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ABSTRACT 

This paper discusses about the knocking characteristics of a direct injection diesel engine fueled diesel, with diesel and LPG i.e, in 

dual fuel mode. The relationship of knock with respect to load on the engine and the percentage of LPG supplied to the engine is 

studied. Also the engine is tested by adding Diethyl ether in to diesel along with LPG for the reduction in knock .Pressure-crank 

angle diagram was obtained, studied and compared for the results.  
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1. INTRODUCTION 
World-wide research work are going on, for the  usage  of 

gaseous fuels  in internal combustion (IC) engines has been 

intensified due to environmental concern and/or exhaustion of 

conventional fossil fuels. The renewable energy sources, 

natural gas, bio-derived gases and liquids appear to be greener 

alternative sources for internal combustion (IC) engines. The 

fuel system of a gaseous fuel engine is somewhat differ from 

that of the liquid fuel engine. Means for utilization of gaseous 

fuel in spark ignition (SI) engines are well established and 

documented whilst development efforts are still going on 

towards its use in compression ignition (CI) engines due to 

higher ignition delay, self-ignition temperature and slow 

burning rate. In the gas-fumigated dual-fuel engine, the 

primary fuel is mixed with air outside the cylinder before it is 

inducted into the cylinder. A mixture of gas and air is 

compressed during the compression stroke and before the end 

of the stroke, a pilot quantity of diesel fuel (depending on the 

operating conditions) is injected to initiate combustion. The 

combustion processes of dual-fuel engines lie between that of 

the CI and SI engines. The longer burning rate of the gas 

allows more time for heat transfer to the end gas resulting in a 

tendency to knock. In CI engines, knocking is due to 

combustion of premixed fuel and the degree of knock depends 

on the period of ignition delay [4].  

The approach to dual fuelling of internal combustion engines 

was carried out by karim [5].In some references namely [2, 6,] 

it may be found the opinion that combustion in dual fuel (gas 

fueled) engine is longer than in conventional diesel engine. 

Longer ignition delay may be the result of more difficult 

diffusion transport of air to diesel fuel droplets due to the 

presence of gaseous fuel. After the start of ignition gaseous 

fuel-air homogeneous mixture should burn very quickly. 

The present study was designed to investigate knock 

characteristics of dual-fuel engines using LPG as primary fuel. 

The use of gaseous fuel in CI engines involves an evolution of 

two stages of ignition and combustion processes resulting in 

three types of knock: diesel knock, spark knock and erratic 

knock due to spontaneous ignition of the primary fuel. The 

dual fuel engine knock was seen to depend on engine load and 
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speed, combustion temperature, pilot fuel/gas ratio and 

turbulence in the cylinder. [1] 

It is the high pressure rise rates associated with the auto-

ignition of fuel during the premixed combustion stage that 

produces the characteristic “knocking” noise widely associated 

with diesel engines. This noise is often referred to as diesel 

knock or combustion roughness. [3, 6]Spark-ignition knock is 

caused by the spontaneous ignition of gas ahead of the 

propagating flame front (the end gas) within the combustion 

chamber. This spontaneous ignition results in a rapid release 

of chemical energy and an accompanying rapid rise in cylinder 

pressure. Unlike spark-ignition knock, diesel knock occurs 

when injected fuel auto-ignites and combusted in the premixed 

stage of combustion. 

 Diesel knock has not been a fundamentally limiting factor in 

the same manner as spark-ignition knock in terms of engine 

design.[5] However, diesel knock is recognized as a 

considerable problem associated with the use of alternative 

fuels in dual-fuel type diesel engines. The increasing use of 

bio-fuels and the performance limitations associated with 

excessive diesel knock in dual-fuel engines combine to make 

diesel knock an important parameter to monitor from both, 

engine performance, and health view points. In dual fuel diesel 

engine knock is visible in the cylinder pressure diagram as 

ripple, also accompanied by noise. 

Knocking can be detected through a number of methods, 

normally accelerometers or cylinder pressure sensors are used. 

But in case of accelerometry (vibration measurement), the 

engine noise effects the quality of knock detection. On other 

hand cylinder pressure data provide a direct and reliable way 

to analyze knocking so it is widely used in researches.   

2. ENGINE TEST RIG DESCRIPTION 

The test bench consists of naturally aspirated, single cylinder 

four stroke water cooled diesel engine of kirloskar make. The 

engine is having a rated power of 5.2 kW. The specifications 

of the engine is listed in table1. 

In the present work, C.I engine is converted to run on dual fuel 

by using diesel as a pilot fuel, which is used as combustion 

initiator and LPG as the main fuel with air naturally aspirated 

to the engine. The LPG gas is inducted into the inlet manifold 

of the engine at a pressure slightly higher than atmospheric 

pressure using a bypass valve. While supplying the gaseous 

fuel the LPG cylinder is connected to the engine through a 

pressure regulator and flame trap. The purpose of flame trap is 

to extinguish the flame in case of any back fire. The engine is 

capable to run on 100% diesel fuel or dual fuel in the intake 

manifold by a relevant bypass valve.  

TABLE-1 : ENGINE SPECIFICATION 

 

 

 

 

 

 

 

 

 

 

 

 

Throughout the test the engine is run at 1500 rpm.The sche- 

matic diagram of the experimental set up is shown in Fig1. 

This work consists of testing the engine in pure diesel mode 

and dual fuel mode. In dual fuel mode diesel is supplied as 

usual as in pure diesel mode, along with that LPG is supplied 

at three different flow rates 0.118, 0.221 and 0.375 kg/hr. In 

dual fuel mode engine the engine is also tested by adding 

Diethyl ether into diesel (15% by volume). 

The engine is loaded from no load to maximum load for 

different fuel proportions i.e. pure diesel, diesel + LPG, diesel 

+ LPG + diethyl ether. The fuel flow rates are estimated on 

mass basis. At each test conditions the pressure and crank 

angle at each and every stage of the operating cycle is obtained 

by using PC based data acquisition system. 

Data acquisition system consists of 

· Piezo sensor, Range 5000PSI with low noise cable 
and water cooled adaptor 

· Crank angle sensor, Resolution 1 Deg, speed 5000 
rpm with TDC marker pulse 

· Engine indicator for data scanning and interfacing 
with speed sensor

Engine : Kirloskar 218 A, single cylinder  

4 stroke water cooled diesel 

engine 

Rated power  : 5.2 kW 

Speed  : 1500 rpm  

Bore  : 87.5 mm  

Stroke  : 110 mm  

Compression 

ratio  

: 17.5  

Dynamometer 

type  

: Rope drum with set of weights  
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Fig.1:Schematic Diagram of the Engine Test Rig 

 

TABLE-2: FUEL CONSUMPTION DETAILS IN 

DIESEL MODE 

 

 

 

TABLE-3: FUEL CONSUMPTION DETAILS IN DIESEL 

+ LPG MODE 

 

 

 

 

 

 

 

Engine load (%) Diesel consumption (kg/h) 

0 0.5884 

25 0.7116 

50 0.9 

75 1.092 

100 1.275 

 

Engine load 
(%) 

LPG 
flow 
rate 

(kg/h) 

Diesel flow 
rate 

(kg/h) 

x (%) 

0 

0.118 

0.5464 17.76 

25 0.6510 15.34 

50 0.8720 11.91 

75 0.9273 11.28 

100 1.0551 10.05 

 

0 

0.221 

0.4935 30.93 

25 0.6244 26.14 

50 0.7285 23.27 

75 0.7846 21.97 

100 0.9272 19.24 

 

0 

0.375 

0.4434 45.82 

25 0.5464 40.69 

50 0.6375 37.03 

75 0.7116 34.51 

100 0.8270 31.19 
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TABLE-4: FUEL CONSUMPTION DETAILS IN DIESEL +15% DEE + LPG MODE 

 

 

 

 

 

 

 

3. RESULTS 

The fuel consumption details obtained during the test 

conditions i.e, in normal diesel mode, Diesel + LPG (flow 

rates of 0.118, 0.221, 0.375 kg/h), 85%  Diesel + 15% Diethyl 

ether + 0.375 kg/h of LPG is shown in tables 2,3 and 4. 

he diesel fuel supplementary ratio x, which represents the 

quotient of the mass flow rate of natural gas divided by the 

total fuel (diesel and LPG) mass flow rates, is given by the 

formula: 

 

The term mDiesel represents diesel fuel consumption measured 

by a flow meter appropriate for liquid fuel, while mLPG is the 

gaseous fuel consumption measured by a rotary displacement 

gaseous fuel flow meter. The maximum value of LPG mass 

ratio is obtained at no load, 45% .With increase in load o the 

engine consumes more diesel which results in a reduced LPG 

mass ratio. 

Cylinder pressure-Crank angle curves for different loads 

and fuel proportions 

The cylinder pressure crank angle curves obtained while 

running the engine with different fuel proportions are plotted 

in figures 2, 3, 4, 5 and 6 .The considerable pressure rise in the 

cylinder is obtained in the crank angles 355 to 385 degrees.  

 

Fig 2 Pressure-crank angle curves for no load for Diesel, 

Diesel + different LPG flow rates (0.118, 0.225 and 0.375 

kg/h), 85% Diesel + 15% Diethyl ether + 0.375 kg/h of LPG 

 
Fig 3 Pressure-crank angle curves for 25% load for Diesel, 

Diesel + different LPG flow rates (0.118, 0.225 and 0.375 

kg/h), 85% Diesel + 15% Diethyl ether + 0.375 kg/h of LPG 

 

Engine load (%) 

 

LPG flow rate 

(kg/h) 

Diesel +DEE flow rate 

(kg/h) 

 

x (%) 

0 

0.375 

0.8317 45.08 

25 0.9417 39.82 

50 1.055 35.54 

75 1.14 32.89 

100 1.3022 28.79 
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Fig 4 Pressure-crank angle curves for 25% load for Diesel, 

Diesel + different LPG flow rates (0.118, 0.225 and 0.375 

kg/h), 85% Diesel + 15% Diethyl ether + 0.375 kg/h of LPG 

 

 
Fig 5 Pressure-crank angle curves for 75% load for Diesel, 

Diesel + different LPG flow rates (0.118, 0.225 and 0.375 

kg/h), 85%  Diesel + 15% Diethyl ether + 0.375 kg/h of LPG 

 
Fig 6 Pressure-crank angle curves for 100% load for Diesel, 

Diesel + different LPG flow rates (0.118, 0.225 and 0.375 

kg/h), 85% Diesel + 15% Diethyl ether + 0.375 kg/h of LPG 

While operating the engine especially at 75% and 100% loads 

with LPG mass flow rate of 0.375 kg/h and diesel as fuel, the 

engine knocks severely and produces audible knocking and it 

is visible as ripples in the cylinder pressure – crank angle 

curves also the peak pressures are lower than that of curves for 

diesel fuel. While operating the engine with same mass flow 

rate of LPG, 85% diesel and 15% Diethyl ether knocking gets 

reduced due to the reduction in ignition delay due to the 

addition of diethyl ether. 

At higher loads with increased amount of gaseous fuel supply 

high temperatures due to high compression ratio seem to have 

caused the propane to have less ignition delay and auto-ignites 

early in compression stroke and increase the pressure rise rate 

and noise [9, 10, 11].At the low loads, the mass of gaseous 

fuel admitted was low while this mass is increased at higher 

outputs. The increase in gaseous fuel mass seems to increase 

the charge temperature and pressure (especially at higher 

compression ratios) and cause earlier self-ignition to the fuel 

air mixture (less ignition delay). [12, 13, 14] 

Combustion in dual fuel engine is retarded at the beginning of 

the process, afterwards become faster and is finished earlier 

than combustion of pure diesel fuel. Due to rapid rise in 

cylinder pressure the noise emitted by the LPG dual fuel 

engine is higher than conventional diesel engine.  

4. CONCLUSION 

In the present work LPG is during the suction stroke and some 

quantity of pilot diesel fuel is injected for the purpose of 

initiating combustion. In dual-fuel engine the combustion 

processes are seen to lie between those of CI and SI engines. 

The ignition delay of the dual-fuel engine increases with 

decrease in engine speed, in contrast to pure diesel fuel 

operation. Maximum peak cylinder pressure is reduced and the 

initial rate of pressure rise is low compared to diesel fuel 

operation. The power output of the dual-fuel operation is less 

compared to diesel fuel test results. In dual fuel cycle diesel 

knock arise due to combustion of premixed pilot fuel, spark 

knock due to auto-ignition of end gas and erratic knock due to 

secondary ignition of the alternative fuel. The main factors that 

influence the occurrence of these knock are the pilot quantity, 

load, speed, gas flow rate and time interval for secondary 
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ignition. Increasing the pilot fuel and reducing primary fuel 

reduces the knocking phenomena in dual-fuel engines. 

Combustion in dual fuel engine is retarded at the beginning of 

the process, afterwards become faster and is finished earlier 

than combustion of pure diesel fuel. Due to rapid rise in 

cylinder pressure the noise emitted by the LPG dual fuel 

engine is higher than conventional diesel engine. 

At higher loads and higher mass flow rates of LPG (0.375 

kg/hr) the knocking is severe and it tends to damage the 

engine. By adding diethyl ether knocking can be controlled 

and the engine can be safely operated without any damages 
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ABSTRACT 

Tracking and detecting of object is most popular now days and is use for motion detection of various objects on a given video or 

an image. The applications of object detection and tracking is farming, military, transportation, civil, security and for commercial 

use. Some methods commonly use in it are background subtraction, Frame difference, template matching and shape based 

methods. We are going to discuss issues about detection and tracking. 

 

Keywords — Object detection, object tracking, motion detection, Digital Image processing, Human detection. 

 

1. INTRODUCTION 
Image processing is a term which indicates the processing on 

image or video frame which is taken as an input and the result 

set of processing is may be a set of related parameters of an 

image. The purpose of image processing is visualization which 

is to observe the objects that are not visible.  

 Analysis of human motion is one of the most recent and 

popular research topics in digital image processing. In which 

the movement of human is the important part of human 

detection and motion analysis, the aim is to detect the motions 

of human from the background image in a video sequence. It 

also includes detection, tracking and recognition of human 

behavior along with some objects which are in motion from 

video frame. 

Object detection is performed to check existence of objects in 

video frame and to detect that object. Then detected object can 

be classified in various categories such as humans, vehicles 

and other moving objects [2]. The process of object tracking is 

segmenting a region of interest from a video frames and 

keeping track of its motion and position. 

This paper is structured in the following way: Section 1 gives 

introduction to object detection and tracking. Section 2 

provides the related work. Section 3 deals with brief 

explanation on several object detection methods, comparison 

of those methods and Section 4 provides conclusion. 
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2. RELATED WORK 
2.1. Literature Review 

The techniques stated in [3] ranges from very basic algorithm 

to state of the art published techniques categorized based on 

speed, memory requirements and accuracy. They used 

methods such as frame difference technique, Real time 

background subtraction and shadow detection technique, 

adaptive background mixture model for real time tracking 

technique. They used algorithms ranges from varying levels of 

accuracy and computational complexity. Some of them can 

also deal with real time challenges like snow, rain, moving 

branches, objects overlapping, light intensity or slow moving 

objects.  

The problems of achieving high detection rate with low false 

alarm rate for human detection and tracking in video sequence 

is to maximize performance and improve response time. The 

stated causes are the effect of scene complexity, scale changes 

and scene background-human interactions. A two-step 

processing solution which is, human detection, and human 

tracking with two novel pattern classifiers presented in [4]. 

There are three basic phases in video examination: detection of 

interesting objects in video scene, tracking of such objects 

from frame to frame, and analysis of object tracks to recognize 

their activities. Detecting humans from video is a challenging 

problem owing to the motion of the subjects.  In [6] they 

developed a detector for moving people in videos with 

possibly moving cameras and backgrounds, testing several 

different coding schemes of moving object and showing that 

orientated histograms of differential optical flow give the 

maximum performance. Motion-based descriptors are 

combined with Histogram of Oriented Gradient appearance 

descriptors. Achieved detector is tested on several databases 

includes a challenging test set taken from video and containing 

wide ranges of position, motion and background imbalance, 

including rotating cameras and backgrounds. [14] 

In [7], they have analyzed moving object detection 

techniques, frame difference and the approximate median 

method. The frame differentiating has been adopted for the 

reference frame and the step length. They have suggested the 

moving object detection and object tracking by using the 

modified frame difference method. In the surveillance system 

for video captured by single camera is considered for the space 

under the observation. This method is experiment on almost 

ten videos and the results are quite satisfactory. 

 

 
Fig 2: Block diagram of object detection & tracking [7] 

 

The background subtraction method which is used for framing 

the moving object from its background which requires a 

following steps: 

a) Reference frame selection (RFS): In it the initial frame is 

selected as the reference frame. 

b) Step Length: Appropriate step length has been selected on 

the basis of experimental results. 

c) Removing Noise: Noise is affecting the accuracy and 

performance of system so it has to be removed.  

d) Moving object detection (MOD): to detect the moving 

object from the frame difference with the help of background 

subtraction methods like Frame difference, approximate 

median and Modified frame difference methods. 

e) Suspicious Activity: The bounding box is constructed in the 

isolated area of interest from video sequence and the object is 

tracked according to its movement. 

f) Rise alert: After tracking object the recorded sound will be 

generate for alert. 

Below image is the example of these above steps. 

Fig 3: Reference Frame Selection [7] 
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 In [5] cascade-of-rejectors approach with the Histograms of 

Oriented Gradients features to achieve a fast and accurate 

human detection system. The features used are Histograms of 

Oriented Gradients of variable-size blocks that capture salient 

features of humans automatically. Using algorithm for feature 

selection, it identifies the appropriate set of blocks, from a 

large set of possible blocks. It uses the integral image 

representation and a rejection cascade which significantly 

speed up the computation. For an image, the system can 

process 5 to 30 frames per second depending on the density in 

which it scans the image, while maintaining an accuracy level 

similar to existing methods.  

In [1], author specified new algorithm for detecting moving 

objects from a static background scene to detect moving object 

based on background subtraction.  

 

3. DETAILED ANALYSIS OF METHODS 
3.1.  Methods 

During Our literature review we study the basic method for the 

Object Detection and tracking, all that methodologies are 

describe bellow: 

3.1.1. Background Subtraction Method 

A very widely used method which is simple to implement by 

just subtracting the current frame from previous frame and 

obtaining threshold value of difference between given pixel 

value and obtained pixel value. If threshold value is greater 

than the given the pixel it is considered as foreground. This 

method is not as appropriate as it is highly inaccurate and 

gives false rate detection. 

 

3.1.2. Real Time Background Subtraction and Shadow 

Detection Technique Theory 

This method is published in [2] by Mr. Deepjoy Das and Dr. 

Sarat Saharia, it describes two type of distortion namely 

brightness distortion and chromaticity distortion based on 

RGB values of pixels in given image. This method is accurate 

up to some extends as it also detect the shadow part of object. 

 

3.1.3. Template Matching 

Template Matching is probably the best method for some 

specific environment. It's the most accurate although 

sometimes there is lack of originality in object detected. 

Object can be detected for one specific video using a template 

cropped from the video. However, there is no guaranteed 

accuracy because all that is known is the best match for each 

frame; no scanning is done on the percentage template 

matches the frame. It only works if the object is always in the 

video, otherwise it will create a false detects. 

 

3.1.4. Shape Based 

Shape based method is used to detect objects in real-world 

images. The shape features are more striking as compared to 

local features like SIFT because most object categories are 

better described by their shape then texture, such as cows, 

horses and cups and also for wiry objects like bikes, chair or 

ladders, local features contain large amount of background 

noise. Thus shape features are often used as a replacement to 

local features. 

 

3.2. Difficulties in Object Recognition under Varied 

Circumstances 

All these methods have some feature and limitation in certain 

circumstances which are defined as follows: 

Lightning: Light differs in many circumstances low light adds 

darkness in image while more light adds shadow of object. [8] 

Positioning: As stated above in 3.1.3 template matching needs 

uniform position or else it is unable to detect object even if it 

is present in image. [8] 

Rotation: Image can be rotated in any direction. In this case 

some shapes are unable to be identified if shape matching 

method is used. [8] 

Occlusion: Object behind the object is sometimes not 

completely visible so it cannot be detected and useful part can 

be ignored. [8]  

 

3.3. Method Comparison 

All the methods described for object detection and tracking 

have some pros and cons, which are as below: 
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 Table 1 – Method Comparison 

Method Pros Cons 

1. Background 

Subtraction 

Method 

 

· A very widely used 

method which is 

simple to implement  

· Objects are allowed 

to become a part of 

the background 

without destroying 

the existing 

background. 

· It learns itself and 

does not need to be 

reprogrammed. 

· Can be implemented 

in any applications. 

· Provide fast 

recovery. 

· Low memory 

requirement. 

· Highly inaccurate. 

· Cannot deal with 

quick changes. 

· Initializing the 

Gaussians is 

important. 

· Not a good 

subtraction when 

shadow, any other 

obstacles, are 

there. 

· Gives  false 

positives 

· It does not survive 

with multimodal 

background. 

 

2. Real Time 

Background 

Subtraction 

and Shadow 

Detection 

Technique 

Theory 

· The accuracy of this 

method is higher 

than frame 

difference 

· It detects shadow as 

well. 

· The algorithm 

based on this 

method is quite 

complex. 

3. Template 

Matching 
· Best method for 

specific 

environment. 

· Only occurs when 

there’s a one-to-

one match. 

· Slow process for 

recognize new 

variation of a 

pattern. 

· No scanning 

process is done on 

the percentage so 

there is no 

guaranteed 

accuracy. 

·  It only works if 

the object is 

always in the 

video, otherwise it 

will create a false 

detects 

4. Image 

Differencing  
· Simple and straight 

forward. 

· Easy to interpret the 

result. 

· Different value is 

absolute so value 

may have 

different meaning. 

· Require 

atmospheric 

calibration. 

· Requires selection 

of thresholds. 

5. Shape Based 

 
· Simple pattern-

matching approach. 

· Having unable to 

moderate accuracy. 

 

· More striking 

technique. 

· Often used as a 

replacement to 

local features. 

· Does not work 

well in dynamic 

situations. 

· Unable to 

determine internal 

movements well. 

· Computational 

Time is low. 

6. Optical 

Flow 

· It can produce the 

complete  

· Object moving 

information. 

· Contain enough 

accuracy. 

· Require large 

amount of 

calculation. 

7. Frame 

Differencin

g 

· Perform well for 

static background. 

· High accuracy. 

· Easiest method. 

· It must require a 

background 

without moving 

objects. 

· Method having 

Computational 

time low to 

moderate. 

8. Motion-

based 

· Does not require 

predefined pattern 

motion detection. 

· Struggles to 

identify a non-

moving human 

object. 

9. Texture-

based 

· Provides improved 

quality with the 

expense of 

additional time. 

· High 

computational 

time. 

 

Table 1: Method Comparison of Object Detection and 

Tracking [2], [3], [15] 
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4. CONCLUSIONS 
It is not possible to consider a single method for all type of 

images, nor can all methods perform well for particular types 

of image. The background subtraction method detects object 

with noise and output is not accurate. Object behind object is 

not detected. Problem occurs during identification of object 

when any obstacles come before the object. If the position of 

camera is not proper and object in image is not captured 

properly then it cannot be identified. To solve above problems 

and bring some accuracy and richness by combining multiple 

methods and make use of it together according to the 

application. 
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ABSTRACT 

The effective coordination has been regarded in both theory and practice as a critical factor of success in construction projects. 

Therefore this study is carried out, for study the actual coordination methods adopted by the contractors at construction site. 

Previous coordination studies have focused on the time spent on coordination, its frequency, and its relationship with 

performance. However, coordination goals have received less attention, and their relationships with coordination methods and 

performance are not known. This purpose of this study is to identify what coordination goals are adopted and to what extent 

coordination methods and goals for construction projects are achieved. In this project work, eight coordination methods and six 

goals were derived. To achieve objective of this study, a questionnaire was designed accordingly and sent to five contractors for 

survey. Follow-up interviews were conducted with one to two engineers from each contractor. In this project work, it was difficult 

to investigate goals in this study without quantifying goal priorities. Assumptions made in quantifying the priorities of goals are 

examined here. The top three goals were scored 3, 2, 1, respectively. This means the first goal accounted for 50% of the purpose, 

and the second and the third accounted for 33 and 17%, respectively. The average percentage of goal achievement of different 

coordination methods is also found out for identify the better coordination method for all five construction projects. The 

questionnaire also includes the replacement possibility of coordination methods with any other coordination method. And the 

replacement possibility is then calculated in percentage. If 5 out of 10 interviewees says the meeting is replace by another 

coordination method (i.e. informal discussion, site visits, written correspondence, plans, schedules, and reports), its percentage 

value of goal replacement possibility is calculated as, 05/10 = 50%. That means the meeting has 50% replacement possibility. 

In this way percentage goal achievement and respective goal replacement possibility is calculate. The charts are prepared on data 

collected; from this best company using effective coordination method is observed. 

 

Keywords: Goal, Coordination Methods, Goal Achievement, Goal Replacement Possibility. 

 

1. INTRODUCTION 

Construction projects, in particular, are highly fragmented 

with many parties involved at different construction stages, 

thus leading to interference and dependence. Most contractors 

coordinate work through meetings. Although communication 

Frequency increases with the level of uncertainty and 

dependence, meetings, characterized by high cost, cannot 

always eliminate uncertainty. Therefore, Effective 

coordination is necessary for parties to interact with One 

another to improve performance [1]. 

Coordination is an important function in the building process. 

Recent research has shown that poor or inadequate 

coordination is the best that is achieved on construction sites. 
This paper work is carrying out to study the coordination 

methods and goals for construction projects and to identify 

what coordination goals are adopted and to what extent goals 

are achieved. In the research process, eight coordination 

methods and six goals were derived. A questionnaire was 
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designed accordingly and then sends to the contractors for 

survey. Follow-up interviews were conducted with three or 

four managers and engineers from each contractor. The most 

coordination methods have multiple goals; written 

coordination methods such as plans, schedules, reports, and 

contract documents tend to have appropriate goals; and 

projects performed well by using coordination methods 

effectively to achieve the coordination goals. [1] 

 

1.1.  Scope of the Study 

Construction projects, in particular, are highly fragmented 

with many parties involved at different construction stages, 

thus leading to interference and dependence. Most contractors 

coordinate work through meetings. Although communication 

frequency increases with the level of uncertainty and 

dependence, meetings, characterized by high cost, cannot 

always eliminate uncertainty. Therefore, effective coordination 

is necessary for parties to interact with one another to improve 

performance. In the construction project the coordination goals 

have received less attention, and their relationship with 

coordination methods and performance are not known. [2] 

 In this paper, what are the factors which affect the effective 

coordination and communication will be work out from the 

various questionnaire surveys of different projects. For this 

purpose questionnaire are designed accordingly and respective 

answers should be collect from the contractor through 

meetings, informal discussion i.e. through Telephone, face-to-

face conversation, site visits, schedules, reports, plans etc. 

 In addition, this report considers a subjective appraisal of 

the effectiveness of coordination and its benefits to the major 

construction project. After the overall study of the projects 

suggestion is gives for improve the performance of the 

projects. 

1.2. Objective of the Study 

The main objectives of this paper are as below. 

1) To study concept of coordination for construction 

projects. 

2) To study the coordination goals for construction 

project & effect of goal achievement on project 

performance. 

3) To involve the study of coordination goals on live 

projects. 

4) To analysis the data of above project.   

5) To give the discussion and suggestion for effective 

coordination for construction projects. 

 

2. LITURATURE SURVEY 
A few previous studies have focused on coordination, and 

most discussed the relationship between the time spent on 

coordination or the frequency of coordination and 

performance. For example, Kupreuas (2003) concluded that 

holding one or more design team meetings per month reduces 

the design phase cost by more than 35%, whereas issuing one 

or more status reports per month reduces this cost by more 

than 14%. However, time-consuming coordination methods do 

not necessarily bring equivalent benefits or achieve 

coordination goals. Pocock et al. (1996) indicated that project 

performance does not appear to improve significantly beyond 

a certain degree of interaction. Patrashkove-Volzdoska et al. 

(2003) investigated 60 cross-functional project teams and 

found that communication frequency is curvilinearly related to 

team performance. This means that more communication does 

not necessarily result in higher level of performance but may 

actually impede it. De Saram and Ahmed (2001) surveyed 

project managers in the Hong Kong and Singapore 

construction industries to ascertain the most important and 

most time-consuming coordination activities. Their results 

showed that only one out of six time-consuming activities is 

important.[1] 

Effective coordination and communication are critical factors 

of success in projects (Thomas et al. 1998). [1] 

Construction projects, in particular, are highly fragmented 

with many parties involved at different construction stages, 

thus leading to interference and dependence (Berggren et al. 

2001; Nicolini et al. 2001). [1] 

Most contractors coordinate work through meetings. Although 

communication frequency increases with the level of 

uncertainty and dependence (Loch and Terwiesch 1998), 

meetings, characterized by high cost, cannot always eliminate 

uncertainty. Therefore, effective coordination is necessary for 

parties to interact with one another to improve performance 

(Cheng et al. 2001). [1] 

Coordination is a central purpose of organizations (Okhuysen 

and Bechky 2009). Coordination can be seen as the process of 
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managing dependencies among activities and linking together 

different parts of an organization to accomplish a collective set 

of tasks (Malone and Crowston 1994). [2] 

Coordination is one of the most sensitive functions of 

management (Chitkara 1998). Higgin and Jessop (1965) state, 

‘‘Looking at the building process, we can distinguish three 

main functions. Two are obvious: design and construction. 

The third is coordination.’’ It is not so obvious due to the very 

low tangibility of both the coordination processes and their 

products/results. It may be due to this intangibility that many 

authors of textbooks on construction project management 

(Clough and Sears 1991; Shtub et al. 1994; Sengupta and 

Guha 1995; Halpin and Woodhead 1998) have not discussed 

this vital topic. Although authors such as Chitkara (1998), 

Forsberg et al. (1996), Walker (1996), Kerzner (1994), Ritz 

(1994), Lavender (1996), Fisk (1997), Barrie and Paulson 

(1992), and Gould (1997) discuss coordination, they fall short 

of comprehensively identifying those activities a construction 

project coordinator needs to perform to achieve good 

coordination. [3] 

 

3. STUDY OF COORDINATION SYSTEM 

FOR CONSTRUCTION PROJECT 
To find out the coordination goals for construction projects, it 

is important to understand the meaning of coordination and 

how the coordination related with the performance and 

effectiveness of project.  

The coordination is defined as “the organization of the 

different elements of a complex body or activity so as to 

enable them to work together effectively”. It can also be 

defined as "an important managerial task is the control and 

coordination of activities"  

The first thing that the top management should do for proper 

coordination of project activities is to appoint the project 

manager at the earliest, identify the project team early and to 

assign them with clearly defined responsibilities. The project 

manager prime responsibility is to coordinate the efforts of all 

the project participants and it is due to this responsibility that 

is cast upon him, the project manager is given the 

authorization to cut across several organizational lines in order 

to get things done. 

This paper provides a foundation for understanding the 

coordination concept for major construction project, including 

meaning, definition and business definition of coordination. 

Coordination effectiveness refers to how effectively a 

coordination method is used for completing work. 

Coordination effectiveness comprises the quality and quantity 

of a coordination method. Coordination quality refers to the 

perceived utility of a method and clarity of communication 

between participants using the method. Coordination quantity 

refers to the total amount of communication that comprises the 

method, and can be used to evaluate whether the method is 

over-used. 

3.1. Coordination Concept 

Many authors, for example Ritz (1994), Kliem and Alexander 

Hamilton Institute (1986) consider that a project manager has 

to plan, organize, and control. Although Chitkara (1998) and 

Martin (1976) elaborated further as mentioned above, these 

three functions were considered to be more fundamental for 

the purposes of this distillation process, because the functions 

such as staffing, procuring, directing and leading could be a 

subset of organizing. Hence, the activities identified under 

each category in the preceding step were further subdivided 

into ‘‘planning,’’ ‘‘organizing,’’ and ‘‘controlling.’’[2] 

The arrays of items under each subcategory were still found to 

be too large to properly visualize activities that contribute to 

achieving construction coordination in each respect. Hence, 

the authors further subdivided each subcategory as follows. 

Planning was subdivided into: 

1) Identify 

2) Communicate 

3) Analyze/plan/schedule 

Organizing was subdivided into: 

1) Lead 

2) Facilitate 

3) Information and records 

Controlling was subdivided into: 

1) Monitor 

2) Analyze 

3) Control/correct/maintain 

4) Record/communicate 

Having sorted the coordination activities as above, each was 

further subdivided into: 
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1) Sequence of work 

2) Deployment of work 

3) Services, fixtures and builder’s work 

4) Cooperation 

5) Supervision, quality and safety 

6) Remedial works 

7) Attendance to others 

Because of the large number of subdivisions, only a few 

activities came under most categories thus giving a very clear 

picture of the project manager’s activities that contribute to 

achieve construction coordination in each respect. Also there 

were categories into which we could not place any activities. 

Still the structure with so many subdivisions was judged too 

complex for presentation to industry practitioners via the 

questionnaire. Therefore, by careful inspection of the present 

arrangement of activities, it was possible for the authors to 

visualize that all the coordination activities can be identified 

under just the five subheadings: 

1. Providing leadership 

2. Facilitating 

3. Controlling 

4. Communicating 

5. Recording 

3.2. Coordination Methods 

Referring to previous research, this study identified the 

coordination methods and goals that are generally used on 

construction projects. They formed the basis for designing the 

questionnaire. ASCE (2000) proposed 13 basic tools and 

methods for achieving project coordination as follows: 

1. Clear definition of the owner’s project objectives, 

2. Coordination procedures, 

3. Schedules, 

4. Budgets, 

5. Written contract clarifications, 

6. Progress reports, 

7. Joint reviews of documents, 

8. Distribution and review of field reports and lab tests, 

9. Joint visits to work sites, 

10. Formal compliance reporting, 

11. Procedures for reporting discrepancies, 

12. Changes in order procedures, and 

13. Coordination meetings. 

However, some methods in this list overlap such as procedures 

(2 and 12) and reports (6 and 10); and certain methods such as 

telephone conversation are lacking. By examining a 

construction engineer’s daily work activities, eliminating 

overlaps, and adding other coordination methods, the 13 

coordination methods can be regrouped into eight as follows: 

1. Meetings: Project members have meetings to exchange 

ideas, deal with conflicts, or facilitate work, such as the 

aforementioned coordination meeting. 

2. Informal discussion: Engineers often talk, handle 

emerging problems, or exchange opinions face-to-face or 

over the telephone for work facilitation. The 13 

coordination methods do not include such informal 

discussion methods. 

3. Site visits: Site visits, including joint visits, can be used to 

inspect a project’s quality or safety by gathering, sharing, 

or confirming information. 

4. Written correspondence: Engineers prepare, write, and 

review letters and memos, including written contract 

clarifications, and distribute and review field reports. 

5. Plans: Engineers use or write plans to gather information. 

Such plans cover those delivered by the owner or written 

by the contractor. They include project objectives, 

coordination procedures, budgets, and procedures for 

reporting discrepancies. 

6. Schedules: Engineers prepare and update schedules to 

convey time related information. 

7. Reports: Reports describe work done in a period of time, 

including progress reports and compliance reporting. 

8. Contract documents: Contract documents generally 

include contract articles, drawings, and specifications. 

They are so important that understanding them is helpful 

for coordination. Engineers need to read these documents 

and follow the stipulations to know their rights and 

obligations. Part of joint reviews of documents is 

included. 

These eight coordination methods can be further categorized 

into oral or written communication methods. The former 

includes the first three methods: meetings, informal 

discussion, and site visits; the latter includes written 

correspondence, plans, schedules, reports, and contract 

documents. [1] 
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3.3. Coordination Goals 

1.  Instruction: The owner is giving orders or providing 

rules such as a procedure or communication channel 

that the contractor is expected to follow. For example, 

the owner asks the contractor to submit an 

acceleration plan at the progress meeting. So, the 

meeting’s goal is classified as instruction. 

2. Clarification: Exchanging ideas and clarifying 

issues, such as arguments with residents or falling 

behind schedule. For example, contractors hold the 

coordination meeting with residents to discuss 

compensation for building collapse. The meeting’s 

goal is clarification. 

3. Facilitation: Doing things that are helpful to 

executing a project, such as gathering information 

about the contract requirements, applying good 

technical practices, rescheduling the sequence of site 

work, expediting the purchase and delivery of 

materials. For example, a contractor arranges 

activities in the construction plan, so the construction 

plan’s goal is facilitation. 

4. Control: Carrying out activities to ensure that the 

schedule, safety, or the level of quality meets the 

requirements. For example, an engineer inspects the 

steel size in the site visits so the goal is control. 

5. Information sharing: Distributing information such 

as monthly reports or meeting minutes to other 

parties. The goal is to share information. 

6. Maintenance of relationships: Contacting others for 

emotional liaison or enhancing understanding. For 

example, engineers meet and chat casually through 

informal discussion so the goal is maintenance of 

relationships. 

The six goals occur from a system view at input, process, and 

output stages. Instruction (1) usually occurs at the input stage. 

Clarification (2) often occurs after the input stage but before 

the process stage starts. Facilitation (3) is the main goal during 

the work process. Control (4) occurs after the output is known. 

Information sharing (5) occurs in the feedback loop. 

Maintenance of relationships (6) is not limited to any stage 

and occurs any time. [1] 

 

4. SUCCESS OF COORDINATION SYSTEM 

FOR CONSTRUCTION PROJECT 
The synchronization and integration of activities, 

responsibilities, and command and control structures to ensure 

that the resources of an organization are used most efficiently 

in pursuit of the specified objectives. Along with organizing, 

monitoring, and controlling, coordinating is one of the key 

functions of management. 

This chapter provides a foundation for understanding the 

coordination success for major construction project, including 

questionnaire for goals of coordination methods. Coordination 

effectiveness and how effectively a coordination method is 

used for completing work. Coordination success comprises the 

quality and quantity of a coordination method. The data 

analyze should be draw in bar chart format and after that the 

effective coordination method should be selected from 

questionnaire and bar chart.  

The questionnaire was used to survey the goals of the eight 

methods, along with the degree of goal achievement and the 

possibility of one method to be replaced by another. The 

answers of the interviewed contractor engineers about 

coordination goals, their achievement, and replacement 

possibility of different coordination methods are analyzed. 

 

4.1. Designed Questionnaire 

Please read the eight coordination methods and six goals 

below, and choose appropriate answers about the goals and 

coordination methods you use on the project. 

 

QUESTIONNAIRE FORM 

TOPIC NAME:-THE COORDINATION GOALS FOR         

MAJOR CONSTRUCTION PROJECT. 

Name of Company:__________________________________ 

Establishment:______________________________________ 

Features:___________________________________________ 

Products/Production:_________________________________ 

Project Name:_______________________________________ 

Position/ location:___________________________________ 

Estimated Cost of Project:_____________________________ 

No. of Cells (employees):_____________________________ 

Duration of Project:__________________________________ 
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Terms & Conditions of Project_________________________ 

 

A. Eight coordination methods: 

(1) Meetings, (2) Informal discussion, (3) Site visits, (4) 

Written correspondence, (5) Plans, (6) Schedules, (7) Reports, 

and (8) Contract documents. 

B. The six coordination goals are defined below. 

1. Instruction: The owner gives orders or provides rules such 

as procedures or communication channel that the 

contractor is expected to follow. 

2. Clarification: Exchange ideas and clarify issues such as 

arguments with residents or falling behind schedule. 

3. Facilitation: Do things that are helpful to executing a 

project, such as gathering information about the contract 

requirements, applying good technical practices, 

rescheduling the sequence of site work, expediting the 

purchase and delivery of materials. 

4. Control: Carry out activities to ensure that the schedule, 

safety or the level of quality meets the requirements. 

5. Information sharing: Distribute information such as 

monthly reports or meeting minutes to other parties. The 

goal is to share information. 

6. Maintenance of relationships: Contact with others for 

emotion liaison or enhancing understanding. 

C. Based on the coordination goals the following questionnaire 

should be designed for finding the degree of achievement of 

coordination goals. 

1) Meetings 

1. Goals of meetings? (Choose up to three from the 

six goals and list priority) 

2. Degree of goal achievement? (5) 100% (4) 80% 

(3) 60% (2) 40% (1) 20% 

3. Can meetings be replaced by other methods? 

□Informal discussion □Site Visits □Written correspondence 

□Plans □Schedules □Reports □Contract documents □Cannot 

be replaced 

2) Informal Discussion (e.g., Telephone, Face-to-Face 

Conversation) 

1. Goals of informal discussion? (Choose up to 

three and list priority) 

2. Degree of goal achievement? (5) 100% (4) 80% 

(3) 60% (2) 40% (1) 20% 

3. Can informal discussion be replaced by other 

methods? 

□Meetings □Site Visits □Written Correspondence □Plans 

□Schedules □Reports □Contract Documents □Cannot be 

replaced 

3) Site Visits 

1. Goals of site visits? 

2. Degree of goal achievement? (5) 100% (4) 

80% (3) 60% (2) 40% (1) 20% 

3. Can site visits be replaced by other methods? 

□Meetings □Informal Discussion □Written correspondence 

□Plans □Schedules □Reports □Contract Documents □Cannot 

be replaced 

4) Written Correspondence 

1. Goals of written correspondence? 

2. Degree of goal achievement? (5) 100% (4) 80% 

(3) 60% (2) 40% (1) 20% 

3. Can written correspondence be replaced by other 

methods? 

□Meetings □Informal discussion □Site visits □Plans 

□Schedules □Reports □Contract Documents □Cannot be 

replaced 

5) Plans 

1. Goals of plans? 

2. Degree of goal achievement? (5) 100% (4) 80% 

(3) 60% (2) 40% (1) 20% 

3. Can plans be replaced by other methods? 

□Meetings □Informal Discussion □Site visits □Written 

Correspondence □Schedules □Reports □Contract Documents 

□Cannot be replaced. 

 

6) Schedules 

1. Goals of schedule? 

2. Degree of goal achievement? (5) 100% (4) 80% 

(3) 60% (2) 40% (1) 20% 

3. Can schedules be replaced by other methods? 

□Meetings □Informal Discussion □Site Visits □Written 

Correspondence □Plans □Reports □Contract Documents 

□Cannot be replaced 

7) Reports 

1. Goals of reports? 
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2. Degree of goal achievement? (5) 100% (4) 80% 

(3) 60% (2) 40% (1) 20% 

3. Can reports be replaced by other methods? 

□Meetings □Informal discussion □Site visits □Written 

Correspondence □Plans □Schedules □Contract Documents 

□Cannot be replaced 

8) Contract Documents (e.g., Specifications and 

Drawings) 

1. Goals of reports? 

2. Degree of goal achievement? (5) 100% (4) 80% 

(3) 60% (2) 40% (1) 20% 

3. Can Contract Documents be replaced by other 

methods? 

□Meetings □Informal Discussion □Site Visits □Written 

Correspondence □Plans □Schedules □Report □Cannot be 

replaced 

 

4.2. Goal Achievement and Replacement Possibility 

To evaluate coordination effectiveness, interviewees were 

asked to indicate the degree of goal achievement on a five-

point scale ranged from 1 (20%, seldom achieved), to 5 

(100%, completely achieved). They were also asked to assess 

whether a particular method could be replaced by others, then 

a replacement possibility was calculated. For example, if 13 of 

10 interviewees thought informal discussion could be replaced 

by other methods, the replacement possibility is 06/10=60%. 

It is then plotted on graph, for simplicity in presentation. 

 

5. INVOLVE THE STUDY OF COORDINATION 

GOALS ON CONSTRUCTION PROJECTS, 

DATA COLLECTION AND ANALYSIS 
 A collectivity of data, in this project is done from five 

different companies rather than just collecting one individual 

response from each company by taking their personal 

interviews.(C1, C2, C3, C4, and C5). 

The questionnaire was used to survey the goals of the eight 

methods, along with the degree of goal achievement and the 

possibility of one method to be replaced by another. The 

answers of the interviewed contractor engineers about 

coordination goals, their achievement, and replacement 

possibility of different coordination methods are analyzed and 

the results are presented as follows. 

TABLE-1 

Project 
Goal 

Sequence 

Goal Scores 

(1) (2) (3) (4) (5) (6) 

C1 4 2 1 1 2  3   
C2 5 3 2  1 2  3  

C3 1 4 3 3  1 2   
C4 2 1 4 2 3  1   
C5 4 2 5  2  3 1  

TOTAL 6 8 3 9 4  
PERCENTAGE 25 33 13 38 17  

Table 1 Coordination Goals of Weekly Progress Meeting 

For example, in Table 5.3 of the weekly progress meeting with 

the owner, one contractor engineer of project C1 thought the 

top three goals in sequence were control (Goal 4), clarification 

(Goal 2), and instruction (Goal 1). Those numbers were 

written down in the second column and obtained scores of 3, 

2, and 1, respectively. The six goals in the weekly progress 

meeting of the five projects received score totals of 6, 8, 3, 9, 

4, and 0, and those percentages are listed at the bottom in 

Table 5.3. The top three goals by percentage (weight) of 

weekly progress meetings with the owner are Control (38%), 

Clarification (33%), and Instruction (25%).  

TABLE-2 

Sr. 

No. 

Goal 

Sequence 
Goal 

Coordination Goals 

(%) 

1 4 Control 38 

2 2 Clarification 33 

3 1 Instruction 25 

Table 2 Top Three Goals for Meetings 

The coordination goals for each goals is calculate in this 

manner for informal discussion, site visits, Written 

correspondence, plans, schedules, reports and contract 

documents. 

The following table 3 shows the priorities of the goals and 

their weights of the coordination methods were also calculated 

by totaling the assigned scores. The top three goals of 

coordination are facilitation (33%), instruction (28%), and 

clarification (24%) which account for 84% of the total score. 

A single goal with a weight less than 50% means their 

corresponding coordination methods have multiple goals. 

Moreover, the top three goals of schedules account for meeting 

96% of the total (control is 42%), which implies that schedules 
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has fewer goals. Site visits and contracts documents have the 

lowest score (only 75%), which indicates it can be used for 

more purposes. 

 

The table 3 also shows that facilitation and control are the two 

major goals of the eight methods for the five projects. This 

may be because the construction had passed the peak for the 

projects under study, and the need for instruction or discussion 

substantially decreased. In addition, information sharing and 

maintenance of relationships were not major goals, as the 

information was mostly already known by project participants 

and they had been acquainted for each other for three or four 

years in the construction periods. 

The goals of both oral and written communication methods for 

coordination deserve explanation. Oral communication 

methods, including meetings, informal discussion over the 

telephone or face-to-face conversation, and site visits can have 

multiple goals. For example, a meeting can be used to gather 

and share information, negotiate and solve problems, build 

relationships, and make plans and decisions. Oral 

communication, characterized by a high level of interactivity, 

should be used to negotiate and resolve conflicts, assert 

dominance, and demonstrate personal concern. These goals 

correspond to the goals of clarification, instruction, and 

maintenance of relationships. However, the study results 

indicate that the main goals of meetings are control (38%), 

clarification (33%), and instruction (25%). In site visits and 

written correspondence, facilitation (29% and 25%, 

respectively) is the main goal, followed by clarification (25%). 

 

5.1. Degree of Goal Achievement 

 To evaluate coordination effectiveness, interviewees were 

asked to indicate the degree of goal achievement on a five-

point scale ranged from 1 (20%, seldom achieved), to 5 

(100%, completely achieved). They were also asked to assess 

whether a particular method could be replaced by others, then 

a replacement possibility was calculated. For example, if 6 of  

10 interviewees thought informal discussion could be replaced 

by other methods, the replacement possibility is 06/10 = 60%. 

The table 4 shows goal achievement of the coordination 

methods. The data collected from the designed questionnaire is 

arranged in tabular form for simplicity analysis of the data.  

 

TABLE-4 

 

 

 

 

 

 

 

 

SR 

No 
Coordination Methods 

First Second Third 

Summary 
Goal 

Weights 

(%) 
Goal 

Weights 

(%) 
Goal 

Weights 

(%) 

1 Meetings 4 38 2 33 1 25 96 

2 Informal    Discussion 4 29 1 25 2 25 79 

3 Site visits 3 29 2 25 4 21 75 

4 Written Correspondence 4 33 3 25 1 21 79 

5 Plans 3 33 1 29 4 25 87 

6 Schedules 4 42 3 29 2 25 96 

7 Reports 3 33 4 29 2 25 87 

8 Contract Documents 4 29 1 25 3 21 75 

Average 3 33 1 28 2 24 84 

Table 3 Top Three Goals of Coordination Methods 
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 The various coordination methods have different goal 

achievement. After finding the average of all goal 

achievement, we decide the replacement possibility of the 

coordination method. 

It can be seen from Table 4, the degrees of goal achievement 

in meetings, site visits, written correspondence, plans, 

schedules and contract documents are higher than 80% (the 

average). Informal discussion and reports achieved their goals 

at a level lower than the average, meaning their effectiveness 

needs improvement. 

The coordination goals achievement is different for different 

companies and also for different coordination methods. Only 

company 1 has 100% goal achievement in plans. 

The coordination goal achievement for different coordination 

methods is plotted on chart for simplicity in observation and 

analysis. These charts are drawn for every company 

separately.   

 

 

 

CHART-1 
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90
95

100
105

% Degree of Goal Achievement

 
Chart 1 Percentage Degree of Goal Achievement for C1 

 

Above chart showing percentage degree of goal achievement 

by different coordination methods of C1 company. The degree 

of goal achievement for all coordination method is above 80%. 

The degree of goal achievement of plans is 100%, which is 

maximum. This company effectively uses the different 

coordination methods and becomes efficient as compare to 

other companies taken in this project. 

On this project site, project coordinator arranges meetings 

when there is necessity. For informal discussion purpose, there 

is provision of walky-talky system which creates instant 

contact. The inspection of site is done by the engineer in-

charge regularly. The contract documents and written 

correspondence on this show positive relationships with 

coordination effectiveness in quality and useful quantity, 

respectively. 

Similarly comparative of all the companies are dawn on chart 

and company-wise comparative is made. 

SR. 

NO. 

Coordination 

Methods 
C1 C2 C3 C4 C5 Avg 

1 Meetings 87 85 73 76 80 80 

2 
Informal 

Discussion 
93 78 63 80 75 78 

3 Site Visits 90 87 85 78 85 85 

4 
Written 

Correspondence 
95 90 73 87 83 86 

5 Plans 100 93 80 83 90 89 

6 Schedules 85 90 78 90 85 86 

7 Reports 85 80 75 70 75 78 

8 
Contract 

Documents 
87 85 85 90 80 86 

Average 90 86 77 82 82 83 

Table 4 Goals Achievements of Coordination Methods 
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Chart 2: Company-wise Average % Goal Achievement 

 

The chart 2 shows the company wise percentage goal 

achievement. The Percentage goal achievement of C3 

company is minimum i.e. 77%.  The company L&T 

Construction has maximum percentage goal achievement i.e. 

90 %. The coordination methods used by this company on 

construction project are most effective. On these project site 

there is one project coordinator who effectively and accurately 

communicate relevant project information with the employees.  

The C1 company engineers and management team fully (90%) 

focus on the plans. And it achieves better coordination in 

between various construction processes. 

 

5.2 Goal Replacement Possibility with other Coordination 

Methods 

Total 10 interviews are taken with owner and project manager 

of construction site. The questionnaire includes the 

replacement possibility of coordination method with another 

method. For example if meetings has achieve 78% goal in 

particular project, and it is replace by other seven methods it 

should be noted. The respective percentage of goal 

replacement possibility is then calculated. 

If 6 out of 10 interviewees says the meeting is replace by 

another coordination method (i.e. informal discussion, site 

visits, written correspondence, plans, schedules, and reports), 

its percentage value of goal replacement possibility is 

calculated as, 06/10 = 60%. That means the meeting has 60% 

replacement possibility. 

The table 5.13 shows the replacement possibility for various 

coordination methods. 

TABLE-5 

Sr. 

No. 
Coordination Methods 

Goal Replacement 

Possibility with other 

Methods (in %) 

1 Meetings 06/10 = 60% 

2 Informal Discussion 05/10 = 50% 

3 Site Visits 03/10 = 30% 

4 Written Correspondence 06/10 = 60% 

5 Plans 01/10 = 10% 

6 Schedules 03/10 = 30% 

7 Reports 04/10 = 40% 

 

Table 5 Goal Replacement Possibility with Other Methods 

CHART-3 

0
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Chart 3 Goal Achievements and Replacement Possibility 

 

The degrees of goal achievement and replacement 

possibilities of the coordination methods are plotted on 

chart. Above Chart 3 showing comparison of different 

coordination method related to project and respective goal 

achievement and replacement possibilities of coordination 

method. It can be seen that the degrees of goal achievement 

in meetings, site visits, written correspondence, plans, and 

contract documents are higher than 80% (the average). 
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Informal discussion and reports achieved their goals at a 

level lower than the average. 

Chart 3 also shows that written methods, including plans, 

schedules, reports and contract document, are important and 

could not be replaced by other methods. The replacement 

possibilities for meetings, informal discussion and written 

correspondence are higher than 50%, which means that 

these methods could be replaced by more effective methods. 

 

TABLE-6 

 

≥ 40% 

 

*Informal-

discussion 

*Meetings 

*Written-

correspondance 

*Schedules 

 

< 40% 

 

*Reports 

*Site visits 

*Plans 

*Contract documents 

Replacement  

Possibility 

 

  < 80%              ≥ 80% 

 

Goal Achievement Ratio 

 

Table 6 Relationships between goal achievement and 

replacement possibility 

 

The table 6 shows The relationships between goal achievement 

and replacement possibility for the eight methods. The average 

degree of goal achievement and average replacement 

possibility were 80 and 40%, respectively, therefore, the 

values of 80 and 40% were set to differentiate high and low 

levels of goal achievement and replacement possibility 

Actions can be taken for these coordination methods with 

different levels of goal achievement and replacement 

possibility. Site visits, plans, and contract documents have a 

higher degree of goal achievement and low replacement 

possibility (see above table 6). This indicates that these 

methods are implemented better than others and are considered 

important by the contractors. Schedules and reports have a 

lower degree of goal achievement and replacement possibility, 

meaning that these methods should be improved as their 

existence is necessary. Meetings and written correspondence 

have a high degree of goal achievement but also high 

replacement possibility, showing they are not handled well as 

previously mentioned and their use should be reduced. 

Informal discussion has a low degree of goal achievement and 

high replacement possibility. This means it should be 

improved, but reduced. The replacement possibility of 

coordination methods can be linked to their appropriateness as 

identified in the last section. 

The written coordination methods such as plans and 

documents with appropriate goals considered by the 

contractors also have smaller replacement possibilities. 

Meetings and written correspondence with inappropriate goals 

and high replacement possibility should be reduced, although 

their degree of goal achievement is high. 

 

5.3 Relationship of Coordination Goals & Performance 

 After analyzing and comparing the five projects with good 

and poor performances, the relationships between goal 

achievement and project performance were found. 

Table 5.12 shows the degrees of goal achievement of the 

coordination methods with average scores calculated. It is seen 

that eight methods have the average degree of goal 

achievement of 84%, plans (89%) exhibits the highest degree 

of goal achievement, in which interviewees considered 100% 

goal achieved. Informal discussion (78%) exhibits the lowest 

goal achievement. This is because the contract has the supreme 

power and informal discussion is not considered important. 

The results also show that the projects with good performance 

(C1, C2, C4, and C5) used coordination methods effectively. 

The average degree of goal achievement in these projects is 

higher than 80%. C1 had the highest degree of goal 

achievement (90%). 

In contrast, the projects with poor performance (C3) did not 

use the coordination methods well. Their degrees of goal 

achievement are lower than 80%.. The project with poor 

performance C1 did not use the coordination methods well. 

Their degrees of goal achievement are lower than 80%. The 

interviewees explained that the construction site of project C3 

had a poor knowledge of coordination. This implies that 

complicated projects cannot be performed well even with good 

coordination. 

 

6. DISCUSSION AND SUGGESTION 
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This project explores coordination goals by proposing a way 

of evaluating goal achievement and alternate coordination 

methods for five construction projects. This research was 

exploratory because few studies have been done on this 

subject. Case studies are considered an appropriate 

methodology for developing theoretical frameworks, and so 

that is the approach used in this project. The number of case 

projects was not large. Parts of the research findings are only 

valid for their specific cases. Listed below are some issues that 

this study encountered, and suggestions for further 

improvement. 

It would be difficult to investigate goals in this study without 

quantifying goal priorities. Assumptions made in quantifying 

the priorities of goals are examined here. The top three goals 

were scored 3, 2, 1, respectively. This means the first goal 

accounted for 50% of the purpose, and the second and the third 

accounted for 33 and 17%, respectively. Although the weights 

could be different and the primary goal of certain methods 

reached 70% of the purpose, the interviewees considered this 

weight allocation to be reasonable. Close numbers with only 

1% difference were resulted by testing another set of scores 

with 5, 3, and 1 for the top three goals. Therefore, the 3, 2, and 

1 weights used in this study were appropriate. 

The company C1 & C2 has maximum percentage of goal 

achievement. The top management teams in these companies 

only focus on plans. On C1 project site, project coordinator 

arranges meetings when there is necessity. For informal 

discussion purpose, there is provision of walky-talky system 

which creates instant contact. The inspection of site is done by 

the engineer in-charge regularly. 

C3 has goal achievement is minimum. For the further 

improvement in future I want to suggest the owner as well as 

engineers to follow the other methods of coordination ie 

informal discussion written correspondence and reports.  

 

7. CONCLUSION 
Effective coordination is important on construction projects 

because many participants are involved; this leads to interface 

and dependence. Spending much time on coordination does 

not necessarily bring good performance. To be effective, 

coordination methods should be adopted on the basis of their 

particular characteristics. 

This project investigates coordination methods along with 

their goals. A questionnaire was designed based on eight 

different coordination methods and six coordination goals to 

survey and interview of engineers in five construction projects 

to collect the conditions of coordination. The degrees of goal 

achievement and replacement possibilities were analyzed and 

their relationships with performance were identified as well. 

On the basis of this project study, the conclusion was 

elaborated as below. 

1) Now a day’s on many construction projects, oral 

communications such as meetings are usually adopted as the 

major coordination method on construction projects. But the 

contract documents and written correspondence in this project 

study show positive relationships with coordination 

effectiveness in quality and useful quantity, respectively. This 

means that written communications can play an important role 

in coordination and should be well used together with oral 

communications. 

2) Most coordination methods have multiple goals. The top 

three goals of the eight coordination methods for the seven 

projects are facilitation, control, and clarification, which 

account for 84% of the total score. Moreover, the top three 

goals of meetings and schedules account for 96% of the total, 

which implies that meetings and schedules have fewer goals. 

Site visits and contract documents has the lowest score (75%), 

which indicates it can be used for more purposes. 

I would suggest the owner of the C3 to appoint a construction 

coordinator for directing, organizing and controlling project 

activities, under the direction of project manager and project 

director. 

3) Meeting quality was positively related to coordination 

effectiveness with moderate significance. This indicates that 

meeting quality alone does not ensure coordination 

effectiveness. In the meeting quality, clarity of communication 

was more significantly related to coordination effectiveness 

than utility. 

4) The projects with good performance use coordination 

methods effectively. The degree of goal achievement in these 

projects is higher than average. In contrast, the projects with 

poor performance did not use the coordination methods well. 

Their degrees of goal achievement are lower. 
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5) Written communication such as plans, schedules, and 

contract documents tends to have appropriate goals, but oral 

communication such as meetings, informal discussion, and site 

visits does not. That can be because written communication is 

more focused and limited to a few goals and thus, can be better 

done. On the other hand, oral communication serves more 

goals and is open to interpretation and thus is more difficult to 

do well. 

6) Contractors working on projects with good performance 

used coordination methods well. Coordination effectiveness, 

especially the coordination quality, scores of well-performed 

projects were higher than average. Projects with poor 

performance did not use the methods well. But good 

coordination is not enough; other means are required to 

overcome difficulties inherent in projects. 

7) Meeting quality was positively related to coordination 

effectiveness with moderate significance. This indicates that 

meeting quality alone does not ensure coordination 

effectiveness. In the meeting quality, clarity of communication 

was more significantly related to coordination effectiveness 

than utility. 

So finally from the observations and analysis, I conclude that 

the effective coordination between top management team and 

employee gives the overall effectiveness and performance of 

construction project. For the effective coordination on 

construction project a project coordinator who is an integral 

member of the project team responsible for delivering building 

development projects of varying size and complexity, is 

needed. The project coordinator is also responsible for 

directing, organizing and controlling various activities, under 

the direction of construction project manager and project 

director. The project coordinator should possesses following 

roles and responsibilities. 

*Managing co-ordination of the partners and working groups 

engaged in project work. 

*Use project scheduling and control tools to monitor projects 

plans, work hours, budgets and expenditures. 

*Arranges meetings of top management team, whenever 

required. 

*Communicate ideas for improving company processes with a 

positive and constructive attitude, and for developing this 

attitude in others.  

*Effectively and accurately communicate relevant project 

information with the engineers. 
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ABSTRACT 

The construction industry has been struggling with quality issues for many years, and the cost to our economy is dramatic. The 

cost could potentially be reduced significantly if the industry were to embrace the concept of quality assurance that has been used 

with great success by many other sectors of the economy. 

Identifying Key Performance Indicators in any critical activity is an essential part of any construction process to improve the 

quality and uniformity of the project. The need for KPI in construction projects has increased considerably in recent times due to 

significant changes, advancements in technology and high expectation of the users. The KPI maintain uniformity in construction 

process and ensure more economical utilization of materials resulting in significant reduction in cost to the users. The additional 

cost involved to improve quality by identifying KPI is directly proportional to the benefits. A methodology has been developed for 

identifying the KPI for different construct activity. The methodology accomplishes the desired quality in construction process. 

Due to a lack of a standard quality assurance program that meets the needs of the construction industry, a back-to-basics and 

streamlined construction quality assurance program has to be developed.  

The goal is to develop a system that captures the essence of quality assurance, including: Assuring quality, Adding value, utilizing 

a risk-based approach (to minimize the cost of a quality system), Reducing the cost of quality (and increasing profit) 

The objective of this paper is to study the current scenario of construction industry with regards to quality, and to understand the 

guidelines to prepare the quality manuals. 

 

Index Terms –  KPI, PQP, Quality Plan, Quality Manual. 

 

1. INTRODUCTION 

The construction industry has been struggling with quality 

issues for many years, and the cost to our economy is dramatic. 

The cost could potentially be reduced significantly if the 

industry were to embrace the concept of quality assurance that 

has been used with great success by many other sectors of the 

economy. The construction industry is unique, and therefore, 

the application of quality assurance requires an approach that 

meets the needs of the industry. 

Building owners also need to be educated as to what is quality 

assurance so that they can begin using their voice to encourage 

adaptation of this approach to protect their investments and 

reduce the cost of construction. 

 

1.1. Quality Control 

The dictionary defines Quality Control as the inspection, 

analysis and action required to ensure quality of output; the 

operational techniques and the activities used to fulfil and 

verify requirements of quality; a procedure for keeping quality 

of inputs or outputs to specifications. 

 

1.2. Quality Assurance:- 

Quality assurance is about being “in control” of all major areas 

of your business so that you can assure quality. Being “in 

control” also reduces variation, which improves quality. 

“Control” and “variation reduction” is accomplished using 

various methods. 

 

1.3. Plan quality 

The following 5C’s of quality will provide an indication of the 

quality of the plans as follows 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-2, ISSUE-1, JANUARY-2015                       E-ISSN: 2349-7610 
 

VOLUME-2, ISSUE-1, JANUARY-2015 COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED                                                                                27 

1.3.1 Complete  

· The plans will be an accurate and thorough 

representation of the existing project site and terrain 

features.  

· The plans will be an accurate and thorough 

representation of the proposed project features and 

details to be constructed.  

· The plans will be supported by a thorough and 

detailed documented development process.  

· The plans will be developed with the active 

involvement of all affected parties and developmental 

stage owners throughout all stages of development.  

 

1.3.2 Consistent  

The plans will be consistent with other plans developed and 

will comply with all standards and guidelines set by the design 

manuals. 

 

1.3.3 Clear  

The plans will not contain any design errors or omissions 

which will require more than one addendum during the project 

advertisement period.  

 

1.3.4 Correct  

The plans will not contain any design errors or omissions 

which will cause the delay, postponement, or cancellation of 

the project letting.  

1.3.5 Constructible  

The plans will not contain design errors or omissions that 

require more than two change orders throughout the 

construction phase which individually causes an increase or 

decrease of more than 3% of the original contract bid award 

amount or causes an increase or decrease in the contract time 

by more than one day.  

It is recognized that good communication and significant effort 

by all “stakeholders” is necessary to meet the 5 C’s and 

achieve the desired result of a quality set of plans[1].  

 

2. QUALITY ASSURANCE AND QUALITY 

CONTROL IMPLEMENTATION IN 

CONSTRUCTION SECTOR 
 

2.1 Quality Assurance 
2.1.1 Introduction 

Quality assurance activities are performed by the owner or his 

agents in monitoring the   quality control programme 

established   and administered by others. Most   quality   

assurance activities focus on administration and   surveillance 

functions. Surveillance   functions     encompass   the     

monitoring    of    the contractor's materials, methods, 

personnel and any inspection and testing   activities. Whereas 

administrative functions include active coordination between 

contractor and designer and   thorough documentation of all 

aspects of the construction process. 

 

The Surveillance function will generally include:- 

a) Monitoring laboratory and field testing of construction 

material and completed works. Reviewing 

contractor’s compliance with specifications, 

requirement for construction methods and personals.  

b) Monitoring or performing pre-operational tests or 

both.  

c) Preparing and maintaining quality assurance manuals.  

 

The administrative functions will include: 

a) Initiating, analyzing and approving design

 clarification or changes in contract documents. 

b) Documenting all project related tests, inspection and 

visits by official visitors. 

c) Maintain photographs of construction progress and 

other 

relevant construction events. 

d) Maintain record of job oriented communication like 

telephonic conversation memorandum and letters 

etc[2]. 

 

Organizational Set –Up Required for Ensuring Quality 

Assurance 

Quality Policy 

Before undertaking any construction, the department should 

enunciate in clear terms the policy of the department towards 

quality. The quality policy forms one element of the corporate 

policy and is authorized by the top management. 

 

2.1.2 Quality Management 
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It is that aspect of the departmental function that determines   

and implements the quality policy. The attainment   of desired 

quality requires the commitments and participation of all 

members   of   the   organization   whereas   the   responsibility   

for quality   management    lies with the top   management.    

The   quality management   includes strategic planning, 

allocation of   resources and   other   systematic activities for 

quality: such   as   quality planning operations and evaluations. 

 

2.1.3 Quality System 

Several quality systems depending upon the environmental 

conditions, type of construction and specifications work are 

available. The organizational structure, responsibilities, 

procedures, processes and resources for implementation of 

quality management form a part of the system. The quality 

should only be as comprehensive as needed to meet the quality 

objectives. For contractual, mandatory and assessment 

purposes, demonstrations of identified elements in the system 

are required. 

 

2.1.4 Quality Control 

The quality control envisages the data collection, analysis and    

interpretation etc. It needs the operational techniques   and 

activities   that are used to fulfill requirements of quality.   In 

order   to   avoid   confusion, care should be taken   to   include   

a modifying   term   when referring to a sub-set of   quality   

control such   as   "Production   Quality Control" or when   

referring   to   a broader concept such as "Plant Use Quality 

Control". The   quality control   measures   adopted   in the 

country are   embodied in   the "Handbook of Quality 

Assurance and Quality Control for Project Effectiveness". 

 

2.1.5 Quality Assurance 

It   contains   all   those   planned and systematic   actions 

necessary to provide adequate level of confidence that a   

product or   service   will   satisfy for given   requirements   for   

quality. Unless   given requirements fully reflect the needs of   

the   user, quality   assurance   will   not be   completed.    For   

effectiveness, quality   assurance   usually requires a 

continuing   evaluation   of factors   that affect the adequacy of 

the design or   specification intended   applications, as well as 

verifications and   details   of production,    installation   and 

inspection operations.   Within   an organization,    quality 

assurance serves as a management tool.    In contractual 

situations, quality assurance also serves to   provide level of 

confidence in the supplier. 

The entire quality management aspects are embodied in quality 

policy of the department. The quality systems are managed by 

the organization structure. The internal quality assurance 

aspects provide a certain level of confidence to the 

management while the quality control aspects control the 

operational activities and techniques adopted during the 

process. Both the quality control and internal quality assurance 

aspects provide confidence to users [3]. 

 

2.2 Quality Control 
 

2.2.1 Introduction  

Quality control can be maintained by the utilization of sound 

engineering practice, professional attitudes, good construction 

practices and quality. In the context ofengineering structures. It 

may be understood as a function of making men, materials, 

machines and methods operate at the standards calculated to 

ensure that the end result of the construction conforms to the 

prescribed specifications as well as meets the owner/users 

requirement. 

Quality control is a management activity applied to the 

construction processes to set purposes. Purpose in this case 

being achievement of prescribed standard of performance and 

cost. To achieve optimum quality at minimum cost, we have to 

consider all the factors that help to build quality into a product 

or service. 

In the construction industry where majority of works are 

executed by the contractor the responsibility of quality control 

is in the hands of the contractor and he is responsible to the 

designer and the owner for this. 

 The main problems facing the development of construction 

projects and structures are the technological advancement of 

their fabrication, the improvement of their quality, reliability 

and factory finishing- These problems can be solved by 

developing and applying efficient and continuous quality 

control at each stage of production and by testing products and 

structures using the latest instruments and machines. In the 

present day competitive market of construction industry if a 

contractor has to survive, he should be able to meet the quality 

requirement of the owner/user and satisfy his needs as well as 
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meet the conformance standards. The various process involved 

to be able to meet the above requirement should be cost 

effective [4]. 

 The construction phase of any construction project is the most 

demandinganddifficultportion of the project for the engineer.   

During   this   phase   the     engineer's     plan 

andspecifications   are put to the final test   in terms   of 

constructability, design performance and cost effectiveness.  

Too many projects are constructed that do not meet any of 

these basic requirements, to causing complications for the 

owner, engineer   and the   contractor   and   sometimes 

resulting in a   failure   to   meet safety   obligations   to the 

general public. 

In   order   to   ensure this,    a quality control program needs to 

be introduced in   the project at an early stage.  

 A well defined quality control programme should be 

established for each project and the organizational structure 

should be very explicit. Quality control programme is an 

element of Quality Assurance Programme. It entails 

performing inspections, tests, measurements and 

documentation necessary to check, verify and correct the 

quality of materials and methods and through them the quality 

of construction. Quality can never come   by accident. Unless 

there is a sense of involvement   and   as will to produce a 

superior product, it would be difficult to Achieve quality- The 

best way to achieve quality is to follow the simple though 

difficult maxim “Do things right the first time." Inspection of a 

work after it is completed can at best identify or locate the 

defect. The best concept of quality control has to be prevention 

of defect rather than detection and rectification. 

 

2.2.2 Quality Control Activities 

For getting a good quality product in construction industry 

certain activities must be followed by various people who are 

involved in the project. The activities are discussed in 

subsequent paragraphs. 

· Procedures 

The various procedures required to be followed are based on 

the requirements considered necessary for control of 

construction activity to obtain a quality product. These should 

include not only inspection and verification procedures but also 

the construction processes and work methods, which could 

affect quality.  

  The procedures control the process and when the quality 

of the process is controlled the quality of the completed work 

is automatically controlled. 

 

· Planning and Scheduling 

 One of the most important   aspects of   ensuring   effective 

quality control   during   construction   is planning and 

scheduling. The plan or method of ensuring that   all the   

requirements   of   the programme can be   met   must   be   

fully developed.    Such   a   plan includes the control   of   

material   and special   process, utilization of qualified skilled 

personnel   and assignment   of responsibilities etc. Scheduling 

of the work   must be   in sufficient   details, so that   

everyone   concerned   with supporting   the work is aware of 

the actual work being   performed and when it is performed. 

Inspection personals must be available to   verify   or   inspect 

the work so that   it   continuous   at   the desired pace. 

 

· Documentation and Records:  

This is also an important activity. A good system must be 

established to control incoming documents such as 

specifications, drawings and control their distribution so that 

latest documents are used in the construction. The system 

should be stream lined and not made bulky by regular reviews. 

Adequate control of records and documents should be ensured 

until they are sent for filing. 

 

· Filling 

 A good retrievable filing system using an indexing and cross 

reference system should be set up. The files will be required 

for auditing during the construction of the project and after the 

construction these can be microfilmed and kept for records and 

thus reduce space for storage. 

 

· Communication:  

The single most important item in assuring effective-quality 

during construction is communication. Each person on the site 

must know his responsibilities and the responsibilities of the 

others. Each must keep the appropriate people informed. The 

construction group and the quality control group must 

communicate to allow the work proceed in an effective 

manner. 

· Training  
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Like communication, training is an area of vital importance to 

successful quality control. It is mandatory to have training for 

inspection personnel. The training should include training in 

procedures, instructions codes, standards and specifications 

which affect construction. 

 

· Quality Checks 

The objective of quality control programme is to verify 

achievement of the quality specified. At present generally one 

check is carried out in manygovernment projects by the 

supervisory staff of public works department or the Military 

Engineering Service, the two major government constructing 

agencies. The supervisory staff is responsible for quality i.e. 

making sure by way of verification. Contractor on the other 

hand is happy changing the item which are detected and 

rejected. The item which go unnoticed really, will affect the 

quality at a later date. There is thus a need to introduce certain 

checks at various stages by the people who are responsible for 

the construction to ensure a quality product. The three stage 

check system should be: 

 

(a) Stage 1-BySuppliers/Manufacturers 

These   are   the checks and tests carried out by the suppliers or 

the manufacturers at the source before the item is sent to the 

site. The sources could by quarries, kiln, factories etc. 

 

(b) Stage 2- By Contractors 

 He is responsible for the actual construction and it must be his 

endeavor to ensure that he produces a quality work inthe 

specified time frame, for this he should take certain actions 

such as 

(i) Carry out preliminary and preparatory checks to ensure 

that the correct materials are ordered from the right source. 

(ii) On receipt of material at site, he must conduct checks 

and tests to ensure that the material of the type and quality 

ordered have been received and there are no damages in 

transit. 

(iii) For the stored material the contractor must conduct 

periodical checks to ensure that the material has not 

deteriorated. These are also essential before the material is 

used at site. 

 

(c) Stage 3 -By Supervising Agency  

In this stage the supervising agency should carry out its own 

checksas part of the quality assurance programme which 

should have been specified at the time of finalizing the quality 

assurance programme before awarding the contract. During 

this stage the following needs to be done, 

· Surveillance of the contractors quality control 

function. 

· Witnessing the contractor’s tests to ensure that they 

are conducted in the appropriate manner. 

· Verification of the test results by independent test, 

where considered necessary- 

· Detailed and independent inspection of the materials, 

methods and the finished items.[3] 

 

3. The Purpose of a Project Quality Plan  (PQP) 
‘Project Quality Plan’ can be defined as a set of activities 

planned at the beginning of the project that helps achieve 

quality in the Project being executed. 

 The Purpose of the Project Quality Plan is to define these 

activities / tasks that intends to deliver products while 

focussing on achieving customer's quality expectations. These 

activities / tasks are defined on the basis of the quality 

standards set by the organization delivering the product.  

Project Quality Plan identifies which quality Standards are 

relevant to the project and determines how they can be 

satisfied. It includes the implementation of quality Events (peer 

reviews, checklist execution) by using various quality materials 

(templates, standards, checklists) available within the 

organization. The holding of the quality event is termed as 

Quality Control. As an output of the various activities, quality 

metrics or measurements is captured which assist in continuous 

improvement of quality thus adding to the inventory of lessons 

learned. Quality Assurance deals in preparation of the quality 

Plan and formation of organization wide standards.  

 

3.1 Guidelines to write the Project Quality Plan 

Project Quality Plan should be written with the objective to 

provide project management with easy access to quality 

requirements and should have ready availability of the 

procedures and standards thus mentioned.  

The following list provides you the various Quality Elements 

that should be included in a detailed Project Quality Plan:  
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· Management Responsibility. Describes the quality 

responsibilities of all stakeholders.  

· Documented Quality Management System. This 

refers to the existing Quality Procedures that have 

been standardized and used within the organization.  

· Design Control. This specifies the procedures for 

Design Review, Sign-Off, Design Changes and 

Design Waivers of requirements.  

· Document Control. This defines the process to 

control Project Documents at each Project Phase.  

· Purchasing. This defines Quality Control and Quality 

Requirements for sub-contracting any part / whole 

part of the project.  

· Inspection Testing. This details the plans for 

Acceptance Testing and Integration Testing.  

· Non-conformance. This defines the procedures to 

handle any type of non-conformance work. The 

procedures include defining responsibilities, defining 

conditions and availability of required documentation 

in such cases.  

· Corrective Actions. This describes the procedures for 

taking Corrective Actions for the problems 

encountered during project execution.  

· Quality Records. This describes the procedures for 

maintaining the Quality Records (matrices, variance 

reports, executed checklists etc) during project 

execution as well as after the project completion. 

· Quality Audits. An internal audit should be planned 

and implemented during each phase of the project.  

· Training. This should specify any training 

requirements for the project team.  

 

3.2 Evaluating your Project Quality Plan 

For quality assurance to be effective, two things must be 

ensured:  

· First, the Project Quality plan must be sufficient to 

achieve the required quality standards expected of the 

organization. In this regard the plan must not only be 

specific and detailed listing all quality requirements 

and standards, but also include all the steps taken to 

ensure that those requirements and standards are met.  

· Secondly, quality assurance (i.e. final product testing) 

should be independent of the project itself (as well as 

the project manager). This comes down from the 

project management guidelines for effective quality 

assurance, and builds on a broad-based, organizational 

approach to standards-based product testing[5].  

 

The development of a Project Quality Plan is a team process 

that depends as much on communicating information as it does 

on planning. The key objective is to create a cohesive dialog 

and subsequently develop awareness of potential quality issues 

assurance. Based on this awareness, project managers can 

prepare plans and actions to counter any weaknesses or 

deficiencies in the project execution, thus ensuring that all 

quality standards are met effectively.  

 

3.3 Allocation of Responsibilities Duties 

The Project manager is responsible for issuing the quality plan 

and for ensuring that all work complies with the drawings and 

specifications. 

The Project Engineer is responsible for verifying that materials 

and workmanship comply with specifications before payments 

are made. He will be responsible for collecting and storing 

quality records. He will report departures from this quality plan 

to the Project Manager for his resolution. 

The Regional Quality Engineer will prepare revisions of the 

plan, as necessary, which is jointly approved by him and the 

Project Manager and issue by the Project manager. The 

Purchase officer is responsible for ensuring that ail orders for 

purchased materials are in compliance with specifications 

The foremen and supervisors will ensure that the workers do 

the work process as outlined in work instructions issued by the 

Project Engineer. 

 

3.4 Project Procedures 

The project procedures specified in the contract for processing 

contract variation, conflicts with the requirements of 

'Administration of contract variations'. The project quantity 

surveyor will prepare an amendment to conditions of contract 

incorporating necessary changes when required after approval 

by the CEO this will be issued as project procedures. 

 

4. Important points to be consider while 

preparing Quality Manual for 

Construction Activities 
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The procedure for preparing a Quality Manual will initially 

begin by studying the various elements associated with the 

company and their details, know-how, etc., by which the 

processes/systems are functioning. 

The preparation of comprehensive Quality Manual becomes 

very necessary for a company, as it will reflect the quality 

aspect of work in the functioning of the company as well as its 

execution of the projects. 

The meticulous writing of a quality manual is tedious and 

exhaustive. 

The foremost procedure for developing a manual that is 

acceptable necessitated the study of the existing systems and 

procedures of the organization. This facilitated an excellent 

understanding of the systems that is reflected in the systems 

created so as to obtain the quality of product that satisfies the 

client/customer. 

The existing systems were studied by spending time on the 

site, enquiring about various activities at site and head office 

and the documents maintained to support the assessment of the 

quality obtained. 

The existing systems were later analyzed for any discrepancies 

or flaws that were hindering the process of achieving and 

accounting for the quality of the product as required by the 

client/customer. 

This part considered here addresses ISO 9000:2000 and 

analyses the principal requirements, scope of requirement in 

terms of what they apply to, their purpose and their meaning 

[7]. 

 

4.1 Responsibility 

This emphasizes that the top management is always 

responsible for quality and must organize and plan for it Top 

management cannot delegate its quality responsibility to lower 

levels of management Just being involved is not enough top 

management must be dedicated and committed to quality and 

proves it through words, deeds and commitment of resources, 

consistency and continuous improvement 

 

4.2 Quality Systems 

This section indicates the establishment and maintenance of an 

effective documented quality system, which ensures that the 

product/service conforms to the specified requirements. The 

formal quality system documentation consists of a quality 

manual, which makes references to quality system procedures 

and outlines die structure of die documentation process. 

 

4.3 Quality Policy 

This section ensures that the senior management develops and 

documents a written quality policy. The quality policy shall 

contain its mission, objectives and guidelines in order to 

demonstrate the commitment to quality. This section also 

ensures that the policy is understand, implemented and 

maintained at all levels in the organization, 

 

4.4 Responsibility and Authority 

This section tells to clearly define the responsibility, authority 

and interrelationship of all the personnel, whose work affects 

the quality. Often a quality organization chart is used for this 

purpose; Relationships among the quality personnel and their 

relationship to senior management are also defined. There 

should be no conflicting or overlapping of the responsibilities 

and authority. 

This section indicates as to how the document is planning to 

meet the specific quality requirements for its products, projects 

and contracts. The quality plan supports the development of the 

product/services to achieve customer satisfaction.[6] 

 

4.5 Management Review 

This section addresses the timely review of the quality system. 

The quality system installed is reviewed at appropriate 

intervals by the senior management to ensure its continued 

suitability and effectiveness. This review may be formal or 

informal as long as critical information is reviewed and 

documented. Activities typically include internal audits, 

corrective actions, systems monitoring and any change in the 

regular activities. 

 

4.6 Contract Review 

The purpose of die contract review section is to make sure that 

the customer and the one offering the services have the same 

understanding of the requirements under the contract, the 

service offered has adequate resources to complete the job 

under the contract and that all the contract activities are 

properly documented and recorded. Basically, four procedural 

items are required under this section to ensure that: 
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1. The contractual requirements are adequately defined and 

documented 

2. The service offered is capable of meeting the customer's 

requirement 

3. Requirements that differ from the contractual agreement 

can be resolved and 

4. All records related to above transactions are preserved. 

Also there are procedures for amending the contract and for 

correctly transferring that information to the appropriate 

functions within the organization. All records of the contract 

Review are duly maintained.[7] 

 

4.7 Control of Non-Conforming Product 

This section emphasizes establishing and maintaining 

procedures to prevent the inadvertent use or installation of the 

non-conforming product this section requires that all the non-

conforming products be identified, segregated when practical, 

documented and evaluated and that the appropriate functions 

concerned be notified. This applies to both the suspect product 

and the non-conforming product [4]. 

 

4.8 Corrective Action 

This section sees that the corrective action procedures address: 

· The cause(s) of non-conformity in order to implement 

effective and lasting corrective action and prevent 

recurrence. 

· Analysis of all relevant quality records including 

service reports, customer complaints, work 

instructions, process controls and concessions for 

detecting and eliminating potential causes of non-

conforming products. 

· Preventive actions to deal with the problems at a level 

that corresponds to potential risks. 

· Implementations of corrective actions to make sure 

that they are effective; and 

· Recording of necessary procedures changes as result 

of the corrective action(s). 

 

4.9 Preventive Action 

This section sees that the preventive action procedures address: 

1. Use of appropriate sources of information 

2. Necessary steps for problem solving and problem prevention 

3. Effectiveness of preventive actions 

4. Maintaining preventive action records for management 

review [9]. 

 

4.10 Control of Quality Records 

This section emphasizes the establishment of procedures fertile 

identification, collection, record keeping, maintenance, 

retention, storage, availability and disposition of all quality 

records, including those of the subcontractors, in order to 

demonstrate achievement of the required quality level and 

effectiveness of the quality system. This section also requires 

that all records be legible and identifiable to the product 

involved, easily retrievable and stored in a suitable 

environment to prevent damage, deterioration and loss. 

Retention times of the quality records must be established and 

recorded. Where contractually agreed, quality records must be 

made available to the customer's representative for review. 

Records may be stored using any media, such as paper or in the 

electronic format there are also additional requirements 

relating to record retention [10]. 

 

4.11 Internal Quality Audit 

This section emphasizes the need for the internal quality audit 

Once a quality system is in place, the supplier shall can out a 

comprehensive planned and documented internal audit to 

ensure that the system is effective and indeed in compliance 

with the said requirements. These audits must be planned and 

scheduled and all findings and follow-up actions must be 

recorded and maintained. The results of the audits shall be 

brought to die attention of the personnel responsible in the 

audited area, who in turn shall take the timely corrective action 

on the deficiencies found by the audits [5]. 

 

5. CONCLUSION 
Having described the process of implementing Quality 

Assurance and Quality Control System, it is clearly understood 

that quality doesn't happen by chance, it has to be managed at 

every stage of the product. A quality system is a mechanism by 

which a company can organize and manage its resources to 

achieve, sustain and improve quality economically. Quality 

Systems are analogous to financial control systems, 

information technology systems and personnel management 

systems. 
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It is after all the time and effort expands in producing the initial 

system that a dangerous point is reached. The danger is that 

once the system is complete it will become a neatly packaged 

inviolate document. This is the very thing that must be avoided 

and positive action must be taken to prevent it. A well directed 

quality auditing programme should be focused upon making 

upon the procedures more effective in termsof both Total 

Quality and company's aims. 

Most of the construction projects are executed through 

competitive tendering. The contractors at times quote very 

competitive rates with little margin of profit for securing the 

tenders. To offset this, they try to indulge in poor workmanship 

using substandard materials to prevent such mistakes and 

ensure QC of construction materials as well as workmanship; 

the works are inspected by an independent technical 

examination branch. It has been made mandatory for the 

contractor to employ qualified engineers for ensuring QA/QC. 

The system of approving samples of construction materials, 

workmanship and quarters by competent departmental 

engineers is strictly followed for ensuring QA/QC. The major 

concern of any construction firm is time while planning and 

execution of works. It also ensures that the best quality of 

construction materials available are used within the cost 

restraints of the project and maintenance works. 

It is found during the study, Quality Assurance is about getting 

it right first time but this is an aim that will forever remain on 

the horizon, the important thing is that the journey is in the 

right direction. Having prepared the manual a culture must be 

developed by the company within the individuals who use the 

system to question and improve the procedure used. 
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ABSTRACT 

Wireless Sensor Network is network of numerous wireless sensor nodes. Wireless sensor network has many issues like energy 

consumption, security etc. Current trend of wireless sensor network is widely used in different field like battle-field, education and 

organization etc. This paper review different types of protocols of wireless sensor network likes LEACH, GEAR, TEEN and 

SPIN. We analyze all the characteristics of these protocols. And here we compare all protocol and finds some issue in SPIN 

protocol. Therefore, this study indicates the possibility of developing a potential useful classification using Time Synchronization 

with clock drift to overcome issue. 
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1. INTRODUCTION 

A sensor network having large number of sensor node those 

are heavily deployed very close to it. The position of sensor 

nodes need not be fixed. WSN allows random deployment 

means that sensor network protocol and algorithms must 

possess self-organizing capabilities. The major components of 

a typical sensor network are: sensor nodes, the sensor field, the 

sink and the task manager [16]. 

 

 

 

Figure: 1 WSN Architecture [16] 
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WSNs architecture is shown in Figure1 which contains all 

major components. A sensor field is the area in which the 

nodes are placed. Sensors nodes are the heart of the network. 

Nodes are used for collecting data and routing this information 

back to a sink. A sink is a sensor node with the specific task of 

receiving, processing and storing data from the other sensor 

nodes. It is help to reduce the total number of messages that 

need to be sent, hence reducing the overall energy 

requirements of the network. 

 

 

Figure: 2 Components of WSN [16] 

Shown in figure 2 is component of WSN. Sensor nodes have 

four very important basic components of hardware.  

A sensing unit,  a processing unit, a radio transceiver and a 

power unit. Additional components may include location 

finding systems such as GPS, mobilizes and power generators. 

Mobilizers are required to move the node in specific 

applications. The processing unit and its associated storage 

manage then procedures that make the sensor node carry out 

its assigned sensing and collaboration tasks. The radio 

transceiver connects the node with the network and serves as 

the communication medium of the node. The power unit is the 

most important component of the sensor mote because it is 

used to determine the lifetime of the entire sensor network. 

WSN is mostly needed where human can’t easily reach and 

availability is not ease. 

The development of wireless sensor networks was motivated 

by military applications such as battlefield surveillance; today 

such networks are used in many industrial and consumer 

applications, such as industrial process monitoring and control, 

machine health monitoring, and so on. 

Current Status and Future Trends covers the various issues 

associated with WSNs, including their structure, activities, and 

applications [18]. 

· Location and position estimation in WSNs, techniques 

used in localization algorithms, and localization schemes 

· Energy-centric simulation and design space exploration 

· The fundamentals of MAC protocols and specific 

requirements and problems 

· Protocols and data gathering 

· Privacy and security issues in WSNs, solutions based on 

watermarking, and proposed work on intrusion detection 

systems (IDS) in WSNs. 

Wireless Sensor Network: It has various benefits likes,  

1. It avoids wiring.  

2. It can accommodate new devices at any time.  

3. Its flexible to use physical partitions.  

4. It can be accessed through a centralized monitor.  

And some drawbacks likes, 

 1. Its damn easy for hackers to hack.  

 2. Low speed of communication.  

 3. Gets distracted by various elements like Blue-

tooth.  

 4. Still Costly at large. 

 2. RELATED WORK 

Most of concept related to localization system for WSN as 

well as how to localize the nodes are discussed in [8]. Three 

main components are Distance/Angle Estimation, Position 

Computation and Localization Algorithm. 

An efficient coverage scheme for WSNs focuses on two 

coverage strategies of wireless sensor network which are 

compared on different parameters. There are two main 

strategies Delaunay Triangulation and Square Grid Coverage 

[9]. 
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Researchers summarize Energy consumption is the core issue 

in WSNs [10]. To generate a node energy model that can 

accurately reveal the energy consumption of sensor nodes is an 

extremely important part of protocol development, system 

design and performance evaluation in WSNs. In this paper, by 

studying component energy consumption in different node 

states and within state transitions, the authors present the 

energy models of the node core components, including 

processors, RF modules and sensors. 

Researchers present an overview of the various research issues 

in WSN based applications [11]. Such as Research Issues in 

Biological, Environmental, Healthcare, Industrial, Commercial 

and Military Application. Still WSNs are limited by 

scalability, cost, topology change and power consumption, 

new technologies are being planned to overcome these and to 

make sensor networks an important part of our lives. 

This [12] research aims at the problem in the vibration signal 

monitoring area that few of systems based on Wireless 

Sensing Technology are developed to deal with the problem of 

vibration specially. Researchers could achieve the operation of 

collecting and analyzing signal and monitoring the state of the 

network. 

The protocol is designed in [13] to quickly and reliably 

disseminate very short time-stamped messages required by 

synchronization protocols. Researchers identify limitations 

raised by the hardware and determine optimal parameters of 

the protocol. WSN will be widely deployed in the near future 

[15]. While much research has focused on making these 

networks feasible and useful, security has received little 

attention.  SPINS has two secure building blocks: SNEP and 

TESLA. 

In [15] WSN, sensor nodes have a limited transmission range. 

In fact, their processing and storage capabilities as well as 

their energy resources are also limited. Our experimentations 

show a better performance with SPIN in terms of energy 

consumption protocol. 

3. PROCOLS AND ITS COMPARISON 

Routing in WSNs differs from conventional routing in fixed 

networks in various ways. There is no infrastructure, wireless 

links are unreliable, sensor nodes may fail, and routing 

protocols have to meet strict energy saving requirements. 

Many routing algorithms were developed for wireless 

networks in general. All major routing protocols proposed for 

WSNs may be divided into seven categories. 

1. Location-based Protocols 

2. Data-centric Protocols 

3. Hierarchical Protocols 

4. Mobility-based Protocols 

5. Multipath-based Protocols 

6. Heterogeneity-based Protocols 

7. QoS-based protocols 

3.1 GEAR (Geographic and Energy Aware Routing) 

GEAR is an energy-efficient routing protocol proposed for 

routing queries to target regions in a sensor field. In GEAR, 

the sensors are supposed to have localization hardware 

equipped. 

Geographic routing requires that each node can determine its 

own location and that the source is aware of the location of the 

destination. With this information a message can be routed to 

the destination without knowledge of the network topology or 

a prior route discovery [17]. 

The GEAR protocol only considers a certain region rather than 

sending the interests to the whole network as happens in 

Directed Diffusion and thus restricting the number of interests. 

The protocol, called GEAR, uses energy aware and 

geographically-informed neighbor selection heuristics to route 

a packet towards the destination region [23]. 

The basic concept comprises of two main parts 

1. Route packets towards a target region through 

geographical and energy aware neighbor selection. 

2. Disseminate the packet within the region. 

3.2 SPIN (Sensor Protocols for Information via 

Negotiation) 

SPIN [2, 3] is a family of dynamic protocols that use data 

negotiation and resource-adaptive algorithms.  

SPIN is a data centric routing protocol. It assumes: 

A. All nodes in the network are base stations. 
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B. Nodes in close proximity have similar data. 

The SPIN protocols are based on two main mechanisms 

namely negotiation and resource adaptation. SPIN enables the 

sensors to negotiate with each other before any data 

dissemination can occur in order to avoid injecting non-useful 

and redundant information in the network. SPIN uses meta-

data as the descriptors of the data that the sensors want to 

disseminate. 

There are two main Components for SPINs: 

1. SNEP 

2. TESLA 

3.3 SNEP (Sensor Network Encryption Protocol) 

SNEP provides a number of unique advantages. First, it has 

low communication overhead since it only adds 8 bytes per 

message.  

Second, like many cryptographic protocols it uses a counter, 

but researchers avoid transmitting the counter value by 

keeping state at both end points.  

Third, SNEP achieves even semantic security, a strong 

security property which prevents observers from inferring the 

message content from the encoded message.  

Finally, the same simple and efficient protocol also gives us 

data authentication, replay protection, and weak message 

freshness Data confidentiality is one of the most basic security 

primitives and it is used in almost every security protocol. A 

simple   form of confidentiality can be achieved through 

encryption, but pure encryption is not sufficient. Another 

important security property is semantic security, which 

ensures that an eavesdropper has no information about the 

plaintext, even if it sees multiple encryptions of the same 

plaintext [19]. 

SNEP offers the following  properties:  

· Semantic security: Since the counter value is 

incremented after each message, the same message is 

encrypted differently each time. The counter value is 

long enough that it never repeats within the lifetime of 

the node.  

· Data authentication: If the MAC verifies correctly, a 

receiver can be assured that the message originated from 

the claimed sender. 

· Replay protection: The counter value in the MAC 

prevents replaying old messages. Note that if the counter 

were not present in the MAC, an adversary could easily 

replay messages. 

· Weak freshness: If the message verified correctly, a 

receiver knows that the message must have been sent 

after the previous message it received correctly (that had 

a lower counter value). This enforces a message ordering 

and yields weak freshness. 

· Low communication overhead: The counter state is kept 

at each end point and does not need to be sent in each 

message.  

3.4 TESLA (Timed Efficient Stream Loss-tolerant 

Authentication) 

The recently proposed TESLA protocol provides efficient 

authenticated broadcast [20,21]. However, TESLA is not 

designed for such limited computing environments as we 

encounter in sensor networks for three reasons. First, TESLA 

authenticates the initial packet with a digital signature. 

Clearly, digital signatures are too expensive to compute on our 

sensor nodes, since even fitting the code into the memory is a 

major challenge. For the same reason as we mention above, 

onetime signatures are a challenge to use on our nodes. 

We design TESLA to solve the following inadequacies of  

TESLA in sensor networks:  

· TESLA authenticates the initial packet with a digital 

signature, which is too expensive for our sensor nodes. 

TESLA uses only symmetric mechanisms.   

· Disclosing a key in each packet requires too much 

energy for sending and receiving. TESLA discloses the 

key once per epoch.  

· It is expensive to store a one-way key chain in a sensor 

node. TESLA restricts the number of authenticated 

senders. 

3.5 LEACH (Low Energy Adaptive Clustering Hierarchy) 

LEACH is the first and most popular energy-efficient 

hierarchical clustering algorithm for WSNs that was proposed 
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for reducing power consumption. In LEACH, the clustering 

task is rotated among the nodes, based on duration. Direct 

communication is used by each cluster head (CH) to forward 

the data to the base station (BS).  

It uses clusters to prolong the life of the WSN. LEACH is 

based on an aggregation (or fusion) technique that combines or 

aggregates the original data into a smaller size of data that 

carry only meaningful information to all individual sensors. 

LEACH divides the a network into several cluster of sensors, 

which are constructed by using localized coordination and 

control not only to reduce the amount of data that are 

transmitted to the sink, but also to make routing and data 

dissemination more scalable and robust. 

LEACH [6] is a self-organizing, adaptive clustering protocol. 

It uses randomization for distributing the energy load among 

the sensors in the network.  

 

The following are the assumptions made in the LEACH 

protocol: 

A. All nodes can transmit with enough power to reach the base 

station. 

B. Each node has enough computational power to support 

different  MAC  protocols. 

C. Nodes located close to each other have correlated data. 

LEACH is completely distributed and requires no global 

knowledge of network. It reduces energy consumption by 

(a) minimizing the communication cost between sensors and 

their cluster heads.  

(b) turning off non-head nodes as much as possible [22].  

LEACH uses single-hop routing where each node can transmit 

directly to the cluster-head and the sink. Therefore, it is not 

applicable to networks deployed in large regions. 

While LEACH helps the sensors within their cluster dissipate 

their energy slowly, the CHs consume a larger amount of 

energy when they are located farther away from the sink. 

 Also, LEACH clustering terminates in a finite number of 

iterations, but does not guarantee good CH distribution and 

assumes uniform energy consumption for CHs. 

3.6 TEEN (Threshold Sensitive Energy Efficient Sensor 

Network) 

TEEN is a hierarchical clustering protocol, which groups 

sensors into clusters with each led by a CH. The sensors 

within a cluster report their sensed data to their CH. The CH 

sends aggregated data to higher level CH until the data reaches 

the sink.  

 

It is targeted at reactive networks and is the first protocol 

developed for such networks. 

In this scheme at every cluster change time, the CH broadcasts 

the following to its members: 

Hard Threshold (HT): This is a threshold value for the sensed 

attribute. 

Soft Threshold (ST): This is a small change in the value of the 

sensed attribute which triggers the node to switch on its 

transmitter and transmit. 

 

Thus, the sensor network architecture in TEEN is based on a 

hierarchical grouping where closer nodes form clusters and 

this process goes on the second level until the BS (sink) is 

reached. TEEN is useful for applications where the users can 

control a trade-off between energy efficiency, data accuracy, 

and response time dynamically.  

 

TEEN uses a data-centric method with hierarchical approach. 

Important features of TEEN include its suitability for time 

critical sensing applications. 

 

TEEN is a cluster based hierarchical routing protocol based on 

LEACH. This protocol is used for time-critical applications.  

It has two assumptions: 

 

A. The BS and the sensor nodes have same initial energy. 

B. The BS can transmit data to all nodes in the network 

directly. 

TEEN is useful for applications where the users can Control a 

trade-off between energy efficiency, data accuracy, and 

response time dynamically. TEEN uses a data-centric method 

with hierarchical approach. Important features of TEEN 

include its suitability for time critical sensing applications. 
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Protocols Comparison  

Protocol 
Mobili

ty 

Power 

Manageme

nt 

N/W 

Lifetime 
Scalability 

Resource 

Awareness 
Classification 

Data 

Aggreg

ation 

Query 

Based 

Multipat

h 

LEACH 
Fixed 

BS 
Maximum Very Good Good Yes Clustering No No No 

TEEN 
Fixed 

BS 
Maximum Very Good Good Yes Reactive Yes No No 

GEAR 
Limite

d 
Limited Good Limited Yes Location No No No 

SPIN 
Suppor

t 
Limited Good Limited Yes Proactive Yes Yes Yes 

 
LEACH, TEEN has similar features and their architectures are 

to some extent similar. They have fixed infrastructure. 

LEACH and TEEN are cluster based routing protocols. TEEN 

only transmits time-critical data whereas LEACH transmits 

data continuously. 

SPIN maintains a global network topology. SPIN halves the 

redundant data in comparison to flooding. SPIN the sensor 

nodes advertise the availability of data so that interested nodes 

can query that data. 

GEAR limits the number of interests in Directed Diffusion by 

considering only certain region rather than sending the 

interests to the whole network. GEAR thus complements 

Directed Diffusion and conserves more energy [7]. 

LEACH, TEEN and GEAR has not facility of query based and 

multipath while it is supported in SPIN. 

 

4. CONCLUSION 
We analyze different protocols related to WSN like LEACH, 

TEEN and GEAR. All of these protocols have different 

characteristics like mobility, power management, N/W 

lifetime, scalability, data aggregation, multipath. LEACH, 

TEEN and GEAR protocol have fixed mobility. After study 

of all characteristics SPIN is very efficient protocol for WSN. 

SPIN is a family of protocols used to efficiently disseminate 

information in a WSN.  SNEP and μTESLA together provide 

secure communication channels using only symmetric 

cryptography in sensor networks: – Confidentiality, 

Authentication, Integrity, Freshness, and Low overhead. SPIN 

have one problem time-synchronization between nodes. So we 

decide that we will work on relevant time-synchronization 

between nodes in WSN 
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ABSTRACT 
In this paper an effort is made to review the investigations that have been made on the different analysis techniques of 

automobile frames. That analysis may be, static analysis or dynamic analysis. A number of analytical and experimental 

techniques are available for the analysis of the automobile frames. Determination of the different analysis around different 

conditions in an automobile frames has been reported in literature. An attempt has been made in the article to present an 

overview of various techniques developed for the analysis of automobile frames and results of that analysis due to which further 

study on the chassis will become easy. 

 

Keywords — Fatigue life prediction, Automotive Vehicles, Static Analysis, Dynamic Analysis 

1. INTRODUCTION 
The motorcycle chassis consists of the frame, suspension, 

wheels and brakes. Each of these components is described 

briefly below. Frame Motorcycles have a frame made of steel, 

aluminum or an alloy. The frame consists mostly of hollow 

tubes and serves as a skeleton on which components like the 

gearbox and engine are mounted.  

The frame also serves as a support for the suspension system, 

a collection of springs and shock absorbers that helps keep the 

wheels in contact with the road and cushions the rider from 

bumps and jolts. Wheels Motorcycle wheels are generally 

aluminum or steel rims with spokes, although some models 

introduced since the 1970s offer cast wheels. Cast wheels 

allow the bikes to use tubeless tires, which, unlike traditional 

pneumatic tires, don't have an inner tube to hold the 

compressed air.  The front and rear wheels on a motorcycle 

each have a brake. The rider activates the front brake with a 

hand lever 

on the right grip, the rear brake with the right foot pedal. 

Drum brakes were common until the 1970s, but most 

motorcycles today rely on the superior performance of disc 

brake. 

 

2. LITERATURE REVIEW 
C. H. Neeraja a C. R. Sireesha and D. Jawaharlal [1] have 

modelled a suspension frame used in two-wheeler. Modelling 

is done in Pro/Engineer. They  have done structural and 

modal analysis on suspension frame using four materials 

Steel, Aluminium Alloy A360, Magnesium and carbon fiber 

reinforced polymer to validate our design.  

 

By observing the results, for all the materials the stress values 

are less than their respective permissible yield stress values. 

So the design was safe, by conclusion.  

By comparing the results for four materials, stress obtained is 

same and displacement is less for carbon fiber reinforced 

polymer than other three materials. So for  design considered, 

CFRP is better material for suspension frame.  

 

Cicek Karaoglu and N. Sefa Kuralay [2] did the finite 

element analysis of a truck chassis. The analysis showed that 
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increasing the side member thickness can reduce stresses on 

the joint areas, but it is important to realize that the overall 

weight of the chassis frame increases. Using local plates only 

in the joint area can also increase side member thickness. 

Therefore, excessive weight of the chassis frame is prevented.  

 

In November 2008 Mohamad Tarmizi Bin Arbain uses 3D 

model for finite element analysis issues regarding the 

experimental analysis of car chassis is addressed. The 

modeling approach is investigated extensively using both of 

computational and compared it to experimental modal 

analysis.  

A comparison of the modal parameters from both experiment 

and simulation shows the validity of the proposed approach. 

Then perform the computational stress analysis with linear 

material type analysis to find the stress concentration point in 

the car chassis.  

 

Karaoglu and Kuralay[3] investigated stress analysis of a 

truck chassis with riveted joints using FEM. Numerical 

results showed that stresses on the side member can be 

reduced by increasing the side member thickness locally.  

 

Fermer et al investigated the fatigue life of Volvo S80 Bi-Fuel 

using MSC/Fatigue Conle and Chu [4] did research about 

fatigue analysis and the local stress –strain approach in 

complex vehicular structures.  

Structural optimization of automotive components applied to 

durability problems has been investigated by Ferreira et al 

Filho Et. al. [5] have investigated and optimized a chassis 

design for an off road vehicle with the appropriate dynamic 

and structural behavior. 

 

In July 2011 Kutay Yilmazçoban, Yaşar Kahraman [6], put 

some works on the chassis optimization by using the finite 

analysis, his main focus was on the reduced the weight of the 

chassis for that he used three thickness 4 mm, 5 mm & 6 mm 

and after analysis he conclude that the 4 mm thickness is 

better because the stress and the displacement in that is better 

than other two thickness. 

 

Teo Han Fui, Roslan Abd. Rahman [7], in December 2007, 

works on the Statics and Dynamics, Structural Analysis of a 

4.5 Ton Truck Chassis, he determined the dynamic 

characteristic, of the truck chassis, investigating the mounting 

locations of components on the truck  chassis and observing 

the response of the truck chassis under static loading 

conditions. The local bending vibration occurs at the top hat 

cross member where the gearbox is mounted on it.  

And hence, the mounting location of the engine and 

transmission system is along the symmetrical axis of the 

chassis’s first torsion mode where the effect of the first mode 

is less. However, the mounting of the suspension system on 

the truck chassis is slightly away from the nodal point of the 

first vertical bending mode. This might due to the 

configuration of the static loading on the truck chassis. For 

the linear static analysis, the stress distribution and 

deformation profile of the truck chassis subjected to two 

loading conditions: truck components loading and 

asymmetrical loading had been determined. Maximum stress 

occurred at the mounting brackets of the suspension system 

while the maximum translation occurred at the location where 

the symmetry and asymmetry load is acting. The maximum 

stress of the truck chassis is 490 MPa while the maximum 

translation is 33.6 mm. These values are acceptable as 

compared to the yield strength of the chassis material and the 

tolerance allowed for the chassis. 

O Kurdi, R Abd- Rahman, M N Tamin [8], works on the, 

Stress Analysis Of Heavy Duty Truck Chassis Using Finite 

Element Method, he mainly focus on the important steps in 

development of a new truck chassis is the prediction of 

fatigue life span and durability loading of the chassis frame. 

Fatigue study and life prediction on the chassis is necessary in 

order to verify the safety of this chassis during its operation. 

Stress analysis using Finite Element Method (FEM) can be 

used to locate the critical point which has the highest stress. 

This critical point is one of the factors that may cause the 

fatigue failure. 

 

In June 2012 Haval Kamal Asker1, Thaker Salih Dawood1 

and Arkan Fawzi [9], put some works on the Stress Analysis 

of Standard Truck Chassis during Ramping on Block Using 

Finite Element Method and he focused on the intensity and 

the strength of the frame play a big role in the truck's design. 
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A frame of 6 wheels, standard dump truck has been studied 

and analyzed using Ansys package software.  

 
Fig: 2.1 Back bone Frame 

The static intensity of the frame has been analyzed when 

exposed to pure bending and torsion stress, within two cases. 

First case is when the rear wheels zigzag gets over block 

(only one side of the chassis steps the block), and the second 

case is when both wheels gets over the block. The results 

show important differences between the two case studies, 

especially in the torsion and deformations results obtained 

from the chassis model. 

 Also, vibration modes have been analyzed during the loading 

conditions. The more damping ratio Used, the more 

stabilizing of the stresses with respect to time 

 
Fig: 2.2 Pro/Engineer model of suspension frame 

 

 

 
Fig. 2.3 Structural analysis of suspension frame using 

aluminium alloy a360 

 

 

Table 2.1For Alloy Steel: 

 Results Permissable 

Displacement 0.297e-3 

 

 

Vonmises stress 2.383 325 

 Frequency Displacement 

Mode 01 0.024473 0.922 e-3 

Mode 02 0.025756 .001876 

Mode 03 0.026079 0.001991 

Mode 04 0.02613 0.925 e-3 

Mode 05 0.032796 0.004175 

 

 

Table 2.2 For Magnesium alloy: 

 Results Permissible 

Displacement 0.848 e-3  

Vonmises stress 5.995 165 

 Frequency Displacement 

Mode 01 0.04726 0.00167 

Mode 02 0.014729 0.00167 

Mode 03 0.021785 0.001547 

Mode 04 0.021795 0.001547 

Mode 05 0.023324 0.002075 
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Table 2.3 For Aluminum Alloy A360: 

 Results Permissible 

Displacement 0.551 e-3  

Vonmises stress 2.381 520 

 Frequency Displacement 

Mode 01 0.023455 0.001676 

Mode 02 0.02448 0.001906 

Mode 03 0.02958 0.001593 

Mode 04 0.02967 0.001768 

Mode 05 0.030221 0.00211 

 

 

Table 2.4 For Carbon fiber reinforced polymer: 

 Results Permissible 

Displacement 0.002413 

 
 

Vonmises stress 2.658 83 

 Frequency Displacement 

Mode 01 0.01383 0.001667 

Mode 02 0.014074 0.001666 

Mode 03 0.014399 0.002029 

Mode 04 0.014559 0.002031 

Mode 05 0.021519 0.001549 

 

Here the Von Misses Stress - The Von Misses criteria is a 

formula for combining these 3 stresses into an equivalent 

stress, which is then compared to the tensile stress of the 

material. 

By using the carbon fiber reinforced polymer we can suitably 

prepare the model. As the material has less density compared 

to the another materials used for manufacturing of chassis and 

frame, this is the best suited for our process of manufacturing, 

and can with stand very high loads Using carbon fiber 

reinforced polymer frequently in the upcoming days we can 

reduce the cost of manufacturing of frame. Carbon fiber-

reinforced polymers (CFRPs) have an almost infinite service 

lifetime when protected from the sun, and, unlike steel alloys, 

have no endurance limit when exposed to cyclic loading. 

 

3. CONCLUSIONS 
· In the review most of cases are under study and the 

work carried out do not provide sustainable progress in 

analysis of the chassis and differentiation between load 

analysis results to predict life of it.  

· So it is necessary to continue further study in the 

analysis and evaluation of the chassis to provide the 

pathfinder a way. 

· To predict life of a chassis there is need to have the 

results which are based on the load variation and impact 

in static as well as in dynamic. 
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ABSTRACT 
India is an agriculture based country, where 70% of the population depends on agriculture. Now-a-days the people of India wants 

to use some technology that make them work easier, faster and with more perfection and with less cost. Plant classification 

remains very useful and important task for scientist, field guides and others. Using computer vision this process can be automated. 

Here the reviews of different systems which are helpful to identify any leaf for automation in farming, gardening and in medicine 

developing from plants have been carried out. 

 

Keywords/ Index Term— PNN, PCA, SVM-BDT, NN, BPNN, Leaf identification, leaf recognition 

 

 

1. INTRODUCTION 
Each leaf has its own features and carries significant 

information that can help people to recognise and classify the 

plant by looking at it. Leaf shape is a prominent feature that 

most people use to recognise and classify a plant [17]. Wu et 

al. [18] in had stated that diameter, physiological length, 

physiological width, leaf area and perimeter are basic 

geometry information can be extract from the leaf shape [17] . 

In addition, leaf color, textures and vein are also considered as 

features [19] . All these features are useful for recognition and 

classification of leaf image. Figure 1 illustrates the 

fundamental of recognition and classification process by 

computer using a leaf image in order to recognize and classify 

a plant. 

 

Fig 1 System Work Flow 

Recognition of plant images is one of the research topics in 

computer science. The use of shape for recognizing objects has 

been actively studied since the beginning of object recognition 

in 1950s. Several authors suggest that object shape is more 

informative than its look properties such as texture, colour and 

shape. 
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Due to the availability of low cost camera and immense study 

of computer vision system, lots of methodologies are available 

for automatic leaf recognition. In this review paper we have 

studied different methods and compared it. Section 2 contains 

Literature Review, different classification methods are 

enclosed in section3 and finally section 4 contains conclusion 

of the literature review. 

 

2. LITERATURE REVIEW 
Flavia Dataset consists of 32 classes with 50-60 observation in 

each class. A 32 class of  flavia database is used by the 

Stephen Gang Wu in their work for leaf recognition for plant 

classification, they achieved 90% accuracy [1]. The SVM-

BDT has superior performance i.e. 96%, compare to PNN 

91% and Fourier Moment 62%. 

The experiments show that PCA can improve the accuracy of 

the system, from 93% to 95.7500% when dataset Foliage was 

used and from 93.4375% to 95% when dataset Flavia was used 

according to [2]. 

A method for leaf classification has been developed. The 

method incorporates shape and vein, color, and texture 

features and uses PNN as a classifier [3]. The result gives 

93.75% of accuracy, which is slightly better than the original 

work that gives 90,312% of accuracy. 

Incorporating Zernike moments for feature descriptors is a 

feasible alternative for classifying structurally complex 

images. They offer exceptional invariance features and reveal 

enhanced performance than other moment based solutions. 

GLCM gives better texture approximations and hence makes 

classification easier [4]. 

Advanced leaf recognition for plant classification based on 

leaf contour and centroid [5]. We extracted twenty leaf 

features for leaf recognition. From the experimental results, we 

can confirm that the recognition rate of the proposed advanced 

leaf recognition was better than that of the existed leaf 

recognition. 

The computer can automatically recognize leaf by transferring 

the leaf sample to the computer. MLP is adopted for its fast 

training speed and simple structure. Ten features are extracted 

and later processed form the input vector of MLP. 

Experimental result indicates that algorithm is workable with 

an accuracy greater than 94% [6]. Compared with other 

methods, this algorithm is fast in execution, efficient in 

recognition and easy in implementation. 

The system trains 25 kinds of leaves and 25 kinds of flowers 

with 1,250 images in the system database. The system tests its 

performance with 25 kinds of leaves and 25 kinds of flowers 

within 500 images for a training data set. The system tests 
another 5 kinds of leaves and 5 kinds of flowers within 50 

images for an  un-training data set. The precision rate is 71.9 

% for the training dataset and 77.0 % for the un-training data 

set [7]. 

 

The importance of leaf length, width, area and perimeter since 

the results obtained by the feature selection method selected 

these features as the most discriminant ones and combined 

them with other morphological features increased the results to 

85 % [8]. As the automated system is a novel method of 

identification of plants from herbarium specimens, we believe 

that the performance, accuracy and results obtained are at least 

promising and have a potential in real plant identification 

application. 

 

Leaf recognition lies in whether selected features are stable 

and have good ability to discriminate individual leaves [9]. 

From the view of plant morphology (such as shape, vein, dent 

and so on), domain-related visual features of plant leaf are 

analysed and extracted. On such a basis, an approach for 

recognizing plant leaf using artificial neural network is 

brought forward. Experiment results prove the effectiveness 

and superiority of our methods. 

New robust & computationally efficient system is presented 

that takes into consideration the colour features and tooth 

features of the leaf in addition to the shape features. We finally 

used a combination of colour, shape, morphological and tooth 

features [10]. The system was tested on Flavia dataset by using 

two classifier and the results were admissible as can be seen in 

experimental results. 

The leaf characteristics vary widely from its tender stage to the 

mature stage. Hence this algorithm is restricted for images of 

mature leaves of a plant. [11] white background is maintained 

both for the database and test images. With this constraint 

system achieved better accuracy. 
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A digital morphological feature based automatic recognition 

method for plant images was proposed and performed [12]. 

The fifteen features are used to classify 20 species of plant 

leaves. new moving median centres’ hyper sphere classifier is 

adopted to perform the classification. The experimental results 

demonstrated that the proposed method is effective and 

efficient. By comparing with the 1-NN and k-NN classifiers, it 

can be found that the MMC classifier can not only save the 

storage space but also reduce the classification time under the 

case of no sacrificing the classification accuracy. 

A Back propagation neural network (BPNN) for recognition of 

leaves is implemented in this project[13]. The training set 

contains minimum five spices for each type of leaf in each 

data file. Using more number of species in training set and no: 

of output nodes can enhance the recognition ability.  

The classification based on the recognizing the leaves images 

with extracted texture features was proposed and performed 

[14]. The texture features have been extracted with using the 

Grey-Level Co-occurrences Matrix (GLCM) and the Principal 

Component Analysis (PCA) algorithms, on the 390 image in 

dataset and with 65 deformed or new leaf images for test. 

Different degrees for the GLCM method were used and it was 

found out to be more efficient in the degree 0° by 78.46 % 

accuracy. It was specified that the GLCM is very sensitive in 

any changes for images such as deforming or giving the new 

leaf image as a test. the PCA method comes out to be more 

efficient compare to the GLCM method by 98.46 % accuracy. 

 

An automated system for plant identification using shape 

features of their leaves. Two shape modeling approaches are 

discussed: one technique based on invariant-moments model 

and the other on centroid-radii model, and the two are 

compared with regard to classification accuracies [15]. Such 

automated classification systems can prove extremely useful 

for quick and efficient classification of plant species. The 

accuracy of the current proposed approach is comparable to 

those reported in contemporary works. A salient feature of the 

current approach is the low-complexity data modeling scheme 

used whereby dimensionality of the feature vectors are 

typically below 40. 

 

 

We have tested several types of features in a specific task - 

recognition of wooden species based on their leaves. We 

concluded that Fourier descriptors are the most appropriate 

features which can, when combined with the leaf size, achieve 

the recognition rate above 85% [16]. A crucial factor 

influencing the success rate is of course the quality of the input 

image. The system is not primarily designed to work with 

photographs of the leaves taken directly on the tree. The 

background segmentation and elimination of the perspective 

would have to be incorporated. 

 

3. METHOD 
In general, the leaf recognition follows some steps like Image 

capturing, image pre-processing, image-segmentation, feature 

extraction and finally classification leaf. Here some methods 

for feature extraction and methods for classification are 

explained in this section. Figure 2 shows preprocessing phase 

for leaf reorganization 

Fig 2 Image-Preprocessing steps 

3.1. Feature Extraction Method 
Feature extraction of leaf can be done on the bases of different 

features like color, shape and size. In this section we have 

described different methods for extracting features of leaf. 

3.1.1 Color 

For color feature extraction methods are available like 

Dominant color method, Intensity Distribution method, mean 

of color, nine color characteristic data, HIS color model 

technique, YES color model and many more [20]. 

3.1.2 Shape 

For shape feature extraction different methods available which 

are mainly divided in to two parts: Contour-Based and Region 

Based. Again both the methods of shape feature extraction 

have two different approaches: Structural and Global. In 

contour based structural method have approaches like Chain 

code, Polygon, B-Spline and Invariants, Contour based Global 
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method have approaches like perimeter, shape signature and 

Fourier Descriptor and many more. In region based global 

method has area, gridmethod and euler method and many more 

approaches are available, and region based structural method 

have approaches like Convex hull, Core etc. [21] 

3.1.3 Size 

For size different methods are available like system based on 

measuring the volume of the gap between the fruit and an 

outer casing, Time of flight (TOF) range finding system, 

system based on the blocking of light and two dimensional 

machine vision systems. These are the main methods of size 

feature extraction and many more methods are available in that 

too. 

Except above listed features there are other features like 

texture & veins of leaf available. [22] 

 

3.2. Classification Method 
In this section, different classification system is explained like 

Linear Discriminate Classifiers (LDC), Nearest neighbor 

classifiers (k-NN), Support vector machines, Artificial neural 

network (ANN), Rule based system (Fuzzy system). 

 

3.2.1 Probabilistic Neural Network [23] 

Probabilistic Neural Network (PNN) is derived from Radial 

Basis Function Network (RNF). PNN is an algorithm which 

can be used for classification problems. PNN has three layers 

the Input layer, Radial Basis Layer and Competitive Layer. 

When an input is given to the first layer, it matches the input 

with the training input. Then produces a vector whose 

elements the input is closest to a training input. Then second 

layer sums these contributions for each class of inputs to 

develop its net output of probabilities. And finally, a complete 

transfer function on the output of the second layer picks the 

maximum of these probabilities, and produces a 1 for that 

class and a 0 for the other classes. PNN training speed is many 

times faster than a BP network. 

3.2.1 Principle Component Analysis [24] 

Principal component analysis is a quantitatively difficult 

method for decreasing the dimension of input vector of neural 

network. The method generates a new set of variables it’s 

called principal components. Component is a linear 

combination of original variables. And orthogonal to each 

other, so there is no redundant information. The principal 

components as a whole form an orthogonal basis for the space 

of the data. Mathematically, it transforms the data to a new 

coordinate system such that the greatest variance by any 

projection of the data comes to lie on the first coordinate, the 

second greatest variance on the second coordinate, and so on. 

Each coordinate is called a principal component. 

3.2.3 Support Vector Machine [25] 

SVMs are a relatively new machine-learning tool and have 

developed as a powerful technique for learning from data and 

in particular, for solving dual classification problems. SVMs is 

generated from Vapnik’s statistical learning theory, and they 

formulated the learning problem as a quadratic optimization 

problem whose error surface is free of local minima and has 

global optimal, the aim is to find an optimal separating hyper 

plane (OSH) between the two data sets. SVM finds the OSH 

by maximizing the margin between the classes. The main 

concepts of SVM are first transform input data into a higher 

dimensional space and then construct an OSH between the two 

classes in the transformed space. Those data vectors nearest to 

the constructed line in the transformed space are called the 

support vectors. The SVM estimates a function for classifying 

data into two classes. Using a nonlinear transformation that 

depends on a regular parameter, the input vectors are placed 

into a high-dimensional feature space, where a linear 

separation is employed. 

3.2.3 Fourier Method [26] 

To calculate the Fourier moments of an image, you have to 

calculate first the centroid of the image. Rays are now drawn 

arising from the centroid toward the boundary. The distance of 

the centroid from the point of joining of the rays and the 

boundary of the image is calculated for each ray and stored. 

This sequence of lengths is periodic in nature, after every 2 

radians the same ray is reached. For this periodic sequence 

Discrete Fourier Transform (DFT) is calculated. The sequence 

of radial distances for different images would return different 

periodic signals, and therefore different DFTs. Calculation of 

DFT of the sequence of radial distances makes these moments 

constant for rotating since shifting of a sequence or 

equivalently rotation of an image, corresponds to 

multiplication of the DFT by an imaginary exponential term, 

which does not affect its magnitude. The angle between two 

continuous rays can be mixed to increase or decrease number 
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of points in the sequence. By decreasing the angular step more 

number of points would be detached which would improve the 

resolving power of the Fourier moments. 

4. CONCLUSION 
From the above literature review we have concluded that lots 

of work had been done for foreign country’s plant recognition 

but for Indian country’s leaf very less work have been done. 

For classification many methods have been discussed in 

section 3.2, from that neural network give good accuracy but 

take more time. So in future we would like to work for Indian 

leaf recognition system using neural network. 
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ABSTRACT 

This paper describes the special features of NewSQL, Features like storing of data, security, support to big data etc.  NewSql will 

overcome all constraints present in SQL and NoSQL. As it becomes ever more pervasively engaged in data driven commerce, a 

modern enterprise becomes increasingly dependent upon reliable and high speed transaction services. At the same time it aspires 

to capitalize upon large inflows of information to draw timely business insights and improve business results. These two 

imperatives are frequently in conflict because of the widely divergent strategies that must be pursued :the need to bolster on-line 

transactional processing generally drives a business towards a small cluster of high-end servers running a mature, ACID 

compliant, SQL relational database; while high throughput analytics on massive and growing volumes of data favor the selection 

of very large clusters running nontraditional (NoSQL/NewSql) databases that employ softer consistency protocols for 

performance and availability. 

Keywords — Databases, SQL, NoSQL, NewSQL, ACID Properties 

 

1. INTRODUCTION 

A database is an organized collection of data. The data are 

typically organized to model relevant aspects of reality in a 

way that supports processes requiring this information. For 

example, modeling the availability of rooms in hotels in a way 

that supports finding a hotel with vacancies. Database 

management systems (DBMSs) are specially designed 

software applications that interact with the user, other 

applications, and the database itself to capture and analyze 

data. A general-purpose DBMS is a software system designed 

to allow the definition, creation, querying, update, and 

administration of databases. Well-known DBMSs include 

MySQL, MariaDB, PostgreSQL, SQLite, Microsoft SQL 

Server, Oracle, SAP HANA, dBASE, FoxPro, IBM DB2, 

LibreOffice Base and FileMaker Pro. A database is not 

generally portable across different DBMSs, but different 

DBMSs can interoperate by using standards such as SQL and 

ODBC or JDBC to allow a single application to work with 

more than one database. Formally, "database" refers to the 

data themselves and supporting data structures. Databases are 

created to operate large quantities of information by inputting, 

storing, retrieving and managing that information. Databases 

are set up so that one set of software programs provides all 

users with access to all the data. 

A "database management system" (DBMS) is a suite of 

computer software providing the interface between users and a 

database or databases. Because they are so closely related, the 

term "database" when used casually often refers to both a 

DBMS and the data it manipulates. Outside the world of 

professional information technology, the term database is 

sometimes used casually to refer to any collection of data 

(perhaps a spreadsheet, maybe even a card index). This article 

is concerned only with databases where the size and usage 

requirements necessitate use of a database management 

system. The interactions catered for by most existing DBMSs 

fall into four main groups: 

Data definition – Defining new data structures for a database, 

removing data structures from the database, modifying the 

structure of existing data. 

Update – Inserting, modifying, and deleting data. 
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Retrieval – Obtaining information either for end-user queries 

and reports or for processing by applications. 

Administration – Registering and monitoring users, enforcing 

data security, monitoring performance, maintaining data 

integrity, dealing with concurrency control, and recovering 

information if the system fails. 

A DBMS is responsible for maintaining the integrity and 

security of stored data, and for recovering information if the 

system fails. Both a database and its DBMS conform to the 

principles of a particular database model. "Database system" 

refers collectively to the database model, database 

management system, and database. 

Physically, database servers are dedicated computers that hold 

the actual databases and run only the DBMS and related 

software.  

Database servers are usually multiprocessor computers, with 

generous memory and RAID disk arrays used for stable 

storage. RAID is used for recovery of data if any of the disks 

fail. Hardware database accelerators, connected to one or more 

servers via a high-speed channel, are also used in large volume 

transaction processing environments. DBMSs are found at the 

heart of most database applications.  

 

2. INTRODUCTION TO NEW SQL 

NewSQL is a new database access language. It is easier to 

learn than SQL, elegant, consistent, and well defined. It is not 

an extension or subset of SQL, and not an Object database 

language. It is based on top of the cross database library 

LDBC.SQL is outdated, too complex and has many flaws. 

Object databases are not the future. Existing applications and 

databases are supported. Two types of converters will be built: 

SQL > NewSQL and NewSQL > SQL. (SQL means all major 

SQL dialects). That not only helps migration, it also allows to 

run existing applications with different databases. Here are 

some first ideas. The functionality of the language will be 

standardized. 

3. PAGE STYLE 

In this section NewSql is compared with Traditional sql and 

NoSQL. This Comparison is based on the various parameters 

and that parameters are discussed below and the open source 

databases are considered here like MySQL for Sal, Mongo DB 

for NoSQL and NuoDb, VoltDb for NewSql. 

The parameters are listed below 

 

3.1. Support to ACID Properties 

In computer science, ACID (Atomicity, Consistency, 

Isolation, and Durability) is a set of properties that guarantee 

that database transactions are processed reliably. In the context 

of databases, a single logical operation on the data is called a 

transaction. For example, a transfer of funds from one bank 

account to another, even involving multiple changes such as 

debiting one account and crediting another, is a single 

transaction. 

Atomicity: Atomicity (database systems) 

Atomicity requires that each transaction is "all or nothing": if 

one part of the transaction fails, the entire transaction fails, and 

the database state is left unchanged. An atomic system must 

guarantee atomicity in each and every situation, including 

power failures, errors, and crashes. To the outside world, a 

committed transaction appears (by its effects on the database) 

to be indivisible ("atomic"), and an aborted transaction does 

not happen. 

Consistency: Consistency (database systems) 

The consistency property ensures that any transaction will 

bring the database from one valid state to another. Any data 

written to the database must be valid according to all defined 

rules, including but not limited to constraints, cascades, 

triggers, and any combination thereof. This does not guarantee 

correctness of the transaction in all ways the application 

programmer might have wanted (that is the responsibility of 

application-level code) but merely that any programming 

errors do not violate any defined rules. 

Isolation: Isolation (database systems) the isolation property 

ensures that the concurrent execution of transactions results in 

a system state that would be obtained if transactions were 

executed serially, i.e. one after the other. Providing isolation is 

the main goal of concurrency control. Depending on 

concurrency control method, the effects of an incomplete 

transaction might not even be visible to another transaction.[ 

Durability: Durability (database systems) 

Durability means that once a transaction has been committed, 

it will remain so, even in the event of power loss, crashes, or 

errors. In a relational database, for instance, once a group of 

SQL statements execute, the results need to be stored 

permanently (even if the database crashes immediately 
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thereafter). To defend against power loss, transactions (or their 

effects) must be recorded in a non-volatile memory. 

The Traditional sql supports the ACID properties. All the 4 

property are supported by sql. NoSQL does not support the 

ACID properties. NoSQL supports BASE properties that is 

[Basic Availability Soft-state Eventual consistency].NewSql 

supports the ACID properties. 

 

3.2. Storage 

In SQL data is stored in RDBMS. In NOSQL data is stored in 

graphs and trees and NewSql gives both the advantages. IN 

SQL goes in one machine where as In NoSQL data is 

distributed and NEWSQL gives advantages of both. 

 

Fig-1: Comparison of storage in NoSQL and NewSQL 

 

3.3.  CAP Theorem  

Brewer’s 2000 talk was based on his theoretical work at UC 

Berkley and observations from running Inktomi, though 

Brewer and others were talking about trade-off decisions that 

need to be made in highly scalable systems years before that 

(e.g. ”Cluster-Based Scalable Network Services” from SOSP 

in 1997 and ”Harvest, yield, and scalable tolerant systems” in 

1999) so the contents of the presentation weren’t new and, like 

many of these ideas, they were the work of many smart people 

(as I am sure Brewer himself would be quick to point out).The 

three requirements are: Consistency, Availability and Partition 

Tolerance, giving Brewer’s Theorem its other name - CAP. 

Consistency: A service that is consistent operates fully or not 

at all. Gilbert and Lynch use the word “atomic” instead of 

consistent in their proof, which makes more sense technically 

because, strictly speaking, consistent is the C in ACID as 

applied to the ideal properties of database transactions and 

means that data will never be persisted that breaks certain pre-

set constraints. But if you consider it a preset constraint of 

distributed systems that multiple values for the same piece of 

data are not allowed then I think the leak in the abstraction is 

plugged (plus, if Brewer had used the word atomic, it would 

be called the AAP theorem and we’d all be in hospital every 

time we tried to pronounce it. 

Availability: Availability means just that - the service is 

available (to operate fully or not as above). When you buy the 

book you want to get a response, not some browser message 

about the web site being uncommunicative. Gilbert & Lynch 

in their proof of CAP Theorem make the good point that 

availability most often deserts you when you need it most - 

sites tend to go down at busy periods precisely because they 

are busy. A service that’s available but not being accessed is of 

no benefit to anyone. 

Partition Tolerance: If your application and database runs on 

one box then (ignoring scale issues and assuming all your code 

is perfect) your server acts as a kind of atomic processor in 

that it either works or doesn’t (i.e. if it has crashed it’s not 

available, but it won’t cause data inconsistency either). 

The Significance of the Theorem CAP Theorem comes to life 

as an application scales. At low transactional volumes, small 

latencies to allow databases to get consistent has no noticeable 

effect on either overall performance or the user experience. 

Any load distribution you do undertake, therefore, is likely to 

be for systems management reasons. But as activity increases, 

these pinch-points in throughput will begin limit growth and 

create errors. It’s one thing having to wait for a web page to 

come back with a response and another experience altogether 

to enter your credit card details to be met with “HTTP 500 

java.lang.schrodinger.purchasingerror” and wonder whether 

you’ve just paid for something you won’t get, not paid at all, 

or maybe the error is immaterial to this transaction. Who 

knows? You are unlikely to continue, more likely to shop 

elsewhere, and very likely to phone your bank. The database 

crowd, unsurprisingly, like database technology and will tend 
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to address scale by talking of things like optimistic locking 

and sharding), keeping the database at the heart of things. 

NoSQL: In recent years NoSQL databases have justified 

providing eventual or other weak read/write consistency as an 

inevitable consequence of Brewer's CAP Theorem. This relies 

on the simplistic interpretation that because distributed 

systems can't avoid Partitions, they have to give up 

Consistency in order to offer Availability. This reasoning if 

flawed - CAP does allow systems to maintain both 

Consistency and Availability during the (majority of the time) 

when there is no Partition, and good distributed systems strive 

to maximize both C and A while accounting for P. You do not 

have to give up consistency as a whole just to gain scalability 

and availability.  

NewSQL: NewSQL actually cracks the CAP theorem in 

NewSQL all 3 things are satisfied but problem of latency 

occurs sometimes that is problem of processing speed. 

Of equations as if they appeared directly in the text. 

 

3.4 Performance: 

The following diagram shows the performance of the 

NewSQL. 

Fig-2: Performance of NewSQL  

3.5 Consistency of Data: 

The Following diagram shows the consistency of the data. For 

the traditional SQL smaller data range the performance is quite 

good but when data size increases at that time problem arises 

same case with the NOSQL but NewSQL is better than both 

the SQL. Performance of NewSQL quite good the following 

diagram shows that quite well if data is in GB Traditional sql 

is perfect and For tera bytes of data which is real need 

NewSQL is perfect but in penta bytes of data consistency of 

NoSQL decreases the performance of system. 

 

Fig-3: Data Consistency in NewSQL 

 

3.6 Security: 

Database security concerns the use of a broad range of 

information security controls to protect databases (potentially 

including the data, the database applications or stored 

functions, the database systems, the database servers and the 

associated network links) against compromises of their 

confidentiality, integrity and availability. It involves various 

types or categories of controls, such as technical, 

procedural/administrative and physical. Database security is a 

specialist topic within the broader realms of computer security, 

information security and risk management. 

Traditionally databases have been largely secured against 

hackers through network security measures such as firewalls, 

and network-based intrusion detection systems. While network 

security controls remain valuable in this regard, securing the 

database systems themselves, and the programs/functions and 

data within them, has arguably become more critical as 

networks are increasingly opened to wider access, in particular 

access from the Internet. Furthermore, system, program, 

function and data access controls, along with the associated 

user identification, authentication and rights management 

functions, have always been important to limit and in some 

cases log the activities of authorized users and administrators. 

NOSQL doesn’t support ACID supports and security 

constraint is there. Problem of authentication, authorization 

and confidentiality. But all above drawbacks are covered In 

NEWSQL that is authentication, authorization and 

confidentiality are better in NEWSQL. 

 

3.7 In Memory Database 

An in-memory database (IMDB; also main memory database 

system or MMDB or memory resident database) is a database 
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management system that primarily relies on main memory for 

computer data storage. It is contrasted with database 

management systems that employ a disk storage mechanism. 

Main memory databases are faster than disk-optimized 

databases since the internal optimization algorithms are 

simpler and execute fewer CPU instructions. Accessing data in 

memory eliminates seek time when querying the data, which 

provides faster and more predictable performance than disk.  

In applications where response time is critical, such as 

telecommunications network equipment and mobile 

advertising networks, main memory databases are often used. 

IMDBs have gained a lot of traction, especially in the data 

analytics space, starting mid-2000s mainly due to cheaper 

RAM. With the introduction of NVDIMM technology, in-

memory databases will now be able to run at full speed and 

maintain data in the event of power failure. 

Traditional Sql doesn’t support this special feature that is in 

memory databases. NOSQL and NEWSQL both supports this 

special feature. 

 

3.8 Big Data 

Big data is the term for a collection of data sets so large and 

complex that it becomes difficult to process using on-hand 

database management tools or traditional data processing 

applications. The challenges include capture, duration, storage, 

search, sharing, transfer, analysis and visualization. The trend 

to larger data sets is due to the additional information 

derivable from analysis of a single large set of related data, as 

compared to separate smaller sets with the same total amount 

of data, allowing correlations to be found to "spot business 

trends, determine quality of research, prevent diseases, link 

legal citations, combat crime, and determine real-time 

roadway traffic conditions.”. A visualization created by IBM 

of Wikipedia edits. At multiple terabytes in size, the text and 

images of Wikipedia are a classic example of big data. 
As of 2012, limits on the size of data sets that are feasible to 

process in a reasonable amount of time were on the order of 

Exabyte’s of data. Scientists regularly encounter limitations 

due to large data sets in many areas, including meteorology, 

genomics, connectomics, complex physics simulations, and 

biological and environmental research. The limitations also 

affect Internet search, finance and business informatics. Data 

sets grow in size in part because they are increasingly being 

gathered by ubiquitous information-sensing mobile devices, 

aerial sensory technologies (remote sensing), software logs, 

cameras, microphones, radio-frequency identification readers, 

and wireless sensor networks. The world's technological per-

capita capacity to store information has roughly doubled every 

40 months since the 1980s; as of 2012, every day 2.5 

Exabyte’s (2.5×1018) of data were created. The challenge for 

large enterprises is determining who should own big data 

initiatives that straddle the entire organization. 

Big data is difficult to work with using most relational         

database management systems and desktop statistics and 

visualization packages, requiring instead "massively parallel 

software running on tens, hundreds, or even thousands of 

servers". What is considered "big data" varies depending on 

the capabilities of the organization managing the set, and on 

the capabilities of the applications that are traditionally used to 

process and analyze the data set in its domain. "For some 

organizations, facing hundreds of gigabytes of data for the first 

time may trigger a need to reconsider data management 

options. For others, it may take tens or hundreds of terabytes 

before data size becomes a significant consideration”. 

SQL don’t support this big data but NOSQL and NEWSQL 

both supports big data. 

 

3. 9. OLTP 

Online transaction processing, or OLTP, is a class of 

information systems that facilitate and manage transaction-

oriented applications, typically for data entry and retrieval 

transaction processing. The term is somewhat ambiguous; 

some understand a "transaction" in the context of computer or 

database transactions, while others (such as the Transaction 

Processing Performance Council) define it in terms of business 

or commercial transactions. OLTP has also been used to refer 

to processing in which the system responds immediately to 

user requests. An automated teller machine (ATM) for a bank 

is an example of a commercial transaction processing 

application. 

Online transaction processing increasingly requires support for 

transactions that span a network and may include more than 

one company. For this reason, new online transaction 

processing software uses client or server processing and 

brokering software that allows transactions to run on different 

computer platforms in a network. In large applications, 
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efficient OLTP may depend on sophisticated transaction 

management software (such as CICS) and/or database 

optimization tactics to facilitate the processing of large 

numbers of concurrent updates to an OLTP-oriented database. 

For even more demanding decentralized database systems, 

OLTP brokering programs can distribute transaction 

processing among multiple computers on a network. OLTP is 

often integrated into service-oriented architecture (SOA) and 

Web services. Online Transaction Processing (OLTP) involves 

gathering input information, processing the information and 

updating existing information to reflect the gathered and 

processed information. As of today, most organizations use a 

database management system to support OLTP. OLTP is 

carried in a client server system SQL is to slow for OLTP and 

does not scale according to the requirement. NOSQL problem 

is lack of consistency and low-level interface but NEWSQL 

comes good here. NewSQL is fast, scalable and consistent and 

supports SQL. 

Table-1: Summary 

 

4. APPLICATION: GOOGLE SPANNER 

Spanner is a scalable, globally-distributed database designed, 

built, and deployed at Google. At the highest. Level of 

abstraction, it is a database that shards data across many sets 

of Paxos state machines in datacenters spread all over the 

world. Replication is used for global availability and  

geographic locality; clients automatically failover between 

replicas. Spanner automatically reshards data across machines 

as the amount of data or the number of servers changes, and it 

automatically migrates data across machines (even across 

datacenters) to balance load and in response to failures. 

Spanner is designed to scale up to millions of machines across 

hundreds of datacenters and trillions of database rows. 

Applications can use Spanner for high availability, even in the 

face of wide-area natural disasters, by replicating their data 

within or even across continents. Our initial customer was F1, 

a rewrite of Google’s advertising backend. F1 uses five 

replicas spread across the United States. Most other 

applications will probably replicate their data across 3 to 5 

datacenters in one geographic region, but with relatively 

independent failure modes. That is, most applications will 

choose lower latency over higher availability, as long as they 

can survive 1 or 2 datacenter failures. 

Spanner’s main focus is managing cross-datacenter Replicated 

data, but we have also spent a great deal of time in designing 

and implementing important database features on top of our 

distributed-systems infrastructure. Even though many projects 

happily use bitable, we have also consistently received 

complaints from users that bitable can be difficult to use for 

some kinds of applications: Those that have complex, evolving 

schemas, or those that want strong consistency in the presence 

of wide-area replication. (Similar claims have been made by 

other authors) Many applications at Google have chosen to use 

Megastore because of its semi relational. 

Data model and support for synchronous replication, 

Despite its relatively poor write throughput. As a consequence, 

Spanner has evolved from a bitable-like versioned key-value 

store into a temporal multi-version database. Data is stored in 

schematized semi-relational tables; data is versioned, and each 

version is automatically time stamped with its commit time; 

old versions of data are subject to configurable garbage-

collection policies; and applications can read data at old 

timestamps. Spanner supports general-purpose transactions, 

and provides a SQL-based query language. Google Spanner is 

based on NEWSQL. 

 

5. CONCLUSIONS 

The NewSql is next big thing in the field of databases. 

As day by day changing world we need both conventional as 

well as new way of storing the data that is the relational 

databases and NoSQL we need advantages of both the 

technologies that can be achieved through the NewSQL. From 

the above comparisons we can see that there is significant 

amount of difference in all the 3 technologies and NewSql 

provides better way of storing and maintaining the data. 
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ABSTRACT 

Image Steganography is very useful technique in Information Security Domain. Image Steganography is used to hiding data inside 

image. In this study we analyze how image steganography is done and where it is used. This is very useful technique when we 

transmit very sensitive information. There is also comparison of different steganography methods and overview of it. We have 

found some problems of using Image Steganography with Encryption algorithms. 

 

Keywords — LSB, TTIE, HIEA, PSNR. 

 

1. INTRODUCTION 

Now a days Information security becomes most important 

factor in everywhere. Image steganography refers to hiding 

data inside image. In Image Steganography data is stored 

inside image in such a way that data is not visible to any other 

person without processing image. 

Advantage of Image Steganography instead of using simply 

encrypted text is that message is hidden inside image and 

quality of image is not so much affected. So Quality of image 

is not so much affected so chances of attacks possible on 

secret message become less.  

Image Steganography is mostly used in modern printers. HP 

and Xerox brand laser printers uses Image Steganography. 

This printer adds tiny yellow dots to each page. The dots are 

not easily visible and contain encoded printer serial numbers 

as well as date and time stamps. 

Russian foreign intelligence service uses custom image 

steganography software for hiding encrypted information 

inside images for communication with “illegal agents”. 

Image Steganography adds extra layer to security of 

information by hiding encrypted secret message in image and 

not affecting quality of image. 

 

2. RELATED WORK 

2.1. Literature Review  

In Information Security Data is first encrypted using a key and 

after that data is send over network. So that without knowing 
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key attacker is unable to do with data is that is encrypted and 

transmitted over network. 

      

Figure 1 Text-to-Image-Encryption (TTIE) algorithm [6] 

In Figure 1 First plaintext is translated to encrypted text and 

after key 2 is used to shuffle the matrix to generate new matrix 

for image. After shuffling matrix that matrix is stored in image 

of type png.  

At the receiver side first step is to read pixel from image. After 

reading pixel from image, matrix is again is re-shuffled to 

generate original one. Now key 1 is used to get plaintext from 

cipher text. 

In [2] paper Steganography algorithm, secret key, image 

processing, data retrieval is used. With this algorithm, plain 

text is converted into text file and compressed and compressed 

file is converted into binary form and binary form of message 

is hidden in last two bit of each pixel. Stego images are tested 

using PSNR value. If PSNR of stego image is High than stego 

image has more quality. 

In [2] paper new system called Steganography Imaging 

System (SIS) is developed. Using SIS some experiments are 

done on the images of type bmp to check how much distortion 

is there in proposed algorithm. 

Based on PSNR value evaluation of this algorithm is done. 

And formula for Peak Signal to Noise Ratio is as follows: 

 

Figure 2: PSNR Formula [2] 

Where MSE is as follows: 

 

Figure 3: Formula of MSE [2] 

Where S is stego image, C is Cover image, MN is size of 

image and (x, y) is pixel value of image. 

In [7] Enhanced least significant bit method information is 

stored inside image but only in blue component part of each 

pixel to decrease distortion of image while storing of 

information inside image so that imperceptibility of Enhanced 

LSB will be low compared to simple LSB.   

First information is translated into encrypted information using 

cryptography. In cryptography algorithm key and plain text 

message is translated into array of length of ascii character. 

After that text message is appended according to length of key. 

Then encrypted information is hidden inside image using pixel 

processing. 

In [8] the Hash based Least Significant Bit (H-LSB) technique 

for steganography in which position of LSB for hiding the text 

messages is decided based on hash function. Hash function 

finds the position of least significant bit of each RGB pixel’s 

.Then the Hash LSB technique uses the values provided by 

hash function to hide the data. 

In [10] Genetic Algorithm in this technique, it will translate 

text message into binary type. Then that binary message is 

encrypted. After that it will convert encrypted message in 

numeric form. After that it will divide this numeric form by 

single digits. And it will get deviser, dividend, quotient and 

reminder. These will be treated as individual file. Now 

multiple images are as cover to hide these files. It also 

calculates LSB (Least Significant Bit) of each pixels of each 

image. This LSB is replaced by the bit of encrypted message 

one by one. 

In [11] K-Matrix is used for encryption by mapping text’s bits 

with the numbers stored in the matrix. In K-Matrix, Four 2 X 2 

matrices are being used. Every cell of this K-MATRIX is 

assigned a random number ranging between 1 to 16. Convert 

the message ASCII value into binary form. Make the two digit 

pairs of obtained data starting from left. Mapping of these 

pairs is done with the number assigned in the corresponding 

cell of K-MATRIX to obtain another number. New 

corresponding number will be again converted in binary form. 
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Now the obtained Bits are being stored behind the LSB of 

RGB components of pixel of an image. 

In [6] paper new permutation technique is introduced based on 

the combination of image permutation and new encryption 

algorithm called Hyper Image Encryption Algorithm. In this 

paper image is converted into permuted image and then 

converted image is converted using hyper image encryption 

algorithm. 

In [12] paper survey of all steganography techniques, type of 

attacks that are possible on steganography and application of 

steganography is written. There are some different types of 

steganography and different techniques of audio, image and 

video in spatial and transform domains. 

There are image steganography techniques and overview of 

each technique is explained. And there are some parameters on 

which we can measure each technique namely 

imperceptibility, robustness and payload capacity. 

We have done literature review of image steganography and 

we analyze that least significant bit method is better among of 

all methods. 

 

3. METHODS AND ALGORITHMS 

3.1.  Methods 

1. Least significant bit method(LSB): 

In LSB information is hidden at last bit of each pixel of 

image so that information is hided and quality of image 

is not so much affected. 

2. Spatial domain technique: 

Spatial domain technique is also known as substitution 

techniques, are group of techniques that create a 

covered channel in parts of the cover image in which 

changes are bit. 

3. Transform domain technique: 

Transform domain technique is less exposed to      

compression, cropping and image processing.  

4. Spread spectrum technique: 

Spread spectrum technique in radio communications 

transmits messages below the noise level for any given 

frequency. With integration of image steganography, 

spread spectrum either deals with the cover image as 

noise or tries to add pseudo-noise to the cover image. 

5. Statistical method: 

Statistical method is used to modify statistical 

properties of image in addition to preserving them in 

the embedding process. 

6. Distortion techniques: 

In this technique knowledge of original image is 

required to check differences between original cover 

image and the distorted cover image to retrieve secret 

message. Encoder adds a sequence of changes to the 

cover image. 

7. File embedding: 

In this techniquej information is stored in header 

structure or at the end of file. 

8. Pallet embedding: 

In this technique pallet is used to hide secret 

information. Order of colours in pallet also used to 

transfer information. Hidden message can be embedded 

using the differences between two colours.  

3.2 Methods Comparison 

From [13] all methods used are listed as below and 

advantage and disadvantage of methods is also 

written below: 

LSB: 

  Advantages: 

 

  - Imperceptibility is high. 

 

  - Payload capacity is high. 

   

  Disadvantages: 

 

  - Robustness is low. 

 

Transform Domain: 
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  Advantages: 

  - Imperceptibility is high. 

  - Robustness capacity is high. 

   

  Disadvantages: 

  - Payload capacity is low. 

 

Spread Spectrum: 

  Advantages: 

  - Imperceptibility is high. 

  - Payload capacity is high. 

   

  Disadvantages: 

  - Robustness is Medium. 

 

Statistical Techniques: 

 

  Advantages: 

  - Imperceptibility is Medium. 

   

  Disadvantages: 

  - Payload capacity is low. 

  - Robustness is low. 

 

 

File and Pallet Embedding: 

 

  Advantages: 

  - Imperceptibility is high. 

  - Payload capacity is high. 

   

  Disadvantages: 

 - Robustness is low. 

3.3 Algorithm 

3.3.1 RSA algorithm and Hash-LSB technique: 

RSA algorithm is an encryption algorithm in which two 

prime numbers are taken initially and then the product of 

these values is used to create public and private key. 

RSA algorithm can be used with HASH-LSB technique to 

embed cipher text in image. 

RSA algorithm steps: 

•  Select two large strong prime numbers 

•  Compute Euler’s totient value for n:f(n)=(p-1)(q-1) 

•  Find random number e satisfying 1<e<f (n) and 

relatively prime to f (n). 

•  Calculate a number such that d=e-1 mod f (n). 

•  In Encryption phase: take plain text m satisfying m < n, 

then the cipher text c=me mod n. 

•  Decryption: The cipher text is decrypted by m=cd mod 

n. 

In [8] Hash based Least Significant Bit (H-LSB) which 

position of LSB for hiding the messages is decided based on 

hash function. Hash function finds the positions of least 

significant bit of each RGB pixel’s and then message bits are 

hidden into these RGB pixels. Then hash function returns 

hash values according to the least significant bits present in 

RGB pixel values. The cover image will be divided into RGB 

format. Then the Hash LSB technique will uses the values 

given by hash function to hide message inside image. 

3.3.2 Cryptography algorithm 

•  Change the key and message in to ascii format. 

•  Pad message according to the length of key. 

•  Take two arrays flag text and flag key of size of 

text and key and fill it with zeros. 

•  Do these processes till the length of key. 

 

3.3.3 Hyper Image Encryption Algorithm 

•  Select an Image which is having at least 256 bits 

in Size to Be encryption. 

•  Calculate Binary Value of Image. 

•  Select First 256 bits form Binary Value and create 

16 sub Blocks of 16 bits. This process will repeat 

till end of file. 

•  Select Key Value of 256 bits. And create 16 sub 

blocks of 16 bits. 

•  Select 64 bits from transformation table. And 

create 4 blocks of 16 bits. 

•  Apply Logical operation XOR between first 8 

block of selected image and second 8 block of 

selected key.  

•  Apply Logical operation XOR between last 4 

blocks of selected images and 4 blocks of 

transformation table. 
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•   Apply Circular Shift Operation on last 4 block of 

selected key and second last 4 block of selected 

image. 

•  Apply logical XOR operation between selected 

image and key which is output of step 8. Result 

will store in image block.  

•  Apply Circular Shift Operation on 4 blocks of 

Transformation table and second last 4 block of 

selected key. 

•  Apply logical XOR operation between 

transformation table and selected key, which is 

output of step 10. Result will store in key block. 

. 

•  Combine output of step 6, 7, 9, and 11 in such 

that it should be produced 256 bits total. 

•  Output of step 12 will become input for next 

round. 

•  Repeat step-1 to step-13, 10 times. 

•  After 10th round, cipher text will produce of 

selected image. 

3.3.4 Enhanced least significant bit algorithm 

•  Select a cover image of size M*N as an input.  

•  The message to be hidden is embedded in Blue 

component only of an image.  

•  Use a pixel selection filter to obtain the best areas 

to hide information in the cover image to obtain a 

better rate. The filter is applied to Enhanced Least 

Significant Bit (ELSB) of every pixel to hide 

information, leaving most significant bits (MSB).  

After that Message is hidden using Bit Replacement 

method. 

3.3.5 K-MATRIX 

•  K-MATRIX is a 2 X 2 Matrix. This stores 4 

different numbers between 1 to 16. 

•  Select a cover image of size M*N as n input.  

•  Convert the message ASCII value into binary 

form.  

•  Make the two digit pairs of obtained data 

starting from left.  

•  Mapping of these pairs is done with the number 

assigned in the corresponding cell of K-

MATRIX to obtain another number.  

•  New corresponding number will be again 

converted in binary form.  

•  Now the obtained Bits are being stored behind 

the LSB of RGB components of pixel of an 

image.  

•  Repeat above step until the whole message is 

being hidden.  

 

3.3.6  Text-To-Image Encryption (TTIE) 

•  In this algorithm there are two phase: TTIE 

phase and ISE(Image Shuffle Encryption) phase. 

•  In the TTIE phase the plain text is transformed 

into an image. In this phase plain text is 

concatenated as string is stored into array of 

characters. 

•  For each character in array one pixel of resulting 

image is generated. Each pixel consists of three 

integers created randomly before transmission. 

•  Each integer of three integer values represents 

one color. The color value is the range from 0 to 

255. The result of this phase is matrix. 

•  In ISE phase matrix is shuffled number of times. 

•  In shuffle process row and column swapping is 

done. 

•  In row swapping two rows are selected randomly 

and swapped. 

•  In column swapping tw 

 

4. CONCLUSION 

We have done survey of image steganography techniques and 

learn advantage and disadvantage of all image steganography 

techniques. From all steganography techniques the Least 

Significant technique is better because it easy to process using 

this technique and also using encryption scheme in LSB makes 

it better but there is also disadvantage of this. 

We identify that using traditional encryption algorithm with 

least significant bit is very time consuming. So we are going to 

minimize this problem as possible.  
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ABSTRACT 

Women’s security is a critical issue in today’s world and its very much needed for every individual to be acting over such an 

issue. This paper describes  a  “GPS and GSM based vehicle tracking and women employee security system” that  provides the 

combination of  GPS device and specialized software to track the vehicle’s location as well as provide alerts and  messages with 

an emergency button trigger. Now a days due to recently happened cases such as rape by drivers or colleagues, burglary etc., 

employee security, especially women employee security has become the foremost priority of the companies. System uses the 

Global Positioning System technology to find out the location of vehicle. The information of vehicle position provided by the 

device can be viewed on Google maps using Internet or specialized software. The IT companies are looking forward to the 

security problem and requires a system that will efficiently evaluate the problem of women  employees security working in night 

shifts. This paper focuses on the proposed model that can be used to deal with the problem of security issue of women employees 

using GPS and GSM based vehicle tracking. 

 

Keywords -  GPS (Global Positioning System); GSM ( Global System for mobile); AVL ( Automatic vehicle location); 

 

1.  INTRODUCTION 

The corporate and IT sector is the base of Indian economy and 

the base of the corporate and IT sector are the employees 

working for a company. Today, girl’s security is a major issue. 

Women in India have to face a lot of problems, especially 

professional women employees have to face lot of problems 

while working for a company. Many physical harassment 

cases were revealed in recent years .It is company’s 

responsibility to look after their employee’s safety. Today, 

economic growth rate of country is increasing day by day and 

numbers of companies are establishing their setup in the 

country. The number of employees working for these 

companies needs an efficient and secure transportation facility. 
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Transportation facilities for these companies require huge 

amount of workload and complex infrastructure. Generally 

most of companies prefer local transport vendors on a yearly 

contract basis for the transportation of employees. But this is 

not the proper solution to the transportation and safety 

problem. Due to recently happened mishaps such as robbery 

and rape cases security for the women employees, has become 

number one priority for most of the companies. Most of the 

companies have security systems for employees  but there are 

some serious drawbacks with those system as company cannot 

trust the drivers of transportation vehicles ,cost of system.  

In order to deal with such security problems, the system is 

proposed with innovative solution. This system will help to 

track the location of vehicle through using smart GPS 

device[1][2][3]. 

   

2. OVERVIEW OF THE SYSTEM 

This proposed system is ‘GSM & GPS Based Vehicle 

Tracking and Women Employee Security System’. It consists 

of GPS device ie. Teltonika FM1100 [5] and an emergency 

button. GPS device must to be placed inside the vehicle. The 

device will provide the vehicle’s position information such as 

latitude, longitude of vehicle[2][4].An emergency button or 

panic button is fixed inside the vehicle at a particular 

position[10].Whenever an employee finds  

himself/herself in any kind of trouble he or she will press the 

emergency button and an alert will be  immediately sent to the 

company special team  and nearby police station. Then it is the 

responsibility of police squad and company team to handle the 

situation. GPS device used is smart enough to get the inputs 

such as latitude, longitude & sends it using GSM SIM card 

network operator [5]. 

 

             

Fig. 1: Overview of the system 

It is shown in Fig.1 [11] how the tracking device helps to find 

the appropriate position of the vehicle. The vehicle location 

information is in the form of latitude and longitude[4][7]. The 

device uses the GPS system to get the device co-ordinates. 

GPS device [5] which is incorporated in the vehicle unit  gets 

the location information using satellites in the form of latitude 

and longitude real-time readings[5]. The device performs two 

main tasks. First to get the AVL device  values  and to 

transmit this data using GSM SIM card by SMS[5].For better 

transparency of the system an important feature is involved in 

the system is an emergency button. After pressing the panic 

button inside the vehicle ,an android device which is placed 

inside the vehicle captures images of inside view and sends to 

server and specific people The location of vehicle can be 

viewed on the Google maps[10]. 

 

3. PROPOSED SYSTEM 

The system architecture is classified into vehicle unit, 

emergency button, company unit, android device and technical 

unit. Vehicle unit consist the vehicle, Teltonika FM 1100 

device and one android device for each vehicle[5]. The 

company vehicle picks up the employees and drops the 

employees. Emergency button is a part of vehicle unit..The 

data received from the device is interpreted, processed and 

used by the technical system. The co-ordinates and the vehicle 

location is displayed using the Google maps interface[10].                      

The system architecture is shown in Fig.2. The system is 

divided into several parts. The vehicle unit, company unit, 

Teltonika GPS tracking device are the key features of the 

system. 

 

Fig.2.System Architecture 
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Fig.3 Company Unit 

Fig.3 shows the functionality of the company unit where the 

company’s emergency Team Leader gets the alert on the 

system and calls a rescue team of the organization to take 

necessary actions by going to the accident location and handle 

the situation at earliest. 

 

3.1 Company Unit  

The company unit consists of the special team to handle the 

emergency situation. As the company unit gets an alert and 

vehicle position details ,the unit goes over there and handle the 

situation. 

3.2 Vehicle  Unit  

The vehicle is the company bus used to pick-up and drop 

employees. The system is also feasible for any kind of vehicle. 

The smart device Teltonika FM 1100 installation in 

necessary[5].Other wiring connections are to be made between 

the internal system of the vehicle and the GPS tracking device. 

A smart android device is placed inside the vehicle at such a 

position that it can take the camera pictures properly showing 

the inside view of the vehicle (bus). 

3.2.1 Teltonika FM 1100 device 

Fig.4 shows Teltonika FM1100 device[5].The Teltonika FM 

1100 device is the vital part of the system. The installation of 

the Teltonika device in the vehicle is very important as the 

system completely relies on the data it gets from the device 

[5][7].  

 

     Fig.4  Teltonika FM1100 

3.2.2 Android Device  

The android device is used to enhance the reliability of the 

system. The android device is placed inside the vehicle to take 

the camera pictures of inside view of the system. In response 

to the action of pressing an emergency button by the employee 

the android device placed inside the vehicle takes the camera 

pictures of the inside view and sends it to the list of predefined 

cell phone numbers and mail-addresses registered with it. The 

android device with the good camera quality is preferred. 

 

3.2.3 Emergency Button  

The emergency button is part of the vehicle unit. Emergency 

button is very important facility provided to employees 

travelling by bus. The emergency button is connected to the 

digital pin of the Teltonika device. Emergency button is 

attached at a position that it should be easily available to 

employees in an emergency situation i.e. beside the chair, to 

the central pole. Employee can access it easily. On pressing an 

emergency button an alert message and the information 

regarding the exact location area of the vehicle is send to the 

nearest police station and company’s special team.  

3.3 Technical Unit  

System Components      

3.3.1 GPS  

The Global Positioning System (GPS) is a navigation and 

precise positioning tool Developed by the Department of 

Defense. Divided into six groups of four, each group is 

assigned a different orbital path to make sure that they can be 

detected from anywhere on the Earth's surface. The GPS 

system is used to track the company vehicle[2]. 

 

3.3.2 GSM  

GSM stands for Global System for Mobile communication. It 

is digital mobile telephony system. The GSM SIM card is 

inserted inside the Teltonika FM1100 device to send and 

receive data using GPRS[5]. The GSM SIM card number is 

registered with the system. Another GSM SIM  card is placed 

inside the android device which is  placed inside the company 

vehicle. It is also used to send the  message to the police 

station as well as company unit when employee is in 

emergency. 
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3.3.3 Geo-fencing 

 Geo-fencing is another feature which is highly customizable 

and can detect wherever vehicle enters or leaves customized 

areas[8][9]. The system gives alert on entering or leaving a 

geo-fenced area[8][9]. This  feature is also useful 

transportation company in case to restrict their vehicle drivers 

to travel from the sensitive zones. Geo-fencing (geo-fencing) 

is a feature in a software program that uses the global 

positioning system (GPS) to define geographical boundaries. It 

is a virtual barrier. Programs that incorporate geo-fencing 

allow an administrator to set up triggers so when a device 

enters (or exits) the boundaries defined by the administrator, a 

text message or email alert is sent [8] [9]. Geo-fencing 

applications incorporate Google Earth, allowing administrators 

to define boundaries on top of a satellite view of a specific 

geographical area.  Other applications define boundaries by 

longitude and latitude. 

 

3.3.4 Database and Alerts 

The Database is retrieved each time when an alert is to be 

given. The database consists police station numbers and the 

geographical address of each and every police station involved 

in the system. The database also consists the cell-phone 

numbers of the company special team members. Text alert and 

ringing alert are generated using the AT commands[2]. We 

need just a modem and SIM card to carry out the action of 

generating the alert. 

Alerts and the text information about the vehicle position area 

is send to the police station numbers and other necessary 

numbers. Also e-mail alerts are send to predefined e-mail 

addresses.  On pressing an emergency button by employee in 

emergency situation, the android device inside  the company 

bus takes images and send to the e-mail addresses and to the 

specified contact numbers.  

 

3.3.5  AT commands  

The text alert and ringing alert will be given using the AT 

commands and the modem. AT commands are instructions 

used to control a modem. AT is the abbreviation of ATtention. 

Every command line starts with "AT" or "at". That's why 

modem commands are called AT commands. Many of the 

commands that are used to control wired dial-up modems, 

such as ATD (Dial), ATA (Answer), ATH (Hook control) and 

ATO (Return to online data state), are also supported by 

GSM/GPRS modems and mobile phones. Besides this 

common AT command set, GSM/GPRS modems and mobile 

phones support an AT command set that is specific to the 

GSM technology, which includes SMS-related commands like 

AT+CMGS (Send SMS message), AT+CMSS (Send SMS 

message from storage), AT+CMGL (List SMS messages) and 

AT+CMGR (Read SMS messages). 

Example: ATD - This command is used to dial or call a 

number. System will dial police station number automatically 

when alert is to be generated. 

Syntax:     ATD<Phone number>;(Enter) 

For example, 

ATD919876543210; 

 

4. SYSTEM FLOW 

The flow diagram of the proposed system is shown in  Fig.5. 

Initially the Administrator log-in to the system. System 

performs the validation of administrator. An AVL (automatic 

vehicle locator) sends data to the server through GPS. System 

stores the data in the text files as it is. The data received is in 

hexadecimal numbering format. Parsing phase gets this data 

from the log files and performs analysis on the data and 

conversion phase converts this data in the decimal format. 

This updated data is then saved to the database. The given 

Fig.5.describes the flow of the proposed system.One terminal 

of the GPS device is connected to the ignition system of 

vehicle which gives the information of start and stop condition 

of the vehicle. In case of emergency employee will press the 

panic button and the alert is send.After pressing the panic 

button android device placed in the vehicle will capture the 

images and send. Geo fencing technique is used in this system 
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Fig 5. Flow Diagram Of system 

 

. A Geo fence is a virtual perimeter on a geographic area using 

a location-based service, so that when the geo fencing device 

enters or exits the area, a notification is generated. The 

notification can contain information about the location of the 

device and might be sent to a mobile telephone or an email 

account. Geo fences are defined for particular areas. After 

pressing the panic button the alert will be send to the police 

stations which come under the defined geo fenced area. 

 

4.1 Teltonika FM 1100 Device Functions  

4.1.1 Get Data  

FM1100 is a smart device with GPS and GSM connectivity. 

The device is able to determine the object’s coordinates and 

transfer them via the GSM network. The device uses the GPS 

technology. The takes the device co-ordinate at a fixed time 

interval and send it to the server at specified time interval. The 

device is also able to state the ignition system status and other 

important information .The device connection pins are 

connected to vehicle battery for power supply, emergency 

button, ignition button and other necessary parts. The 

connections with the vehicle should be done by a trained 

mechanic. 

4.1.2  Send Data 

The device sends the data at specified time interval using the 

network of the SIM card operator. A SIM card with GPRS 

connectivity is used for data transfer. 

4.2 Data Processing Phases  

The data received from the device goes through several 

phases: 

•  Receive 

•  Parse 

•  Convert  

•  Store 

Receive: 

The data sent by the Teltonika device is received. The data is 

stored as it is in text files. 

Parse: 

The data received from the device is in Hexadecimal form. 

The data received is in the specific format and needs logical 

interpretation. This job is handled by the analysis phase of the 

system.The structure of the received data is shown. 

Received data:  

According to the structure as mentioned in [5] of the FM1100 

protocol the data values are separated.  

Eg. Stucture of data can be as shown : 

080400000113fc208dff000f14f650209cca80006f00d60400040

004030101150316030001460000015d0000000113fc17610b00

0f14ffe0209cc580006e00c70500010004030101150316010001

460000015e0000000113fc284945000f150f00209cd200009501

080400000004030101150016030001460000015d0000000113

fc267c5b000f150a50209cccc000930068040000000403010115

0016030001460000015b0004   

Covert to Decimal Format: 

After the analysis phase the data needs to be converted from 

hexadecimal numbering format to  the decimal numbering 

format. The data conversion helps in the further processing on 

the data. As the conversion is important part a simple 

hexadecimal to decimal conversion algorithm is used for the 

hexadecimal to decimal conversion process 

 

Store: 

The converted data in decimal format is used further for 

processing and report generation. 

 

5. PROPOSED IMPLEMENTATION PROCESS 
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5.1  Installation  

The proposed system uses the GPS device to get the 

information of the positions of the vehicle. This system uses 

the Teltonika FM1100. 

 

The essential drivers are to be installed first for configuration 

of the device. 

 

5.2  Configuration 

The Teltonika FM1100 Configurator  program is used for the 

configuration of FM1100.Necessary settings are done. 

Necessary values are entered as IMEI number and SIM card 

number. 

5.3  PIN Connection  

Necessary pin connections are done. The power supply pin of 

the device is connected with the vehicle battery. 

 

Other digital input and output connections are carried. 

Fig 6. Alert process 

In Fig. 6 it is shown that the alerts and the text information 

about the vehicle area  are send to the police station numbers 

and other necessary numbers. Also  e-mail alerts are send to 

predefined e-mail addresses on pressing emergency button by 

employee in emergency situation. The camera images taken by 

android device inside the company bus are also send to the e-

mail address. 

 

Fig.7 Retrieving reports 

Fig.7 Shows user can see reports and vehicle location on map. 

The user can see the reports of vehicle speed, ignition status 

and travelling report[5]. An internet connection is necessary 

for reading the vehicle information and the reports of the 

tracking. 

A strong communication network is necessary for maintaining 

the efficiency of the system[3][6].  

Tracing Location On  the Map 

System user can see the vehicle position. The user can see the 

reports of vehicle speed, ignition status and travelling report. 

The user must enter the username and password provided at 

the time of authentication. An internet connection is necessary 

for reading the vehicle information and the reports of the 

tracking. A strong communication network is necessary for 

maintaining the efficiency of the system. To show tracking of 

the vehicle and position Google maps system is used[10]. An 

appropriate geographical location is plotted on the basis of 

available coordinates This will help company unit and police 

to trace the vehicle. Fig.8 shows how the location will be 

given by system on Google Map API. 

 

 

      Fig.8 See Location on Map 
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6. CONCLUSION 

In today’s world girl’s security is a major issue. This system 

will help provide security to the working women by using 

alerts and emergency buttons in order to avoid any hurdles 

faces by them. Existing systems provide the mechanism to 

track the vehicle but still there is no separate mechanism to 

provide security to women employee. Such vehicle tracking 

system is extended with alert messages and panic button by 

our proposed model to overcome the problem of women 

employee’s security that can be implemented for companies 

which have large number of women employees working in 

night shifts and by the companies which are situated away 

from the residential places. Following features like panic 

button to generate alarm and send message to the system, 

capturing images by connecting an android device in vehicle 

and sending the pictures on trigger of panic button, provision 

of location of vehicle after fix time interval, viewing  location 

of vehicle on google maps which is easily available are the 

power planer of proposed model but still providing security 

seamlessly at any time without any functional or physical 

device failure interventions remains a future issue that needs to 

be resolved. 
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