―Airbug", with fluidic muscles as 

actuators and the control concept of antagonistic actuators, 

has been presented. [5] 

 

5.2 Medical Applications 

Among the several advantages of the PAM 

actuator, is the ability to provide high power outputs, with 

relatively light weights and possesses inherent compliance, 

thus, meeting the need for safety, simplicity and lightness 

that human–robot interaction requires. Those 

characteristics, combined with the fact that pneumatic 

muscles possesses similar properties with those of the 

human muscle, make it a promising actuator  choice  for  

therapeutic devices,  which  are designed for rehabilitation 

therapy of patients suffering from degenerative muscle 

diseases, extremity impairment or neurological injuries 

that affect their kinetic abilities. In this subsection, 

pneumatic muscles that are focused in medical applications 

will be presented. Most of these applications are depicted 

in Figure 6. 

The performance of a pneumatic muscles (PAMS) 

used in a prototype wheelchair–mounted robot arm has 

been reported. The design and control of a Human Muscle 

Enhancer (HME) system was described. The system 

augmented the muscle capabilities of subjects requiring 

partial lower–limb weight–bearing gait support. [5] 
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Figure 6: Medical Applications: (4.1)PAM – 

actuated forearm, (4.2)Muscle suit, (4.3) Powered-

ankle foot orthosis, (4.4) Rupert, (4.5) Pneumatic hip 

orthosis, (4.6)Pneumatic foot orthosis, (4.7) Haptic 

arm exoskeleton, (4.8) Upper body exoskeleton, 

(4.9)Upper body exoskeleton, (4.10)Lower body 

exoskeleton, (4.11) Pneumatic power assist glove, 

(4.12) Knee rehabilitation device, (4.13)Orthosis for  

home training,  (4.14)Isokinetic  equipment  for 

recovery exercises 

 
 

5.3 Industrial Applications 

The utilization of PAMs in the construction of 

industrial robots has received significant attention during 

the last years. PAMs are able to generate high torques at 

low and moderate speeds, able to be installed easily 

without gearing and able to work as the actuator of 

portable machinery due to their lightweight properties. 

Having, also, a  natural compliance and shock 

resistance, PAMs are a suitable solution for actuation of 

industrial machinery and particularly industrial  robots  

for  safe  human–robot interaction. Several industrial 

applications of PAMs are presented in Figure7. [5] 
 

 
 

Figure 7: Industrial Applications (5.1) Pneumatic 

3-DOF robot, (5.2) PAM – actuated robot arm 

system, (5.3) 2 – DOF planar robotic manipulator 

(5.4) PAMs used in modal parameters of bridges, 

(5.5) Parallel – kinematic hexapod tool, (5.6) 

Hybrid robot for safe human 

– robot interaction, (5.7) Industrial gripper, (5.8) 

Positioning system 

 

6. CONCLUSION 

The PAMs has a wide choice for applications in 

automation, robotics and material handling devices. The 

construction and the capabilities of PAMs have been 

analysed by various authors by adopting experimental 

and numerical methods. Apart from finding the  

characteristics of  the  PAMs,  there  are different 

strategies for analysing the behaviours under different 

applications. Various techniques of modelling like 

Artificial Neural Networks (ARNN) and fuzzy 

modelling system have been adopted for analysing the  

rigidity  and  non-linear behaviour  of PAMs for getting 

good performance in controlling the PAM actuator for 

real time industrial and human friendly applications. 
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Abstract— This paper is about solving transportation problem using Operation Research (OR) approach in analysis and design 

phases and we try to use C++ programming language and Mat lab to model the problem. The results obtain from these methods 

solutions will compared in order to make analysis and prove the object-oriented model correctness. We will try the results 

obtained from these are identical and have the same results when solving the problem using the five methods northwest corner 

method, minimum cost method, row minimum cost method, column minimum cost method, and Vogel’s approximation method. 

In future we compare these problem by using C + + and Mat lab for Comparison for Accuracy and Lesser time. 

 

   
Keywords— Transportation problem, Linear Programming (LP), object oriented programming, Mat Lab. 
  

__________________________________________________*****_________________________________________________  

I. INTRODUCTION 

 

Operations research is a statistical tool which was 

developed during the World War II by the military 

management of the United Kingdom. A large group of 

scientists were called from all over the country to give a 

research plan to analyze the situation and develop a strategy to 

meet the requirements of the war. After the World War II 

these techniques were applied to various fields .Operations 

research was developed as a science. In today’s world these 

techniques are applied in each and every field to meet the 

requirements to solve a problem. Transportation problem is a 

special case of Operations research. In Transportation we deal 

with the problems regarding the shipment of the goods from 

one place to another i.e. source to the destinations Here we try 

to minimize the total cost allocated for the transportation of 

the goods. The transportation problem is a special class of LPP 

that deals with shipping a product from multiple origins to 

multiple destinations. The objective of the transportation 

problem is to find a feasible way of transporting the shipments 

to meet demand of each destination that minimizes the total 

transportation cost while satisfying the supply & demand 

constraints. 

 

The two basic steps of the transportation method are  

Step 1: Finding an Initial Basic Feasible Solution  

Step 2: Testing optimality of the solution taken from Step-1  

The pictorial representation of the transportation model is 

given in fig.1. 

 

 
 Fig 1: Network representation of the transportation problem

 

II. MATHEMATICAL FORMULATION  

 

In the Transportation algorithm we use the following steps. 

i) ui – It Represents the sources from which the goods are to 

be shipped.  

ii) vj – It Represents the destinations to which the goods are to 

be transported.  

iii) aij ---It Represents  the  cost  associated  to  transfer  a  

good from  ui to vj.  

iv)We assumed that the supply at the source and the demand at 

the destination are equal.  
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III.  INITIAL BASIC FEASIBLE SOLUTION   

 

The solutions obtained it satisfies the initial conditions and 

it generates m+n-1 occupied cells. 

 

IV. OPTIMAL SOLUTION  

 

The Initial Basic Feasible Solution is further modified to 

minimize the total cost and that solution is called as an optimal 

solution. 

 

The first main purpose is solving transportation problem 

using five methods of transportation model by Linear 

Programming (LP). The second main purpose is solving 

transportation problem by object-oriented programming. C++ 

programming language and mat lab. The results obtain from 

these five methods, object oriented programming solutions and 

Mat lab will be compared. The five methods for solving 

Transportation problem are: 

1. Northwest Corner method 

2. Minimum cost method 

3. Vogel’s approximation method 

4. Row Minimum Method 

5. Column Minimum Method. 

 

1. North West- Corner Method 
 

The North West corner method is the easy method where 

we start from the west corner of the give data or cell. The steps 

are as follows:  

(i)Allocate as much as possible to the selected cell and adjust 

the associated amounts of supply and demand by subtracting 

the allocated amount. 

 

(ii)Cross out the row or Column with zero supply or demand 

to indicate that no further assignments can be made in that row 

or column. If both a row and a column net to zero 

simultaneously, cross out one only and leave a zero supply 

(demand in the uncrossed-out row (column). 

 

(iii) If exactly one row or column is left uncrossed out, stop 

.otherwise, move to the cell to the right if a column has just 

been crossed out or below if a row has been crossed out .Go to 

step (i) [2]. 

 

2. Minimum Cost Method 
 

The minimum-cost method is the method that finds a better 

starting solution by concentrating on the cheapest routes. The 

Method starts by choosing as much as possible to the cell with 

the smallest unit cost .Next, the satisfied row or column is 

crossed out and the amounts of supply and demand are 

adjusted accordingly to it. If both a column and  a row are 

satisfied simultaneously, only one is crossed out, the same as 

we done  in the northwest –corner method .Next ,look for the 

uncrossed-out cell with the smallest unit cost and repeat this 

procedure until exactly one row or column is left uncrossed 

out  [2]. 
 
 

3. Vogel’s  Approximation  Method(VAM) 
 

Vogel’s Approximation Method is the method which is an 

improved version of the minimum-cost method most of the 

time it gives us or produces better starting solutions. 

(i)For each column (row) determine a penalty measure by 

subtracting the smallest unit cost element in the column (row) 

from the next smallest unit cost element in the same column 

(row). 

(ii) Identified the row or column with the largest (maximum) 

penalty. Break it arbitrarily. Allocate as much as possible to 

the variable with the least unit cost in the selected row or 

column .Adjust the supply and demand and cross out the row 

or column. If a row and column are satisfied 

Simultaneously, only one of the two is crossed out, and the 

remaining column (row) is assigned zero demand (supply). 

(iii) (a) If exactly one row or column with zero supply or 

demand remains uncrossed out, stop. 

(b) If one row (column) with positive supply (demand) 

remains uncrossed out, determine the Basic variables in the 

row (column) by the least cost method stop. 

(c) If all the uncrossed out rows and columns have (remaining) 

zero supply and demand determine the zero basic variables by 

the least-cost method .stop. ). [2] 

(d) Otherwise, go to step (i). 

 

4. Row Minimum Method 

 

Row minimum method is the method start with first row and 

choose the lowest cost cell of first row so that either the 

demand at  jth distribution or the capacity of the first supply is 

exhausted is satisfied or both. Three cases arise: 

(i)If the capacity of the first supply is completely exhausted, 

cross off the first row and now proceed to the second row. 

(ii)If the demand at jth distribution center is satisfied, cross off 

the jth column and reconsider the first row with the remaining 

capacity. 

(iii)If the capacities of the first supply as well as the demand at 

jth distribution center are completely satisfied, make a zero 

allocation in the second lowest cost cell of the first row .cross 

off the row as well as the jth column and move down to the 

second row .Continue the process for the resulting reduced 

Transportation table until all the rim conditions (supply and 

demand condition) are satisfied. 

 

5. Column Minimum  Method 

 

Column minimum method is the method where we start 

from the first column and chooses the lowest cost cell of first 

column so that 

Either the demand of the first distribution center is satisfied or 

the capacity of the ith supply is exhausted or both .three cases 

arise: 

(i)If the demand of the first distribution center is satisfied, 

cross of the first column and move right to the second column. 

(ii)If the capacity of ith supply is satisfied, cross off ith row 

and reconsider the first column with the remaining demand. 

(iii)If the demands of the first distribution center as well as the 

capacity of the ith supply are completely satisfied, make a zero 

allocation in the second lowest cost cell of the first column. 

Cross of the column as well as the ith row and move right to 
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the second column. [6]Continue the process for the resulting 

reduce transportation table until all the conditions are satisfied. 

 

6. Illustrative Example(Sunray Transportation) 

 

Sun Ray Transportation Company ships truckloads of grain 

from three factories to four warehouses. The supply (in 

truckloads) and the demand (also in truckloads) together with 

the unit transportation costs per truckload on the different 

routes are summarized in the transportation model in table.1. 

 

 
Table1. Example of Transportation model 

 

a) North West-Corner method 

The application of the procedure to the model of the 

example gives the starting basic solution in table.2. 

 

 
Table2. The starting solution using North West-Corner 

Method 

 

The starting basic solution is given asX11=14 , X12=25,  

X22=25,  X23=35 ,  X33=65,  X34=15 

The objective function value is 

 Z= 4* 14+2*25+5*25+3*35+3*65+13*15=726 

 

b)Minimum Cost method 

The application of the procedure to the model of the 

example gives the starting basic solution in table.3. 

 
Table3. The starting solution using minimum-cost method 

 

The starting solution (consisting of 6 basic variables) is   

x14=5, x21=65, x23=35, x31=35, x32=3, x34=15 

The associated objective function value is  

Z= 7*3+6*5+7*15+6*35+2*35+2*65=566 

 

c) Vogel’s Approximation method 

The application of the procedure to the model of the 

example gives the starting basic solution in table.4. 

 
Table4. The solution using (VAM) 

 

The associated objective function value is 

Z=4*14+2*5+6*35+2*55+7*3+9*15=542 

VAM produces a better starting Solution. 

 

d) Row Minimum method 

The application of the procedure to the model of the 

example gives the starting basic solution in table.5. 

 
Table5. The Final solution using Row Minimum Method 

 

The associated objective function value is 

 Z= 6*5+7*25+1*35+4*35+5*65+7*15=810 

 

e) Column Minimum method 

The application of the procedure to the model of the 

example gives the starting basic solution in table.6. 

 
Table6. The solution using Column Minimum Method 

 

The associated objective function value is 

Z= 4*14+2*5+6*35+2*55+7*3+9*15= 542 
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V. COMPARISON BETWEEN FIVE METHODS  

  North-west corner method is used when the purpose 

of completing demand No. 1(that is from the North West 

corner) and then the next and is used when the purpose of 

completing the warehouse No. 1 and then the next. Advantage 

of this method is it give us quick solution because 

computations take short time but yields a bad solution because 

it is very far from optimal solution of Vogel’s approximation 

methods is slow because computations take long time but it 

give us the best starting basic solution.  Column minimum 

method is used when the purpose of completing demand No. 1 

and then the next .Column minimum cost is useful in small 

number of demand and when the cost of transportation on 

demand .The cost of transportation is less than North-west 

corner method. Minimum-cost method takes less time. Row-

minimum method is used when the purpose of completing the 

warehouse No. 1 and then the next. Row minimum cost is 

useful in small number of supply and when the cost of 

transportation on supply.  

VI.  CONCLUSION  

      We solve this problem by manually now we will try to 

solve this problem by using C++ programs and Mat Lab for 

solving transportation problem. The result come from these 

methods will compare for accuracy and for lesser time.  
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Abstract— The increase in commercial and industrial applications of embedded and real-time systems in the last few decades 

required the need of multiprocessor systems to cater to these complex applications and computations. However these 

multiprocessor systems often consume substantial amount of energy, hence minimizing energy consumption is one of the most 

challenging topics for the design of embedded and real-time systems using chip-multiprocessors. One way to minimize the energy 

consumption is to employ scheduler to distribute the load among the multi-processor in an efficient manner. In this paper we 

propose an optimized virtual distributed scheduler based energy efficient multi-processor system.  

 

Keywords— Multi-processor Systems, Load Balancing, Quality of Service (QoS), Scheduler. 
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I. INTRODUCTION 

With the increase in complex applications, softwares and 

services, which often requires large and complex computations 

came the need multiple processor system. The main aim 

behind incorporating a multiprocessor system is the desire to 

increase the speed of execution of workload. Parts of the 

workload, referred to as tasks, can be distributed among 

various processors and thus can be executed more quickly than 

on a single processor. This optimized system can be achieved 

only through the help of a scheduler, where a scheduler 

assigns the tasks to different processors available in the 

system. The scheduling problem for multiprocessor systems 

can be generally stated as "How can we execute a set of tasks 

T on a set of processors P subject to some set of optimizing 

criteria C?" [1]. Thus the main goal of the scheduler is to 

minimize the expected runtime of a task set. The energy-

efficient scheduling problem for uni-processor and 

multiprocessor in real-time systems has been an important 

field for researchers in the past few years [2]. 

There are two major types of scheduling.  

A. Local scheduling – It is performed by the operating 

system for the uniprocessor.  

B. Global scheduling – It decides where to execute a 

process in a multiprocessor system. Global scheduling 

can be achieved through a single master processor, or 

by distributed among the processors. 

Global scheduling can be further classified as static or 

dynamic scheduling. In static scheduling processes are 

assigned to processors before the execution starts. In simple 

terms static scheduling algorithms require information about 

individual processes only. Dynamic scheduling on the other 

hand can reassign the processes to the processors during the 

execution and may take processor’s current load in 

consideration. 

In this paper a review the different scheduling algorithms 

has been presented. Finally our proposed optimized virtual 

distributed scheduler based energy efficient multi-processor 

system is presented. The rest of the paper is organized as 

follows: Section 2 presents literature review and discusses the 

advantages of dynamic load balancing over static algorithms. 

In Section 3 we discuss some key load balancing algorithms. 

Section presents our proposed system. Section 4 gives the 

proposed distributed scheduler based energy efficient multi-

processor system and finally, Section 5 concludes and 

provides some future directions. 

II. LITERATURE SURVEY 

Load balancing is a special case of load sharing, in which 

the goal of the global scheduling algorithm is to keep the load 

even across all processors. Baumgartner and Wah [3] in his 

work has presented a systematic characterization of load 

balancing strategies considering the different methodology 

such as static, dynamic, adaptable etc, and considering 

different properties such as cooperation, location of control, 

initiation, etc.  

In static load balancing (SLB) algorithms the performance 

of the processors is determined at the beginning of execution 

and no dynamic information is used. Depending on their 

performance such as average execution time, arrival time, 

resources required, etc, the workload is distributed right at the 

start by the master processor. The slave processors then simply 

do the work assigned to them and submit their result to the 

master. Thus SLB methods reduce the overall execution time 

of a concurrent program and minimize communication delays. 

However the major drawback of SLB methods is that in 
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certain cases the complete required information may not be 

available the allocation time and thus an assigned process to a 

processor cannot be changed during process execution to make 

changes in the system load i.e., SLB algorithms are non-

preemptive. Round Robin Algorithm, Randomized Algorithm, 

Rate-monotonic, Central Manager Algorithm, etc are some of 

the common examples of SLB algorithms.  

In Round Robin algorithm, the processes are evenly divided 

among all processors, whereas in Randomized algorithm a 

processor for a process is selected randomly. In Central 

Manager Algorithm, a central or master processor selects the 

node for each new process. In this algorithm, high degree of 

inter-process communication may lead to bottleneck situation 

[4]. 

In Dynamic load balancing (DLB) algorithms the work load 

is distributed among the processors at runtime. Unlike static 

algorithms, dynamic algorithms buffer the processes in the 

queue on the main node and allocated dynamically upon 

requests from remote nodes. Earliest-deadline-first (EDF), 

least-laxity-first (LLF), FPZL and DPZL are the examples of 

DLB algorithms. DLB algorithms can be further classified into 

following categories [5]:  

1. Sender Initiated (SI) 

In SI algorithms, a heavily loaded node initiates the load 

balancing process by requesting their present load information 

from other nodes and then assigning the current task to the 

lightly loaded nodes. Thus SI algorithms facilitate process 

migration from a heavily loaded node to a lightly loaded node. 

Three basic decisions that are needed to be considered before 

making a transfer of a process are [5]:  

 Transfer policy: When does a node become the sender? 

 Selection policy: How does a sender choose a process 

for transfer? 

 Location policy: What node should be the target 

receiver? 

 

 

 

Figure 1: Flowchart of the Sender-Initiated Algorithm [6]. 

Figure 1 above depicts the flowchart of the sender-initiated 

algorithm, where ST, SQ and RQ depict the sender threshold, 

queue length of the sender and receiver respectively. The 

sender sends a multicast message asking for the queue sizes of 

all other nodes. Upon receiving this, the sender can select the 

node with the smallest queue length (RQ) as the target receiver, 

provided that SQ>RQ. This exchange of multicast messages 

and migration of processes between senders and receivers 

brings upon additional communication overhead, which 

increases the actual load of the system. 

2. Receiver Initiated (RI) 

The receiver initiated algorithms use a similar transfer 

policy as sender-initiated algorithm, which activates the pull 

operation when its queue length falls below a certain threshold 

(RT), upon the departure of a job. Figure 2 depicts the 

flowchart of the receiver-initiated algorithm. 

 

 

Figure 2: Flowchart of the Receiver-Initiated Algorithm [6]. 

3. Symmetrically Initiated (SI)  

As discussed above that both sender-initiated and receiver-

initiated algorithms work extremely well at different system 

load conditions, a combination of both the techniques can be 

advantageous. A node can activate the sender-initiated 

algorithms when its queue size exceeds one threshold ST, and 

can activate the receiver-initiated algorithm when its queue 

size falls below another threshold RT. Thus each node can 

dynamically play the role of either a sender or a receiver. 

4. Periodically Exchanged (PE). 

In the PE algorithms, nodes periodically exchange their 

load information and use the load information of last period as 

the reference to make Process transfer decisions for the current 

period. When a new process comes, a node checks whether its 

current load level is too high. If so, it randomly selects a 

number of nodes, up to a preset limit, whose last period load 
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level are low enough, and polls them one by one. The new 

process is transferred to the first node whose current load level 

is low enough. If no such node existed, the job is processed 

locally [6].  

Carpentar et al. [7] suggested the categorization shown as in 

Table 1. These load balancing algorithms can be further 

classified on the basis of degree of migration allowed as 

follows: (i) no migration (i.e., task partitioning), (ii) migration 

allowed, but only at job boundaries and (iii) unrestricted 

migration. The entries in Table 1 give known schedulable 

utilization bounds for each category, assuming that jobs can be 

preempted and resumed later. If U is a schedulable utilization 

for an M-processor scheduling algorithm A, then A can 

correctly schedule any set of periodic (or sporadic) tasks with 

total utilization at most U on M processors. 

TABLE I:  Known lower and upper bounds on schedulable utilization for 

the different classes of pre-emptive scheduling algorithms [7]. 

3: full 

migration 
  

 

2: 

restricted 

migration 
 

 
 

1: 

partitione

d 

 
 

 

 1: static 2: job-level dynamic 3: fully dynamic 

 

III. SCHEDULING ALGORITHMS 

1. First Come First Serve (FCFS): 

FCFS is the simplest way for a scheduler to schedule the 

packets; it just assigns the tasks according to the order of their 

arrival time. Thus, the QoS guarantee provided by FCFS is in 

general weak and highly depends on the traffic characteristic 

[8]. Its a non-preemptive algorithm that treats ready queue as 

FIFO. However, since FCFS has the advantage of simple to 

implement and has low overheads, it is still adopted in systems 

providing best effort services. 

2. Round Robin (RR): 

Round Robin (RR) is one of the oldest, simplest and most 

widely used scheduling algorithms that offers better bandwidth 

utilization and compensates the drawbacks of FCFS [9]. Its 

basically FCFS with Preemption. The scheduler polls each 

flow queue in a cyclic order and serves a task from any-empty 

buffer encountered; therefore, the RR scheme is also called 

flow-based RR scheme. Turnaround time is typically larger for 

RR than SRTF but has better response time. However the 

performance depends on quantum q: Small q values causes 

overhead due to context switches (& scheduling) and in case 

of large q values the algorithm behaves like FCFS. 

3. Shortest Remaining Time First (SRTF): 

 SRTF is a scheduling method that is a preemptive version 

of shortest job next (SJN) scheduling. In this scheduling 

algorithm, the process with the smallest amount of time 

remaining until completion is selected to execute. Since the 

currently executing process is the one with the shortest amount 

of time remaining by definition, and since that time should 

only reduce as execution progresses, processes will always run 

until they complete or a new process is added that requires a 

smaller amount of time. Shortest remaining time is 

advantageous because short processes are handled very 

quickly. The system also requires very little overhead since it 

only makes a decision when a process completes or a new 

process is added, and when a new process is added the 

algorithm only needs to compare the currently executing 

process with the new process, ignoring all other processes 

currently waiting to execute. 

4. Earliest Deadline First (EDF): 

This is the most widely used scheduling algorithm to 

minimize queuing delay in real time video traffic. The most 

important and analyzed dynamic priority algorithm is Earliest 

Deadline First (EDF). The priority of a job (instance) is 

inversely proportional to its absolute deadline, in other words 

the highest priority job is the one with the earliest deadline. If 

two tasks have the same absolute deadlines, chose one of the 

two at random (ties can be broken arbitrarily). The priority is 

dynamic since it changes for different jobs of the same task. 

One of the problems with EDF is that the low priority queues 

get starved. Here in EDF the better throughput is achieved 

without taking fairness constraints. Under EDF discipline, 

each flow is assigned a tolerant delay bound di; a packet j of 

flow i arriving at time aij is naturally assigned a deadline aij+di 

[10]. Each eligible packet is sent according to the increasing 

order of their deadlines.  

5. Deficit Round Robin (DRR): 

Deficit-Round-Robin is a modified round robin algorithm 

that was originally developed for IP networks. In DRR, the 

deficit counter of each active connection is increased by 

quantum when the connection has its turn. If the size of the 

head-of-line packet of this connection is smaller than or equal 

to the deficit counter, we send the packet and decrease the 

deficit counter by the size of the packet [12, 13, 15]. We 

continue sending packets as long as the deficit counter allows. 

If the deficit counter is too small for the head-of-line packet, 

we move to the next connection. The deficit that is stored in 

the deficit counter of the connection is then saved for the next 

round. If we were able to serve all packets of the connection, 

the deficit counter is reset to zero. The accumulation of credits 

being unused will result in unfairness, thus the throughput is 

decreased. 

6. Multilevel queue scheduling: 

This is used for situations in which processes are easily 

divided into different groups. The system has several queues, 

each has a level which corresponds to a level of priority, each 
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level has its own scheduler, there is one main scheduler which 

handles the scheduler for each queue. For example, a common 

division is made between foreground (interactive) processes 

 

and background (batch) processes. This type of algorithm is 

very useful for shared memory problems. The only problem 

with this is that once a job is put on a queue, it must remain 

there until it completes. This could create some problems with 

CPU hogging and starvation. 

7. Fixed Priority until Zero Laxity (FPZL)  

FPZL is similar to global fixed priority preemptive 

scheduling, however, whenever a task reaches a state of zero 

laxity it is given the highest priority. FPZL is a minimally 

dynamic algorithm, in that the priority of a job can change at 

most once during its execution, bounding the number of pre-

emptions. FPSL and FPCL are variants of FPZL that introduce 

no additional scheduling points beyond those present with 

fixed priority scheduling. FPSL, FPCL and FPZL are 

minimally dynamic algorithms, in that the priority of a job can 

change at most once during its execution, bounding the 

number of pre-emptions [11]. 

 

TABLE II:  Comparison of scheduling algorithms 
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First In First 

Out 
Low Low High Low 

Shortest Job 

First 
Medium High Medium Medium 

Priority based 

scheduling 
Medium Low High High 

Round-robin 

scheduling 
High Medium Medium High 

Deficit Round 

Robin 
High High Medium High 

Earliest 

Deadline First 
High High Medium High 

Multilevel 

Queue 

scheduling 

High High Medium Medium 

FPZL High High High High 

 

IV. PROPOSED SCHEDULING SYSTEM  

In this paper we propose an optimized virtual distributed 

scheduler based energy efficient multi-processor system as in 

figure 3 below. The proposed system consists of a scheduler, 

each new request or task is assigned to the scheduler first. The 

scheduler at each new request sends a multicast to all the 

processors asking their current load and assigns the task to the 

processor with minimum load. This simple load balancing can 

be achieved by using any of the dynamic algorithms such as 

EDF, SPZL, DPZL, etc. The next part that is incorporated in 

the proposed system is to involve energy optimization. This is 

achieved by dynamically considering the energy requirement 

of the task. Consider the case that the task is simple and each 

with minimum load. Now consider that the task at hand is 

complex and requires high level of computation, which can be 

achieved through certain processors in the system. Also let us 

assume that the high end processor that complete this task has 

the current load on the higher side. Then in such a case the 

scheduler assigns this task to the processor with the minimum 

load initially and periodically checks for the load conditions of 

the processor that can only solve this task. Once that this 

processor gets its load reduced, the scheduler takes this task 

from the initially assigned processor with its intermediate 

results and assigns the remaining task to the high end 

processor. Another way to achieve energy optimisation is that 

in case a processor reaches a state from where it is unable to 

process a particular task, then the same task with intermediate 

results obtained by this processor are passed onto the one with 

the minimum current load.  

 

Figure 3: Proposed System Architecture. 

V.  CONCLUSIONS 

In this paper, a survey of different scheduling algorithms is 

presented. Further we propose an optimized virtual distributed 

scheduler based energy efficient multi-processor system. The 

proposed system uses any of the dynamic algorithms available 

and incorporates the energy efficient mechanism to achieve 

energy optimization.  
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Abstract— In recent year access rich information using multimedia services via the internet from mobile devices. Then social 

application shares the information using routing algorithm. Routing means the act of moving information across an internet work 

from a source to a destination. In this paper, Swarm intelligence follows the behaviour of cooperative ants in order to solve hard 

static and dynamic optimization problems using Ant Colony Optimization (ACO) technique and an artificial ant colony capable of 

finding the shortest path source to connected nodes. The main goal of ACO-based search algorithm is that achieve high efficient 

in information retrieval & reduce load overhead. 

 
Keywords— Ant colony optimizatiion, AntHocNet, interactivity ,Mobile Ad hoc Network (MANET), mobile peer-to-peer, object sharing ,Virtual 
community. 
 

__________________________________________________*****_________________________________________________  

I. INTRODUCTION 

In recent year, it has become highly popular to access rich 
information using multimedia services via the internet from 
mobile devices with computation and communication 
resources. Internet is the highly evolving towards the complex 
systems which comprises and integrates a number of wired 
and wireless networks covering the needs of different 
community of users. Mobile multimedia is one of the 
mainstream systems for communications, multimedia 
applications and high-speed mobile data services. 

Ad hoc networks consist of autonomous self-organized 
nodes. Nodes use a wireless medium for communication, thus 
two nodes can communicate directly if and only if they are 
within each other’s transmission range. Two nodes normally 
communicate via other nodes in a multi- hop fashion. But the 
problem of finding multi constrained paths has high 
computational complexity, and thus there is a need to use 
algorithms that this difficulty. The major objectives of QoS 
routing are i) to find a path from source to destination 
satisfying user’s requirements ii) To optimize network 
resource usage and iii) To degrade the network performance 
when unwanted . 

The main problem to be solved by QoS routing algorithm 
is the multi constraint Path problem. Algorithms to solve this 
family of problems are known to be heuristics which can 
reduce the complexity of the path computation, however, at 

the expense of not attaining the optimal solution for the 
problem and finding just a feasible solution. 

Ant Colony Optimization (ACO) based solutions rely on a 
relatively new concept which is inspired from closely 
observing the foraging behavior of ants. While discovering the 
shortest paths from the source nodes to the base node using 
swarm intelligence based optimization technique called ACO. 

In this paper, we focus on search mechanism based on 
ACO for P2P network, Static & Dynamic connection 
established to the network and find the shorter distance 
according to source to destination using ACO based search 
algorithm. The goal of ACO-based search algorithm is that 
achieve high efficient in information retrieval. 

The balance of the paper is as follows. In Section II we 
briefly review the current related works about research 
mechanism in adhoc network and applicability of ACO meta-
heuristic to distributed environments. In Section III we 
represent the ACO-based search algorithm in details. In 
Section IV we show the experimental results of our algorithm. 
Finally, we conclude this paper in Section V. 

II. LITERATURE SURVEY 

Changqiao Xu et all [1], focuses on constructing an mobile 
peer to peer based video content sharing solution in wireless 
mobile networks, which supports user interactivity and 
efficient management and search for resources. We used the 
ACO, by extracting the common characteristics from the 
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movement behavior of community members, & an ACO-based 
community communication strategy which formulates the 
construction and regulation approaches of connection between 
communities to balance the maintenance cost of community 
connection and movement rate of members between 
communities. 

 
Kang Chen et all [2], has three main components: 1) interest 

extraction, 2) structure construction including community 
structure and node role assignment, and 3) interest-oriented 
file searching and retrieval based on components 1 and 2. 

 
Chia-Hung Hsu and Chia-Feng Juang,[3] , discuss on ACO, 

technique. The ACO technique is a multi-agent approach 
inspired by real ant colony observations. Discrete and 
continuous ACO algorithms have been proposed to solve 
discrete combinatorial optimization problems and continuous 
optimization problems, respectively. On the basis of this 
concept, this paper proposes the SDE-CACO for IT2FC 
design The SDE-CACO uses two phases to generate new 
solutions at a new iteration. 

 
Ying Lin, Jun Zhang, et all [4], focus on ACO-based 

approach for maximizing the number of connected covers 
(ACO-MNCC) first transforms the search space of the 
problem into a construction graph. 

 
Chun-Ying Liu [5], focus on the P2P network structure 

searching technology is different. The P2P search methods 
include the centralized search, the structured P2P and 
unstructured P2P search. However, unstructured P2P networks 
suffer from the poor performance, therefore improving 
searching algorithm is one important major research area for 
unstructured P2P network. As a swarm intelligent technology, 
it has strong ability of global optimization and parallelism. It 
can get results quickly and have obvious advantages in the 
dynamic network optimization, so it is more suitable for 
resource searching in dynamic networks. 

III.  REASEARCH METHODOLOGY 

1. Ant colony optimization. 

 

In this technique calculate the shortest path to source and 

destination. Ant colony optimization is a swarm intelligence 

methods and it constitutes some optimizations. Ant colony 

technique for solving problems which can be expressed as 

finding good paths through graphs & each ant tries to find a 

route between its nest and a food source by a process where 

they deposit pheromones along trails. Ants generally start out 

moving at random, however, when they encounter a 

previously laid trail, they can decide to follow it, thus 

reinforcing the trail with their own pheromone substance. This 

collective behavior is a form of autocatalytic process where 

the more ants follow a trail; the more attractive that trail 

becomes to be followed by future ant.  
 

The searching on ACO utilizes two evaluations which consist 

of the static value and the dynamic one. 

The static evaluation is peculiar information of the target 

problem. Usually, a reciprocal number of the distance is 

adopted as the static evaluation value. 

The dynamic evaluation introduces pheromone amount.  

 

 

 

 

 

 

 

 

 








                             Fig 1: Ant Colony Optimization





1. The first ant search randomly until it finds the food 
source (F), and then it returns to the nest (N), laying a 
pheromone trail.   

2. Other ants follow one of the random, also laying 
pheromone trails. Since the ants find the shortest path 
lay pheromone trails faster, this path gets reinforced 
with more pheromone, making it future ants apply the 
path.   

3. The ants become increasingly likely to follow the 
shortest path since it is constantly reinforced with a 
larger amount of pheromones. The pheromone trails 
of the longer paths evaporate.  



2. Ant Colony Algorithm  
 
The algorithm presented below produces the shortest path 
from a source s to all possible destinations on a directed 
graph G. Its implementation in networking is known as a link-

state algorithm [2, 3]. Let denote the number of nodes 

in the graph. Let  be  the  total distance  of  the  
shortest  path  from  the  source  to destination .  Let 

 be the cost of routing from to .  Finally, let N 
contain the vertices in  whose shortest paths have been 
determined. 

 
Algorithm: SHORTPATH(G,w,s)  

Input: a graph G (represented by an adjacency list), non-
negative edge distance w, and source s.  

Output: weight of shortest path from source s to all 
destinations v. 

 
 
 
 
 
 
 
 
 
 

IV. PROPOSED  SYSTEM  

In proposed system static connection and dynamic connection 

established using ant colony optimization technique. In static 

connection shows source to destination shortest path calculates 
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using distance. In dynamic connection shows source to 

destination shortest path calculates using hope count. 

 

A.  Static connection 

 
In static module shows the network according to the distance. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Static Network 

 
In fig shows the static network, In network red node shows 
source node & algorithm perform shortest path to connected 
every node. In mobile network according to distance value 
difficult to manage shortest path. 
 
B.  Dynamic connection 
 
In dynamic module shows the network dynamically to 
connect all nodes according to the peer to peer network. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Dynamic Network 

 
In fig shows the dynamic network, then algorithm perform 
shortest path calculate according to hop count to connected  
every node. Then select the shortest destination node & 
share the information. 

V. CONCLUSIONS 

Proposed system aims to social network based content of 
share the information in mobile network. Ant Colony 
Optimization (ACO) algorithm discovering the shortest paths 
from the source nodes to the base node using swarm 
intelligence based optimization technique after proposed 
system of static and dynamic connection established using 
distance and hope count to calculate shortest path. 
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Abstract: - Security is important for many sensor network applications. Wireless sensor networks consist of many small, inexpensive devices 

that have constraints in coverage, bandwidth, storage resources, communications ability and processing power. Therefore security issues are a 

critical concern due to possible exposure to malicious activity and potential threats. As a result of the physical constraints in sensor nodes, 

traditional cryptographic techniques are not suitable to operate on such networks where security requirements are of crucial importance. This 

raises serious concerns on finding methods to protect sensor nodes from adversaries, to quickly segregate those that have been attacked, and 

allow the network to reform. A particularly harmful attack against sensor and ad hoc networks is known as the Sybil attack  where a node 

illegitimately claims multiple identities..One practical limitation of structured peer-to- peer (P2P) networks is that they are frequently subject to 

Sybil attacks: malicious parties can  compromise the network by generating and controlling large numbers of duplicate identities. In this 

paper we are discuss about various attacks comes in Wireless Sensor Network. 

Keywords- WSN, Security, Attacks-DOS, Wormhole, Sinkhole and Sybil  

__________________________________________________*****_________________________________________________ 

I. INTRODUCTION 

Wireless sensor networks have appeared as a technology that 

are being speedily adopted due to their flexibility and use in a 

variety of environments. A Wireless Sensor Network (WSN) 

is a collection of spatially organized wireless sensors by which 

to monitor various changes of eco-friendly conditions (e.g., 

forest fire, air pollutant concentration, and object moving) in a 

cooperative manner without relying on any underlying 

infrastructure support [1]. However, sensors consist of small, 

inexpensive devices or nodes that have severe limitations such 

as incomplete bandwidth, limited processing power, small 

battery life, less storage capability and are actually responsible 

to external threats[2].In most cases, the sensor nodes form a 

multi-hop has limitation in terms of calculation capability and 

energy reserves. The BS wants to collect the sensed 

information from the network[3]. One common way is to 

allow each sensor node to forward its reading to the BS, 

possibly via other in-between nodes. Finally, the BS processes 

the received data. However, this method is too expensive in 

terms of communication overhead. 

Even with all the benefits that wireless sensor 

networks provide such as fast deployment and configuration, 

the limitations of the sensor  nodes makes them extremely 

helpless to various security threats. These include attacks that 

target a specific node with endless communication in order to 

consume its limited battery life and also the physical liability 

of the sensor nodes within aggressive environment, e.g. a 

military battlefield. Unfortunately, a cryptographic techniques 

such as Public Key Infrastructure (PKI),this techniques widely 

used in traditional wired networks, is not appropriate to 

operate on sensor networks to enable secure data 

communication. In the proposed system we are implementing 

Security architecture for providing security for WSN against 

Sybil attack. A wireless sensor network is a special network 

which has many constraints compared to a traditional 

computer network. These constraints make it difficult to 

directly employ the existing security approaches to the area of 

wireless sensor networks. Therefore, to develop useful security 

mechanisms while borrowing the ideas from the current 

security techniques, it is necessary to know and understand 

these constraints. All security approaches require a certain 

amount of resources for the implementation, including data 

memory, code space, and energy to power the sensor. 

 
   Limited Memory and Storage Space: A sensor is a tiny 

device with only a small amount of memory and storage space 
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for the code. In order to build an effective security mechanism, 

it is necessary to limit the code size of the security algorithm. 

For example, one common sensor type (TelosB) has an 16-bit, 

8 MHz RISC CPU with only 10K RAM, 48K program 

memory, and 1024K flash storage. With such a limitation, the 

software built for the sensor must also be quite small. The total 

code space of TinyOS, the de-facto standard operating system 

for wireless sensors, is approximately 4K [32], and the core 

scheduler occupies only 178 bytes. Therefore, the code size for 

the all security related code must also be small. 

Power Limitation : Energy is the biggest constraint to wireless 

sensor capabilities. We assume that once sensor nodes are 

deployed in a sensor network, they cannot be easily replaced 

(high operating cost) or recharged (high cost of sensors). 

Therefore, the battery charge taken with them to the field must 

be conserved to extend the life of the individual sensor node 

and the entire sensor network. When implementing a 

cryptographic function or protocol within a sensor node, the 

energy impact of the added security code must be considered. 

When adding security to a sensor node, we are interested in 

the impact that security has on the lifespan of a sensor (i.e., its 

battery life). The extra power consumed by sensor nodes due 

to security is related to the processing required for security 

functions (e.g., encryption, decryption, signing data, verifying 

signatures), the energy required to transmit the security related 

data or overhead (e.g., initialization vectors needed for 

encryption/decryption), and the energy required to store 

security parameters in a secure manner (e.g., cryptographic 

key storage). 

 

2. LITREATURE REVIEW 

Authors discussed in [2] Due to the severe physical 

constraints in sensor nodes, traditional cryptographic 

mechanisms are not suitable to deal with such potential 

security threats. This paper proposes a secure lightweight 

architecture that takes account of the constraints of sensor 

networks. With the use of a base station, a hierarchical 

network topology is formed that enables end-to-end 

communication between sensor nodes with the aid of 

intermediary nodes where necessary. The architecture also 

supports the detection and isolation of aberrant nodes. 

 

 In this paper [4] authors focused on  intrusion 

vdetection is defined as a mechanism for a WSN to detect the 

existence of inappropriate, incorrect, or anomalous moving 

attackers. For this purpose, it is a fundamental issue to 

characterize the WSN parameters such as node density and 

sensing range in terms of a desirable detection probability. 

Authors consider this issue according to two WSN models: 

homogeneous and heterogeneous WSN. Furthermore, we 

derive the detection probability by considering two sensing 

models: single-sensing detection and multiple-sensing 

detection. In addition, we discuss the network connectivity and 

broadcast reachability, which are necessary conditions to 

ensure the corresponding detection probability in a WSN. 

 

In this paper [5], authors   introduce the wormhole attack, As 

mobile ad hoc network applications are deployed, security 

emerges as a central requirement. a severe attack in ad hoc 

networks that is particularly challenging to defend against. The 

wormhole attack is possible even if the attacker has not 

compromised any hosts, and even if all communication 

provides authenticity and confidentiality .In the wormhole 

attack, an attacker records packets (or bits) at one location in 

the network, tunnels them (possibly selectively) to another 

location, and retransmits them there into the network. 

 

Due to   practical limitation of structured peer-to-peer (P2P) 

networks is that they are frequently subject to Sybil attacks: 

malicious parties can compromise the network by generating 

and controlling large numbers of shadow identities. In this 

paper [8], authors proposed an admission control system that 

mitigates Sybil attacks by adaptively constructing a hierarchy 

of cooperative peers. The admission control system vets 

joining nodes via client puzzles. A node wishing to join the 

network is serially challenged by the nodes from a leaf to the 

root of the hierarchy. Nodes completing the puzzles of all 

nodes in the chain are provided a cryptographic proof of the 

vetted identity. 

 

In this paper [10] authors proposed a secure lightweight 

architecture for providing security because Wireless sensor 

networks consist of many small, inexpensive devices that have 

constraints in coverage, bandwidth, storage resources, 

communications ability and processing power. Therefore 

security issues are a critical concern due to possible exposure 

to malicious activity and potential threats. The (ASLAN)  

takes account of the constraints of sensor networks. With the 

aid of a base station, a hierarchical network topology is formed 

allowing end-to-end communication between sensor nodes. 

ASLAN also supports identifying and isolating aberrant sensor 

nodes. 

The Author Ashwini D. Khairkar Deepak D Kshirsagar 

Sandeep Kumar Talked about issues of existing IDS  i.e. low 

false positive rate, low false negative rate and information 

over-burden. Creators displays a suggestion of utilizing 

Semantic Web and  Ontology ideas to characterize a 

way to deal with break down Security logs with the objective 

to recognize possible security issues. It separates semantic 

relations between PC assaults and interruptions in an 

Interruption Location Framework[11]. Philosophy gives to 

empower, reuse of space learning and it is also less demanding 

to comprehend and overhaul legacy information. The 

fundamental segments of cosmology are classes , relations , 

maxims , properties and cases . Metaphysics is utilized for 
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demonstrating information from particular domains 

furthermore permits deductions to find understood learning in 

these. Cosmology can be useful for enhancing the 

characterization of the assaults happened and the 

distinguishing proof of related events. An ontological 

representation of information gives numerous advantages over 

straightforward string matching. 

 

In [1 In [13] author focuses on distinguishing interruptions 

practices in WLANs among information clustering procedures. 

Creators first investigate the security vulnerabilities of 802.11 

and abridge the system traffic, measurements that are critical 

to demonstrate the security of remote systems. Based  on the 

metric considered we propose a bunching based interruption 

location approach and assess it  on a certifiable vast 

remote system traffic dataset. In this work the remote follows 

were converted into information records that can be utilized 

for bunching. An effective online K-implies clustering 

calculation was utilized to bunch the information into groups. 

Meddling groups are then determined by separation based 

heuristics. The adequacy of the grouping based remote 

intrusion recognition technique has been approved by the 

consequences of our contextual investigation of an expansive 

wireless system. 
 

II. TYPES OF ATTACKS 

DOS ATTACK- Denial of Service (DOS) attack is created by 

the unintentional failure of nodes or malicious action. A DOS 

attack is an opponent’s attempt to exhaust the resources 

available to its genuine users.[4]To launch DOS attacks at the 

physical layer Jamming is also widely used. Radio frequency 

jamming can be working to enter the transmitted signal band. 

An opponent can utilize jamming signals (thereby disturbing 

the communications) to make the attacked nodes suffer from 

DOS in a specific region. DOS attack is meant not only for the 

adversary’s attempt to subvert, disrupt, or destroy a network, 

but also for any event that diminishes a network’s capability to 

provide a service. In wireless sensor networks, several types of 

DOS attacks in different layers might be performed. At 

physical layer the DOS attacks could be jamming and 

tampering, at link layer, collision, exhaustion, unfairness, at 

network layer, neglect and greed, homing, misdirection, black 

holes and at transport layer this attack could be performed by 

malicious flooding and resynchronization. The mechanisms to 

prevent DOS attacks include payment for network resources, 

pushback, strong authentication and identification of traffic. 

 

WORMHOLE ATTACK- In a wormhole attack, an attacker 

accepts packets at one point in the network, ―channels‖ them 

to another point in the network, and then reiterations them into 

the network from that point. For channel distances extended 

than the normal wireless transmission range of a single hop, it 

is simple for the attacker to make the channeled packet reach 

with better metric than a normal multi hop route [5]. A simple 

example of this wormhole attack is a one node situated 

between two other nodes sending messages between the two of 

them. However, they more commonly include two distant 

malicious nodes planning to minimize their distance from each 

other by communicating packets along an out-of-bound 

channel available only to the attacker. The wormhole attack is 

particularly dangerous against many ad hoc network routing 

protocols in which the nodes that hear a packet transmission 

directly from some node consider themselves to be in range of 

(and, thus a neighbor of) that node. For example, when used 

against an on-demand routing protocol such as dynamic source 

routing (DSR) or ad hoc on-demand distance vector (AODV) , 

a powerful application of the wormhole attack can be mounted 

by tunneling each ROUTE REQUEST packet directly to the 

destination target node of the REQUEST. When the destination 

node’s neighbors hear this REQUEST packet, they will follow 

normal routing protocol processing to rebroadcast that copy of 

the REQUEST, and then discard without processing all other 

received ROUTE REQUEST packets originating from this same 

route discovery. This ttack, thus, prevents any routes other 

than through the wormhole from being discovered, and if the 

attacker is near the initiator of the route discovery, this attack 

can even prevent routes more than two hops long from being 

discovered. 

   

SINKHOLE ATTACK -In the sinkhole attack, the opponent 

node create a sink immediate the nodes. Sinkhole attacks make 

compromised nodes by spoofing all the information of routing 

protocols and make a false optimal path which is highly 

attractive and manipulate all the neighboring nodes to choose 

that false path which is nearby the compromised nodes. By 

creating sink, the opponent may drop all packets in the 

network and change the topology of network [6]. Since all the 

nodes communicate with each other via base station, the 

opponent simply create a high quality route to the base station 

and move all the traffic on it. Other attacks, eavesdropping, 

selective forwarding and traffic spoofing ad black holes can be 

permitted by sinkhole attack. Geo-routing protocols are 

resistant to sinkhole, because of naturally routed traffic 

through the physical location of sinkhole, which makes 

difficult to lure it and elsewhere to create it. 
 

SYBIL ATTACK - In many cases, the sensors in a wireless 

sensor network might need to work together to accomplish a 

task, hence they can use distribution of subtasks and 

redundancy of information. In such a situation, a node can 

pretend to be more than one node using the identities of other 

legitimate nodes (Figure 1). This type of attack where a node 

forges the identities of more than one node is the Sybil attack 

[7]. Sybil attack tries to degrade the integrity of data, security 

and resource utilization that the distributed algorithm attempts 
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toachieve. Sybil attack can be performed for attacking the 

distributed storage, routing mechanism, data aggregation, 

voting, fair resource allocation and misbehavior detection. 

Basically, any peer-to-peer network (especially wireless ad 

hoc networks) is vulnerable to Sybil attack. However, as 

WSNs can have some sort of base stations or gateways, this 

attack could be prevented using efficient protocols.  Without a 

logically centralized authority, Sybil attacks are always 

possible except under extreme and unrealistic assumptions of 

resource parity and coordination among entities. However, 

detection of Sybil nodes in anetwork is not so easy. 

 

 
Fig. sybil Attack 

 

III.SUMMARY AND CONCLUSION: 

 

In this survey paper we surveyed about security in wireless 

sensor networks. In a sensor networks sensors consist of small, 

inexpensive devices or nodes that have severe constraints such 

as partial bandwidth, partial processing power, small battery 

life, small storage capability and are actually liable to external 

threats. We are in progress by explaining why security issues 

come from Sybil attacks in wireless sensors networks & also 

planning to come up with a new secure architecture that 

provide security for  Wireless Sensor Network. 
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Abstract: In this paper, we are focusing on spring, its framework which is globally used for making applications. The concept 

behind the spring has created more than just the core framework, so this paper also tells about the various characteristics and 

features of spring. The spring framework can be used with J2EE to develop applications. The model on which (ie Spring MVC 

Model) it works is also described. And the last section focuses on the architectural benefits of spring. 
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1. INTRODUCTION 

After its inauguration in 1997, Java quickly became 

the predominant platform for enterprise applications. An 

important reason for this success was the standardization of 

several common services for enterprise application as J2EE 

(Java 2 Enterprise Edition). This platform managed to get 

reckoning by several large companies such as BEA (to 

become part of Oracle), Oracle, IBM, Sun and SAP. Despite 

this success, many Java J2EE projects failed and the 

platform seemed highly complex, missing some vital 

features while other was not usable in practice. 

 

2. ARCHITECTURE 

The architecture of the Spring Framework is 

designed to support Simple Objects. Sometimes in the Java 

world they are also called POJOs (Plain Old Java Objects). 

The basic characteristic of such an object is that it does not 

depend unnecessarily on any technology. Independence 

from technology is a well-known best practice in software 

development. This has several benefits; investment in 

business code is retained even if a new technology is used 

so, if you decide to migrate the application to a new 

environment such as a new version of an Application Server 

or a lightweight alternative such as a Web Server, the 

business logic itself is not changed. 

 

 
Fig-1: Spring’s Architecture 

 

The developer can focus on creating business value 

instead of dealing with the technology this makes him/her 

more productive in terms of business value generated over 

time. The objects can easily be tested in isolation Instead of 

using a production-like environment; all collaborating 

objects can be exchanged against a mock object. These 

provide behaviour similar to the production environment but 

are much simpler. This allows faster tests and simulation of 

exceptional situations otherwise hard to provide in a 

production-like environment. The main benefit is that errors 

can be tracked down to the single object that was not 

mocked and is therefore the only possible source of the 

error. Tests of single objects in isolation are not enough by 

using the Simple Object approach it is also possible to use a 

lightweight alternative environment to test a collaboration of 

several objects. So, instead of deploying the application to a 

server infrastructure, which is a time consuming task, such a 

test can be started from the developer’s Integrated 

Development Environment (IDE), which greatly speeds up 

development and enables easier debugging of the 

applications. 

 

2.1 Features 
 

Spring is a free, open source framework that offers a lot 

of functions to programmers. It was created by Rod Johnson 

and JuergenHoeller. The most important features are the 

Inversion of Control, Aspect oriented programming and 

Spring MVC. Spring has its own MVC framework that can 

be used with other frameworks. The Aspect oriented 

programming, IoC and MVC are the important features. 

Aspect oriented Programming: With the help of AOP the 

various concerns present in a system can be separated easily. 

In spring aspects are joined together with the help of spring 

xml file and coding is well modularized. 
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2.2 Spring’s Characteristics 

 
Spring’s values can also be applied to other areas. For 

this reason the Spring Framework is now complemented by 

a set of technologies that solve other common problems in 

Enterprise Computing while sharing the same values of the 

Spring Framework. 

 

Spring Security (formerly Acegi Security) is the only 

security solution that leverages the power of AOP. It allows 

the implementation of a powerful, fine-grained security 

system without influencing the business logic. It is not 

limited to role-based security but can also use Access 

Control Lists and can easily be extended to use other 

approaches. It offers an integration of security technologies 

such as x.509 Certificates, JAAS, LDAP, CA Siteminder, 

HTTP Basic, HTTP Digest and can be adjusted to specific 

requirements, as needed.  

 

Spring Dynamic Modules for the OSGi Platform: OSGi 

allows the creation of services and dynamic updates of 

them. This means that parts of the application can be 

updated without restarting the whole application. However, 

the application has to deal with situations in which certain 

services are not available at runtime. The Spring Dynamic 

Modules framework simplifies the creation and discovery of 

services to become just a simple configuration. Also, 

dynamic updates of such services are automatically dealt 

with. 

 

Spring Integration: Enterprise Integration is becoming 

more and more important for enterprise. A set of Patterns of 

Enterprise Integration has been established. Spring 

Integration provides a simple yet powerful programming 

model based on these patterns. It allows the implementation 

of routing, splitting and other message handling with a 

minimum of coding. It can be connected to several different 

data sources and output channels like JMS or file 

import/export. 

 

Spring Batch: Batch applications remain mission critical 

for many enterprises. Spring Batch is the first Open Source 

framework that supports batch processing applications. It 

addresses common challenges in this area like retry, failure 

handling and efficient handling of batch updates to database. 

 

Spring .NET is a port of the Spring Framework to the 

Microsoft .NET platform. It offers features like Dependency 

Injection, Aspect Oriented Programming and Enterprise 

Service Abstraction for a set of .NET APIs like ASP.NET, 

ADO.NET and NHibernate. 

 

Spring Web Flow allows developers to model user actions 

as high-level modules called flows that are runable in any 

environment. The framework delivers improved 

productivity and testability while providing a strong solution 

to enforcing navigation rules and managing application 

state. 

 

Spring Web Services focuses on creating document driven 

Web services. Spring Web Services aims to facilitate 

contract-first SOAP service development. This is done 

without writing WSDL manually which is known to be a 

very tedious task. Spring Web Services also allows for the 

creation of flexible web services using one of the many 

ways to manipulate XML payloads. 

 

AspectJ extends the AOP approach used by Spring to be 

even more powerful. It allows more efficient 

implementation of aspects and a bigger set of pointcuts, 

among others 

 

3. SPRING MVC MODEL 
 

The Spring Framework provides its own MVC model. 

The major components of Spring MVC are as follows:  

DispatcherServlet- It receives the request transferred to it by 

web.xml file.  

 

Controller- It handles the request and is created by user. 

They are objects that can respond to the actions a user takes 

like form filling or clicking a link. 

 

View- It can be thought of as a way of representing the 

output to the end users. 

 

ModelAndView- Whenever a request come it is the job of 

ModelAndView to associate the view to the particular 

request. It is created by controller and when it executes it 

returns data and name of view. 

 

ViewResolver- It tries to resolve the view based on output 

given by ModelAndView and select the output media. 

 

HandlerMapping- Whenever DispatcherServlet receives 

incoming requests it associates the request to individual 

controllers with the help of this component. 

 
Fig-2: Spring MVC Model 

 

4. ARCHITECTURAL BENEFITS OF SPRING 
 

There are many architectural benefits of Spring 

framework. They can be described as follows:  

Spring Framework can be effectively used with other 

frameworks such as struts, hibernate. Spring provides easy 
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access to database by using hibernate framework and 

avoiding the handling of error mechanism. Applications 

developed using this framework depends on few APIs. Due 

to its Inversion of Control feature the amount of time needed 

for testing the code is less. Because Spring is a layered 

architecture users can select which of its components can be 

used. The Spring Web MVC framework is robust, flexible 

and well designed for rapidly developing web applications. 

 

5. CONCLUSION 

 
Spring framework is a powerful framework for building 

enterprise wide java applications. It can also be easily 

integrated with some other frameworks such as struts and 

hibernate frameworks for developing efficient enterprise 

wide java applications thereby reducing the coupling and 

clear separation of layers so easy to understand. Due to the 

lightweight feature of Spring framework it is easy to use. It 

can easily work with a simple web server such as Tomcat 

that can also be used during integration of spring with other 

frameworks. Considering the current scenario wherein there 

is struts2 framework that can be used only for web tier; 

spring framework that provides all layers can be used 

effectively for all the three tiers to build an efficient 

enterprise application. The Spring framework can be easily 

integrated with any other ORM tool such as Hibernate with 

the help of XML mapping and also with iBATIS. 
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Abstract –Digital cinema encompasses every aspect of the movie making process, from production and post-production to distribution and 

projection. A digitally produced or digitally converted movie can be distributed to theaters via satellite, physical media, or fiber optic networks. 

The digitized movie is stored by a computer/server which "serves" it to a digital projector for each screening of the movie. 

__________________________________________________*****_________________________________________________ 

1. INTRODUCTION (Digital Cinema) 

 

What is a Digital Cinema?  

 

 Digital Cinema means the transmission and delivery 

of films to theatres electronically where the image is 

stored in a computer server and beamed onto the 

theatre screens. 

 

 

  
 

 

 It uses Digital Media instead of analogue media 

(Prints).  

 

 Digital Cinema uses digital projectors instead of 

analogue projectors. 

 

 Digital Cinemas use digital processes end to end – 

right from the capture (digital movies are shot using 

digital CCD based cameras with high resolution). 

 

 It Storage (they are stored in digital tapes, hard disks 

or flash drives). 

 

 Processing (editing, mixing, re-recording, sound, 

special effects etc are handled in the digital format), 

display . 

 

 Distribution (digital cinema copies are mostly 

transmitted electronically over the Internet or 

satellites or even hard disks). 

 

I. History :- 

 

 June 18, 1999 DLP cinema projection in North 

America 

 

 By December 2000, there were 15 digital cinema 

screens in North America, 11 in Western Europe, 4 

in Asia, and 1 in South America. 

 

  February 2, 2000 Digital cinema projection in 

Europe 

 

 March 2002, Digital cinema initiatives was formed a 

joint project of many motion picture studios(Disney, 

Fox, MGM, Paramount, Sony Pictures 

Entertainment, Universal and Warner Bros. 

Studios). 

 

 April 2004, testing of 2K and 4K playback and 

compression technologies. 

 

 August 2006, first Indian digital cinema was 

released. 

 

 January, 2007 “Guru” became the first Indian movie 

in Jpeg format. 

 

 March, 2009 4K projector start. 

 

 June, 2010 there are 16000 digital screen. 

 

 And of 2012 80% of  word wide cinema screen 

would be converted to digital. 

 

 As of 31 March 2015, 38,719 screens (out of a total 

of 39,789 screens) in the United States have been 

converted to digital (15,643 of which are 3D 

capable). 
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II. WHY GO DIGITAL 

 

 Vision can now actually be seen by audiences. 

 Duplication costs removed. 

 Larger numbers of theatres can now view 

simultaneously. 

 Transportation costs can be replaced by much lower 

transmission costs . 

 More flexible scheduling . 

 New entertainment ideas . 

 Higher quality entertainment (better picture and sound). 

 Easier access to screenings . 

 

III. COMPONENTS OF DIGITAL CINEMA 

 

A. Digital Cameras  

 

 Digital cameras can shoot with a resolution of 2k, 

3k, 4k and some even higher!  

 

 The higher the resolution, lower the possible frame 

rates. The depth of field is usually equivalent to 35 

mm cine lenses. 

 

 These cameras generally contain more than 10 Mega 

Pixels and 4k resolution means 4520 x 2540 pixels.  

 

 Digital media connectivity for direct recording is 

provided with the cameras via USB, HDD, Compact 

Flash Module, Solid State RAM etc.  

 

 

B. Digital Cinema Projectors 

 

These projectors directly accept and play digital format 

images in high quality. 

 

DLP – Digital Light Processing technology to project images 

while some of them might use LCD or some kind of modified 

LCD crystals for projection. 

 

Common projectors support 2k, 4k resolutions and have a 

brightness level in excess of 15,000 Lumens.  

 

The digital cinema projectors support input/output formats 

according to the DCI standards . 

 

There are optional lenses to change the throw distances to 

adjust according to the theatre conditions. 

 

 DLP cinema projectors  

 

Three manufacturers have licensed the DLP cinema 

technology developed by Texas Instruments (TI).Christie 

Digital Systems, Barco, and NEC. 

 Early DLP Cinema projectors,used limited 1280×1024 

resolution or the equivalent of 1.3 MP (megapixels). 

 

 

 Sony SXRD projectors  

 

SXRD projectors have only ever been manufactured in 4K 

form and, until the launch of the 4K DLP chip by TI, 

 

the SXRD projector functions as a sub 2K projector, the 

same for HFR 3D Content.  

 

 

 

C. Satellite transmission 

 

The cinema is ready to be distributed to the various movie 

halls. 

The digital data is sent electronically over the Internet, 

leased lines, and satellites. 

 

 

D. Theater management system 

 

Digital cinema is displayed using digital projectors which 

are controlled by industry standard servers with 

management software in the theatres. 

 

There is an optional Theatre management software to 

enable easy set-up, scheduling and management of multi-

screen shows (usually in a multiplex with multiple screens) 

over the central network so that subsequent manual 

intervention may not be required. 

 

 Digital Cinema Servers:  
 

The encrypted data is received and decrypted by the digital 

cinema servers which are located at the individual cinema 

halls.  

 

It then re-encrypts it and outputs the image data to the 

digital cinema projector and audio data to the sound 

processor.  

 

The theatre projectors of today support 128 bit AES 

encryption/decryption for media.  

 

The digital cinema servers generally support the most 

common JPEG 2000 media playback format. 

provide a sort of an external remote to control basic 

functions like Play, Pause, Stop etc.  

 

E. Fiber optics 

 

Some of them have a direct fiber termination option for 

connecting to the network.  

 

F. Speaker  
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IV. TYPES OF DIGITAL CINEMA 
 

 

1. 2D  Digital Cinema 

2.  3D  Digital Cinema 

3.  4D  Digital Cinema 

4.  5D  Digital Cinema  

 

 

2D DIGITAL CINEMA 

 

 Pictures can not jump off  the screen. 

 Feel is behind on the scene. 

 Low switching speed of images. 

 

 

 
 

 

 3D DIGITAL CINEMA 

 

 Provide the perception of depth of  image. 

 Images are jump off of the screen. 

 High switching speed. 

 

 
 

 

 

 4D DIGITAL CINEMA 

 

 3D View 

 4D Effects 

  Some seat movements  

 

 

 
 

 

 5D CINEMA 

 

 Seats move in synchronization with motion in movie. 

 At least six directional seat movement is required. 

 Short duration movies. 

 

 

V. DIGITAL CINEMA OVERVIEW 

 

 

 
 

VI. IMAGE CAPTURE 
 

 Professional Digital Camcorder. 

 Standard Film Camera. 
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VII. SINGLE DMD SYSTEM 

 

 Color images can be made by shining colored light onto 

DMD grayscale image. 

 Light from source bulb is filtered using spinning color wheel. 

 Combination of red, green or blue light is then reflected to 

optics from DMD. 

 
 

 

 

VIII. 3 DMD SYSTEM 
 

 Light from source bulb is diffracted using filtering prism. 

 Each color component (red, green and blue) is reflected 

from its own dedicated DMD. 

 Reflected R,G and B light combined  and passed through 

optics to display. 

 Reduced mechanics (no spinning wheel) means the system 

is more reliable. 

 Dedicated mirrors also mean higher quality pictures. 

 

 

 
 

 

IX. AN EARLY HISTORY OF DIGITAL CINEMA 

 

 
 

 

X. DIGITAL CINEMA AFFECTS THREE MAJOR 

AREAS OF MOVIE-MAKING 

 

 Production 

 

 Distribution 

 

  Projection  
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XI. How Digital Cinema Works 
 

 In addition to the equipment already found in a film-

based movie theatre a DCI-compliant digital cinema 

screen requires a digital projector and a computer known 

as a "server". 

 

 Movies are supplied to the theatre as a digital file called 

a Digital Cinema Package (DCP). For a typical feature 

film this file will be anywhere between 90 and 300GB of 

data (roughly two to six times the information of a Blu-

ray disc) and may arrive as a physical delivery on a 

conventional computer hard-drive or via satellite or 

fibre-optic broadband. 

 

  Currently (Dec 2013) physical deliveries are most 

common and have become the industry standard. Trailers 

arrive on a separate hard-drive and range between 200 

and 400MB in size.  

 

 The necessary decryption keys are supplied separately, 

usually as email attachments and then "ingested" via 

USB. 

 

 The playback of the content is controlled by the server 

using a "playlist". 

 

 The playlist can be started manually, by clicking the 

"play" button on the server's monitor screen, or 

automatically at pre-set times.  

 

 

 

XII. Advantagesand disadvantages of Digital Cinema 

 

 Advantages 

 

 

 Colour of image is not corrupted. 

 Broadcasting of  live conferences. 

 Low budget cinema. 

 Limited man power. 

 Automatic schedule. 

 Introduce special effect. 

 Occupy less space. 

 Addition/ deletion of scene easier. 

 Simple to handle. 

 Fast. 

 

 Disadvantages  

 

 Projection quality. 

 Film based projector. 

 Higher risk of piracy. 

 The quality of digital projection is comparable with 

analog film based projection. 

 

XIII. Applications 

 

 IN THEATRE 

 LIVE BRODCASTING OF MOVIES  

 IN TELECOMMUNICATION 

 

XIV. FUTURE SCOPE 

 

 6 D Digital cinema  

 7 D Digital cinema  
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Abstract – The world of internet contains many private networks, and preserving security and privacy of these networks has become a crucial 

task. Firewall plays a very important role while protecting the internal private network from the outside non-secure network. Firewall stands as a 

barrier between internal and external networks, checking every incoming and outgoing data traffic against a set of rules or policies. Optimization 

of firewall policy is required for improving the throughput of the network. In our proposed work, we carry out the interfirewall optimization and 

provide privacy in two different administrative domains. We propose a privacy-preserving protocol for detecting redundancy in firewall rules of 

two different domains, without compromising each other’s policies. We implemented our work and provided a protocol better than the previous 

ones.  

Index Terms – Privacy, Firewall optimization, Security, Redundancy. 

__________________________________________________*****_________________________________________________

I. INTRODUCTION 

In this world of internet, firewall has become a necessity in 

various organizations, institutions, personal networks, etc.  

Firewall protects the internal network from any other 

outside network that poses threat to the internal network. 

Firewall stands as a barrier between two networks. It secures 

the internal network by checking every incoming and 

outgoing network traffic against a set of predefined rules. 

The performance of a firewall may depend on the rule 

management[1].  

Every incoming and outgoing packet is examined and 

accepted or declined whether to enter the private network 

depending upon the policies of the firewall as shown in 

figure 1.   

 

Figure 1: Overview of a firewall 

A firewall policy is nothing but a chain of rules and 

depending on these policies, firewall performs its tasks. The 

set of rules is called as Access Control List (ACL). Each 

rule in ACL has a packet header field and a resolution of 

either accepting or declining the packet. When, packets 

enter into the system, they are checked according to first-

matching rule in the policies. There are two ACLs for 

checking incoming and outgoing packets respectively. 

Sometimes the throughput of the network depends upon the 

number of rules included in the firewall. Due to the growing 

need for security, the firewall policies are increasing in size. 

Therefore, optimization of the policies is required to 

enhance the performance of the network. 

Previously, the work on optimizing policies was done on 

either interfirewall or intrafirewall in a single domain. In 

such cases, maintaining the privacy of the firewall rules was 

not of priority. In intrafirewall optimization, the 

optimization was limited to a single firewall and was done 

by removing repeated rules or policies. It is a very 

challenging task to maintain privacy along with optimizing 

the firewall rules and policies of two different domains.  

In this paper we have addressed the issue of privacy 

preserving with optimization of firewall policies. This paper 

is organized as follows: In the second section we have 

surveyed some existing systems proposed for preserving 

privacy and policy optimization techniques.  We have 

proposed our protocol and described it in the third section 

with description of the algorithms used. We have also given 

a graph comparing our system with the previous systems. 

And then concluded our work in the last section. 

II. CROSS-DOMAIN INTERFIREWALL 

OPTIMIZATION 

 All preceding works were out of focus on cross-domain 

privacy preserving interfirewall optimization. Rather our 

proposed work focuses on eliminating the redundant 
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interfirewall policies by maintaining the privacy. Let us 

consider this by discussing a scenario, where there are two 

adjacent firewalls 1 and 2 and are affiliated to two different 

administrative domains as Net1 and Net2. There are policies 

attached to each firewall. Let F1 be the policy on first 

firewall's outgoing interface towards firewall 2, and F2 be 

the policy on second firewall's incoming interface from 

firewall 1. In each policy of the firewall, there exists a  set of 

rules. Let r be the rule in F2, and if all the traffic packets 

that matches r but not any rule over r, then they are 

discarded by F1. We thus can remove the rule r because the 

such kind of traffic never comes to F2. Here, rule r is 

considered as redundant rule with respect to F1 [2, 

3]. Figure 2 illustrate an example of inter firewall 

redundancy, where there are two adjoining routers aligned to 

two administrative domains CSE and EE. 

 

Figure 2:  Example interfirewall redundant rules. 

III. STATE OF ART 

Various researches have been delineated in this section 

based on optimization of firewall rules and policies. We 

shall discuss existing cross-domain firewall optimization 

systems and also review the literature related to 

commutative encryption technique.  

There are varieties of attacks that can take place in a 

network. For example in this scenario, in a virtual private 

network there are roaming users who use tunnel for 

preserving the privacy of their communications, but these 

users are not properly scrutinized by the external network 

firewall. Hence, threatening the privacy of the network. In 

order to deal with these attacks, a technique is proposed 

called as VGuard. The author in [4], the author proposes 

VGuard framework makes a policy owner and a request 

owner to work together. The protocol known as Xhash is 

also proposed [4]. The author Liu A. X., proposed a firewall 

compressor, that reduces the firewall policies while keeping 

the firewall semantics as it is [5]. The author Alex X. Liu 

Fei Chen has proposed a technique that removes the 

redundant rules in an interfirewall without compromising 

the security of the other firewall’s policy [6]. They have 

proposed a framework, where the firewall policies of two 

domains are imposed by working together. In [7], the author 

has presented a general framework for rule-based firewall 

optimization. The first attempt to solve the first-match 

problem from an all-match perspective is done by the author 

in [8]. The proposed work in [8], results prove that the 

redundancy removal is effective and efficient in terms of 

reducing TCAM and running time respectively. 

IV. PROPOSED METHODOLOGY 

A. Limitations of State of Art Methods 

Prior research focuses on interfirewall optimization and 

intrafirewall optimization within single administrative 

domain. In this privacy of firewall is not considered. In 

interfirewall it includes two firewalls are of same network 

and optimization is possible without consideration of 

privacy preserving. In intrafirewall, it contains only a single 

firewall where the optimization is done. But no prior work 

focuses on interfirewall optimization between more than one 

administrative domains. Policies of firewall are not known 

to each other so privacy is maintained. In the prior work 

numbers of rules significantly affects its throughput. 

B. System Model 

The Proposed System evaluate the effectiveness of firewalls 

and the efficiency of the firewalls. It shows Commutative 

Encryption to reduce the redundant rules of intra firewall 

and inter firewall.  

The proposed work divides into various approaches : System 

Initialization - This phase will create the application 

environment and two different administrative domain and 

will provide firewall admin  rights to add or remove 

incoming and outgoing rules. Intra firewall Redundant 

rules removel - In this phase it will allow each firewall 

admin to remove redundant rules within their own firewall. 

Commutative Encryption - This is the main phase where it 

will implement the algorithm and perform the 

commutatative encryption with keeping the privacy of user 

preserved. Analysis & Testing - This phase will include 

performance testing and graph analysis the application in 

order to compare with existing approach. 

The research is based on changing the way pohing hellman. 

It means we can say any value which is being encrypted  

remains same even after changing the order of encryption 

key, called as commutative encryption. So making simple 

calculation based on pohling hellman we can convert any 

number to equivalent number from which the attacker can 

not identify the original value and  both side can compare 
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the range. The idea of  P&H is based on the factors of prime 

number and it is based on simple calculation. 

C= M^ e mod p 

Table 1 : Commutative Encryption 

1.  First convert the rage into binary 

 

2.  Calculate prefix family for the binary 

conversion digits 

 

3.  Encrypt with hey k1 and then with key k2 

 

 

Figure 3 : System Architecture 

V. IMPLEMENTATION PLAN 

The proposed work uses a different method for dealing with 

removal of redundant rules than used in the existing 

systems. In the prior existing system, the algorithm included 

four steps for removing redundant rules, known as: prefix 

family construction, prefix conversion, prefix 

numericalization and comparison. But the algorithm takes 

more processing time for removing the rules. Thus for 

reducing the processing time, we proposed a method that 

does not use the four steps and instead benefits the system 

with the privacy preserving advantage. We use an algorithm, 

with private keys used for encryption and works similar to 

the diffie hellman key exchange algorithm. 

Following are the screen shots of removal of redundant rules 

from two firewall administrative domain. 

 

Fig.3) Add Incoming and Outgoing Rules in Firewall 

In this phase both administrative domain firewall add 

incoming and outgoing rules. The fields SIP, DIP, SPORT, 

DPORT and Action are mandatory while the field 

PROTOCOL is optional. 

 

 

 

 

 

 

Domain 2 

Start Start 

 

 

 

 

 

 
Domain 1 

 

Firewall 1 

 

Firewall 2 

Rule Management 

Incoming/Outgoing 

Rule Management 

Incoming/Outgoing 

Intra-firewall rule 

optimization 

Intra-firewall rule 

optimization 

Privacy preserving 

rule sharing 

Commutative 

Encryption 

(Pohling-Hellman)  

Inter-firewall rule 

optimization 

Stop 
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Fig.4) Encryption of the rules 

In this phase the overlapping redundant rules are going to be 

show in binary form in inter firewall by using Commutative 

Encryption. 

 

Fig.5) Removal of redundant overlapping rules 

This is the phase where overlapping rules of Firewall2 are 

removed by Firewall1 i.e. the inter Firewall redundant rules 

removal is shown.  

Possible Outcome: After successful implementation, two 

machine connected in network simulator will be able to 

connect with each other even after firewall is on and if they 

are willing in mutual benefits. 

 All this can be done without knowing any of the 

rules or policies of firewall of any machine to each other. 

That’s the beauty of the algorithm. 

V. ANALYSIS  

With the graph presentation, we carry out the analysis of the 

system. There are two graphs, that represents the processing 

time taken by each algorithm. The first estimation describes 

that more the number of rules more the processing time 

taken. As the number of rules reduces, processing time taken 

also reduces in our proposed approach. In our proposed 

approach, we reduce the number of redundant rule, without 

revealing the policies and thus, reducing the processing 

time. 

 

Figure 4 : Results 

EVALUATION PARAMETER 

 

1) Development Cost 

2) Execution Time 

The development cost is measured on number of temporary 

variables. As the number of variables increases the 

development cost decreases. In this project the development 

cost decreases as compared to prior work. As the number of 

parameters that are used are less the execution time is also 

less. So, in our project both development cost and the 

execution time is less. The result and analysis are shown by 

calculating the cost and time in the form of graphs. 

CONCLUSION 

In this paper we deal with the privacy preserving issue in 

firewall optimization. We have proposed a new and different 

protocol than before. We present a novel privacy preserving 

protocol for identifying redundant values in firewall policies 

without compromising the privacy of the firewall’s policies. 

It in turn improves the performance and throughput of the 

system. The future scope is to show the firewall 

optimization between two adjacent firewalls by using hosts 

or Network Address Translation (NAT) devices. 
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Abstract. Touch screen technology which allows user to interact directly with what is being displayed, rather indirectly using mouse or 

keyboard. It can be used without any intermediate devices. Touch screen is usually found in smart phones, video games, kiosks, navigation 

system etc. 

 

Keyword: Touch Screen, Sensors, Screen, Layers, Fingers and Stylus. 
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1. INTRODUCTION 

   A touch screen is an electronic visual display that can 

detect the presence and location of a touch within the 

display area. Touch screens can sense finger and other 

passive objects, such as a stylus. However if the object 

sensed is active, as with a light pen. 

 

A. History         

 

 In 1971DR.Sam Hurst, founder of 

ELOGRAPHICS developed the first touch opaque 

sensor ELAGRAPH at the University of Kentucky. 

In 1974 he developed the first real touch screen. In 

1977, ELOGRAPHICS developed the five-wire 

resistive technology then with the backing of 

Siemens Corporation, developed a curved glass 

sensor called the Touch Screen. The new 

transparent technology, ACCUTOUCH was later 

developed by the founder of ELOGRAPHICS, Dr. 

Hurst and Bill Colwell. This technology was 

invented by E.A. Johnson around 1965 for air 

traffic control. In 1983, HP150 home computer 

uses infrared technology. In 1993, Apple’s Newton 

and IBM’s Simon came. In 2002 Microsoft’s 

Windows XP tablet. In 2007 Apple’s IPHONE 

(multi-touch) was launched.  

 

B. What is touch screen? 

 

  An input/output device that accept input directly 

from the monitor, the user touches words, graphical 

icons or symbols displayed on screen to activate 

commands. A touch screen is a computer display 

screen that is sensitive to human touch, allowing a 

user to interact with the computer by touching 

pictures or words on the screen. 

 

C. First touch telephone 

 

Apple was the first with a touch screen Tele-phone 

in the year of 1983. Jason ford of ELO touch 

systems, (the company whose founder invented 

touch screen technology) for providing the touch 

technology. In 1971, the first Touch Sensor was 

developed by Doctor Sam Hurst.   

The first touchscreen phone was launched in 1992 

by IBM. The IBM Simon is also referred as the 

first smartphone . 

 

 
 

Figure1. The IBM Simon Personal Communicator. 
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D. First Touch Mobile:     

       The NOKIA 7710 is the first touch screen 

mobile phone model produced by Nokia. The 7710 

is based on the Nokia 7700 which was never 

released. It was the Nokia’s first and so far only 

smart phone to run the series 90 GUI a top the 

SYMBIAN OS. 

 
Figure2.  The Nokia 7710. 

 

II. HOW DOES A TOUCH SCREEN WORKS? 

   A basic Touch Screen has three main components: 

1. A touch sensor  

2. A controller 

  3. A software driver. 

 

A. Touch Sensor 

   A touch screen sensor is a clear glass panel with a touch 

responsive surface. The touch sensor/panel  is placed over a 

display screen so that the responsive area of the panel covers 

the viewable area of the videos screen. There is several type 

of touch sensor technology available in market today, each 

using different method to detect touch input. The sensor 

generally has an electrical current or signal going through it 

and touching the screen causes a voltage or signal changes. 

This voltage change is used to determine the location of the 

touch to the screen.  

 

B.A Controller 

A controller is a small PC card that connects between the 

touch sensor and PC. It takes information’s from the touch 

sensor and translates it into information the PC can 

understand. The controller is usually installed inside the 

monitor for integrated monitors or it is housed in the plastic 

case for external touch add-ons/overlays. The controller 

determines what type of interface/connection you will need 

on the PC. Specialized controllers are also available that 

works with DVD players and other devices.   

 

 

C. A software driver 

  The diver is a software update for the PC system that 

allows the touch screen and computers to work together. It 

tells the computers operating system how to interpret the 

touch event information that is sent from the controller. 

Most touch screen drivers today are mouse-eliminated type 

driver. This makes touching the screen the same as clicking 

your mouse at the same location on the screen.   

 

III. TOUCH SCREEN TECHNOLOGY 

Four main technology are used to make touch screen.  

1. Resistive 

 2. Capacitive 

 3. Surface Acoustic Wave(SAW) 

 4. Infrared LED or Optical 

 

A. Resistive Touch Screens 

It contains two layers of conductive material, which is 

separated by thin spaces. Touch creates contact between 

resistive layers completing circuit. It consists of Indium Tin 

Oxide (ITO) layers. The Touch Screen is also of different 

types as 4-wire design and 5-wire design and 8-wire.   

 

Working: 

 Step1: Initially user presses down.  

Step2: Contact is made.  

Step3: uniform voltage is given to the first layer. 

 Step4: And same force touches on to the second layer, 

which is happened instantaneously. 

 

Advantages:  

 Works well with fingertip or stylus input.  

 It is most affordable Touch Screen Technology.  

 Most probably it is rugged and long lasting. 

 It has a multi touch input capability. 
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Figure 3. Comparison of wires in resistive touch screen 

 

Disadvantages: 

 Not as accurate. 

 Multi-touch is much more complex. 

 Usually there is no discretion between stylus 

and finger.  

 More pressure is needed. 

 

B. Capacitive Touch Screens 

  It consists of Insulators (Glass or Air), Glass panel with 

conductive Indium Tin Oxide (ITO) layer. It is also of two 

types as Surface and Projected. Small amount of voltage is 

applied to four corners of the Touch Screen. 

 

Advantages:  

 It Has Durable Surface Material. 

 High Endurance  

 Very Accurate  

 Good Optical Quality  

 

Disadvantages:  

 Trigged only by bare finger or active stylus 

 

C. Surface Acoustic Wave (Saw) Screens 

  Surface consists of glassy overlay with transmitting and 

receiving transducers. Electrical signals sent to the 

transmitting transducers converts to ultrasonic waves. 

Waves are directed across screen by reflectors then directed 

to receiving transducers. 

 

Working:                

When finger touches the screen it absorbs waves. This 

change in the ultrasonic waves registers the position of the 

touch event and sends this information to the controller for 

processing. 

 

Advantages:  

 Durable glass construction  

 High optical clarity 

 Activated by a finger, gloved hand or soft tip stylus  

 

Disadvantages: 

 Moving liquids or condensation can cause false 

touches 

 

D. Infrared Led or Optical Touch Screens       

 Optical touch screen use infrared LED’s and matching 

photo detectors. Touching screen interrupts LED’s. Cameras 

detect reflected LED caused by touch. Controller able to 

calculate coordinates from camera data.   

 

Advantages:  

 High optical clarity  

 Durable surface 

 Supports multi-touch  

 Can scale to large sizes  

 

Disadvantages: 

 More expensive 

 Cameras can get out of alignment 

 

 
Overall Advantages Of All Touch Screens:  

 A touch screen is easy to use as the user can touch 

what he/she want to display on the screen.  

 Save spaces as no buttons are required. 

 Touch screens are faster pointing devices. 

 Touch screen have easier hand eye coordination 

than buttons. 

 Touch screens are durable.  

 

Overall Disadvantages Of All Touch Screens:  

 Screen has to be really big when pressing with your 

fingers. 

 Big screens lead to low battery life.  
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 Most user interfaces are not optimized for thumb 

operations, so a stylus is necessary and this means 

using two hands.  

 Screen gets very dirty often. 

 These devices require massive computing power 

which leads to slow devices. 

 

IV. Conclusion 

Thought of touch screen technology contains some of the 

limitations. It is very user friendly, fast, accurate and more 

fun to operate. It has been widely accepted. And now by just 

modifying the mouse and key boards completely in near 

future 
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ABSTRACT 
 

Abstract – Design and analysis of propellant grain plays an important role to determine the stress, strain, temperature 

and the pressure generated the motor can withstand. This paper deals with the design and analysis of case bonded motor 

using ANSYS R15.0. The dimensions of the model have been arrived by numerical calculations as per the HEMRL 

Standards. Structural analysis of casing, insulation and propellant is done with different materials. The numerical values 

are calculated by using plane strain theory.  The method adopted can be applied to any complex design or model of 

composite rocket motor in a much easier way to design th-e grain configuration of rocket motor. As the propellant burns it 

causes variation in pressure with respect to time and this change in pressure will change the mass flow rate. Due to the 

viscoelastic character of the propellant it causes damping to the system. A suitable material for insulation is taken into 

consideration to withstand internal pressure generated in solid rocket motor. The margin of safety of propellant is 

calculated on the basis of percentage elongation. The solid rocket motor is analysed for pressure load induced stresses to 

show that the developed stresses and strains are within the controlled values. The numerical and analytical results are 

compared to verify the designed propellant in solid rocket motor. 

 
Keywords: Stress, Strain, Ansys, Solid rocket motor, Propellant, Structural analysis, Margin of safety etc. 

 

----------------------------------------------------------------------------------------------------------------------------- 

 
1. INTRODUCTION 

 

Solid rocket with a rocket engine that uses solid propellant as a fuel is known as solid propellant rocket motor. In earlier 

days the fuel used in solid propellant rockets was gun powder that was used during wartime in 13th century. Until 20th 

century the propellant used in rocket motor was gun powder, later the liquid propellant rockets were introduced. The liquid 

propellant are more efficient. Due to the reliability and less maintenance solid rocket motors are used in wide applications. 

Solid fuel rockets can be stored for long periods, ready to launch at short notice. They are widely used in military 

applications. 

The initial geometry of a solid propellant grain entirely dictates the subsequent burning surface area evolution and hence the 

mass flow rate and thrust profile. In this sense the thrust-time profile of a conventional solid rocket motor is pre-determined. 

The absolute magnitude of the thrust profile is determined by the surface area in conjunction with propellant burn rate 

pressure dependency, propellant density and thermochemical properties and the nozzle geometry. A thrust-time requirement is 

usually prescribed by the missile designer. The grain designer must then try to meet this requirement as closely as possible and 

this gives rise to a wide range of geometrical configurations. There are however further design constraints. Grain geometry 

affects stress levels within the propellant and hence structural integrity.
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The objective is to design a 3 dimensional (3D) model from the dimensions and structure of the solid rocket motor. Then 

analysis is done on the whole composite structure. The main objective of the analysis is to determine the stresses and strains 

developed in the propellant due to the burning of the propellant. The load generated by pressurisation due 

 
Fig.1 Components of Propellant Grain 

 
to ignition of a solid propellant grain is considered as static load. This static load is the initial maximum pressure obtained 

either by internal ballistics prediction or from data collected from a static firing. For case bonded systems the propellant 

grain may be highly constrained and therefore a potentially significant stress can develop at the grain interfaces.  The 

stresses and strains developed are calculated by using Ansys first and then they are verified with analytical calculations. The 

cumulative strain due to both thermal load and pressure load is used to calculate the margin of safety of the propellant. Factor 

of safety is calculated from the margin of safety, which explains if the designed propellant can bear the loads applied to it. 

The strain analysis of two and three composite cylinder of different material with different grain geometries is done below and 

compared for pressure load and thermal load accordingly the margin of safety is calculated and is checked for most feasible 

geometry. 

 
2. EXPERIMENTAL DETAILS 

 
2.1 Analytical Method 

 

Consider a long thick hollow composite case bonded cylinder as shown in fig. 1. The composite cylinder is made of a 

homogeneous isotropic material and as it is a long enough in axial direction that the plane strain condition satisfies. This 

model is subjected to internal pressure. 

 

A. Generalized Assumptions 

In this analysis, the following assumptions are taken into consideration: 

 

The materials of each layer are assumed to be homogeneous. The 

composite cylinder is made up of multilayer case bonded. 

The longitudinal strain developed due to the stress is uniform and constant, i.e. ��𝑧      = 0

 
B. Boundary Conditions 

Boundary conditions are as: 

The solid rocket motor is subjected to internal pressure 

��𝑟     = −��𝑖                                    When r= a = inner radius

 
��𝑟     = 0                              When r= b = outer radius

 

∈𝑧 = 0                                For axial strain
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r               θ 

θ               r 

 

In this analysis, following stress and strain equations are used for structural analysis 

 P a  a
2 −P b b 2    P a − P 

b 
 

 a2 b 2  

Radial Stress               σr  =

 
b2−aa         − 

b2−a2   ∙

 

 P b a2 − P a b 
2   

r2                                                                        ………. [4]

Axial Stress                σz  = (2ν) ∙ ( b2−a2       )                                                    ………. [4]

 P a a
2  −P b b 2    P a −P 

b 
 

 a2  b 2 

Hoop Stress                 σθ  = b2−a2         + 
b2−a2   ∙ r2                                                                        ……… [4]

Radial Strain                ϵr  = 
1+ν 

[(1 − ν)σ  − νσ  ]                                            …….... [4] 
E

Hoop Strain                   ϵθ  = 
1+ν 

[(1 − ν)σ   − νσ ]                                          ……… [4] 
E

 

 
 

2.2 Analysis and Comparison 
 

For validation purpose, we considered an example of composite cylinder of two layers one of copper and another one of steel. 

A 3-dimensional model was modelled on Ansys Workbench. Due to the axisymmetry of the solid rocket motor and 

boundary conditions, a quarter of geometric model was modelled on Ansys APDL. It was constructed using solid quad 8 node 

183. The material properties are linear isotropic. The symmetrical boundary conditions were applied at the top and bottom of 

the cylinder, the number of nodes and elements are 27701 and 9100. Both layers are case bonded. The inside layer is made 

up of copper and outside layer is made up of steel. The inner radius of copper layered cylinder is 100mm and outer radius is 

200mm. The inner radius of steel layered cylinder is 200mm and outer radius is 400mm. The internal pressure is 147 MPa, 

the outer pressure is 0 MPa. For thermal analysis the reference temperature is taken as 331 K and uniform temperature is 293 

K. For 3-D model, tetrahedral mapped meshing is used. For 2-D model, quad mapped meshing is used. Finally the internal 

pressure was applied in radially outward direction at copper layer. Then the radial and hoop, stress and strains were 

determined. 

 
Table 1: Material and Geometric Properties of Each Layer 

 Layer-1(Copper) Layer-2(Steel) 

Young’s Modulus 98e6 KPa 196e6 KPa 

Poisson’s Ratio 0.34 0.3 
 

For Structural Load 
 

 
 

Fig.2 Radial and Hoop Stress                                              Fig.3 Radial and Hoop Strain
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Table 2: Results Comparison 

 Analytical 2-D 3-D Accuracy 
2-D w.r.t. 3-D 

Hoop Stress 133 MPa 131.873 MPa 138.49 MPa 95.22 

Radial Stress -147 MPa -147.005 MPa -145.181 MPa 101.25 

Hoop Strain 0.001883 mm 0.001856 mm 0.0019192 mm 101.45 

Radial Strain -0.00196 mm -0.001958 mm -0.001968 mm 100.10 
 

As seen in above table, we can conclude that the accuracy is good between all the three comparisons. As the formulae and 

method is validating for this analysis, we will be using the same method for doing the analysis of various propellants in 2-D 

only, as it is less time consuming. 

 
Table 3: Material Properties for Each Geometry 

 Propellant Insulation Motor Casing 

Young’s Modulus 3.5 MPa 3.5 MPA 207000 MPa 

Poisson’s ratio 0.4995 0.4995 0.3 

Density 1.76 g/cc 1.05 g/cc 7850 Kg/m3
 

 

The strain analysis is done on following different propellant grain geometries, A.   

CYLINDER GRAIN GEOMETRY 

 
Fig.4. 1st Principal Strain for Cylinder Shaped Grain Geometry 

 
From the 2-D analysis of cylinder grain shaped geometry in fig.4 for pressure= 10 MPa, Strain= 

0.053408 mm
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Percentage elongation= 40 % 

Margin of Safety= 
 % Elo ng at i o n ×0 . 85×0 . 8  

− 1                                           …… [14] 
Strain 

= 4.0928 
B.   FIN GRAIN GEOMETRY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5. 1st Principal Strain for Fin Shaped Grain Geometry 

 
From the 2-D analysis of fin grain shaped geometry in fig.5 for pressure= 10 MPa, Strain= 

0.035362 mm 

Percentage elongation= 40 % 

Margin of Safety= 
 % Elo ng at i o n ×0 . 85×0 . 8  

− 1 

Strain 

= 6.6918 

 

C.   STAR GRAIN GEOMETRY 

 

From the 2-D analysis of star grain shaped geometry in fig.6 for pressure= 10 MPa, Strain= 

0.027145 mm 

Percentage elongation= 40 % 

Margin of Safety= 
 % Elo ng at i o n ×0 . 85×0 . 8  

− 1 

Strain 

= 9.0202
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Fig.6. 1st Principal Strain for Star Shaped Grain Geometry 

 

 

3. CONCLUSION 
 

Sr. No. Grain Geometry Margin Of Safety 

1 Cylinder 4.0928 

2 Fin 6.6918 

3 Star 9.0202 
 

From the above result table, margin of safety for cumulative loads is quite high and more than adequate. Hence the margin 

of safety of cylinder shaped geometry is minimum and maximum for star shaped geometry. It can be concluded that the star 

shaped geometry is the most feasible geometry.
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Abstract: In this research work, a comparative analysis using different methods for a sequencing problem is carried out analytically. a special  

type of sequencing problem i.e. n Job × 1Machine Problem is investigated for the optimality of different measures of effectiveness. It was 

observed that Makespan remains unaffected. Mean flow time of job, in-process inventory, mean waiting time, mean lateness, maximum lateness 

and number of tardy jobs are dependent on the method employed. In this research, SPT method was found to be better than FCFS, EDD and 

WSPT methods. Here, main focus of researcher is to find out best possible method by comparing  various analytical methods. 

 

Key –Words: Sequencing, Job, Inventory, Time 
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I. INTRODUCTION 

Basically sequencing is defined as selection of an 

appropriate order in which a given number of customers can 

be served. Here, customer needs not to be humans only. 

Computers waiting in repairing shops, letters in a post office 

to be dispatched, and vehicles in a service center are some 

examples of customers in a sequencing problem. In our day 

to day life, we encounter several sequencing problems. 

Theory and analysis of sequencing is still an emerging area 

in the field of operation research. There may be various 

types of sequencing problems: Processing n Jobs on a single 

machine problem, processing n Jobs on 2 machine 

problems, processing n Jobs on 3 machine problems and 

processing n Jobs on m machine problem. In Production, 

Planning and Control (PPC), main aim of manager is to 

process waiting jobs with available resources so as to 

optimize measure of effectiveness. 

 

II. LITERATURE SURVEY 

Sanjeev Gill and Rajiv Kumar has applied Genetic 

algorithm with the mixing of other local search. It was 

observed by them that performance of Genetic algorithm 

mainly depends upon genetic operators and setting of 

parameter used. They made an attempt to develop new 

genetic operators for the sequencing problem and analyze 

the optimality parameter.  

Noorul Haq and Radha Ramanan have used Artificial 

Neural Network in order to optimize bi criteria of make span 

and total flow time in environment of  flow shop 

sequencing. They have shown that ANN yields a better 

quality of solution to that of traditional heuristics methods.  

Chakraborty and Laha have discussed use of NEH 

algorithm to optimize make span in problem of permutation 

flow shop sequencing.  Computational work done by them 

has revealed that there is considerable improvement in the 

optimality of the solution while maintaining the same level 

of complexity in algorithms. 

 Naderi et. al. have  used SA algorithm in a scheduling 

problem of  hybrid flow to optimize total time of completion 

and total tardiness including sequence dependent set up. 

Their algorithms were found to have superiority over the 

other SA algorithm.  

Eren has investigated use of a bi criteria in scheduling 

problem of m-machine flow shop with sequence dependent 

setup times for optimization of the weighted sum of total 

completion time and make span. He could prove that the 

special heuristic for all number of jobs and machines was 

more effective. 

Panneerselvam Senthilkumar and  Sockalingam 

Narayanan have  presented a survey of scheduling problem 

of single machine with uniform parallel machines. This 

single machine scheduling problem with uniform parallel 

machines basically consists of n jobs, each having single 

operation, for which jobs are to be processed on m parallel 

machines with different speeds.  Parallel machines in such a 

case can be regarded as proportional machines or related 

machines. 

 

III. CALCULATIONS 

Here we have taken a real life sequencing problem 

(Processing n Jobs on a single machine problem) and we 

will solve it by different methods: Shortest Processing Time 

(SPT) Rule, Weighted Shortest Processing Time (WSPT) 
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Rule, First Come First Serve (FCFS) Rule, and Early Due 

Date (EDD) Rule. Consider a problem: 

 

Jobs (Ji) J1 J2 J3 J4 J5 J6 J7 

Processing 

Time (Ti) in 

days 

6 9 7 4 11 15 8 

Due Date (Di) 16 11 16 26 19 40 44 

Importance 

Weight (Wi) 

1 2 3 1 2 3 2 

 

SPT Rule: In this rule job with least processing time is 

picked up first and so on. By this rule optimal sequence will 

be  

Job J4 J1 J3 J7 J2 J5 J6 

Processing 

Time (Ti) 

4 6 7 8 9 11 15 

 

So mean flow time   = 27.86 𝑑𝑎𝑦𝑠. Makespan = 60 days. 

Thus, Average in process inventory = 3.25 units 

Waiting time for each job is given by 

Job J4 J1 J3 J7 J2 J5 J6 

Waiting 

Time  

0 4 10 17 25 34 45 

  

𝑆𝑜,𝑚𝑒𝑎𝑛 𝑤𝑎𝑖𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 = 19.29 𝑑𝑎𝑦𝑠 

Lateness of each job 

Job J4 J1 J3 J7 J2 J5 J6 

Lateness  -22 -6 1 -19 23 26 20 

 

So, 𝑀𝑒𝑎𝑛 𝑙𝑎𝑡𝑒𝑛𝑒𝑠𝑠 = 3.28 𝑑𝑎𝑦𝑠.  Maximum lateness = 26 

And number of tardy jobs = 4 (J3, J2, J5, J6) 

WSPT Rule: In this rule jobs are processed in the ascending 

order of their weighted processing time. Here sequence is  

 

Job J3 J4 J7 J2 J6 J5 J1 

Weighted 

Processing 

Time (Ti/Wi) 

2.33 4 4 4.5 5 5.5 6 

Processing 

Time (Ti) 

7 4 8 9 15 11 6 

 

So, 𝑀𝑒𝑎𝑛 𝑓𝑙𝑜𝑤 𝑡𝑖𝑚𝑒 = 31.71 𝑑𝑎𝑦𝑠.𝑀𝑎𝑘𝑒𝑠𝑝𝑎𝑛 =

60 𝑑𝑎𝑦𝑠. 

Thus, Average in process inventory = 3.7 units 

Waiting time for each job is given by 

Job J3 J4 J7 J2 J6 J5 J1 

Waiting 

Time  

0 7 11 19 28 43 54 

  

𝑆𝑜,𝑚𝑒𝑎𝑛 𝑤𝑎𝑖𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 = 23.14 𝑑𝑎𝑦𝑠 

Lateness of each job is : 

Job J3 J4 J7 J2 J6 J5 J1 

Lateness  -9 -15 -25 17 3 35 44 

 

So, 𝑀𝑒𝑎𝑛 𝑙𝑎𝑡𝑒𝑛𝑒𝑠𝑠 = 7.14 𝑑𝑎𝑦𝑠. Maximum lateness = 44 

And number of tardy jobs = 4 (J1, J2, J5, J6) 

 

FCFS Rule:  In FCFS Rule Jobs are served on the basis of 

their entry order. So, sequence will be 

Job J1 J2 J3 J4 J5 J6 J7 

Processing 

Time (Ti) 

6 9 7 4 11 15 8 

 

So, 𝑀𝑒𝑎𝑛 𝑓𝑙𝑜𝑤 𝑡𝑖𝑚𝑒 = 31.14 𝑑𝑎𝑦𝑠.𝑀𝑎𝑘𝑒𝑠𝑝𝑎𝑛 =

60 𝑑𝑎𝑦𝑠. 

Thus, Average in process inventory = 3.63 units 

Waiting time for each job is given by 

Job J1 J2 J3 J4 J5 J6 J7 

Waiting 

Time  

0 6 15 22 26 37 52 

  

𝑆𝑜,𝑚𝑒𝑎𝑛 𝑤𝑎𝑖𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 = 22.57 𝑑𝑎𝑦𝑠 

Lateness of each job is : 

Job J1 J2 J3 J4 J5 J6 J7 

Lateness  -10 4 6 0 18 12 16 

 

So, 𝑀𝑒𝑎𝑛 𝑙𝑎𝑡𝑒𝑛𝑒𝑠𝑠 = 6.57 𝑑𝑎𝑦𝑠. Maximum lateness = 18 

And number of tardy jobs = 5 (J2, J3, J5, J6, J7) 

EDD Rule: In this method jobs are processed in the order of 

ascending due dates. Here sequence will be: 

Job J2 J1 J3 J5 J4 J6 J7 

Processing 

Time (Ti) 

9 6 7 11 4 15 8 

Due date 11 16 16 19 26 40 44 

 

So, 𝑀𝑒𝑎𝑛 𝑓𝑙𝑜𝑤 𝑡𝑖𝑚𝑒 = 32.57 𝑑𝑎𝑦𝑠.𝑀𝑎𝑘𝑒𝑠𝑝𝑎𝑛 =

60 𝑑𝑎𝑦𝑠. 

Thus, Average in process inventory = 3.8 units . Waiting 

time for each job is given by 

Job J2 J1 J3 J5 J4 J6 J7 

Waiting 

Time  

0 9 15 22 33 37 52 

 𝑆𝑜,𝑚𝑒𝑎𝑛 𝑤𝑎𝑖𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 = 24 𝑑𝑎𝑦𝑠 . Also, Lateness of 

each job is: 

Job J2 J1 J3 J5 J4 J6 J7 

Lateness  -2 -1 6 14 11 12 16 

 

So, 𝑀𝑒𝑎𝑛 𝑙𝑎𝑡𝑒𝑛𝑒𝑠𝑠 = 8 𝑑𝑎𝑦𝑠. Maximum lateness = 16 

And number of tardy jobs = 5 (J4, J3, J5, J6, J7) 
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IV. RESULTS AND DISCUSSION 

Results of problem under consideration are discussed with 

the help of graphs shown below: 

 

 

 

It can be seen that mean flow time id minimum for SPT rule 

and maximum for EDD Rule. But, it does not happen in all 

the cases. It basically depends on processing times and due 

date. 

 

 

 

Obviously, in process inventory is minimum for SPT rule 

and maximum for EDD rule. So, we can say that variations 

in average in process inventory are similar to the variations 

in mean flow time. 

 

 

Again, we can observe that mean waiting times are almost 

very close to each. Variations are in a narrow range (20-25). 

 

 
Figure – 4: Mean Lateness Vs Maximum Lateness 

 

From, figure-4 it can be understood that maximum lateness 

is maximum for WSPT Rule and minimum for EDD Rule. 

On the other hand mean lateness is minimum for SPT Rule 

and almost same for remaining three methods. 

 

V. CONCLUSIONS 

On the basis of investigations carried out in the research 

above under consideration, we can conclude that no method 

is superior in all the aspects. In overall, we can say that SPT 

Rule is better than others. Till date, no well defined method 

exist which will yield optimal solution in all the conditions. 
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Abstract- Recently, with the rapid development in wearablesmall sensors and wireless communication,body area networks (BANs)have emerged 

as a key technique that willrevolutionize the way of living.BANs are a type of wireless sensor networks, where agroup of sensors placed on the 

human body measure specific physiological parameters of aperson and relay it to the monitoring system. There are several applications of BANs 

for the betterment of human life. Applications of BANs include continuous health monitoring and non medical application. The use of BAN can 

introduce location independence monitoring systems. BAN application can also be extended to sport training area where athletes or players can 

be monitored to find their deficiencies or to improve their skills.So far, although there are already severalprototype implementations of BANs, 

studieson data security and privacy issues are few, andexisting solutions are far from mature. Among the various research issues required to be 

addressed to implement this technology effectively, security issue is one of the key issues. In this paper we will discuss the security issues as per 

the applications of BANs. 

 

Keywords: Body Area Networks;  BANs Security;  Wireless Communication; Sensor Network 

__________________________________________________*****_________________________________________________. 

I. INTRODUCTION 

A BAN is a special purpose sensor network fabricated to 

perform autonomous connection of various sensors and 

equipments, located inside and outside of human body. A 

number of intelligent physiological sensors can be integrated 

into a wearable wireless body area network. This area relies 

on the feasibility of implanting very small biosensors inside 

the human body that are comfortable and that don't impair 

normal activities. The implanted sensors in the human body 

will collect various physiological changes[1,2,3]. A growing 

application of wireless sensor network is in body area 

networks (BAN). Each BAN device is attached to a human 

body and monitors the state of that body. The emerging 

BANs have great potential to revolutionize the future of 

ubiquitous technologies. 

The BAN is increasingly looking forward for advanced 

Information & Communication Technology (ICT) systems 

to efficiently administer the system for a wide range of 

applications. A BAN is consisting of number of tiny sensor 

nodes and a connecting node which connects the external 

database server or it can connect the sensor node to a range 

of telecommunication networks. The telecommunication 

network can be a telephone network, a mobile network or a 

dedicated local area network. BAN is classified into Off-

body, On-body, and In-body communication. Off-body 

communication is the communication from the base station 

to the transceiver on a human side. On-body communication 

is the communication within on-body networks. In-body 

communication is the communication between invasive or 

implantable devices and external monitoring equipment. 

 

 

II. APPLICATIONS of BANs 

The major applications are healthcare, control and 

automation, home and office, environmental monitoring, 

logistics and transportation, security and surveillance, 

tourism and leisure, education and training and 

entertainment. The BAN applications are broadly divided 

into following categories. Medical applications include 

collecting various information of a patient and forward it to 

a monitoring center for further analysis. BAN can also be 

used to help disable people. Forexample, retina prosthesis 

chips can be implanted in the human eye to see at an 

adequate level. Presently BANs are widely used for 

entertainment purpose, which includes 3D video and Games. 

Further the BANs are used for sports, in which sensors in 

BAN can collect coordinates movements of different parts 

of the body and subsequently make the movement of a 

character in the game, e.g., moving soccer player or 

capturing the intensity of a ball in table tennis.Last but not 

the least miscellaneous applications those include forgotten 

things monitoring, data file transfer and social networking 

applications. For better functionality authors discussed about 

the target system that has a scalable platform that requires 

minimum human interaction during setup and monitoring [4, 

5]. 

 
 

III. SECURITY THREATS in BANs 

The security of BANs arethree indispensable components 

for the systemsecurity of the BAN. By data security, 

wemean data is securely stored, data can only beaccessed by 

authorized people and transferred securely.Security issues 
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are major concern raised by most authors. These include 

works by authors such as [6, 7]. 

The implementation of BANs for various applications must 

satisfy the stringent security requirements. These 

requirements are based on different applications ranging 

from medical (blood sugar monitoring) to non-medical 

(Forgotten things monitoring) applications. In case of 

medical applications, the security threats may lead a patient 

to a dangerous condition, and sometimes to a death[8, 9]. 

A. Threats from device compromise 

The sensornodes in a BAN are subjected to compromise,as 

they are usually easy to capture and not tamper-proof. If a 

whole piece of data is directlyencrypted and stored in a node 

along with itsencryption key, the compromise of this node 

willlead to the disclosure of data. 

B. Data access control 

Access controlneeds to be enforced for patient-related data 

inBANs so that private information will not beobtained by 

unauthorized parties. In the applicationscenario we 

described one’s medical datamay be viewed by doctors, 

support staff, pharmacies, and other agencies to enhance 

their services.However, if an insurance company seesone’s 

disease report, it might discriminateagainst one’s by offering 

health insurance at ahigh premium.  

Therefore, a fine-grained accesspolicy must be defined to 

specify and enforcedifferent access privileges for different 

users.Fine-grained refers to the small granularity ofthe data 

access policy, which distinguishes amongeach part of the 

patient-related data and eachuser role. For example, “doctors 

are only allowedto view the medical data of those patients 

theyare treating, but not that of other patients,” or“personal 

identifiable information such as patient profile shall not be 

disclosed to insurancecompanies.” 

 

 

C. Threats from network dynamics 

The BAN ishighly dynamic in nature. Due to accidental 

failureor malicious activities, nodes may join orleave the 

network frequently.  

Nodes may die outdue to lack of power. Attackers may 

easily placefaked sensors in order to masquerade 

authenticones, and could take away legitimate 

nodesdeliberately. 

 

IV. SECURITY REQUIREMENTS in BANs 

Here in this section we are categorizing the various security 

requirement from confidentiality to availability of data. 

A. Confidentiality 

Like WSNs, confidentiality is considered an important issue 

in BANs. In order to prevent data from leaking during 

storage periods, thedata needs to always be kept confidential 

at anode or central server.  Data needs to be kept secure 

from disclosure.  Data confidentiality shouldbe resilient to 

device compromise attacks. Even if the node or server is 

compromised the attacker should not be able to gain any 

information. 

B. Dynamic integrity assurance 

Only keeping the data confidential does not protect it from 

external modifications. In BANs thedata is vital, and 

modified datawould misleadto consequences. Anadversary 

can always alter the data by adding some fragments or by 

manipulating the data within a packet.Thus,data integrity 

will be dynamically protected allthe time. By data Integrity 

we are ensuring that unauthorized changes to the data cannot 

be made during storage or transmission.  

Any malicious changes should bedetected before use and the 

appropriate persons alerted. Lack of data integrity 

mechanism is sometimes verydangerous especially in case 

of life-critical events (when emergency data is altered). Data 

loss can also occurdue to bad communication 

environment.In particular, we shall be able to notonly detect 

modification of data at end users,but also check and detect 

that during storageperiods, in order to discover potential 

maliciousmodification in advance and alert the user. 

C. Data Freshness   

Ensuring confidentiality and integrity is not always enough 

unless supported by data freshness.  The adversary may 

capture data in a transit and replay them later to confuse the 

monitoring system.  Data freshness ensures that the data is 

fresh, i.e., the data frames are in order and are not reused. 

There are two types of data freshness: strong freshness, 

which guarantees data frames ordering as well as delay and 

weak freshness, which guarantees partial data frames 

ordering but does not guarantee delay. Weak freshness is 

required by applications such as Blood Pressure 

(BP)monitoring, while strong freshness is required during 

synchronization. 

D. Accountability and nonrepudiation: 

The origin of a piece of patient-related data cannot be 

denied by the source that generated it.  The sender of a 

message should not be able to falsely deny later that he/she 

sent the message, and this fact should beverifiable 

independently by a thirdpartywithout knowing too much 

about the content of the disputed message(s). 
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E. Scalability 

As the number of users becomes larger the system should 

scale without undue latency.  Since there are numerous users 

of data, the distributed access control mechanism should be 

scalable with the number of users This requires that 

thecomputational and storage overheads should be 

controlled. It should not be resource intensive to implement 

access policies and management overheadshould also be 

kept under check. 

F. Availability 

Data availability means that correct data is available to the 

genuine users. The adversary may target the availability of 

BAN by capturing or disabling a particular node. Failure to 

receive correct data may become life threatening. It is also 

necessary toauthenticate any exchange of data with other 

machines or humans. One of the best ways is to switch the 

operation of a node that has been attacked to another node in 

the network. 

V. CHALLENGES OF SECURITY FOR 

APPLCATIONS 

Recently, many security solutions [10, 11] have been 

designed for BANs, but they cannot be directly employed to 

ensure the data security. To satisfy the said requirements in 

BAN, weface several important challenging issues for the 

applications to be implemented, mostof which arise from 

efficiency and practicalityaspects. These issues constrain the 

solutionspace, and need to be considered carefully 

whendesigning mechanisms for securityin BANs. [10,11] 

A. Security v/s Efficiency 

Highefficiency is strongly demanded for data security in 

BANs for the applications. As wearable sensors are 

extremely tiny and haveinsufficient power supplies, they are 

inferior in computation and storage capacity.Thus, the 

cryptographic primitives for security used by thesensor 

nodes should be as lightweight as possible. Here by 

lightweight we mean fast computation and lowstorage 

overhead. Otherwise, the power andstorage space of the 

nodes could be drainedquickly. In addition, a DoS attack 

could easily overwhelm the whole BAN if the 

authenticationprotocol is not fast enough. 

B. Security v/s Safety 

If we talk about medical application, whetherthe data can be 

accessed whenever needed couldbe a matter of patients’ 

safety. In this case if we are too strict or tooinflexible in data 

access control then it may prevent themedical information 

being accessed in time by legitimate medical staff.The 

second scenario, in case of emergencywhere the patient may 

be unconsciousand unable to respond the safety of data is 

very much essential.  

If we talk about other application, aweak access control 

scheme opens back doors tomalicious attackers. It is hard to 

ensure strongdata security while allowing flexibleaccess.  

In Some applications where there is networkcoverage, 

stronger user authentication isrequired, it is achieved by 

contacting an authority; when noinfrastructure exists such as 

during disasterresponse, weaker or no authentication is 

adopted.Their approach can be regarded as the firststep 

towards addressing the conflict betweensecurity and safety. 

C. Security v/s usability 

TheSensor devices should be easy to use and foolproof,since 

their operators might be non-expertpatients in case of 

medical application. The setup and control process of 

thedata security mechanisms are  node related and they 

involve few and intuitive human interactions.For other 

applications, to bootstrap initial securecommunication 

between all the nodes in aBAN for secure data 

communication, devicepairing techniques are adopted, 

which is obviously not easyto use. If we ignore the manual 

steps for usability increment then it will sacrifice security. 

D. Device interoperability 

Various application installations may use sensor nodes from 

different manufacturers,among which it is difficult to 

shareany secure data. It is essential toestablish data security 

mechanisms that requirethe least common settings and 

efforts, and workwith a wide range of devices. BAN systems 

would have to ensure seamless data transfer across standards 

such as Bluetooth, ZigBee, etc. Ensure efficient migration 

across networks and offer uninterrupted connectivity. 

VI. CONCLUSION 

A growing application of wireless sensor network is inbody 

area networks (BAN). Each BAN device is attachedto a 

human body and monitors the state of that body.The BAN is 

an emerging and promising technologythat will change 

human’s experiencesrevolutionarily. Body area networks 

(BANs) and theirsupporting information infrastructures 

offer unprecedentedopportunities to deploy the various 

application without constrainingthe activities of a 

wearer.Security in BANsis an important area, and there still 

remaina number of considerable challenges to 

overcome.The research in this area is still in itsinfancy now, 

but we believe it will draw an enormousamount of interest 

in coming years. Wehope this article inspired novel and 

practicalapplications in which the security is essential.As the 

population of the world grows, it will become 

increasinglynecessary to use technology to monitor, 

diagnose,and treat populations. If we expectBANs to 

become a solution to monitoring the world’saging 

population, then it is imperative that we are mindfulof their 

security. Furthermore, we must also remind ourselvesthat 

secure solutions should be usable, because the target 

populationfor these kind of systems is often the elderly. 
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Abstract:- Numerical simulation to 

characterize the back-stress behavior of 

SS316 stainless steel is discussed in this 

paper. Parameters of the material are 

calibrated from the experimental results. 

The back-stress behavior of SS316 

stainless steel is addressed by Ziegler 

kinematic hardening rule. Cyclic 

hardening behavior of the material is 

captured by introducing simple 

exponential isotropic hardening law. The 

commercial numerical package 

ABAQUS is used for finite element 

simulation of cyclic plastic behavior of 

material. Loop area between back stress 

and true strain is also compared with the 

experimental results. 

Keywords: Numerical simulation, back-

stress, kinematic hardening, cyclic 

hardening, finite element. 
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1. Introduction 

 

In the nuclear power-generating industry 

the material SS316 stainless steel is 

used. Cyclic hardening behavior of the 
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material is observed when the material is 

subjected to cyclic loading and gets 

saturated after numbers of cycling.  

Strain controlled cyclic loading is 

observed in reference [1-2]. In reference 

[3] Wong et al. studied the LCF & HCF 

behavior of SS316. The various cyclic 

plastic behavior of the material are 

observed in reference [4-6]. It is very 

difficult to Address all these phenomena 

in constitutive equations becomes 

complicated.A simplest choice is a linear 

kinematic hardening law due to Prager 

[7]. Armstrong and Frederick [8] 

introduced a nonlinear law with recall 

term. Chaboche [9], Ohno [10] modified 

Armstrong –Frederick law to have a 

better matching with experimental 

results. 

2. Material characterization 

2.1 Low cycle fatigue tests 

 

Test materials was SS 316 stainless 

steel, which was solution treated at 

1120°C for one hour and water 

quenched for 30 min. completely 

reversed strain controlled (Fig.1.) fatigue 

tests were performed to characterize the 

fatigue properties of the materials. 

Cylindrical specimen with diameter of 

6.5mm and gauge length of 15 mm for 

plain fatigue (PF) is used as shown in 
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Fig.2. A 100 KN servo-hydraulic 

Universal testing machine was used. A 

12.5 gauge extensometer was attached to 

the specimens to measure the strain 

during the tests. 

The test is performed on the specimen 

under strain-controlled mode at constant 

strain rate of 10
-2

/s. The tensile peak 

stress with number of cycles is shown in 

Fig.4 and gets saturated after few cycles 

which is after about 30 cycles and the 

material arrives at an equilibrium 

condition. Fig.5 shows experimental 

stress strain response up to 30
th

 cycles 

for strain amplitude 1.0%. Stress and 

plastic strain data obtained between the 

yield point and the ultimate point are 

used to generate a power law-hardening 

curve. The value of the strength 

coefficient ‘K’ and hardening exponent 

‘n’ are also listed in Table-5.1. A stress-

strain plot up to ultimate point is shown 

in Fig.3. 

 

                      

 

 

 

 

 

Fig.1: loading history during strain 

controlled test. 

 

 

 

 

     Fig.2:Uniaxial Fatigue Specimen. 

    

Fig.3: Stress-strain behavior of SS 316 

steel.  
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Fig.4: Tensile peak stress vs. number of 

cycles. 
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Fig.5: Experimental stress strain 

response up to 30
th

 cycles for 1% strain 

amplitude   curve. 
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3. Numerical simulation 

 

3.1 Modeling of cyclic plasticity: 

 

The cyclic behavior of the material was 

modeled using Von mises yield function, 

flow rules and the nonlinear isotropic-

kinematic hardening model and 

consistency condition as follows: 

 

3.1.1 Yield Function: - The Von mises 

yield function is as follows.  

   0
2

3 2   cijijijij SS ,  

……………………………… (3.1) 

c  Current flow stress of matrix 

material, 

 Sij = deviatoric part of stress tensor, 

ijmijij S   , 

m  Mean Stress, 

αij = back stress tensor, also deviatoric in 

nature, 

3.1.2 The Flow Rule:  

The Plastic strain rate, 
p

ij , follows from 

the flow rules as 

ij

pp

ij






    ……………(3.2) 

Here, 
p
 is a scalar multiplier or 

equivalent plastic strain rate. 

Which yields 


p
=

2

1

3

2

3

2






















ijij

p

ij

p

ij







   

 

3.1.3 Non-linear isotropic/kinematic 

hardening model: 

 

The evolution law of this model consists 

of two components: a nonlinear 

kinematic hardening component, which 

describes the translation of the yield 

surface in stress space through the back 

stress, ; and an isotropic hardening 

component, which describes the change 

of the equivalent stress defining the size 

of the yield surface, 
c , as a function of 

plastic deformation. 

The kinematic hardening component is 

defined to be an additive combination of 

a purely kinematic term (linear Ziegler 

[11] hardening law) and a relaxation 

term (the recall term), which introduces 

the nonlinearity. When temperature and 

field variable dependencies are omitted, 

the hardening law is  

   


 
pp

c

C 
1

……..(3.3) 

                                                         

Where, and  are material parameters 

that is calibrated from cyclic test data.  

is the initial kinematic hardening 

modulus, and  determines the rate at 

which the kinematic hardening modulus 
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decreases with increasing plastic 

deformation. The kinematic hardening 

law can be separated into a deviatoric 

part and a hydrostatic part; only the 

deviatoric part has an effect on the 

material behavior. When and are 

zero, the model reduces to an isotropic 

hardening model. When is zero, the 

linear Ziegler hardening law is 

recovered. The isotropic hardening 

behavior of the model defines the 

evolution of the yield surface size, 
c  as 

a function of the equivalent plastic 

strain, 
p
. This evolution can be 

introduced by specifying 
c directly as a 

function of 
p
.  

For the isotropic hardening rule, 

Chaboche proposed the following 

equation: 

  






 


 e
p

bp
QbR   

 

where and  and  are the isotropic 

hardening material parameters and are 

computed from experimental stress–

strain loop results of LCF test of plain 

fatigue specimens. Using the initial 

condition   0
p

R , on integration of 

the above differential equation, we get 








 


 e
p

b
QR 1  

Now the simple exponential law is 

 








 


 e
p

b

c Q  1
0

…

…………………(3.4) 

                                         

Where, 
0

  is the yield stress at zero 

plastic strain and  and are material 

parameters.   is the maximum 

change in the size of the yield surface, 

and ‘b’ defines the rate at which the size 

of the yield surface changes as plastic 

straining develops. When the equivalent 

stress defining the size of the yield 

surface remains constant (
0

 
c

), the 

model reduces to a nonlinear kinematic 

hardening model.  

 is the magnitude of at 

saturation (large plastic strain).  

At saturation accumulated plastic strain 

is very high. So, e
p

b
 tends to zero. 

and the equation 3.4 becomes 

Q
c 


0

 . ……………… (3.5)                                                                     

Therefore, Q


= c -σ|0, 

c
 

and σ|0 are calculated from 

experimental data and Q


is 

determined. 

3.1.4 Consistency condition: 

During plastic deformation stress vector 

remain on the yield surface. This leads to 

consistency equation, =0 



International Conference On Emanations in Modern Engineering Science and Management (ICEMESM-2017)              ISSN: 2321-8169 

Volume: 5 Issue: 3                                                                                                                                                                     84 - 91 

__________________________________________________________________________________________________________________________ 

88 

IJRITCC | March 2017, Available @ http://www.ijritcc.org (Conference Issue) 

________________________________________________________________________ 

Finally, the elastic–plastic tensor, ijklD , 

is represented as 

: 

op

klop

mn

ijklijklijkl EE
H

ED

















1
 

 

4. Numerical Verification:  

 
The numerical simulation of the model is 

done on a specimen under strain controlled 

loading. The working length of the 

specimen is discretized with eight noded 

axisymmetric element of mesh size as 

0.2mm X 0.2mm. For symmetry in 

geometry, loading and boundary 

conditions one quarter of the specimen is 

discretized. Fig.6 shows FE mesh of the 

specimen together with boundary 

conditions. FE computations are done with 

Von Mises yield function, flow rules and 

the kinematic hardening rules together 

with the consistency condition, as 

discussed earlier. A 2 X 2 reduced 

integration scheme is used. The 

mechanical properties are listed in Table-

5.1. The axial component of stress strain 

values, calculated at the center node of the 

specimen, is taken as the representative 

axial stress and axial strain values of the 

specimen. The saturated values of Ziegler 

kinematic hardening coefficients as 

obtained from experimental saturated loop 

of 1.0% strain amplitudes are used to 

simulate the hysteresis loops, peak stress 

vs. cycles and loop areas of the strain 

amplitudes of 1.00%. Fig.7 shows the 

simulated result for hysteresis loops. Fig.8 

shows the simulated result for saturated 

back stress vs. true plastic strain and Fig.9 

shows peak stress vs. cycles. Fig.10 shows 

loop areas (between back stress and plastic 

strain) obtained by using Ziegler 

coefficients in commercial FE package 

ABAQUS and the results are compared 

with experimental values for the strain 

amplitudes of 1.00%.  

 

Fig.6: FE mesh of the specimen with 

boundary condition. 

 

5.  Mechanical Properties of SS316: 

Table-5.1: Tensile Properties: 

Young’s 

Modulus 

(GPa) 

Poisson’s 

Ratio 

YP 

(MPa) 

UTS 

(MPa) 

% 

Elongation 

= 

K(p)
n 

K n 

210 0.3 267 637 78 1150 0.286 
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Fig.7 : Strain amplitude ± 1.0% for 

saturated loop. 

 

Fig.8: Strain amplitude ± 1.0% for 

saturated loop.                                                        
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Fig.9: Strain amplitude ± 1.0%. 
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Fig.10: Loop area (between back stress 

and true strain) plot. 
 

7. Discussion & Conclusions: 

The present work deals with the 

characterization numerical simulation of 

cyclic plastic behavior of SS316. The 

experiments are performed at room 

temperature by using the servo hydraulic 

universal testing machine (Instron UTM) 

with 100 KN grip capacity, 8810 

controller and data acquisition system. 

The testing process is computer 

controlled, where the Blue Hill and SAX 

software has been installed to control the 

testing process. Strain controlled test 

were performed on the specimens at 

different strain amplitudes. Cyclic 

hardening is observed from the 

experimental loops, which saturates after 

about 30 cycles. Most of the curves 

(a=0.3%-0.75%) show initial 

hardening, flat region for a large no. of 

cycles and then softening. Secondary 

hardening is observed for strain 

amplitude a=1.0% and 1.20% 
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respectively. Simulation of hysteresis 

loops is made by ziegler’s nonlinear 

kinematic hardening material model by 

using finite element package, ABAQUS. 

It is observed that simulated results 

closely follow the experimental results. 

But there is some mismatch at the knee 

region. This is because of using ziegler’s 

single segmented non-linear kinematic 

hardening law. The results can be 

improved by using multi-segmented 

nonlinear kinematic hardening model. 

Simulation of peak stress value with no. 

of cycles has also been studied. Fig.8 

shows the such result as obtained by 

using ziegler KH rule and found that the 

matching is satisfactory in engineering 

sense. The loop areas (between back 

stress and plastic strain) for strain 

amplitude of 1.00% is calculated to 

compare with the experimental results 

and obtained that matching is acceptable 

in engineering sense.  
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ABSTRACT 
 

Compact energy sources are apparently the future of energy production. Evidently, Micro Electro Mechanical Systems 

(MEMS) are developing at a fast pace. For the production of electrical energy by thermal means, combustion is the 

easiest way to produce heat and it has been found that double spiral burners are very efficient in doing so. These units are a 

better option not only because of the space constraint present in the other sources, but also because of the kind of fuels that 

are being used to generate energy from these systems. Studies suggest the use of hydrocarbon fuels in micro-combustors 

since these fuels have been found to have high energy density as compared to the other energy sources. Efforts have 

been hereby made to study the effect of change of equivalence ratio on the maximum adiabatic flame temperature and 

pressure drop inside a Swiss-roll shaped combustion chamber, thus resulting in an approach specifically aimed at 

obtaining optimal conditions for the operation of the unit using computational fluid dynamics (CFD). Current work also 

provides an insight into the commercial aspect that is expected to go hand in hand with the technical developments of the 

concept. 

Keywords: Swiss-roll, MEMS, CFD, Dan-Köhler number, etc. 
 

----------------------------------------------------------------------------------------------------------------------------- 

 
1. INTRODUCTION 

 

Thermal energy is predominantly used in numerous operations these days. In power generation too, thermal energy plays an 

important role. It is a well-known fact that combustion is the easiest way of producing heat. Also, when it comes to the 

generation of power using heat, it all narrows down to a few factors, viz. efficiency and space requirements. To efficiently 

use all the space that is available at hand, efforts are being made to study micro- combustors which fit into the smallest of 

places and are capable of producing power. Specially designed Swiss-roll shaped combustors have been found to do the 

required job quite efficiently. These spiral shaped, counter-current heat-
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recirculating „Swiss-roll‟ combustors have been studied for over a three-decade period of time by using simple two- 

dimensional CFD models for temperature dependent properties, transport, turbulent flow, one-step chemical reaction, surface-

to-surface radiation, and heat losses. 

The combustion chambers under the scope of study have been fed hydrocarbons as fuel, for they have high energy density 

as compared to even the most developed lithium-ion batteries that exist around us. Hence, the use of hydrocarbons in the 

combustion processes for electrical power generation provides better alternative to batteries in terms of energy storage per 

unit mass and in terms of power generation per unit volume. Though, there is still a need to study different aspects of 

combustion to reach a point where the combustors in question give us the most favourable results. Manufacturing the units 

pertaining to given specifications may become cumbersome and is actually quite 

vulnerable to failure. Hence, it is sensible to initially design a computational model which is operated upon by feeding it 

required constraints and then reach the optimal conditions of combustion. Computerised simulation can also be used to analyse 

and calculate the dimensionless parameters that affect the performance of the unit. 

 
Following properties related to the Swiss-roll shaped combustion chamber have been studied: 

     Fuel density variations 

     Dan Kohler number 

     Max. adiabatic temperature for different equivalence ratios 

     Pressure variations in the channels 

     Velocity variations in the channels 

 
As far as the use of combustion for power generation is concerned, even today, automotive and aviation vehicles use internal 

combustion engines for prime moving and generation of electricity almost to the exclusion of batteries because of the 

advantages like space saving and efficiency. Even in vehicles whose mass is less than 1 kg, these advantages of combustion 

processes have not yet been exploited for the generation of electrical power viz. small scale systems like laptops, mobile 

phones etc. This study also tries to focus upon the commercial aspect of the subject by putting forth the future scope this 

concept has in store for technology. 
 

 
2. OBJECTIVE 

 
The objectives of this research are enlisted below: 

     Utilising easily available fuel in the best possible manner 

     Analysis fuel recirculation using CFD 

     Analysis of combustion of chosen air-fuel mixture 

     Obtaining stable flame and designing the inlet channel width 

     Obtaining adiabatic flame temperatures and pressure drop at different equivalence ratios 

 
The main objective of this research is providing an alternative to the conventional sources of energy generation. Using readily 

available fuel in the form of LPG to produce stable flame in the spiral combustor is something to be tried during the course 

of the research. Initial aim is to get desirable recirculation in the combustion chamber using the CFD software. Later, the 

combustion is to be achieved using the mixture of selected fuel and air. When combustion is achieved, a stable flame is to 

be obtained inside the combustion chamber. Further objectives include the study of adiabatic flame temperatures, Dan-

Kohler number and pressure variations for different equivalence ratios. 
 

 
3. MODELLING 

 
A double spiral combustion chamber is designed in CREO. As can be seen from the displayed diagram, there are two channels 
which are used for inlet of fuel and outlet of exhaust gases respectively. 
The specifications of the model are as follows: 

1.    Material: Stainless Steel 

2.    Inlet channel width: 2mm 

3.    Outlet channel width: 3mm 

4.    Spark positioning: The position of the spark is defined at the centre of the combustion chamber 
5.    Central chamber: The dimensions of the central chamber are 10mmX7mm

http://www.ijritcc.org/
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6.    Wall thickness: 1.5mm 

7.    Mesh size: 10-4mm (since 10-5 gets too cumbersome and anything less than 10-4 results in lesser accuracy) Initially 
the chamber size was tried as 7mmX10mm (inlet was along the 10mm side), but the results were not favourable and 
hence 10mmX7mm size was finalised (inlet is now along the 7mm side). 

 

 
4. SIMULATION 

 
Initial stages of the project began with trials to gain flow recirculation inside the combustion chamber. Air was used as a 

fluent and it was found that analysis for flow recirculation failed a few times, which is undesirable for combustion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4.1.Initial recirculation 

Photograph shows how recirculation obtained was ineffective 

 
On changing the meshing size and making the mesh finer, it was seen that the results improved. Furthermore, inlet fuel 

velocity values were changed and on trying different values, a velocity of 4.6m/s was found to be optimal. 

The exhaust wasn‟t favourable in the initial stages but on finer meshing, the exhaust was obtained smoothly. It meant that for 

the chosen fuel, the chosen air-fuel ratio and the location of the spark, the fuel recirculation and combustion obtained was 

optimal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4.2 Final recirculation 

Photograph shows how better recirculation of flow was obtained 

Desirable exhaust was obtained 
 

 
Recirculation being achieved, the next stage was combustion. On studying different papers relating to similar structures, it 

was decided that Reynolds‟ stress model be used for combustion. With the same velocity of 4.6 m/s, a mixture of LPG and 

air was used for combustion. The partial premix model was selected as it was found to correlate with the actual setup.
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Fig.4.3. Temperature distribution 

 
The flame was obtained in the vicinity of the centre as seen the figure and also the pressure variations can be be analysed 

for the simulation results. 

 
 

Fig.4.4. Pressure variations 
 

 
5. RESULTS 

The analyses for the stable flame were carried out at different equivalence ratios and the trends of the plot of equivalence 

ratio vs adiabatic flame temperature can be studied. The variation of Dan-Kohler number and also the pressure variations are 

obtained. 
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Fig.5.1. Dan-Kohler number v/s Equivalence ratio
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The adiabatic flame temperature is 
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and decreases on both the sides if 
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Fig.5.2. Adiabatic Flame Temperature v/s Equivalence ratio 
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Fig.5.3. Pressure v/s Equivalence ratio 
 

 
 

6. ADVANTAGES 
 

The advantages of the design that has been studied are: 

1.    By using CFD methods, many flow problems can actually be simulated in conditions closer to real-life. 

2.    Swiss-roll combustors accumulate lesser space. 

3.    Fuel used in the combustors has very high energy density as compared to lithium-ion batteries.
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CONCLUSION 
 

A model of Swiss-roll combustor was designed in a 3D modelling software (CREO) and was operated upon in ANSYS 

14.0. Analysis for flame stabilization was carried out in the micro-combustor with partially premixed LPG-air mixture. Flame 

stability was obtained in the vicinity of the centre of the micro-combustor. Different parameters viz. adiabatic temperatures, 

Dan-Köhler number, density and pressure variations inside the combustor were studied at different equivalence ratios. The 

power output of a thermoelectric device at the maximum obtained adiabatic flame temperature was found to be in 

correspondence with the power output of thermoelectric generators which are used to run low wattage devices, which is a 

suggestive sign that in the future high wattage devices can also be run using the same setup. 
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ABSTRACT 
 

There are many ways to grow business the success of equipment and manufacturing companies depends on their ability to 

produce high quality products at the lowest cost this applies to all industry verticals, manufacturers have a tough job 

competing in today’s global environment,   global competition, price sensitivity, time to market pressures, and increasing 

complexity all make it very difficult for manufacturers to be successful, that aims to create customize designs as per 

Engineer To Order (ETO) product, Knowledge based engineering (KBE) has become a practical method of visualizing 

manufacturing cost by design automation and enables you to achieve all of these and more by streamlining repetitive, time 

consuming tasks and leaving designers more time to focus on innovation, improving product quality, adding value, and 

winning more business. 

Keywords: Customize product, Design automation, ETO, KBE, Streamline repetitive task. 

 
----------------------------------------------------------------------------------------------------------------------------- 

 
1.   INTRODUCTION 

 

Customized products and services is a great competitive differentiator, leading to more sales, higher revenues, increase 

in customer satisfaction but in other hand all these customize enquiry required special attention from design and hence 

designers are involved in handling enquiries and creating GA and   supporting sales team to prepare quotation, results in 

less innovation in product design, Knowledge Based Engineering is a tool which captures knowledge from the product life 

cycle, these knowledge is stored in database and linked to the CAD system. 

Traditionally, design solid modeling tools are primarily used to design and visualize the artifact as pert heir 

application needs later the 2d drafting is released as production drawings, CAM systems are conventionally used to program 

machining or cutting instructions on the CNC/ DNC machines sometimes prototype is created for complex geometry to 

check the form fit and function, CAE systems are used to check the reliability of the designed artifact (such as structural 

analysis for stress, thermal, FOS, etc.), this methods tells a designer what the final design looks like but how it has come to be 

with the help of CAE tools. 

If changes are required in the design, a new CAD solid model is recreated using some type of computer-aided “re-do” 

or “back-tracking” methods or use of Product Data Management (PDM) backdated revision, these can be extremely time 

consuming and costly being that late in the life-cycle process, in such cases a geometry and size solid geometry, configuration 

changes cannot be handled easily, particularly when parts and dimensions are linked. 

The power of a “knowledge capture” tool comes from the methods used in capturing the design intent initially so that 

the anticipated changes can be made easily and quickly later if needed by capturing “design intent” sometime custom 

software is created as per the need or automation need to speed up the operation. [1] 

 
1.1 Traditional Process 

Fig- 1 shows the current process from enquiry to installation and commissioning at customer end, once the enquiry 
come design engineer in coordination of sales prepare the GA and quotation and process for approval, if 
customer approves the GA and quotation then it is process for detail design, if customer reject then again rework is required 
after customer approves the detail design the machine is build or manufacture as per drawings, once machine is build the all the 
part are integrate together and performance testing is done as required based on this final installation and commissioning is 
done at customer location, blue dotted line highlight the process and time consumed from preparing GA and Detail design 
as per customer requirement is 5 to 10 days as per customization required. [2] 
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Fig-1: Traditional Process 
 

1.2 Challenges in Traditional Approach 
 

            Many repetitive activities 

            Time consuming GA drawing preparation 

            Person dependent designs 

            Many product variations 

            Revision Control 

            Search & reuse of available data 

            Organization wide Collaboration 

 
1.3 Challenges in Traditional Approach 

To overcome challenges in traditional process the automation methodology is primary applies to reduce the 
mundane task  includes, time  consuming GA  drawing preparation,    technical quotation,  bill  of  material, part 
numbering, cost sheet generation, designers are involved in many of these non-engineering activities results in delayed in 
manufacturing so it is always economical to avoid, reorder, refined or automate these task. 

Design automation is a methodology to automate the various mundane task by identifying bottlenecks, brain 
storming with designers about the design process, productivity improvement parameters, define possible  multiple 
approaches and documenting current and expected productivity improvement, It is also of interest to optimize the use of 
KBE for Small and Medium sized Enterprises (SMEs), it is expensive for SMEs to implement KBE -systems and therefore 
methodologies for KBE development have been proposed, hence to utilize the KBE methodology a generic template based 
application is used, these package based solution are cost effective for SMEs to enhance their productivity using 
KBE application. 

 
Fig-2: New Process with KBE 

 
Fig- 2 shows the new process with KBE from enquiry to installation and commissioning at customer end, once 

the enquiry comes it is added to PDM system, use of PDM will faster the customer approval process if similar enquiry is 

already handle by an company and the same output of GA and quotation we can send for customer approval this faster the 

process and omit the entire design and development process even many cases designers are not involved for repetitive 

enquiry, PDM system enables organization secured and up-to-date drawings and quotation to customer after customer 

approves the detail design the machine is build or manufacture as per drawings, once machine is build
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the all the part are integrate together and performance testing is done as required based on this final installation and 

commissioning is done at customer location, blue dotted line highlight the process and time consumed from preparing GA and 

Detail design as per customer requirement is 2 to 3hours. [3][4] 

 
2.   NON PROGRAMIGLESS KBE SYSTEM 

 

This includes configuration of the KBE application by mechanical engineering having good knowledge of its own 

domain skill and end user interface is used by non-technical person. Configurator is used by a design engineer called as 

champion user and creator is used by sales or marketing or draft person. Creator user need to select the master product class, 

define the enquiry details and generate the manufacturing or general arrangement drawings, CADECWORKS is a KBE 

(Knowledge-Based Engineering) tool specially developed for equipment manufacturers and is based on parametric 3-D CAD 

technology. 

It is programming-less and any mechanical engineer can create and maintain his / her own rules and applications. 

The created applications can be deployed for web-based configuration, ERP-integrated configuration as well as In-house 

manufacturing drawings creation, CADECWorks Bundle consists of three modules – Configurator, Drawing Configurator & 

Creator. [5][6] 

 
2.1 Configurator 

Configurator allows the champion user (Product designer or expert) to create design calculation rules to 
manipulate the master model. 

 
2.2 Drawing Configurator 

Drawing Configurator allows the user to link master drawing formats to existing configured product class. Also 
user can set configuration for master drawings such as, View Positioning, View Scale and inserting Centre Mark, 
Centreline, Note for selected edge. 

 

2.3 Creator 
Once the product class is defined (master models, design logic & model linking), it can be used by end user 

(novice or non-technical user) to create product instances. The generic user interface to use services of any product class is 

called Creator. It allows the user to select shape & size variations and get output in 3D or 2D format,Input specification 

form will change based on the product class chosen. End user can specify various shape and size inputs and get modified 

product geometry. [5][6] 

 
3.   TOOL IMPLEMENTED 

 

It is the life cycle of KBE divided in various steps as following, 

 
3.1  Product Definition 

Decide on the product class and its variations to be automated. Every instance of a product class has its 
requirements such as the purpose, size, shape, weight, cost, and so on. Jot down these requirements before you star t configuring 

the product class, review existing information. Check to see what designs and standard components exist so that you can use them 

in your assembly design, plan your assembly structure on paper or on a computer file (MS word or MS excel) first. Try and keep 

these requirements in a file at a shared location, if you are working with other engineers. [5] [6]    

 
 

Fig-3: Tool Implemented in CADEC
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3.2 Formulator 
Size Variables decides the physical dimensions, proportions, magnitude or extent of a component or part. 

Size variables are the dimensions related to every part or assembly. Thus, the Size Variable Values are fixed numerical, 

formulae, expressions, or functions. 

 
3.3 Master Model 

Master model is a class of variation where all 3D CAD model is created through parametric modelling 
technology and object with different instances can generate as per requirements. 

 
3.4 Crawler 

CADEC Works captures the model tree information of Components, Features, Parameters and stores in relational 
database. To crawl the assembly means capturing and saving the product class details in configurator, the 
crawler function reads the assembly and captures or saves the details in Configurator. The details captured are part name, 
sub-assembly name, part feature name and dimension name as well as mates and mate dimension, the crawled 
details of the Solid Works master model then can be linked to the Product Class defined in Configurator to create 
several instances of the master model [6] 

 
3.5 Linker 

Configurator can store and manage the product class variations and you can get the drawings or designs of 
the respective variations created in 3D CAD in minutes instead of hours. For this, the assembly parts and features of 

3-D CAD should to be linked with the variables and values of the product class in Configurator 

 
3.6 Creator 

It is end user application where technical or non-technical user specify the input and get output in terms of 
model, drawings and quotation. [6] 

 
 

4.   REQUIREMENT DEFINITION 
 

It covers all the information relates with product includes various, geometry variation, size variable, design logic 

and calculation, output formats. 

 
4.1 Geometry Variation 

Geometry variation are related with shape variation, where subassemblies, parts, features are suppress/ 
unsuppressed as per the requirements, typical geometric variation includes conveyor type as belt conveyor / roller 
conveyor, cooling tray arrangement, drive mechanism, foundation details. 

 
4.2 Size Input 

 
User will specify the size input includes, Width of conveyor, Conveyor Height, Roller Details, Customer 

specification 

 
4.3 Design Rules and Logic 

 
All the detail calculation is included in variable table; this includes the analytical, logical, and mechanical or thumb 

rules, or product knowledge in above format. In traditional approach all the calculation has been done in excel table and for 

every change in design designer needs to recalculate the required dimension as needed. We are providing all the design 

calculation to KBE system so for every change in enquiry all the calculation happens automatically
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Table-1: Variable Table                                                                Table-2: Parametric Equation 

 
4.4 Parametric Linking 

Both KBE system and SolidWorks are independent software, as all the details of 3D model (Dimension 
Variable) are captured in the form of (D1@Sketch) in KBE system called as parameter, further we have link those 

parameter with the variable defined in variable table, once the linking is done any change in enquiry details, user will change 

the inputs and respective link dimension parameter will modify as per requirements. 

 
5.   DEFINE PRODUCT CLASS 

 

To configure any product class you must have to open that product class manually or from product class. 

To start new configuration, click „Class‟, select master model (Assembly Or Part) and click „OK‟. It will ask for 

database creation for selected product class click „Yes‟ to create new one. 

 
5.1 Crawler 

Crawls into assembly, sub-assembly, parts and captures parts, their features and feature dimensions.  The 

details captured by Crawler are as follows – Part name, sub-assembly, part or assembly‟s feature and dimension name. 

 
5.2 Lock Components 

Locking of part(s) is applicable only for assembly configurator. Locking of part(s) is used when geometry 
change of some components (parts/sub-assemblies) is not required. (Accessories e.g. Nut, bolts, Bought out items) 

Procedure to lock parts/subassemblies: Click „Crawl‟, a „Lock Components‟ window will appear in property manager page 

which shows list of parts and subassemblies. Check parts or subassemblies to lock them. [6] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig- 4: Lock Component                                                            Fig-5: Shape Variation in CADEC
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5.3 Shape Variations 
Shape Variables are independent shape geometry classification possible in the product, Shape Values are 

different options available for a particular shape variable, to define Shape Variable and Value enter the Shape Variable and value in 

the text field and Click Add, repeat the procedure for other shape variable and shape value, all the detail calculation is included in 

variable table; this includes the analytical, logical, and mechanical or thumb rules, or product knowledge in above format. In 

traditional approach all the calculation has been done in excel table and for every change in design designer needs to recalculate 

the required dimension as needed.  We are providing all the design calculation to KBE system so for every change in enquiry all 

the calculation happens automatically. 

 

5.4 Shape Linking 
Shape linking is a method of linking shape values to suppress / unsuppressed subassemblies, parts and part-features. 
After crawling the master assembly, „Components‟ palette will show part list in Assembly configurator and in part 
configurator it will show part name as master model. There are two steps to Linking shape values to master model. 

 

5.5 Make Mandatory 
Mandatory  parts  /  features  are  compulsory  geometries  in  the  assembly  or  part.  These  are  always 

unsuppressed. (The product may/may not have mandatory parts). To make a part mandatory: Right-click on the part, 
and Click on „Make Mandatory‟. 

It is not necessary that all features of the mandatory component are mandatory. Select a  mandatory component 

and tick its mandatory features in the Feature Tree. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig-6: Make Mandatory                                      Fig-7: Make Optional 

 
5.6 Make Optional 

Optional parts / features are unsuppressed based on shape variable and shape values chosen. To specify 
Optional components, you need to choose a shape value first, then choose the optional components one by one and right-click to 

add the component to „Optional Components‟ palette. It is not necessary that all features of the optional component are optional 

for that shape value. You can select an optional component and tick its optional features in the Feature Tree. [6] 

 
5.7 Variable Table 

Variable table is a tool for size calculations where you can add variables in structured table format. You can use simple 
expressions, conditional expressions, logical expressions, functions for validations etc. Image below shows 
variable table, Define any variable by simply typing its name in the variable table in the Name column. If user starts to enter a 
variable name and if it starts with “s_” then CADEC gives you the list of all shape variables. The formula can be typed in the 
value cell or use equation editor for this. To add formula, select the „Add‟ Radio button. You need to create equation LHS = RHS 
in the Equation Editor. You can add any variable to equation editor by clicking on its 
name in the variable table. [2][6] 

 
5.8 Size Linking (Parameter Equations) 

Create equation in equation editor by selecting a parameter (from crawler information) on Left Hand Side 
(L.H.S.) and a variable on Right Hand Side (R.H.S.) When equation editor is in „Add‟ mode, you can add any
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parameter (from crawler info) or variable (from variable table) to equation editor by selecting it. The parameter equation 

gets added to parameter equations list by clicking Add button, parameter equations on RHS side can also contain variable 

expression, to delete any parametric equation, and you can Right-click on the equation and select Delete. [6] 

 
6.   DESIGN AUTOMATION OUTPUTS 

 

User will browse this application from Creator and specifies the enquiry details as following, 

 
6.1 Instance I-Roller Conveyor 

End user need to fill the enquiry details as input for conveyor application to generate customized model and 
drawings 

 
 

Fig-8: Size Input Screen 

 
6.2 Model Geometry Output:- Instance I-Roller Conveyor 

Once user click on “Modify” the model geometry is generated as per the enquiry details specified by user. 

 

 
Fig- 9: Roller Conveyor:-ISO 

 
6.3 Drawing Output:- Instance I-Roller Conveyor 

Once user click on “Create” the drawing output is generated includes all GA and manufacturing drawings.

http://www.ijritcc.org/


International Conference On Emanations in Modern Engineering Science and Management (ICEMESM-2017)              ISSN: 2321-8169 

Volume: 5 Issue: 3                                                                                                                                                                98 - 105 

____________________________________________________________________________________________________________________ 

105 

IJRITCC | March 2017, Available @ http://www.ijritcc.org (Conference Issue) 

_______________________________________________________________________________________ 

 

 
 

Fig- 10: GA Drawing                                                        Fig- 11: Leg Fabrication Drawing 

 
7.   CONCLUSION 

 

This research gives an idea about Knowledge Based Engineering (KBE) in product development. KBE can be seen as a tool 

for capturing knowledge and reusing it. This automated design tool helps in bridging the gap between design engineers and 

computational experts when analysing product development process. An automated design system has been developed as a 

case study for rectangular turret a component of transformer. The following conclusions can be drawn from this research 

regarding the design automation and KBE 

     KBE is used in product development to automate mundane time demanding tasks. 

  Design automation though KBE allows freedom to designer from above routine work so that more time could be used 
to come up with new innovative solutions. 

     Automated Process of GA and Manufacturing drawing 

     Reduction in Design time from 5-10 days to 2-3 hours. 

     Completely Person independent 
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