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Abstract 

Fingerprint recognition is a method of biometric authentication that uses pattern recognition techniques based on fingerprints 

image of the individual. Fingerprint patterns are full of ridges and valleys and these structures provide essential information 

for matching and classification. The steps for fingerprint recognition include image acquisition, preprocessing, feature 

extraction and matching. A number of pattern recognition methods have been used to perform fingerprint matching. In this 

paper a survey of fingerprints matching methods are presented, they have been classified into approaches based on minutiae, 

image transform and hybrid approaches, among them minutiae based methods are widely used, and Hybrid methods are used 

for more reliable matching with an additional computational cost. Comparison and contrasting of all these methods reveals 

that a lot of emphasis is put into the design of accurate fingerprint features extractor to improve the classification accuracy. 

Keywords- Fingerprint analysis, Biometrics, Minutiae, Image Transforms, Gabor filter 

1. Introduction 

Biometrics recognition refers to the use of distinctive anatomical and behavioral characteristics or identifiers such as 

Fingerprints, Face, Iris, Voice, Hand geometry etc. for automatically recognizing a person. The human biometrics recognition 

technologies are not only rapidly developed but also widely applied to a variety of works such as safeguarding work, legal 

affairs, personnel authentication, personnel identification, etc.  

 

The advantages of biometric recognition are :1)users do not need to memorize any password,2) users do not need to carry any 

identification card, 3) users cannot deny their biometric identifications, and 4) reduction in a large amount of expenses on 

making personal ID cards or relative documents. Among all the biometrics, fingerprint is the most mature and proven 

technique. A fingerprint is a pattern of ridges and valleys on the surface of the fingertip. 

The formation of fingerprints depends on the initial conditions of embryonic development, and their ridge pattern is 

unchanged throughout the entire life. Both the immutability and the uniqueness properties have determined the use of 

fingerprint matching as one of the most reliable techniques of people identification [1]. A biometric system can be operated in 

two modes:1) verification mode and 2) identification mode. A biometric system operating in verification mode either accepts 

or rejects user claimed identity while a biometric system operating in the identification mode establishes the identity of the 

user without claimed identity information. 

The steps in fingerprint recognition include image acquisition, preprocessing, feature extraction and matching. A fingerprint 

is the pattern of ridges and valleys on the surface of fingertip. Ridges and valleys of the fingerprint often run in parallel and 

sometimes they bifurcate and sometimes they terminate. The fingerprint pattern, when analyzed at different scales, exhibits 

different types of features.  

The paper is organized logically into seven parts: Section II and III discuss fingerprint features and gives brief overview of 

minutiae based matching methods respectively. Section IV discusses the methods based on image transforms. Section V deals 

with Hybrid methods. Section VI reports comparisons and VII indicates conclusions. 

2. Fingerprint Features  

The ridge details of the fingerprint are generally described in a hierarchical order at three different levels i.e., level 1, level 2 
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and level 3 as explained below. 

2.1 Level 1 features 

At the global level, the ridge line flow delineates a pattern similar to one of those shown in Figure 1. Singular points, called 

loop and delta (denoted as squares and triangles, respectively in Figure 1), act as control points. Singular points and coarse 

ridge line shape are useful for fingerprint classification and indexing, but their distinctiveness is not sufficient for accurate 

matching.  

 

Figure1. Loop and delta (singular points) 

2.2 Level 2 features 

At the local level, a total of 150 different local ridge characteristics, called minute details, have been identified so far [1]. 

These local ridge characteristics are not evenly distributed. Most of them depend heavily on the impression conditions and 

quality of fingerprints and are rarely observed in fingerprints. The two most prominent ridge characteristics, called minutiae 

(see Figure 2) are: ridge endings and ridge bifurcations. A ridge ending is defined as the ridge point where a ridge ends 

abruptly. A ridge bifurcation is defined as the ridge point where a ridge forks or diverges into branch ridges. Minutiae in 

fingerprints are generally stable and robust to fingerprint impression conditions. 

 

Figure2. Minutiae and sweat pores 

 

2.3 Level 3 features 

At the very-fine level, intra-ridge details can be detected. These include width, shape, curvature, edge contours of ridges as 

well as other permanent details such as dots and incipient ridges. One of the most important fine-level details is the finger 

sweat pores (see Figure 2), whose positions and shapes are considered highly distinctive [2]. However, extracting very-fine 

details including pores is feasible only in high-resolution (e.g., 1,000 dpi) fingerprint images of good quality and therefore 

this kind of representation is not practical for non-forensic applications. 

The uniqueness of a fingerprint can be determined by the overall pattern of ridges and valleys and local ridge anomalies. 

Although fingerprints possess the discriminatory information, designing a reliable automatic fingerprint matching algorithm 

is a very challenging. As fingerprint sensors are becoming smaller and cheaper, automatic identification based on fingerprints 

id is becoming more attractive alternative, complement to traditional methods of identification. The critical factor in the 
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widespread use of fingerprints is in satisfying the performance (e.g., matching speed and accuracy) requirements of emerging 

civilian identification applications. 

 

Various approaches of automatic fingerprint matching have been proposed in the literature. They include correlation based, 

minutiae based approaches, and image-based approaches as the most prominent classes of fingerprint matching methods. 

 

Fingerprint matching depends on the similarity measure between representative features of fingerprints.  Generally, 

fingerprint recognition is based on a set of relevant local characteristics, such as ridge ending and bifurcation (minutiae). 

Fingerprint classification is based on fingerprint global features, such as core and delta singularity points. Minutiae-based 

matching algorithms are the most well-known and widely used for fingerprint matching. For each minutia three features are 

usually extracted:  type, coordinates and orientation. Generally, fingerprint matching is affected by some common problems: 

too small regions of interest, loss of genuine minutiae, and false minutiae detection. Many approaches have been developed 

to deal with these issues. Following sections will briefly summarize the most effective solutions.    

 

Many approaches to fingerprint recognition have been presented in the literature. Yet, it is still an actively researched field. 

Existing approaches can be summarized into four different categories: Minutiae based methods, approaches based on filter, 

image transform based approaches, hybrid approaches and others. However, many new approaches sprouting out are mainly 

beyond categorization or a combination of the categories. The steps for fingerprint recognition include image acquisition, 

preprocessing, feature extraction and matching.  

 

2.4 Performance metrics 

Commonly used performance metrics are percentage of recognition accuracy, speed, percentage of False Acceptance 

Ratio(FAR) and percentage of False Rejection Ratio(FRR)  and Receiver Operating Characteristics(ROC) curves. FAR is 

the probability that the system incorrectly matches the input fingerprint to a non-matching template in the database. It 

measures the percent of invalid inputs which are incorrectly accepted. FRR is the probability that the system fails to detect a 

match between the input fingerprint and a matching template in the database. It measures the percent of valid inputs which 

are incorrectly rejected. ROC plot is a visual characterization of the trade-off between the FAR and the FRR.  

 

3. Brief Overview of Minutiae Based Matching Methods 

Minutiae based techniques are most widely used automatic fingerprint recognition techniques. These first locate the minutiae 

points and then match their relative placement in a given finger and the stored template.  Minutiae are the local ridge 

anomalies – ridge bifurcation or ridge endings etc., [5].The most common minutiae are shown in the Figure 3. 

 

Figure3. Seven most common minutiae 

 

A majority of the existing fingerprint recognition algorithms are based on matching minutia features. Therefore, minutiae 

extraction is one of the critical steps in fingerprint verification algorithms. Due to different properties of fingerprint sensors and 

different conditions under which a fingerprint is scanned, the quality of a fingerprint image can vary greatly. Poor quality 
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fingerprint images lead to missing and spurious minutiae that degrade the performance of the matching system.  

 

Minutiae  extraction algorithms [5] produce a large number of spurious minutiae such as break, spur, bridge, merge, triangle, 

ladder, lake, island, and wrinkle, as shown in Figure 4. Therefore, reliably differentiating spurious minutiae from genuine 

minutiae in the post-processing stage is crucial for accurate fingerprint recognition. The more spurious minutiae are eliminated, 

the better the matching performance will be. In addition, matching time will be significantly reduced because of the reduced 

minutiae number. This is very important since the execution time is a critical parameter in an automatic fingerprint recognition 

system. Lot of emphasis is given to minutiae post processing techniques. 

 

Figure4. Examples of spurious minutiae 

 

Researchers have proposed ideas to reduce spurious minutiae. Paper [3] presents a set of algorithms for the extraction of 

minutiae from skeletonized binary images which perform well on dirty areas and spurious minutiae are reduced by bridge 

cleaning based on ridge positions. Several post-processing techniques to efficiently remove spurious minutiae including bridge, 

triangle, ladder, and wrinkle all together are proposed in [4], the experimental results showed that false minutiae rate drops 

56.5% after post-processing. Approaches based on neighborhood information are dealt in [5] where matching of two 

fingerprints is done based on minutiae neighborhood information using directionally selective steerable wedge filters, and 

Gabor expansion. The area around the core point is treated as the area of interest for extracting the minutiae features as there are 

substantial variations around the core point as compared to the areas away from the core point. Paper [6] considered the 

probability distribution of minutiae and achieved classification accuracy of 86.57%.  

 

Authors of paper [7] have combined texture information and neighboring minutiae to obtain a descriptor which is used for 

minutiae matching. Paper [8] presents a concept of Eigen-codebook for the minutiae verification mechanism of fingerprint 

image. Principal component analysis (PCA) is applied to find the optimal projection bases for true minutiae regions and false 

minutiae regions. 

 

Minutiae are difficult to be extracted robustly in low quality images and easily lead to false recognition, to effectively 

strengthen the performance of fingerprints matching other discriminatory features can are combined with minutiae feature.  In 

[9] minutiae features and their invariant moments are used as a feature set to match the template and input fingerprint. Paper [11] 

introduces a fingerprint matching algorithm using both ridge features (ridge count, ridge length, ridge curvature direction, and 

ridge type) and the minutiae feature to increase the recognition performance against nonlinear deformation in fingerprints. 

Paper [10] proposes an algorithm which divides fingerprint images into two concentric circular regions – inner and outer – 

based on the degree of distortion. The algorithm assigns weightages for a minutiae–pair match based on the region in which the 

pair exists. Minutia extractor is built in [12], minutia marking is done by the average inter-ridge width, minutia unification by 

decomposing a branch into three terminations and matching in the unified x-y coordinate system and in combination alignment 

based elastic matching algorithm used which is capable of finding the correspondences between minutiae without resorting to 
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exhaustive research. 

  

Many other approaches exist in the literature - paper[13] introduces a method of robust minutiae matching based on 

comprehensive minutiae and binary relation between minutiae; paper [14] proposes a method of minutiae extraction 

considering additional attributes like orientation field and quality map. Minutiae scoring technique is introduced in [15] for 

fingerprint; paper [16] presented a method of feature extraction using minutiae spectral features; paper [17] has presented a 

method of fingerprint matching based on five nearest neighbors of center minutiae in the first stage and second stage 

matching is based on fuzzy logic. Gabor basis functions are used to extract discontinuous points in the fingerprint image and 

classify the points into core, deltas and minutiae in [18].  

 

4. Methods Based on Image Transforms 

Minutia based approaches are the most popular ones being included in almost all contemporary fingerprint identification and 

verification systems. Although rather different from one other the minutiae-based approaches require extensive preprocessing 

operations in order to reliably extract the minutia features. The preprocessing operations include image enhancement, 

orientation flow estimation, ridge segmentation, ridge thinning, and minutiae detection. In addition, a minutiae purification 

stage is also required in order to reduce the number of false minutiae erroneously detected in noisy fingerprint images. 

Image-based approaches do not use the minutiae features for fingerprint matching. They are usually applied directly onto the 

grayscale fingerprint image without pre-processing, and hence they may achieve higher computational efficiency than 

minutiae- based methods. In addition, the image-based approaches may be the only choice to match fingerprints which have 

too low image quality to allow reliable minutiae extraction. The main disadvantage of image-based approaches consists in 

their limited ability to track with variations in position, scale and orientation angle. Usually the variation in position between 

the two fingerprints is cancelled by choosing a reference point in each fingerprint. Such reference point may be the core point 

which can be detected using for example methods like those proposed in [23]. Image based approaches include methods 

based on optical correlation and transform based features. The following papers discuss mainly on image transform based 

methods. 

 

Fingerprint recognition based on features extracted from the wavelet transform of the discrete is image is achieved in [19] [21]. 

A rectangular region around a core point is cropped and wavelet transformation is applied, the energy of different sub bands 

give information regarding the ridge spatial frequency as well as the ridge orientation and this information is represented based 

on standard deviation of each wavelet sub image. [20] proposed an algorithm for fingerprint identification using wavelet 

packet analysis as best basis selection. Each fingerprint is decomposed using two directional wavelet packet family 

corresponding to different scales. The energy distribution or the fingerprint in each sub band is extracted as a feature for 

identification. Critical wavelet coefficients are selected to form a feature vector of the fingerprint. In [22] algorithm based on 

the wavelet transform, and the dominant local orientation which is derived from the coherence and the gradient of Gaussian. 

Multiresolution descriptors for fingerprint recognition are presented in [23].  Firstly it computes the Discrete Fourier 

Transform (DFT) for the given fingerprint image then transform it to polar coordi

pattern as origin, then apply the Fourier transform along the axis of polar angle θ and the wavelet transform along the axis of 

radius r. The features thus obtained are invariant to translation, rotation, and scaling. Haar wavelet decomposition [24] is taken 

on the fingerprint images and then, after the decomposition, the matching is carried out over the Gabor features extracted from 

the detailed sub-images. [27] Developed fingerprint recognition method using Haar wavelet transform and achieved 

verification rate of 82.08 overall verification rate (Genuine Acceptance Rate) even by rotating each fingerprint image form 0° 

to 360° in steps of 10° each with FAR of 0.5. Authors have noted that features extraction time per fingerprint image is 0.58 sec. 

Fingerprint matching is also experimented using combined approaches where minutiae features are combined with the wavelet 
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based features such a method is applied in [25]. An approach proposed in [26] towards fingerprint recognition is based on 

wavelet domain features. The 64-subband structure of the FBI (Federal Bureau of investigation) fingerprint compression 

standard is used to directly extract the wavelet features of the fingerprint image. Paper [28] describes the fingerprint 

verification based on wavelet transform and the local dominant orientation. Daubechies wavelet is used to decompose the 

fingerprint image. The local dominant orientation is computed using the coherence, results show 85 percent genuine acceptance 

rate at 6 percent FAR. 

Three different types of transforms,   Discrete Cosine Transform (DCT), Fast Fourier Transform (FFT) and Discrete Wavelet 

Transform (DWT) are used in [29] to create feature vector for fingerprints and are used in matching. First a core point is 

identified and then around it a image of size 64X64 is cropped in the fingerprint image The transform is applied on the 

cropped image without any pre-processing. The transform coefficients are arranged in specific manner and are used to obtain 

the feature vector in terms of standard deviation. The fingerprint matching is based on the minimum Euclidean distance 

between two feature vectors. Comparison of all the three transforms is presented and it is observed that DCT and DFT gives 

better result as compared DWT. 

 

5. Hybrid Approaches 

The advent of solid-state fingerprint sensors presents a fresh challenge to traditional fingerprint matching algorithms. These 

sensors provide a small contact area (= 0.6” x 0.6”) for the fingertip and, therefore, sense only a limited portion of the 

fingerprint. Thus multiple impressions of the same fingerprint may have only a small region of overlap. Minutiae based 

matching algorithms, which consider ridge activity only in the vicinity of minutiae points, are not likely to perform well on 

these images due to the insufficient number of corresponding points in the input and template images.  

 

A hybrid matching algorithm is presented in [30] to reduce the effect of nonlinear deformation in the fingerprint that uses 

both minutiae information and texture information for matching the fingerprints. A bank of Gabor filters is used to extract 

texture features from the template and input images. Results shows that at 1% FAR, the hybrid matcher gives a Genuine 

Accept Rate of 92% while the minutiae-based matcher gives a Genuine Accept Rate of 72%. Gabor filter bank are in [31] to 

extract fingerprints features. It is found that performance of feature extraction is dependent on mask size and Gaussian 

deviation value. For Gaussian deviation value 4 and filter mask size 32X32 the percentage of FAR is 6.4%.  

 

In paper [32] a localized texture based representation scheme is presented that relies on visual content for identification and 

the advantage of this method is it does not require absolute alignment. [33] Proposes a hybrid fingerprint verification system 

based on local texture pattern obtained using Gabor filtering and wavelet global features obtained by Multiresolution analysis 

of a fingerprint.  The   Experimental results show that the system is efficient and suitable for real-time authentication 

applications with a small size database. Statistical texture analysis of a fingerprint using Spatial Grey Level Dependence 

method (SGLDM) for discrimination and personal verification is proposed in [34].  Other statistical approach is presented in 

[35], it reduces multi-spectral noise by enhancing a fingerprint image to accurately and reliably determine a reference point 

and then extract a 129 X 129 block, making the reference point its center. From the 4 co-occurrence matrices four statistical 

descriptors are computed. Experimental results show that the proposed method is more accurate than other methods the 

average FAR is 0.62%, the average FRR is 0.08%, and the Equal Error Rate (EER) is 0.35%. 

6. Comparisons 

Major categories of fingerprint methods are compared based on the characteristics given in the literature and are tabulated as 

below (Table 1). 
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Methods 

 

Metrics 

Minutiae based Filter based 
Image 

transform 
Hybrid 

Reliability 

Difficult to 

extract 

minutiae in low 

quality image 

Reliable Reliable More reliable 

Limiting  

factors 
Image quality 

Accurate 

reference 

point is 

required 

Accurate 

reference 

point is 

required, 

depends 

Accuracy High 
Less 

accurate 
Less High 

Time delay High Less Less High 

Algorithmic 

complexity 
High Less Less High 

Overhead of 

preprocessing 

and post 

processing 

steps 

High 
Not 

applicable 

Not 

applicable 
High 

Storage space Efficient Less Less High 

Data size 
Not suitable for 

large databases 

Suitable for 

large 

databases 

Suitable for 

large 

databases 

Not suitable for 

large databases 

Matching 

techniques 

Sophisticated 

 
Simple Simple 

Sophisticated 

 

Applications 

Suitable for 

forensic 

applications 

Suitable for 

civilian 

applications 

Suitable for 

civilian 

applications 

Suitable for 

forensic 

applications 

Table 1. Comparison of Fingerprint Recognition Approaches 

7. Conclusion 

Fingerprint is an important and challenging research area of Digital Image processing so this field still attracts many 

researchers even after many years of research. The demand of research in this area is growing as the world is now much more 

concerned about safety and security than ever. A fingerprint matching and recognition system not only forbids the 

unauthorized access to some facility but in case of security breach, allows tracking the criminals. The requirement of 

fingerprint recognition is now in every field of our daily life. This paper presents a study of various fingerprint recognition 

algorithms from a different viewpoint - quality, performance and application. By classifying fingerprint recognition approaches 

into - Minutiae based methods, filter based approaches, Image transform based approaches, and Hybrid approaches, we can 

clearly see the trade-off between various approaches with respect to their suitability towards finger print applications. Many 

literature have stated their own sets of encouraging results. However, most of them cannot be compared against each other; 

either the system or the database is different. It would be interesting for future research to evaluate each of the approaches under 

a standardized test bed. 
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Abstract 
Considerable effort is currently being extended by means of open CFD analysis to examine and fight against mechanisms 

responsible of combustion instabilities and environment pollution due to CO2 and NO productions. To achieve that, the 

present paper suggests a system based on injection of a secondary air swirling flow in a non-premixed turbulent 

combustion chamber fed by fuel oil n°2.  Computational studies are based on analysis of swirl intensity impact using 

OpenFOAM’s solver named reactingFoam to compare the recommended system to a basic combustor of drying furnace. 

Data allowing discussions are temperatures and concentrations of unburned species and products of gas combustion 

calculated at transversal and longitudinal sections of the combustion chamber. The fact that results obtained reveal no risk 

of flashback or blowing phenomena, fast diminution of unburned products, significant thermal losses near walls, reduction 

of CO2 production combined to a rise of NO formation pushes us to  investigate more about the proposed apparatus.  

Keywords: Coflow Non-premixed turbulent combustion OpenFOAM reactingFoam Swirling flow Swirl number 

1. Introduction 

The need for increased fuel consumption efficiency and environmental protection regulations are imposing stricter 

requirements on high intensity industrial combustion systems. In particular, the need to limit energy consumption costs, the 

restrictions on NO and soot emissions and the competitive placement in the market have encouraged the introduction of 

innovative solutions for better combustion control and the extrapolation of new concepts to practical designs. In non-

premixed turbulent combustion area several efforts are made to accord experimental and numerical studies but still are 

insufficient compared to requirements becoming more and stricter. Gupta A. K. et al. [9] will be among the first to reveal 

(by means of experimental results) the important effects of swirl on promoting flame stability, increasing combustion 

efficiency and controlling emission of pollutants from combustion. Even if CFD (Computational Fluids Dynamics) 

analysis will later confirm this thesis through advanced modeling and simulation, the prediction of flames stabilized by 

swirling jet continues to be a research area under exploration. Due to the importance of this type of fluid flow, considerable 

investigations have been performed in this regard. Many projects were conducted to increase interaction between 

experimentalists and numerical analysts in order to reach good agreements between theory and realistic phenomena. 

Among these projects two references can be typically cited: CORIA (COmplexe de Recherche Interprofessionnel en 

Aérothermochimie) [5, 25] and TNF (the International workshop on measurement and computation of Turbulent Non-

premixed Flames) [4]. To boost TNF researches, experimental simulations devices like PRECCINSTA [1] and TECFLAM 

[1, 11] swirl burners were developed but two limitations can be identified.  

The first one concerns the nature of fuels used by PRECCINSTA and TECFLAM. These are more suitable for gas fuels 

(methane, natural gas, etc.) with direct applications in gas turbine combustors or in aircraft engines [18]. In our case, the 

fuel is a preheated liquid (fuel oil n°2) used in industrial drying furnaces [14]. According to CFD literature, it’s less 

complicated to predict flames based on gaseous hydrocarbons than heavy oils [5, 16]. This difficulty comes a part from 

strong influence of high viscosities on turbulence and combustion phenomena. And this is clearly seen 

during modeling and simulation of instabilities and mixtures.  

Another limitation is about PRECCINSTA and TECFLAM basic configurations. In most cases swirl jet is involved in 

primary air flows [1, 13] while this one is located in secondary air flows (Fig.4). In these kinds of situations the size 

of confinement plays an important role in the aerodynamics of flame [5]. 

In addition, the problem here is complicated by 3D assumption according to the complexity of systems and phenomena.  

Despite all this, giving predictions that can satisfy industrial requirements (performance and security of systems), 

standards of environment protection (fight against pollution) and computational efficiency (need of precision, speed and 

robustness) still be a topical challenge in CFD.  

 

2. Description of the problem 
2.1. Geometry 
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In this study, the combustion chamber geometry is a typical case of those used in industrial drying furnaces (Fig. 1) 

[14]. To obtain a non-premixed turbulent flame, the fuel oil n°2 is injected through the internal tube of the burner after 

being preheated and sprayed. At the same time, primary air at ambient temperature is introduced through the annular 

space. It is assumed that the two considered flows are coaxial. Finally, secondary air is introduced through 24 circular 

orifices on the edges of the front of our firebox (Fig. 1). To obtain a swirling flow (Fig. 3), system of axial and tangential 

injection of air [5] is used by mean of exhaust fans [14].  

                                                                                                                                         

 
Fig. 1: Combustion chamber 

 
Fig. 2: Face measures 

 

 
Fig. 3: Swirl Flow with Internal Zone Recirculation  
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2.2. Boundary conditions 

Experimental data obtained from measurements [14] are used in order to approach realistic situation. Entrance 

conditions are related to the flow rate and the temperature given from the burner exit. The inlet velocities of fuel and 

primary air are respectively 2.34m/s and 15m/s while their respective temperatures are 120°C and 17°C. The outlet 

conditions are related to the pressure. The temperature of the nozzle was fixed to 980°C which is the limit of security 

imposed. According to the secondary air, the inlet velocity is a rotating profile field whose variation depends on the ratio of 

flow rates injection. About the walls, they are supposed to be adiabatic. 

 

3. Mathematical formulation 
3.1. Swirling Flow 

Commonly, it is possible to obtain a swirling flow either by using an insert inside the nozzle or by mixing two air flows. 

The last study on a swirling impinging jet is due to Ward and Mahmood [20]. The swirling jet designed by Ward and 

Mahmood, which is based on the concept of mixing an axial air flow with a tangential one, is characterized by a radial 

distribution of the local convective heat transfer, which, respect to the circular jet, is slightly more uniform with a 

significantly lower heat transfer rate. 

3.1.1 .  Swir l  number  (S ) [9]  

The standard method used to stabilize flames in current lean premixed combustors is based on swirling injection. 

Combustion is established around a hot gas kernel formed by the swirling flow. The lower pressure region created in the 

central region by swirl generates an internal recirculation zone of burnt gases anchoring the flame. This region designated 

as the inner recirculation zone (IRZ) is associated with the vortex breakdown process which takes place in swirling flows 

[3, 4]. The intensity of a swirling flow is given by a dimensionless number S called swirl number. This quantity establishes 

the relationship between the axial flux of kinetic momentum and the axial flux of axial momentum. 

xRGGS /                    (1) 

Gθ can also be seen as the flux of tangential momentum and Gx the flux of momentum following the direction of 

propagation. After developing the previous expression, S becomes: 
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Where R is the radius of the injector tube and ),,( wvuV


 the velocity decomposed into mean and fluctuating values: 
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3.1.2 .  Equation o f  conservat ion of  momentum for a  swirl ing f low [8]  

As it has been already mentioned on chap. 2. 2, the entrance of secondary air is characterized by a rotating velocity 

field. The absence of circumferential gradients in the swirling flow led us to consider the assumption of an axisymmetric 

configuration in order to establish the initial solution. We have now a 2D model with prediction of the circumferential 

velocity. Its equation of conservation of tangential momentum is: 
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3.2. Equations of the combustion 

 This section presents governing equations of combustion flow in the furnace. Chemical reactions that can be modeled 

include liquid fuel combustion in which fuel vapor is generated via evaporation of liquid droplets and a combustion 

reaction occurs in the gas phase. 

 

3.2.1 .  Governing  equat ions in  conservative form [1]  

Equations of chemical species reacting flow in conservative form can be written as follows: 

 

sF
t

w






                     (4) 

Where 
 TkEwvu  ,,,w 

with 


the density, 
 Twvu ,,V 



the vector velocity, E the total energy and 

Kk Y 
with KY

the mass fraction of K species. Flux tensor can be decomposed in two parts: 
Vl w)F(w,F(w)F              (5) 

Where F(w)
l
 is non-viscous tensor and has 3 components:  
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Where P is the hydrostatic pressure defined in perfect gas state equation. 
Vw)F(w, is viscous tensor and has 3 components:  
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Stress tensor is defined as follows: 
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3.2.2 .  Equation o f  sta te  o f  per fect  gas  

The mixture formed in the furnace is supposed to be mixture of perfect gas:  

T
W

R
P              (10) 

W is the mixture molecular weight:  
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R = 8.3143J/mol.K is the universal constant of perfect gas.  

 

3.2.3 .  Equation o f  con tinu ity  

Conservation of total mass in multi species flow is satisfied by the following equations: 
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K

iV represents the velocity component of diffusion of the species k in the i direction (i=1,2,3). The approximation of 

Hirschfelder-Curtis is used to express this velocity of diffusion: 
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Where XK are gradients of mole fractions. 

 

3.2.4 .  Heat  f lux  

The total heat flux qi is the sum of 2 terms: the heat flux by conduction and the heat flux by diffusion of species.  
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4. Implementation in OpenFOAM 

The choice of implementation in OpenFOAM as CFD code compared to the commercial counterparts, e.g. Fluent and 

Ansys CFX etc. is justified by the fact that it offers a free advanced toolbox for solving complex physical problems 

involving chemical reactions, turbulence and heat transfer with the advantage to be totally open and free, both in terms of 

source code and in its structure and hierarchical design [10]. 

 

4.1. Description of OpenFOAM (Open Field Operation and Manipulation) [12]:  

Native development of OpenFOAM is done on a Linux / UNIX platform and specifically in the GCC (Gnu Compiler 

Collection) C++ compiler. To pre-process and solve cases, two ways are offered: use of the graphical user interface called 

FoamX or the Terminal. As direct access to OpenFOAM’s source code is possible (text files in C), modifications of 

boundary conditions or input/output control are allowed by editing the files manually. The post-processing is done by 

ParaView. 

  

4.2. Mesh (Fig. 5): 

Although OpenFOAM has a mesh tool called BlockMesh exportation of other meshes is feasible. It is important to note 

that OpenFOAM is strictly a 3D code. To find an initial solution for a 2D axi-symmetric problem, the mesh must be 3D 

first with one cell thick and having no solution in Z- direction. We must ensure that the opening of the thickness of both 

sides between the Y-axis does not exceed the angle whose apex would be on the Y-axis and between 2.5° and 5° [2]. 

Quadrangular mesh is used due to the simple geometry of the 2D initial solution configuration while tetrahedron/hybrid 

mesh type is used due to the complex shape of the 3D geometry [19]. 

 

 
 Fig. 4: 2D initial solution mesh view 

5. Turbulence and combustion modeling 
5.1. Turbulence [8] 

The DNS (Direct Numerical Simulation) is effective when simple academic problems occur otherwise it would be 

numerically expensive as it can be seen in our case because the phenomena and configurations are complex. The advantage 

of LES (Large Eddy Simulation) is to combine modeling and direct calculation but the computation of its pre-processor 

and solver costs a lot. Another problem related to LES is that their coupling with other models is not yet mature in 

OpenFOAM. Taking in account all those points RANS (Reynolds Averaged Navier-Stokes) remains the only one approach 

more accessible to use in our work. The model chosen is k-ε standard because of its robustness, accuracy, low cost and rich 

documentation. Its weakness in walls zone can be offset by the Standard Model Wall Function (SWF). 

 

5.2. Combustion [2] 

For combustion gas, there are three types of solvers all operating in unsteady state: reactingFoam [10], Xoodles and 

XiFoam. Only reactingFoam models the non-premixed turbulent combustion. The concept it uses for the chemical species 

is the PaSR (Partially Stirred Reactor) which is a modified version of the EDC (Eddy Dissipation Concept) where the 

chemical time scale is handled differently. 

 Expression of Air-Fuel reaction mechanism: 

 
OHCOOHC 2223019 15195.26 

                                      (17)     

 Expression of the reaction rate constant according to Arrhenius kinetic model: 
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 Where EA is the activation energy (1.256x10
8
J/kg mol) and A is the pre-exponential factor (2.587x10

9
).  



Luthenda Gamany, Taha Janan Mourad, Agouzoul Mohamed /International Journal Of Computational 

Engineering Research / ISSN: 2250–3005 

 

IJCER | May-June 2012 | Vol. 2 | Issue No.3 |616-627                                              Page 621 

 

The equation (14) was originally made for laminar case. If we want to adapt it to turbulent case, just define the mixture rate 

by the ratio: 

kturbmix /
                              (19) 

NB: the reaction mechanism is imported from Chemkin (software tool for solving complex chemical kinetics problems). 

 ReactingFoam Code: 

1. Calculate chemical reaction based on turbulent and chemical timescales; 

2. Calculate of the density; 

3. Calculate velocity/pressure fields; 

4. Read species and feed them to the chemistry solver using Chemkin table; 

5. Calculate the temperature from the chemical reactions enthalpy lookup; 

6. Calculate the pressure field using PISO; 

7. Correct the turbulence (pressure-corrector); 

8. Update the density from the temperature; 

9. Return to step 1. 

 

6. Numerical resolution [10] 
Discretisation method used by OpenFOAM is Finite Volume (FVM). Only transient models like reactingFoam need 

temporal discretisation. 

 

6.1. Temporal discretisation 

To avoid instability due to the simultaneous calculation of turbulence and combustion, the first solver to use is 

simpleFoam which is a steady-state incompressible turbulence model. This is done to calculate the cold flow which will be 

considered as our initial solution. Knowing that reactingFoam is an unsteady solver, the time step depends strongly on the 

Courant number Cr. This is possible only with the CFL (Courant Friedrichs Lewy) condition:  

x

tv
Cr




               (20) 

If 0 < Cr ≤ 0.5, we have more stability and less speed. 

If 1> Cr ≥ 0.5, we have more speed and less stability.  

In this case, Cr = 0.2. 

 

6.2. Interpolation schemes:  

 Pressure: limitedLinear 1 (second order bounded scheme); 

 Velocity: limitedLinearV (TVD scheme recommended for swirl); 

 Turbulence: upwind (first order bounded scheme); 

 Species: upwind;  

 Energy: upwind; 

 Pressure-velocity coupling: PISO (Pressure Implicit with Splitting of Operators). 

 

7. Results 
7.1. Advantages of swirling secondary air configuration:  

7 .1 .1 .  Tight con finement  

The swirling flow affects the behavior of the flame because we are dealing with a tight confinement, in other words, the 

dimensions (ie, diameter) of the injector are not negligible compared to the chamber dimensions (Fig. 1 & 2) [13]. 

 

7.1.2 .  Decrease  of  unburned rate  

From thermodynamic studies it has been shown that a small amount of trace species in the combustion products can 

have a great impact on the CO2 capture, storage and transportation [18]. Now the mass fraction of fuel (mFf) at the outlet 

has almost decreased by an half as can confirm the values and graph below (Fig. 5): 

 mFf (without swirl)= ±0.1057; 

 mFf (with coflow: S=0) = ±0.0478; 

 mFf (with swirl: S=0.3)= ±0.0478. 

This will enable a better control of pollution due to CO2 production. 
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Fig. 5: Outlet mass fraction of C19H30 

7.1.3 .  Bet ter protect ion of  wal ls  

Temperature decreases considerably near the walls (Fig. 6). This fall ΔT is inversely proportional to S. This is verified 

through values of transversal temperature differences observed when S=0 or S=0.3 (Fig. 7 & 8). 

 
Fig. 6: Radial evolution of temperature contours  

 

 For internal transversal temperature: if S = 0.3:  CTTT swirlswirl  1150  (Fig. 7) 

 
Fig. 7: Internal transversal temperature (x=0, z=0.52) 

 For outlet transversal temperature: if S = 0.3: CTTT swirlswirl  650  (Fig. 8) 

 
Fig. 8: Outlet transversal temperature 
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7.1.4 .  Stabil i zat ion of  combust ion:   

In practical combustion chambers the mixing time for the fuel and oxidizer is typically larger than the chemical reaction 

time [18].  

Stabilization of combustion is done by increasing the residence time of the flame and creating recirculation in the reaction 

zone. The effect produced is to favor the mixture and give to the flame a more compact form [13] (Fig. 9, 10, 11, 12 & 13). 

The axial evolution of swirling temperature profile is almost linear (Fig. 11). It means that swirl configuration provides 

better and easiest control of temperature in flow direction.  

 

  
Fig. 9: Temperature contours without swirl 

  

Fig. 10: Temperature contours with swirl 

 

 

Fig. 11: Axial temperature evolution 

 

 
Fig. 12: Velocity contours without swirl 
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Fig. 13: Velocity contours with swirl 

 

7.1.5 .  Reduct ion o f  the CO 2  formation:   

Values  and graphs of mF(CO2) below (Fig. 14 & 15) reveal a decrease of the outlet CO2 mass fraction in the case of 

intense swirl:  

 Without swirl, mF(CO2) = ± 0.1893; 

 With coflow (S=0), mF(CO2)coflow= ± 0.1677; 

 With swirl (S=0.6), mF(CO2)swirl = ± 0.1637.  

 

 
Fig. 14: Outlet mass fraction of CO2 

 

 
Fig. 15: Axial mass fraction of CO2  

 

7.2. Disadvantages of swirling secondary air configuration:  

7 .2 .1 .  Rise of  out let  tempera ture  

Calculation of the mass-weighted average value of temperature at outlet gives: 






AdV

AdVT
T 






                                         (21) 

 Without swirl,  = ±1827K; 

 With coflow (S=0), coflowT = ±1934K ; 

 With swirl (S=0.6),   swirlT  = ±1879K. 
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7.2.2 .  Ampl if ica tion o f  the swirl  promotes NO format ion  

The same observation was made on a small scale by Vauchelles [16]. After 3 test cases (S=0.3; S=0.5; S=0.7) of swirling 

secondary air injection to a combustion chamber of gas turbine engine, he asserts that the reduction of CO2 emissions 

means better combustion and thus a rise of temperature controlling NO.  

To reach this conclusion, the following two approaches can be used: 

 

 Calculation of NO concentration (ppm) in the gas mixture: 

NO ppm is computed from the following equation: 

)(1

10)(

2

6

OHMF

XNOMF
NOppm


                           (22) 

Where:  

30

)()(
)(

mixtureXMWNOmF
NOMF                           (23)  

After calculation, it can be seen through the values and graphs of MW(NO) below (Fig. 16 & 17) that the swirl promotes 

the production of NO.  

- Without swirl, MW(NO) ≈ 1019 ppm; 

- With coflow (S=0), MW(NO)coflow ≈ 2933 ppm; 

- With swirl (S=0.6), MW(NO)swirl ≈ 3152 ppm. 

 

 Estimation of average mass fraction of outgoing NO:  

The mass fraction of outgoing NO experienced a sharp increase with the intensification of the swirl.  

- Without swirl, mF(NO) ≈ 0.0011 ; 

- With coflow (S=0), mF(NO) ≈ 0.0092 ; 

- With swirl (S=0.6), mF(NO) ≈ 0.0091. 

 

 
Fig. 16: Axial mass fraction of NO 

 

 
Fig. 17: Outlet mass fraction of NO 
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8. Conclusions and perspective 
To better understand the potential role of a secondary air swirling flow in a turbulent non-premixed combustion chamber 

two test cases situations are considered : a pure axial jet called "coflow" 

(with S= 0) and an weak swirl jet (with S=0.3) characterized by the presence of an IRZ (Internal Recirculation Zone). Non-

premixed flames can be quenched by lowering the temperatures of the oxidizer stream, or by increasing the flow strain rate 

(equivalently scalar dissipation rate) [18]. In the first case there is a possible risk of blowing phenomenon for the secondary 

air flow strain rate is increased. As it is known the blow tends to get rid of the IRZ pushing the flame to hanging or 

extinction. In the last case [15] a flashback to the injector’s tube can occur and lead to a suspension of the flame. Flashback 

occurs when the gas velocity becomes lower than the burning velocity due to flame propagation within boundary layer, 

core flow or because of combustion instabilities [22]. Flashback in swirl burners [23] can be caused by a phenomena 

termed combustion induced vortex breakdown (CIVB) due to rapid expansion at the burner exit creating a recirculation 

zone which acts as a flame holder: the breakdown of this structure can occur due to flow perturbations and chemical 

reaction effects causing the CRZ (Central Recirculation Zone) and hence flame to propagate upstream into the premixing 

zone [23, 24]. 

Neither of these two phenomena was observed because of the good tight confinement between combustion chamber and 

swirling air injectors. This led us to introduce confidently discussion about the flame stability based on the influence of 

number of Swirl (S). Studies will be extended in the next paper to deal with greater values of S. 

About the combustion intensity, we noticed simultaneously an increase of NO formation and a decreased of CO2 

production. We know that the two gases are the leading pollutants in combustion sites [7]. This is justified by the fact that 

the main reaction mechanism involved for NO is that of Zeldovich (1946) which is essentially thermal as it is generated 

by the rise of the activation temperature in a reaction zone such as an oxidizing environment [15]. This observation is quite 

normal for in non-premixed condition, fuel is injected in shear region formed near to the zero stream line boundary and 

recirculation region which provides the low velocity region for flame stabilization with the evolution of high temperatures 

from the flame. For flames operating in diffusion mode, the reaction zone is stabilized to result in large temperature 

gradients and hot-spot regions in the entire combustion chamber that result in high NO levels [9] from the combustion of 

fuels. NO emission increased due to the accelerated chemical kinetics of the combustion process [19]. Concerning CO2 

production, it is possible to reduce more by increasing the inlet air temperature but this will result in increasing the flame 

temperature which in its turn will increase the production of NO [19]. Another solution to explore about CO2 production 

can be the elevation of pressure into the combustor. As said Ahmed E.E. Khalil and al. [19] this will promote the 

combustion kinetics to enhance the combustion reactions. At low equivalence ratios, increase in pressure diminishes CO by 

accelerating the rate of conversion of CO into CO2. At high equivalence ratios, increase in combustion pressure reduces 

CO emissions, albeit to a lesser extent, by suppressing chemical dissociation. So in one aspect high pressures are 

beneficial, but on the other hand, high pressure also accelerated NOx formation leading to higher NO emissions [19]. 

The future work will be to control temperature so as to expect a good balance between reducing pollution and improving 

combustion. Moreover, the protection of walls remains a priority. For complete study, it will be better to couple the 

influence of temperature with the humidity effects near walls by means of transversal evolution of H2O mass fraction.  

To assess the stability of reactingFoam, the role of convection schemes in the solution was investigated. That is the 

reason why we used successively upwind and limitedLinear to compute the energy and species. The result was the same 

but instability (represented by “wiggles”) occurred in the temperature profile when we tried QUICK scheme. Versteeg and 

Malalasekera [17] have showed that this is due to the QUICK schemes nature, which has a tendency to produce over-

shoots and under-shoots in the results and thus producing the obtained "wiggles". 
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Abstract  
In spite of increases in computing power, analysis of skew bridge deck has not changed to the same extent. Therefore, there 

is a need for more research to study the skew bridges using different computational methods. Grillage analyze is a fast and 

simpler approach compared to the finite element method, and has been used by engineers to analyses bridge deck over a 

long time. On the other hand the finite element method is thought to be better method for the slab analysis because of its 

capability to represent the complex geometry of the structure more realistically. In this present study, a bridge deck consists 

of beam and slab is defined and modeled using grillage and finite element method. The effect of grid spacing on different 

skew angles on same-span of reinforced concrete bridges using the finite-element method and grillage analogy method is 

compared. Maximum reactions force, deflection, bending and torsional moments is calculated and compared for both 

analysis methods. A total of nine different grid sizes (4 divisions to 12 divisions) have been studied on skew angles 30°, 

45° and 60° to determine the most appropriate and efficient grid size. It is observed that finite element method (FEM) and 

Grillage method results are always not similar for every grid size. Bending moment calculated by using FEM overestimates 

the results obtained by grillage analysis for larger grid sizes. Torsion moment behavior shows reverse of bending moment 

and difference between reaction values of grid sizes between two methods decreases as skew angle increases. FEM gives 

lesser variations of bending and torsional moment with the change of grid sizes than Grillage one. Deflection doesn’t vary 

much on the change of the grid sizes. The appropriate grid size is estimated for this narrow and long bridge is seven 

divisions whose ratio of transverse to longitudinal grid spacing is about 2. 

Keywords: Skew slab, FEM, Grillage analysis, Grid size 

1. Introduction 
Generally, grillage analysis [14] is the most common method used in bridge analysis. In this method the deck is 

represented by an equivalent grillage of beams. The finer grillage mesh, provide more accurate results. It was found that 

the results obtained from grillage analysis compared with experiments and more rigorous methods are accurate enough for 

design purposes. The other method used in modeling the bridges is the finite element method. The finite element method is 

a well known tool for the solution of complicated structural engineering problems, as it is capable of accommodating many 

complexities in the solution. In this method, the actual continuum is replaced by an equivalent idealized structure 

composed of discrete elements, referred to as finite elements, connected together at a number of nodes. 

 In the skew bridges, the effects of skew on the response of completed structures have been well documented [1, 

7, 9], with effects being shown to be more significant for skew angles greater than 30◦. Critical values for vertical 

deflections and bending moments within in-service skewed bridges have been shown to be lower when compared against 

those in similar right bridges. Conversely, torsional rotations, shears and moments have been shown to be larger for 

skewed bridges. In addition, studies have also demonstrated that interaction between main support girders and transverse 

bracing members (diaphragms and cross frames) influences skewed bridge load distribution due to an increase in torsional 

rotations at certain sections of the longitudinal girders. Additional work has shown that the magnitude of torsional shear 

rotations at skewed bridge supports is largest at the obtuse corners [2, 3]. 

                       While a number of studies [4, 5] dedicated to the response of in-service skewed bridges have been 

completed, as presented above, there are few studies that focus on the behavior of skewed bridges during construction. 

There has been a lack of research studying the effects of the disproportionate distribution of dead loads on the 

superstructure during construction. The reactions at the obtuse angled end of slab support are larger than the other end, the 

increase in value over the average value ranging from 0 to 50 per cent for skew angles 20 to 50 degrees. The bearing 

reactions tend to change to uplift in the acute angle corners with increase in skew angle. 

                  For skew angle lesser than 15°, an approximate method [12] of design may be adopted as, it is reasonably 

correct. According to this method, bending moments are calculated as for a right bridge of span centre to centre of supports 

measured parallel to the centre line of the roadway. The main reinforcement is provided in a direction parallel to traffic. 

Cross reinforcement, which is usually taken as 0.2per cent of effective cross section of the slab is placed parallel to the 

supports. For skew angles greater than 15°, a more rigorous analysis is desirable, but it is complicated. Analytical and 

experimental methods have been attempted. A number of methods like FEM, grillage analogy method are used to analyses 

bridge decks. However, grillage analogy method seems to be general, simple, sufficiently accurate, easy to comprehend 

and convenient to work even on easily available Personal Computers [8]. For the analysis, using STAAD PRO 2007, in 
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each case the skew bridge deck is discretized in grid of interconnected beams in case of Grillage analogy and grid of 

interconnected plates in FEM [13]. 

2. Analysis of Deck Slab Bridge  
The effect of different grid spacing on the behavior of skewed bridges under dead & live load (70R) [6] using grillage 

analogy method and FEM are analyzed and the appropriate grid size for the various skewed slab bridge were found. 

The  skew slab bridges having 30°,45° and 60° skew angle of carriage way 7.5m and skew span 12.11 m  is 

considered for present analysis i.e. reactions, bending moment, deflection under dead and live  load with different cases of 

grid spacing (4 to 12 divisions). Slab thickness is of uniform depth 750 mm. 

          A skew slab bridge is supported on five isolated bearings at each end, adoption of neoprene bearings of spring 

stiffness of 40t/mm at each support point. The flexibility of support is considered in analysis. 

For the analysis, using STAAD PRO 2007, in each case the whole slab is discretized in grid of interconnected 

beams in case of Grillage analogy and grid of interconnected plates in FEM .For sake of convenience in analysis and also 

comparison of results, the spacing of transverse grid lines are kept constant and only longitudinal grid lines changes to 

study the variation of deflection, reaction, bending moment [10, 11] for different mesh size. Rectangle sections of all 

grillage beams are considered with constant thickness of 750 mm. 

2.1 Grid Pattern 

 

 
Figure 1: Grid pattern for different skew 

 

All different skewed angle bridges have same grid pattern and same span. STAAD PRO 2007 is the software used for 

analysis.  

a) Grillage analogy i.e. given decking system is converted into series of interconnected beams such that given 

prototype bridge bridge deck and the equivalent grillage of beams are subjected to identical deformations under 

loading. 

b)  Finite Element Method consists of solving the mathematical model which is obtained by idealizing a structure as 

an assemblage of various discrete two or three dimensional elements connected to each other at their nodal points, 

possessing an appropriate number of degrees of freedom. 

3. Results and discussions 
3.1 Analysis of skew bridge for Skew angle 30

0
 

  A skew slab bridge having 30° skew angle supported on five isolated bearings at each end is analyzed for different grid 

spacing (i.e., 4 to 12 divisions) is analyzed and presented in the fig 2 and 3 and Table 1.  
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Figure 2: Skew Slab Bridge having 30° skew angle, considering only dead load 

 

 

 
Figure 3: Skew Slab Bridge having 30° skew angle, considering dead load plus live load 

 

It is observed from analysis that, maximum reaction results of FEM overestimate the Grillage results. Grid corresponding 

to 5, 6 and 7 divisions gives same approx results (<5%). Maximum bending moment results of FEM overestimates grillage 

results in 4, 5 and 6 divisions. Later, grillage overestimates FEM results and they intersect in between 6 and 7 divisions.  

So, grid size corresponding to 6 and 7 divisions gives almost same results. Unlike maximum bending moment results, 

torsional moment results were more in Grillage in 4, 5 and 6 divisions and later it become more in FEM results. Grid 

corresponding to 6, 7 and 8 divisions gives same (0-2%) results and grid corresponding to 7 divisions gives more accurate 

result. 
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Deflection results are almost same in any of grid spacing. i.e., about only 0.2mm      changed from 4 divisions to 

12 divisions.  Although grid corresponding 9 and 10 division gives same results in both methods, but 0.2mm  difference 

corresponding to 6 and 7 divisions also accepted, and  it comes closer at 6 and 7 divisions. 

          As in dead load, in combination of both dead and live load, grid corresponding to 6 and 7 divisions mainly gives 

closer maximum reactions results in both methods. Grid corresponding to 6, 7 and 8 divisions gives lesser difference in 

bending moment between two methods. As in dead load case, combination of both dead and live load case grid 

corresponding to 7 divisions gives same torsional moment in both methods. Deflection results are almost same in any of 

grid spacing. i.e., about only 0.2mm      changed from 4 divisions to 12 divisions. Deflection change is negligible in both 

methods as in dead load case. 

 

Table 1: Skew Slab Bridge having 30° skew angle 

30°Skew 

Angle 

Division 4 5 6 7 8 9 10 11 12 

Grid size(m) 2.074 1.659 1.382 1.185 1.037 0.921 0.829 0.754 0.691 

 

D
ea

d
 L

o
ad

 O
n

ly
 

Reactions 

(kN/m) 

Grillage 228.9 237.2 241.3 242.7 242.3 240.8 238.5 235.7 232.6 

FEM 253.9 251.4 251.6 253 259.2 258.3 261.2 265.1 268.6 

% diff. 9.84 5.67 4.09 4.08 6.51 6.77 8.7 11.07 13.39 

Bending 

Moment 

(kNm/m) 

Grillage 220.2 221.9 223.9 226.2 228.6 230.9 233.2 235.3 237.5 

FEM 229.3 227.5 226.1 224.9 223.9 223.1 222.3 221.6 221.1 

% diff. 3.95 2.47 0.95 -0.58 -2.09 -3.51 -4.93 -6.17 -7.41 

Torsional 

Moment 

(kNm/m) 

Grillage 93 88.8 85.6 83 81 79.4 78 76.9 75.9 

FEM 83.7 83.2 83.8 83.6 83.3 83.2 83.1 83 82.9 

% diff. -11.1 -6.72 -2.14 0.62 2.77 4.53 6.03 7.25 8.4 

 

Deflection 

(mm) 

Grillage 4.68 4.65 4.65 4.66 4.68 4.71 4.745 4.77 4.80 

FEM 4.97 4.94 4.88 4.84 4.80 4.72 4.75 4.72 4.70 

% diff. 6.23 5.06 4.78 3.57 2.31 0.12 0.02 -1.03 -2.14 

 

D
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d
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s 
L

iv
e 

L
o

ad
 Reactions 

(kN/m) 

Grillage 397.8 411.7 419.4 422 422.2 419.7 417.2 412.8 408.3 

FEM 439 435.2 435 436.8 444.4 444.3 449.9 455.9 461.1 

% diff. 9.37 5.39 3.58 3.38 4.99 5.54 7.27 9.44 11.46 

Bending 

Moment 

(kNm/m) 

Grillage 360.5 367.2 371.2 374.8 379 382.7 387 390.4 394.2 

FEM 378 376.8 376.1 374.6 374.1 373.4 373.5 372.3 372.3 

% diff. 4.61 2.54 1.3 -0.04 -1.31 -2.47 -3.59 -4.87 -5.88 

Torsional 

Moment 

(kNm/m) 

Grillage 138.5 132.4 127.8 124.2 121.4 119.1 117.8 115.7 114.3 

FEM 126.4 124.5 124.8 125.3 125 124.7 124.6 124.7 125.7 

% diff. -9.55 -6.35 -2.44 0.869 2.93 4.51 5.48 7.26 9.12 

 

Deflection 

(mm) 

Grillage 7.62 7.57 7.57 7.57 7.61 7.64 7.69 7.73 7.79 

FEM 8.02 8.07 7.98 7.89 7.82 7.7 7.71 7.67 7.63 

% diff. 5.05 6.22 5.2 3.98 2.72 0.73 0.22 -0.09 -2.05 

 

 

From the analysis of 30
0
 skew angle bridge (both dead load and combine load cases), we can conclude from the discussions 

that, mostly in 6 and 7 divisions, the difference  of analysis results between them as well as among two methods (Grillage  

and FEM)  are less, and most accurate and closer results given by grid corresponding to 7 grid. Ratios of transverse to 

longitudinal grid spacing in 7 and 6 divisions are 2.05 & 1.765 respectively. 

 

3.2 Analysis of skew bridge for Skew angle 45
0
   

           A skew slab bridge having 45° skew angle supported on five isolated bearings at each end is analyzed for different 

grid spacing (i.e., 4 to 12 divisions). Ratio of transverse grid spacing to longitudinal grid spacing = 1.83. 
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Figure 4: skew Slab Bridge having 45° skew angle, considering only dead load 

 

It is to be noted that difference in maximum reaction between two methods, corresponding to 6, 7, 8 and 9 divisions is less, 

i.e. about 2-3 %. Deflection results are almost same in any of grid spacing. i.e., deflection change is negligible in both 

methods. A grid corresponding to 7 and 8 gives only 0.2 mm difference between grillage and FEM results. 

 

 
Figure 5: skew Slab Bridge having 45° skew angle, considering dead load plus live load 
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As in dead load case, combination of dead and live loads, 7, 8 and 9 divisions give closer maximum reaction results 

between Grillage & FEM method. In dead load plus live load case, FEM overestimates maximum bending moment results 

over grillage in 4 and 5 divisions, later it underestimates grillage method. It is to be noted that grid corresponding to 6 and 

7 gives approximately same results in both method. In combination of dead and live load, grillage over estimates FEM 

results in 4 and 5 divisions, later it underestimates FEM results. Grid corresponding to 5, 6 and 7 divisions gives lesser 

difference in results of two methods.  We can mark that there is not such variations in torsional moment, in FEM it appears 

to be constant. 

Deflection change due to live load in skew angle 45
0
 is not negligible as that of in dead load case. There is some 

difference in between two methods compared to other angles. Maximum deflection in both methods becomes same in 9 

and 10 divisions. However, previous discussions finds 7 and 8 division appropriate, mainly 7 divisions, which gives 0.4 

mm of deflection change between two methods due to combination of dead and live load, it is acceptable. Most of analysis 

results are same in 6, 7 and 8 but 7 division always gives same results. So, here also 7 divisions we found appropriate. 

Ratio of transverse grid spacing to longitudinal grid spacing = 1.83 

 

Table 2: skew Slab Bridge having 45° skew angle 

45°Skew 

Angle 

Division 4 5 6 7 8 9 10 11 12 

Grid size(m) 1.693 1.354 1.129 0.967 0.846 0.752 0.677 0.615 0.564 

 

D
ea

d
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o
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 O
n

ly
 

Reactions 

(kN/m) 

Grillage 257.9 270.7 279.1 284.6 288.4 290.8 292.4 293.4 293.5 

FEM 290.5 289.3 290.2 293.5 296.8 301.1 305.4 310.2 314.4 

% diff. 11.20 6.443 3.85 3.01 2.84 3.44 4.27 5.39 6.64 

Bending 

Moment 

(kNm/m) 

Grillage 143.2 145.5 148.0 150.7 153.4 155.9 158.5 160.9 163.2 

FEM 154.8 153.8 152.7 151.9 151.2 150.6 150.0 149.5 149.0 

% diff. 7.49 5.40 3.08 0.80 -1.46 -3.53 -5.71 -7.66 -9.52 

Torsional 

Moment 

(kNm/m) 

Grillage 95.7 92.4 90.0 88.4 87.3 86.3 86.0 85.5 85.0 

FEM 89.2 89.0 88.9 88.7 88.2 87.9 87.7 87.5 87.3 

% diff. -7.25 -3.81 -1.26 0.29 1.05 1.75 1.86 2.25 2.66 

 

Deflection 

(mm) 

Grillage 3.02 3.03 3.07 3.13 3.19 3.24 3.31 3.37 3.43 

FEM 3.42 3.36 3.33 3.29 3.27 3.24 3.23 3.21 3.19 

% diff. 11.64 9.82 7.62 5.12 2.50 0.03 -2.63 -5.10 -7.47 

 

D
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s 
L
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e 

L
o
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 Reactions 

(kN/m) 

Grillage 522.3 548.3 565.5 575.9 586.2 590.5 594.7 597.0 596.2 

FEM 585.5 581.9 583.8 588.7 597.8 605.3 615.3 624.6 632.8 

% diff. 10.80 5.78 3.12 2.17 1.94 2.43 3.33 4.42 5.78 

Bending 

Moment 

(kNm/m) 

Grillage 265.6 267.9 273.3 280.1 285.2 290.2 292.8 297.4 300.9 

FEM 285.8 282.6 279.3 276.3 275.9 276.8 272.8 273.1 271.9 

% diff. 7.06 5.19 2.14 -1.35 -3.36 -5.59 -7.33 -8.89 -10.6 

Torsional 

Moment 

(kNm/m) 

Grillage 154.1 149.2 147.2 143.9 140.8 139.4 138.8 137.4 136.8 

FEM 144.7 147.6 148.2 145.4 144.8 145.4 143.9 143.9 143.7 

% diff. -6.49 -1.09 0.69 1.00 2.74 4.09 3.53 4.45 4.78 

 

Deflection 

(mm) 

Grillage 5.75 5.75 5.85 5.89 5.99 6.05 6.16 6.23 6.40 

FEM 6.45 6.34 6.31 6.20 6.17 6.09 6.07 6.01 6.00 

% diff. 10.85 9.16 7.39 5.08 2.89 0.73 -1.56 -3.75 -6.76 

 

 

3.3 Analysis of skew bridge for Skew angle 60
0
  

  A skew slab bridge having 60° skew angle supported on five isolated bearings at each end is analyzed for different grid 

spacing (i.e., 4 to 12 divisions). It can be marked that as skew angle increases, differences in maximum reaction values 

between two methods becomes less. In bending moment case, FEM overestimates grillage results in 4, 5 and 6 divisions.  

Later, it underestimates grillage results and 7, 8
 
and 9 divisions give almost same results. 
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Figure 6: skew Slab Bridge having 60° skew angle, considering only dead load 

 

In bending moment case FEM overestimates grillage results in larger grid sizes and vice versa happens in smaller grid 

sizes. Grid corresponding to 6 and 7 divisions gives closer results in both methods. It can also be noted that as skew angle 

increases, more closer is the difference as in reactions above. From above table and graph, we can see that there is not so 

difference in torsion moment between two methods in any of grid spacing and grillage overestimates FEM results and from 

7 divisions it underestimates FEM result. As per above results, 6, 7, 8, 9 and 10 divisions any one can be taken as 

difference is negligible and also gives almost same value. As similar to other cases, deflection is same everywhere, its 

change is negligible. Grids corresponding to 6 and 7 divisions give same value in both methods. As in dead load case, same 

in combinations of dead and live load case, maximum reactions have very less difference between two methods as skew 

angle increases. Grid corresponding to 7, 8, 9, 10 and 11 divisions gives lesser difference of results between two methods. 

As in dead load case, same happens in combinations of dead and live load also and grids corresponding to 6 and 7 divisions 

give almost same value in both methods. 

 
Figure 7: skew Slab Bridge having 60° skew angle, considering dead load plus live load 
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In torsional moment case grillage overestimates FEM results in larger grid sizes, vice versa happens in lesser grid sizes. 

Unlike, dead load case, in combination of dead and live load case, considerable difference between results is there. Grids 

corresponding to 5, 6 and 7 division give lesser difference between two methods. 

In this case also deflection change is not so significant. There is not so much difference in any grid size between two 

methods. Deflection pattern is consistent with bending moment pattern, first FEM overestimates grillage results. Later 

FEM underestimates grillage results. Grid corresponding to 7 and 8 gives same results. 

In skew angle 60
0
 also, all the analysis results are approximately same corresponding to 7 divisions. Ratio of transverse to 

longitudinal grid spacing =1.858 

 

Table 3: skew Slab Bridge having 60° skew angle 

 

60°Skew 

Angle 

Division 4 5 6 7 8 9 10 11 12 

Grid size(m) 1.197 0.958 0.798 0.684 0.598 0.532 0.479 0.435 0.399 

 

D
ea

d
 L

o
ad

 O
n

ly
 

Reactions 

(kN/m) 

Grillage 267.0 282.0 293.0 301.7 309.0 314.4 320.8 325.6 330.2 

FEM 302.6 301.4 301.9 303.6 307.0 311.9 314.8 319.2 323.7 

% diff. 11.73 6.45 2.95 0.63 -0.63 -0.82 -1.89 -2.00 -2.00 

Bending 

Moment 

(kNm/m) 

Grillage 77.6 80.2 82.5 84.5 86.4 91.5 93.7 98.4 102.7 

FEM 85.1 84.2 83.6 83.0 82.6 82.1 81.7 81.4 81.0 

% diff. 8.85 4.82 1.40 -1.79 -4.63 -11.4 -14.5 -20.9 -26.8 

Torsional 

Moment 

(kNm/m) 

Grillage 72.0 69.6 67.7 65.2 64.9 64.9 64.0 63.8 63.5 

FEM 66.8 65.4 66.3 66.3 66.4 66.6 65.4 65.2 65.1 

% diff. -7.88 -6.39 -2.04 1.73 2.16 2.56 2.04 2.13 2.46 

 

Deflection 

(mm) 

Grillage 1.42 1.43 1.45 1.48 1.51 1.50 1.58 1.61 1.65 

FEM 1.52 1.48 1.45 1.42 1.40 1.38 1.36 1.35 1.33 

% diff. 6.30 3.36 -0.02 -4.13 -8.19 -8.59 -15.92 -19.74 -23.37 
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e 

L
o
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 Reactions 

(kN/m) 

Grillage 706.6 760.2 799.3 828.3 851.2 869.5 883.6 895.3 905.3 

FEM 795.9 808.9 821.1 836.3 851.7 870.0 888.8 901.9 915.7 

% diff. 11.22 6.025 2.65 0.959 0.066 0.063 0.581 0.722 1.13 

Bending 

Moment 

(kNm/m) 

Grillage 184.9 191.3 196.7 201.7 206.3 213.3 217.3 223.6 229.9 

FEM 200.4 199.8 199.1 197.8 196.6 195.7 194.4 193.5 192.4 

% diff. 7.70 4.25 1.22 -1.96 -4.89 -8.99 -11.7 -15.5 -19.5 

Torsional 

Moment 

(kNm/m) 

Grillage 149.6 143.9 140.6 135.5 134.5 133.2 133.9 132.4 131.8 

FEM 143.0 139.9 138.3 137.5 137.9 137.6 135.9 135.5 135.2 

% diff. -4.40 -2.79 -1.64 1.49 2.46 3.29 1.52 2.34 2.58 

 

Deflection 

(mm) 

Grillage 3.79 3.79 3.80 3.84 3.88 3.88 3.98 4.02 4.07 

FEM 4.05 3.93 3.86 3.79 3.72 3.67 3.62 3.58 3.54 

% diff. 6.26 3.65 1.39 -1.34 -4.29 -5.71 -9.85 -12.51 -15.03 

 

4. Conclusion 
In the present study comparison of different skew angle bridges is performed using Finite element and Grillage method and 

results are presented. It is observed from the analysis that mostly seven divisions on gridding is appropriate i.e., ratio of 

transverse grid lines to longitudinal grid lines is 1.8-2.0. However, six and eight divisions also gives approx similar  results 

as that of seven, so seven divisions can be preferred with ratio  within 1.5-2.0 As skew angle increases, difference between 

reaction values (Grillage and FEM) of grid sizes decreases. In skew angle 30°, there is lot of difference but it decreases, as 

skew angle increases. In the case of bending moment, FEM results overestimated Grillage results, and after the point of 

intersection FEM results underestimated Grillage. Deflection is consistent with longitudinal bending moment, it follows the 

same pattern. Torsion moment follows the reverse pattern of longitudinal moment. Grillage results overestimated the FEM 

results in larger grid sizes and after intersection it underestimated FEM results. Variation of grid sizes analysis results 

predicts that, variation in reaction value is same in FEM and Grillage method but variation of bending and torsion moment 

in FEM is lower than grillage results. So, FEM may be preferred for analysis of skew bridges efficiently with certain 

limitation. 
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Abstract- A compact Ultra wideband (UWB) antenna with 

band- notched characteristic is presented in this paper. It has 

compact size of   30 mm x 31mm and has ultra wide band 

operation. A ‘C’ shaped slot was introduced to achieve band 

notch function from 4.8 GHz to 6 GHz to avoid interference 

from WLAN. The proposed antenna has ultra wide band 

frequency range from 3 GHz to 11.5 GHz for return loss 

below -10 dB, except for frequency stop band from 5 GHz 

to 6 GHz. Details of antenna are presented with parametric 

study for Ultra Wideband Applications. The bandwidth is 

varied by varying the width W4  of inner tuning stub and 

height L3 of feed and Ultra Wideband width is obtained. 

The antenna is Omni directional in operating bandwidth and 

it has good radiation efficiency. The fundamental 

parameters such as return loss, VSWR, radiation pattern are 

obtained, which meet standard specifications. Method of 

moments based IE3D simulator is used to analyze this 

antenna. 

 

Keywords- Coplanar waveguide, UWB antenna, VSWR, 

Omni directional radiation pattern 

I.  INTRODUCTION  

Ultra wideband communication systems have received 

great attraction in wireless world. It is popularly used 

technology in radar and remote sensing. Ultra Wideband 

technology provides promising solutions for future 

communication systems due to excellent immunity to          

multi path interference, large bandwidth and high speed data 

rate.  A bandwidth from 3.1 GHz to 10.6 GHz is allocated 

for UWB systems by Federal Communication Commission 

(FCC) in 2002. From then, the design of UWB antenna 

became challenging task for engineers in UWB systems. 

One major issue in UWB is the design of compact size and 

wide band antenna [1]. Several UWB antennas have been 

studied for UWB applications [2-3].Recently slot antennas 

became popular for UWB applications [4-6]. Bow-tie 

antenna is one technique for UWB antenna systems [7]. 

Parasitic elements around the antenna also provide broad 

bandwidth but increases size of antenna [8]. The planar 

monopole antennas [9, 10] are better for UWB applications 

due to small size and stable radiation pattern. UWB antennas 

can be fed by microstrip line or Coplanar Waveguide 

(CPW). The CPW antennas are useful for microwave and 

millimeter applications because they offer low profile and 

wide bandwidth, ease of integration with circuits. The CPW 

has low radiation leakage and less dispersion than 

conventional microstrip lines. They have also low power 

consumption and high speed data rate for transmitter.   

 

A UWB antenna is also susceptible to interference by         

narrow band signal of neighboring RF system such as IEEE 

802.11a WLAN having operating frequency range 5.125-

5.825GHz. So, it is desirable to design UWB antenna with 

band notch characteristic to avoid interference from the 

bands [11, 12].The conventional methods to achieve the 

notched band are cutting a slot (U-shaped, V-shaped and arc 

shaped slots) on the patch [13, 14] or embedding a quarter 

wavelength stub with in a large slot on the patch [15], 

inserting a slit on the ground [16]. Another way is based on 

placing parasitic elements near the printed monopole, which 

play role as filter to reject limited band. A miniaturized 

UWB antenna with 5 GHz band rejection is also reported 

[17]. But it has complicated logic. A good UWB antenna 

should have ultra wide band width, high radiation efficiency, 

directional or Omni directional radiation pattern. 

  So, we have proposed CPW-fed antenna for achieving 

notched band from 5 GHz to 6 GHz which avoids entire 

WLAN. The antenna provides stable radiation pattern and 

high radiation efficiency. The antenna geometry is 

introduced in section II. The antenna parameters return loss, 

radiation characteristics are discussed in section III. The 

effect of angle α and L3 on antenna returns loss and 

bandwidth also investigated. Conclusions are given in 

section IV. 

II. ANTENNA STRUCTURE  
The antenna is fabricated with low cost FR4 substrate with 

relative permittivity εr = 4.4 and thickness h = 1.6 mm. It has 

compact area of 30 mm x 31 mm as shown in Figure 1. The 

antenna is fed by 50Ω CPW feed line. The gap ‘g’ between 

centre conductor and ground plane is 0.4 mm. The various 

optimized parameters of antenna are W = 30 mm, W1 = 13.1 

mm, W2 = 5 mm, W3 = 3 mm, W4 = 15 mm,W5 = 5.75 mm, 

W6 = 3.5 mm, W7 = 2.8 mm, W8 = 6 mm,  L = 31 mm, L1 = 

4.75mm, L2  = 9 mm, L3 = 14 mm, L4 = 8.825 mm, L5  = 

1.175 mm, L6 = 1 mm, L7 = 0.5 mm, L8 = 3.6 mm, L9 = 6 

mm. The antenna has two resonating frequencies 3.63 GHz 

and 7.51 GHz. The obtained resonant frequencies vary 

depending on the location of inner tuning stub and the gap 

between CPW-feed line and ground. The antenna has only 

one layer of substrate with singled sided metallization part. 

This allows easy manufacturing of antenna with low cost. 
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Figure:1  Proposed antenna structure 

III. RESULTS AND DISCUSSION 
The proposed antenna was simulated and optimized using 

Zeland IE3D simulator. Figure 2 compares the fabricated 

antenna with that of simulated antenna. The VSWR curve 

shows that the antenna achieves an impedance bandwidth of 

7.6 GHz ranging from 3 GHz to 11.5 GHz for VSWR below 

2 except for notched bandwidth from 5 GHz to 6 GHz. This 

band is avoided by inserting ‘C’ shaped slot in conductive 

layer to reduce interference from WLAN. The proposed 

antenna has good performance to reject unwanted WLAN 

band. By controlling the size and location of ‘C’ slot, desired 

notched band can be obtained.  The important feature of 

proposed antenna is the capability of impedance matching at 

both resonating frequencies 3.62 GHz and 7.54 GHz using 

CPW feed line.   

 

Figure: 2 Simulated and Measured VSWR for proposed 

antenna 

 

Figure:3 Return loss vs. frequency for the proposed 

antenna  with L3 = 13.5, 14, 14.5 mm 

The performance of the antenna has been analyzed by using 

Method of moments based IE3D simulator. The effect of L3 

and W4 on the antenna return loss and Band width are 

studied. These are most sensitive parameters. As L3 increases 

from 13.5 mm to 14.5 mm, the band width increases to 7.6 

GHz from 7 GHz and then decreases to 7.03 GHz. The 

higher resonant frequency decreases. When W4 increases 

from 14 mm to 16 mm, band width increases to 7.6 GHz and 

then slightly changes. The higher resonant frequency is 

slightly shifted down. The effect of L3, W4 on resonant 

frequencies and bandwidth are shown in Figures 3 and 4. 

They are also represented numerically in table I and table II. 

                  

                             

Figure: 4  Return loss vs. frequency for the proposed 

antenn with  W4  =  14, 15 , 16 mm    Parametric study 

TABLE I.  EFFECT OF   L3  ON  RESONANT  FREQUENCIES 

AND BAND WIDTH 

L3 

 

 (mm) 

Resonant frequency 

(GHz) 

Band width 

(GHz) 

13.5 3.66, 7.83 7.0 

14 3.62, 7.54 7.6 

14.5 3.66, 7.41 7.03 

TABLE II.   EFFECT OF  4W  ON  RESONANT FREQUENCIES 

AND BAND WIDTH 

W4 

 (in 

degrees) 

Resonant frequency 

(GHz) 

Band width 

(GHz) 

14 3.63, 783 7.3 

15 3.62, 7.54 7.6 

16 3.68, 7.45 7.4 
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Figure: 5 Current distribution at  a) 3.62 GHz  b) 7.54 GHz. 

    The current distribution is more along the transmission 

line as shown in Figure 5. But, around the  C-shaped slot, 

the current is small. Here, destructive interference takes 

place takes place for excited currents in the antenna, which 

makes antenna non responsive in the notched band. 

Far field radiation characteristics were also studied. The 

Figures 6 and 7 present radiation patterns in E and H-planes 

at 3.62 GHz and 7.54 GHz. The gain patterns are Omni 

directional in H-plane and monopole like in E-plane. The 

different frequencies across the operating band width 

showed similar radiation patterns. So, stable radiation 

patterns have been obtained for proposed antenna. H-plane 

patterns show larger cross polarization than E-plane due to 

strong horizontal surface current components and electric 

field. The peak antenna gain of antenna varies from 1.5 dBi 

to 2.8 dBi as shown in Figure 8 and it has maximum value of 

2.8 dBi at     4.3 GHz. This antenna has high radiation 

efficiency of 80% in the operating region.  

 

      (a) 

 

 
      (b) 

Figure: 6 Radiation pattern in E-plane at  a) 3.62 GHz  b) 

7.54 GHz. 

 
          (a) 

 

 
 

              (b) 

Figure: 7 Radiation pattern in H-plane at  a) 3.62 GHz  b) 

7.54 GHz. 
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IV. CONCLUSION 
A compact CPW fed monopole antenna with band notched 

characteristic is presented to avoid interference from 

WLAN. Notch band is achieved by inserting ‘C’ shaped slot 

in conductive layer. It has good impedance matching. It has 

total impedance bandwidth of 7.6 GHz. Parametric study is 

performed by varying width W4 of inner tuning stub  and 

height L3 of conducing feed . The antenna exhibits Omni 

directional radiation pattern in H-plane with compact size. It 

has simple structure. The gain and radiation pattern of 

antenna have been investigated and found to be stable. The 

antenna has high gain of 2.5 dBi in the operating band width. 

The antenna has highest radiation efficiency of 80% in the 

operating region. The antenna is useful for radio 

communications. 

 

Figure: 8 Gain vs. frequency of proposed antenna 
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Abstract: Visual Cryptography Scheme (VCS) is an encryption method used to encode secret written materials. The idea is to 

convert the written material into a binary image and encode this image into n shadow image, it is also called as shares of 

images. The decoding only requires selecting some subset of these n shadow images, making transparencies of them and 

stacking them on top of each other. Main advantage of this scheme is mathematical computation complexity is reduced 

compared to conventional cryptographic techniques. 

 This paper presents design of two stage binary image security scheme using (2,2)Visual Cryptography Technique such that 

we are not able to get back the original image at the first decoding stage. As the cryptographic algorithm becomes more 

relevant, it will become inefficient. So, the basic model of Visual Cryptography is not an efficient tool to hide the information 

anymore. This method aims to improve efficiency of VCS. The performance of proposed algorithm is compared with three 

different binary images. Result shows that there is no residual information present in the shares. 

Key word: Visual Cryptography Scheme, LFSR, Binary Image Security. 

I Introduction 
 With the invention of the Internet, more and more digital data can be accessed via the network. Internet users can transmit 

and store images with less secured channels. To secure the information one possible technique is cryptography where 

information is encrypted using key and same key is used to decrypt the information. Here computation complexity of 

decryption algorithm increases the information security[9]. Visual Cryptography is a technique which provides information 

security and uses simple decryption algorithm unlike the computationally complex algorithms used in traditional cryptography 

schemes. This technique allows Visual information such as pictures, text, etc. to be encrypted in such a way that their 

decryption can be performed by the human visual system. This technique encrypts a secret image into shares such that stacking 

a sufficient number of shares reveals the secret image [1-4]. In this paper an overview of the emerging Visual Cryptography 

scheme and design of the proposed scheme is discussed. 

An example of (2, 2) Visual Cryptography Scheme is given in figure1a to 1d. Original binary image is shown in Figure1a. 

Figure 1b & 1c are share1 and share2 generated from original image by (2, 2) Visual Cryptography Scheme discussed in 

section IV. Figure 1d reconstructed image by application of stacking process (BIT OR operation) on share1and share2. The 

reconstructed image is visually identical to the original image. 

The rest of the paper is organized as follows. The section II gives brief description about earlier work. Applications of 

Visual Cryptography Schemes are discussed in section III. Design preliminaries are discussed in section IV. Proposed scheme 

is given section V. In Section VI Results of proposed schemes are discussed. Conclusion is given in section VII.     

                     
Figure1a Original Binary Image  Figure1b Share 1    Figure 1c Share 2 

 
Figure 1d Reconstructed Image by Stacking Process 

II Previous Work. 

 Many authors published different Visual Cryptography Schemes [1-8] for different applications. Each scheme has its own 

advantages and disadvantages. Few such schemes were given in Table1.  
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      Table 1 Previous work in Visual cryptography 

 
III Application of VCS 
 There are many applications incorporated with the Visual Cryptography Scheme. Two main applications are discussed in 

this section. 

1) Electronic-Balloting System: Dilemma et al [3] proposed a secret-Ballot Receipts system that is based on (2,2) binary 

VCS. It generates an encrypted receipt to every voter which allows them to verify the election outcome even if all election 

computers and records were compromised. At the polling station, the voter will receive a double-layer receipt that prints 

his/her voting decision. The voter will be asked to give one of the layers to the poll worker who will destroy it immediately 

with a paper shredder. The remaining one layer will now become unreadable. 

2) Encrypting Financial Documents: The VCS principle can also be applied in transmitting confidential financial 

documents over Internet. Visual Cryptography is an example of this type of system being proposed by Hawkes et al [4]. 

Visual Cryptography can encode the original drawing document with a specified (k, n) VCS, then send each of the encoded 

n shares separately through Emails or FAX to the recipient. The decoding only requires bitwise OR operation on all shares 

in the specified directory, and needs no extra effort of cryptographic computation. Any malicious attacker who intercepts 

only m of n shares where m < k will not be able to gain any information about the financial document. 

IV Design preliminaries. 
A)  Visual Cryptography 

 The basic model of Visual Cryptography was introduced by Naor and Shamir [2] in 1994  accepts binary image I(x, y) as 

secret image, which is divided into ‘n’ number of shares. Each pixel of image I(x, y) is represented by ‘m’ black and white sub 

pixels in each of the ‘n’ shared images. It is impossible to get any information about the secret images from individual shares. 

The other advantage of VCS is that, unlike other cryptography techniques, the secret image recovery does not need difficult 

computations. i.e the secret information can easily be recovered with enough number of shares through stacking process 

(human vision) instead of special software or hardware devices. 

 Naor and Shamir proposed a k out of n scheme and assumed that the image or message is a collection of binary data 0 and 

1displayed as black and white pixels. According to their algorithm, the secret image is turned into n shares and the secret is 

revealed if any k of them are stacked together. So the image remains hidden if less than k shares are stacked. 

 The main parameters of Visual Cryptography includes image contrast and the number of sub pixels of recovered image. 

The contrast of a image is a relative difference between the original and retrieved image. As increased in number of sub pixels 

while creating the shares, size of the share (column) also increases. This increment in turn affects the quality of retrieved image. 

Some researchers have focused on contrast degradation and introduced methods to improve the contrast of the reconstructed 

secret image[5]. 

 2-out-of-2 Secret Image Sharing Scheme 

 The basic idea of 2-out-of-2 Visual Cryptography sharing scheme is illustrated in Table2. Every secret pixel of the original 

binary image is converted into four sub pixel of two share images and recovered by simple stacking process. This is equivalent 

to using the logical OR operation between the shares. As illustrated in Table2 four sub pixels are generated from a pixel of the 

secret image in a way that two sub pixels are white and two sub pixels are black. The black or white pixel selection is based on 

random selection. In this paper 8 stages LFSR (Linear Feed Back Shift Register) is considered to generate the random bit and 

design is discussed in subsection B. 
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 Pseudo code of share generation scheme is given below. Based on pixel bit and random sequence bit, share1 and share2 

will be generated. The size of obtained share will be twice the as many columns in the original image. 

               Table-2 (2, 2) Visual Cryptography Sharing Scheme 

                                     

B. LFSR Design 
 A Linear Feedback Shift Register(LFSR) is a sequential shift register with combinational logic that makes it to pseudo-

randomly cycle through a sequence of binary values. In this paper to generate a random bit an 8 bit LFSR is considered with a 

polynomial x
8
+x

6
+x

5
+x

4
+1 and corresponding design is given in the figure 2a. Feedback around an shift register comes from a 

selection of points (D) in the register chain and constitutes XORing these taps to provide tap(s) back into the register as shown 

in the figure2a. The 8 bit LFSR case D0,D4,D5,D6 are XORed and feeding back to MSB bit(D7) and this bit is used as a 

sequence bit in future. The 8-bit sequence will repeat every after 255 cycle(1 cycle= one shift) and all generated sequence are 

purely based on the initial 8-bit data present in the register. 

 
        Figure 2a 8 Bit Linear Feed Back Shift Register 

V Proposed Scheme 

 In the Proposed scheme we used (2, 2) Visual Cryptography Scheme. The whole design is divided into two process 

1) Encryption(Creating shares) 

2) Decryption(Human Visual System) 

Encryption process 
Encryption process is partitioned into two stages and shown in figure 3b. 

 First stage 

An original binary image of size 100X100 has been considered in our design where each pixel is either 0 or 1. 

A (2, 2) Visual Sharing technique (as discussed in section IV) is applied on original binary image. From this process 

two binary share images will be generated. 

 Second stage 

In the second stage four share images are generated from the two share images obtained from first stage using (2,2) 

VCS, this is called chain share of order 2. 

Further to enhance the security, share encryption is performed on four shares obtained from previous step using 8-bit  

different LFSR sequence (as discussed in section IV ) by XORing the share bit with LFSR bit and it is repeated for 

whole binary share image. Hence, no two share should generate partial image. 

 
Figure 3a Encryption of shares 

Decryption process 
 Decryption process is reverse process of encryption. It consists of two stages and pictorial representation of decryption 

process is given in figure3c. 
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 First Stage 

To decrypt the four shares from encrypted shares same LFSR sequence must be used which was used in earlier 

encryption process and bitwise XOR operation performed between encrypted share and LFSR bit sequence. Otherwise 

original image will not be recovered in future.  

From four decrypted share of the previous step, two partial shares were obtained by performing bitwise logical ORing 

between share 1,2 and  share 3,4. 

 Second Stage 

Bitwise logical OR operation performed on two obtained share images from previous stage to get back the retrieved 

image. The obtained image is identical to original image.  

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 3b Encryption Process with two stages         Figure 3c Decryption Process with two stages 

 

VI Results 

 Matlab 7.1 Software tool is used to analyze the result. To study the performance of proposed scheme three different binary 

images of size 100X100 were used and shown in figure 5a, 5b, 5c. The stage by stage result of proposed scheme is given in 

table 3a and 3b.   

 

 

      

     Figure 5a  

 

     Figure 5a      Figure 5b              Figure 5c 

 Table 3a shows the Encryption process of the original binary image. In the table3a Figure4a shows three different original 

binary images, Figure4b and 4c are shares generated in the 1
st
 stage. The result shows no residual information of original image 

perceptually observed among the two shares. In the second stage four different shares are generated and is given in figure 4d to 

4g. In this four shares stacking process of any two shares gives residue of original information. So to provide additional 

security share encryption is performed on all the four shares as discussed in section V. Figure 4h to 4k is scrambled shares 

using 8 stage LFSR sequence. 

Table 3a Encryption process 

 
 Table 3b gives decryption process and it is reverse process of encryption. In the table3b the figure 4l to 4o is same 

scrambled share image. The same LFSR initial sequence or key need to be used to get back the four shares. The obtained shares 

are shown in the figure 4p to 4s. It is observed that no residual information is visually seen. Figure 4t and 4u are the shares 

obtained from BIT ORing the shares shown in Fig 4p and 4q and Fig 4r and 4s respectively. Reconstructed image given in 

figure 4v obtained by BIT ORing the previous shares i.e.,Fig4t and 4u. From figure4v image can be easily identified but 
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contrast is poor. In order to obtain the efficient reconstructed image Bitwise XOR is applied between the shares(Fig4t and 4u) 

and obtained image shown in figure4w.The figure4w image is identical to original image except the size.     

Table 3b Decryption Process 

`         

V Conclusion 
 Using the proposed design original image successfully  encoded into 4 share images. In This scheme two stages were used 

it’s very difficult to access the original information by unauthorized receiver. In this paper we used only order 2(two stages) 

because if we increase the order even though we can generate many number of shares, but quality of the reconstructed image 

will be poor (more number of columns) and needs more storage space for shares. 

Difficulties for image reconstruction by unauthorized receiver 

1. Order and orientation of chain share: If the order of the chain share is unknown and orientation is mismatched we will 

not get the original image 

2. LFSR sequence: We have to use same LFSR sequence for encryption as well as decryption to get back the original image 

3. Number of shares: All the four shares compulsorily necessary to identify the original binary image. 
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Abstract 
A numerical study has been conducted for steady, three dimensional viscous flow fields in an axial flow compressor 

cascade focusing basically on the secondary flow formation. The study is made on the basis of static pressure distribution 

along the blades with different inflow angles.  The k-ε model was used and a finite volume method was employed to 

solve the flow governing equations. The present work consists of a compressor cascade analysis with chord length of 5 

units and pitch of 0.55 times chord length. For this analysis ideal gas is taken as the fluid with atmospheric pressure and 

a temperature of 300 K, αi = 26.5
o
, 35

o
 and 45

o
, Ma = 0.66, Re = 0.6 x 10

6
. Flow analysis is carried out using commercial 

CFD codes (Fluent 6.3.26). The computational results support the secondary flow occurrence in a compressor cascade 

for specific conditions. 

Key words: secondary flow, turbulence intensity, axial compressor cascade, cascade losses 

Nomenclature 

Re       Reynolds number 

Ma       Mach number 

S       Cascade pitch 

C       Chord 

h Blade height 

Cp Pressure coefficient 

 

Greek letters 

αi       inlet air angle 

αe       exit air angle 

θ stagger angle 

 

Introduction 
Accurate prediction of turbo machine cascade flow and pressure losses remains a challenging task despite a lot of work 

in this area [4]. Flow in a cascade of turbo machinery suffers various types of losses like annular loss, profile loss and 

last but not the least secondary losses. The term secondary flows refers to the three- dimensional vortical flow structures 

that develop in blade passages due to high turning of the flow and non uniform inlet total pressure profiles. [2]. Flow 

which is transverse to the primary flow direction is termed as secondary flow [2]. Secondary flows are important source 

of losses in turbo machines, especially in cascades with short height blading and high flow turning. The secondary flows 

originate from specifically developing end wall boundary layers and are associated with the presence of longitudinal 

vortices with a dominant stream wise component of the vorticity. They are driven by transverse static pressure gradients 

and mass forces acting on fluid elements in curvilinear motion through the blade passage. The secondary flows also 

modify the shape of end wall boundary layers from which they originate [9]. 

 

In compressors the classical secondary flow is not so strong because the blade turning is low. However, the end-wall 

boundary layers are thick and are prone to separate in the corner between the suction surface and the end-wall. This 

separation is greatly influenced by both secondary flows, which tend to exacerbate it, and tip leakage flows, which tend 

to prevent separation [6]. The main type of secondary flow is the induced recirculating flow, which leads to the 

formation of a passage vortex. The source of the induced recirculating flow is the cross flow in the end wall boundary 

layer that forms as a result of force equilibrium in curvilinear motion.  
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Figure 1:  Various types of secondary flows in a cascade of turbo machine. 

 

 

Mechanisms of secondary flow 
Within a blade passage in a cascade, a deflection of the low momentum fluid equal to the mainstream deflection would 

not be sufficient to obtain the balance between the pressure gradients and the centrifugal forces. As a result the low 

momentum fluid turns more than the mainstream flow and this deviation from a uniformly deflected stream called 

secondary flow [11]. 

 

The term secondary flows refers to the three-dimensional vortical flow structures that develop in blade passages due to 

high turning of the flow and non-uniform inlet total pressure profiles. The boundary layer flow along the end wall 

contains span wise velocity gradients. When the boundary layer flow is turned, transverse velocity components are 

introduced. These secondary flows, created at the end wall and blade junction, extract energy from the fluid which would 

otherwise be used to rotate the blades or produce thrust [2]. 

 

The secondary flows originate from specifically developing end wall boundary layers and are associated with the 

presence of longitudinal vortices with a dominant stream wise component of the vorticity. They are driven by transverse 

static pressure gradients and mass forces acting on fluid elements in curvilinear motion through the blade-to-blade 

passage [9]. 

 

Methodology 

Table 1 Details of Investigation 

1 Aspect ratio, c/h 1 

2 Chord length, c  5 units 

3 Pitch of the cascade 0.55 c units 

4 Inflow angle  (in degree) 26.5 , 35 and 45 

5 Mach No. 0.66 

6 Reynolds No. 0.6 x 10^6 

7 Viscous model used k-epsilon 

8 Software used Gambit and Fluent 

9 Type of analysis 3D 
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Figure 2: Dimensions of cascade  

 

Using these dimensions three dimensional models are drawn out from this arrangement.  

 
Figure 3: Gambit model of cascade blades with fluid volume (model 1) 

 

 
Figure 4: Volume of main flow under consideration (model 2) 

 

This flow is cut out of the main flow stream under consideration from model 1.Sinc it is hard to numerically calculate for 

such a bid domain (model 1) in gambit and fluent both. 
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Figure 5: Flow volume between the blades only (model 3) 

 

This figure is again the area between the blades only where we have to check the formation of the secondary flow vortex. 

Meshing 

Different types of mesh sizes, types, elements are available for edge, face and volume meshing. It must be the optimum 

size of mesh for getting the accurate results. Gambit software provides a wide range of meshing options for simple as 

well as complex geometries.  

 

Table 2 Meshing details 

1 Elements used for face meshing Quadrilateral 

2 Elements used for volume meshing  Tet/Hyd.  & Quad/Tri 

3 Interval count  According to length of edge 

4 Side  Single sided 

5 Successive ratio 1 

6  Nodes   33201 (for model 3) 

 

 
Figure 6: Meshing of model 2 

 
Figure 7: Meshing of model 3 
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Boundary conditions 

 
Figure 8: Different faces of model 2 

 

Table 3 Boundary conditions 

Face Name Boundary Condition 

1 Inlet Velocity 

2,3 Side walls Periodic \Wall 

4 Suction side Wall 

5 Pressure side Wall 

6 Outlet Pressure 

Turbulence modelling 

Turbulence Modelling, as turbulence affects the flow behaviour of the turbo machines, its consideration is critical in 

compressor blade analysis. The turbulence level seems to play a role on both the mixing within, and between the 

structures. Compressor blade model use k-epsilon turbulence model with realizable option. The k-epsilon model is 

mainly used for confined flows which usually occurred in turbo machines blade cascades and for high Reynolds number 

flows such as this problem. The realizable K-epsilon model gives more accurate results than any other turbulence model 

for the annular cascade. It also correctly predicts the boundary layer flows near the tip wall region in the cascade. 

 

Table 4 Solution Controls for turbulence Modelling 

Under relaxation factors Values 

Turbulent Kinetic Energy 0.8 

Turbulent Dissipation Energy 0.8 

Turbulent Viscosity 1 

Discretization Order 

Flow Second order upwind 

Turbulent Kinetic Energy Second order upwind 

Turbulent Dissipation Rate Second order upwind 

Results and discussion 
In order to recognize the secondary flow formation between the two blades of compressor cascade, a numerical 

simulation using CFD method is performed for axial flow compressor cascade. Input conditions are provided in the form 

of boundary conditions for velocity inlet at inlet face the velocity was set to 250 m/s that is approx. equal to Ma = 0.66. 

The αi is varied as 26.5
o
 (for model 2 only), 35

 o
 and 45

 o
 (for model 3). Their intensity is shown to be strongly dependent 

on the inlet flow angle. 
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Figure 9: Contours of total pressure for model 2. 

In figure 9 we can see the contours of total pressure which is showing a slight increase in the inlet pressure. This is the 

condition for inclination of 26.5 degree angle. But in this geometry we cannot see the flow behaviour near the blades. So 

there is a need of geometry of third type. 

  

Figure 10: Contours of velocity magnitude for model 2. 

Figure 10 tells about the contours of velocity magnitude at the outlet of the flow of model 2. The dark area shows the 

stagnation of the flow particles next to the wall. 

 

Figure 11: Static pressure for pressure side and suction side for model 2 
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This figure shows the gauge pressure variation along the length of the blades both in the lower wall that is pressure side 

and upper wall that is suction side. A little increase in pressure can be seen in both the walls here. 

 

Figure 12: Variation of static pressure with the position in model 2 at 0
o
 incidence 

This plot gives the variation of static pressure for the zero degree incident angle. In this we can see that the compressor 

cascade is giving the rise in the pressure from leading edge to trailing edge. 

 

Figure 13: Variation of Ma with the position in model 2 at 0
o
 incidence 

The inlet Mach number taken here is 0.66 but due to the decrease in velocity throughout the cascade flow there is a 

decrease in Ma can be seen. The outlet Mach number comes around 0.52. All the values taken for plotting these graphs 

are averaged and approximate. 

Model 3 represents the volume of fluid flow between the two blades only. This model consists of 33201 nodes and is not 

showing behaviour of compressor cascades at high incidence angles since with high incidence angles they act more like a 

turbine cascade. Here number of iterations done is 500. 

 

Figure 14: Path lines of flow in model 3 

Here the path lines of the fluid flow inside the volume taken under consideration at 35
o
. The bottom side encircled of 

upper wall of first blade is showing a vortex kind of structure coming out from the cascade which confirms the formation 

of secondary flow. 
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Figure 15: Path lines showing only lower wall and interior flow 

This figure is also showing the path lines with respect to the lower wall of second or upper blade only. In that also a main 

vortex stream can be seen from inlet to outlet of the internal flow through the volume that confirms the formation of 

passage vortex. 

 

Figure 16: Contours of velocity magnitude (m/s) at outlet for model 3 

The above figure shows the counters of velocity at outlet 45
o 
inlet of air. The outside face can be seen here that shows 

encircled area were the velocity of the air is high. This is confirming the vortex kind of flow taking place at that area in 

between the blades. 

 

Figure 17: Contours of total pressure (atm) for model 3 

This figure also shows the vortex of high pressure region in the outlet face at 45
o
. So vortex kind of flow exists inside the 

blade flow volume. The cascade gives us a small pressure rise at most of the place approximately about 0.5 times. The 

graphs shown below are showing the change in properties of flow while moving from leading edge to trailing edge.  
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Conclusions 

1. By this analysis we can conclude that in axial flow compressors the threat of secondary loss is less because it 

suffers low inlet angle where secondary flow is hardly formed. 

2. In compressors secondary flow effects are less because of less turning or bending while passing through blade 

passage. 

3. Secondary flow effects can be seen in the axial flow compressor with high incidence angles like 35 or 45 

degrees. 

Appendix (Blade Coordinates) 

Suction Suction Pressure Pressure Mean 

5.001 0.000 5.001 0.000 0.000 

4.902 0.020 4.901 0.009 0.015 

4.703 0.061 4.699 0.028 0.044 

4.404 0.119 4.497 0.046 0.083 

4.257 0.148 4.245 0.069 0.108 

4.010 0.202 3.992 0.092 0.147 

3.612 0.285 3.590 0.132 0.208 

3.213 0.359 3.189 0.169 0.264 

2.811 0.420 2.790 0.198 0.309 

2.404 0.456 2.397 0.213 0.335 

1.997 0.460 2.004 0.210 0.335 

1.744 0.448 1.575 0.201 0.325 

1.491 0.427 1.510 0.189 0.308 

1.238 0.396 1.263 0.172 0.284 

0.986 0.356 1.015 0.150 0.254 

0.734 0.304 0.766 0.122 0.213 

0.483 0.239 0.517 0.087 0.163 

0.383 0.209 0.417 0.071 0.140 

0.283 0.174 0.317 0.053 0.114 

0.184 0.134 0.216 0.034 0.084 

0.086 0.084 0.114 0.013 0.049 

0.038 0.053 0.062 0.002 0.028 

0.016 0.033 0.340 -0.002 0.015 

0.000 0.011 0.010 -0.004 0.004 

0.000 0.000 0.000 0.000 0.000 
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ABSTRACT 
Image segmentation plays an important role in the medical imaging. Image segmentation is the process to divide the 

image in the different region which has similar attributes. In this paper we proposed marker controlled watershed 

segmentation algorithm which works on gradient magnitude and use linear operation. The Linear convolution based 

image reconstruction algorithm used here is enables us to obtain better than general algorithm and morphological image 

reconstruction. This also reduces the overall time of algorithm than other marker controlled watershed algorithm. This 

method can be applied to noisy and degraded images. The use of markers can avoid the problem of over segmentation. 

The algorithm works on color as well as gray-scale images. The segmentations of X-ray image, MR image and also 

Mammographic images for breast cancer detection is shown in this paper. This algorithm can also be applied to high 

resolution satellite images. 

KEYWORDS: SEGMENTATION, MARKER CONTROLLED WATERSHED ALGORITHM, MEDICAL IMAGES, LINEAR CONVOLUTION 

1. INTRODUCTION 

Watershed segmentation [1] is the most powerful segmentation technique in the area of digital image processing. 

Watershed transformation has widely adopted    technique due to its many advantages, including simplicity, speed and 

complete division of image. Greyscale mathematical morphology of the watershed transform for the image segmentation 

is first proposed by Digabel and Lantuejoul (1977) [2] and later improved by Li et. al. (2003) [3].watershed 

transformation can be called as region based segmentation technique. The proposed algorithm presented here in this paper 

is more simplified than morphological based image reconstruction. The initiative description of this transform is quite 

simple: if we consider image as a topographic view, where the height of each point is directly related to its gray level. 

Now consider the rain is gradually falling on terrain then the watersheds are the lines separate the catchment basins that 

form. The watershed transform is computed on the gradient of original image. The catchment basin boundaries are located 

at high gradient point. The watershed transformation is widely used in many fields of image processing like medical 

image segmentation. 

 Most important drawback of watershed segmentation is the over segmentation. When the watershed transform is applied 

to the catchment basins from the gradient of the image, the result of the watershed contains a number of small regions. It 

makes a resulted segmentation hardly useful. So to use the markers in the image will reduce number of minima in the 

image. Thus marker controlled segmentation is used for watershed segmentation. [4] 

 In this paper we explain the marker controlled watershed segmentation for medical images like X-Ray and MR images 

and Mammographic images. The method overview is explained in section II. The proposed algorithm for this method is 

explained in section III. Section IV shows the Experimental results of the method and comparison with this algorithm 

with other algorithm. In this section we use X-Ray Image and MR image and Mammographic Images to see the results. In 

the end Section V dedicated to conclusion. 

2. METHODOLOGY 
In watershed segmentation there two basic approaches  

Rain fall approach 

In this approach local minima is found in all through the image and each local minima assigned an exclusive tag. An 

intangible water drop placed at each untagged pixel. And it assumes tag value. 

Flooding approach  

In flooding approach intangible pixel holes are pierced at each local minimum. The water enters in the holes and filling 

each catchment basin. If the basin is about to overflow, a dam is built on neighbouring ridge line to the height of high 

altitude ridge point. These dam borders can be called watershed ridge lines. [4] 

2.1 Marker –controlled watershed transform 

Applying watershed transform directly to the gradient image will results over segmentation. This is due to the irreverent 

minima, or noise patches or other irregularities. The concept of marker can be used to solve this over segmentation 

problem whose goal is to detect the presence of homogeneous regions from the image by the set of linear filtering 

operation. They spatially locate object and background ensuring to keep object interior as a whole [1].The marker 

controlled watershed algorithm proposed in this paper is robust and flexible method for image segmentation. Where the 

objects are closed contours and boundaries are ridges. The marker is the binary image used for watershed segmentation is 

either single marker points or larger marker region. Each marker is related to the specific watershed region. Thus number 
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of the final number of watershed regions are equals to the number of markers. After segmentation the boundaries of 

watershed region are arranged to the desired ridges, so each object is separated from its neighbour. 

2.2 Linear filtering Operation 
Filtering operations reduces or increases the rate of change that occurs in the intensity transition within the image. Areas 

where there is sudden or rapid change in the intensity appear as hard edge in image, similarly where gradual changes 

produce soft edges. In the filtering it acts to detect or modify the rate of change at these edges. Filtering techniques are 

divided into two categories :Convolution filters (Linear filters) and Nonconvolution filters(Nonlinear filters)[14].here in 

this algorithm we most use convolution filters for image neighbourhoods by multiplying the value within neighbourhood 

by a matrix of filtering  coefficient, however  for creating markers we use morphological operation which is based non 

linear filters. 

2.2.1 Convolution 
Convolution is the most common to many image processing operators. Convolution is based on simple mathematical 

operation. Convolution is the way of multiplying two arrays of different sizes to produce a third array of numbers. In the 

Image processing Convolution is used to implement operators which are the Linear combination of certain input pixel 

value of image and produce the output pixel value [13]. Convolution is based on class of algorithm which is called spatial 

filters. This filters uses wide variety of masks or kernels, to calculate different results, depending on desired function.2-D 

convolution is most important to modern image processing .The basic idea is to scan a window of some finite size over an 

image. The output pixel value is the weighted sum of input pixels within the window where the weights are the values of 

the filter assigned to every pixel of the window. The window with its weights is called convolution mask or it can also be 

called kernels. The mathematical equation of the convolution for image is, 

                                ( , ) ( , ) ( , )
m n

convolution f k f x m y n k m n    

Where f is the input image and k is the kernel. 

From the equation, it can be realized that convolution is similar to dilation in morphological operation with the use of 

structure element [12].  

Steps of convolution in filtering process are, 

1. Each pixel in the image neighborhood is multiplied by the contents of the corresponding element in the filtering 

kernel. 

2. The results from the multiplication are summed and divided by the sum of the kernel. 

3. The result is scaled and boosted , and used to replace the center pixel in the image neighborhood  

2.2.2 Correlation  

The correlation operation is closely related to convolution .similar to convolution operation, correlation computes the 

output pixels as a weighted sum of neighbouring pixels. The difference is that the matrix of weights in this case called 

correlation kernels, which is 180 degree rotation of convolution kernel. Correlation can be defined as, 

                                ( , ) ( , ) ( , )
m n

correlation f k f x m y n k m n    

Where f is the input image and k is the kernel, 

Both correlation and convolution work as Erosion and Dilation in Morphological operation. In greyscale Images 

Convolution will increase the brightness of object by taking the neighbourhood maximum when passing with filter, as 

correlation will reduce the brightness of object by taking the neighbourhood minimum passing with filter.                           

3. Marker controlled watershed algorithm 
In this paper marker controlled watershed algorithm is used which is simple algorithm to create foreground and 

background markers using linear filtering based image reconstruction. Here Image is converted in to the gradient images 

so that it represents the edge strength at each pixel [9, 10]. After that we use the correlation followed by convolution of 

image to traced foreground object. For finding the image convolution we define a circular average filter as mask or kernel.  

Calculating the extended regional maxima of these reconstructed images is done to get the smooth edge of foreground 

objects which is better than only regional maxima finding in image. Then we superimpose these markers to the original 

image. The background markers are created by calculating the Euclidian distance of binary version of above 

superimposed image. Now the gradient image is modified by the Linear filtering based reconstruction with foreground 

and background markers. Finally applying watershed transform on it will gives final segmented images of desired objects. 

The proposed algorithm can be seen in figure 1. 

                  0 

Figure 1 Algorithm 

4. Experimental Results 
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Marker controlled watershed algorithm is very fast and advanced technique in image segmentation process. It converts the 

image in the gradient magnitude. Then Linear filtering operation is applying on gradient image. In the area of Medical 

Image Segmentation, marker controlled watershed algorithm performs well. It gives better result on X-ray, MR, and 

Mammographic images. In fig 2 we can see the original medical images. The fig 2.1 is an X-ray Image, in which we can 

see the stone in the kidney. Fig. 2.2 and 2.3 are MR images, which shows tumour in brain, and fig. 2.4 is the 

mammographic image, which shows tumour in breast. Fig 3 shows the gradient magnitude of original images.fig 4 is the 

visualization of the foreground marker, background marker and object boundaries applied on the original image, which 

was implemented by linear filtering. Finally fig. 5 is final watershed outputs of the original images, where objects like 

stone in the kidney and tumour in the brain and breast can be extracted from the original images. These results are better 

than the marker controlled watershed algorithm implemented with the morphological operation, which are shown in fig 

6.From fig 6 it is compared that using morphological operation based algorithm, it fails to detect tumour in brain and 

breast. However it finds stone in kidney but it is more sensitive to other object in image also. Morphological operation is 

based on dilation, erosion, image opening and closing with reconstruction [5-8]. The modified marker controlled 

watershed algorithm with liner convolution and correlation is faster than morphological based algorithm. This comparison 

is shown in table 2, in which average CPU time of both the algorithm are compared .The speed and so that accuracy of 

new algorithm is higher than old algorithm. Table 1 shows the different CPU time of convolution based algorithm. 

 

      
Figure 2.1  X-Ray              Figure 2.2 MRI-1               Figure 2.3 MRI-2           Figure 2.4 Mammograph  

 

       
                                    Figure 3 Gradient Magnitudes of Original Images               

       
                          Figure 4 Markers and Objects Applied on Original Images             

       
                                              Figure 5 Final Watershed Output 
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                        Figure 6 Comparison with Morphplogical based Watershed Algorithm                                                            

 

Table 1 

                                                             

                                                                                Table 2 

5. Conclusion And Future Work 
The study shows that proposed Watershed algorithm by foreground marker is able to segment real medical images which 

containing several irregularities. The formulation is based on markers and simple convolution and correlation, which 

easily allows a regularization of the watershed, and is a flexible approach to the further optimization parameters. 

Implementing marker controlled watershed algorithm with morphology will increase computational cost and time 

consumption, because of several operations. Detection of object in medical images is also better in linear algorithm than 

morphological operation .So linear operation based marker controlled watershed algorithm is superior than morphology 

based algorithm. This algorithm can be merged with some advanced techniques like wavelet transform or it can be modify 

with some standard algorithm like fuzzy-c or k-means segmentation to improve the high resolution images specially in 

case of satellite images. 
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Image Type Image Size CPU Time-1 

 (sec.) 

CPU Time-

2    (sec.) 

CPU Time-

3 

 (sec.) 

CPU Time-

4 

 (sec.) 

Average  CPU 

Time      

 (sec.) 

X-ray  1536×2048 19.232 19.462 19.243 19.013 19.237 

MR Image-1 530×530 3.370 3.463 3.510 3.426 3.442 

MR Image-2 300×319 2.520 2.450 2.440 2.372 2.445 

Mammographic Image 272×342 2.589 2.432 2.501 2.697 2.554 

Image Type Image Size Average CPU Time With 

Morphological Operation 

based  Algorithm (Sec.) 

Average CPU Time With 

Linear Convolution based 

Algorithm (Sec.) 

Accuracy 

(%) 

X-ray  1536×2048 23.199 19.237 17.07 % 

MR Image-1 530×530 4.052 3.442 15.05 % 
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Abstract 
Smart Lighting is a lighting technology designed for energy efficiency. It includes high efficiency fixtures, day lighting and 

automatic controls that make adjustments based on conditions such as occupancy. This smart lighting system is connected 

through power line which is also used for communication. Power Line Communication (PLC) is a technology which uses 

power lines as physical media for data transmission. PLC can offer a “no new wires” solution because the infrastructure has 

already been established. PLCs are used for transmitting data at rapid speed through a power line in a house, an office, a 

building and a factory etc. Here, the existing alternating current (AC) power wires serve as a transmission medium by which 

information is relayed from an AC source. Present paper deals with design and development of a smart lighting system which 

is controlled by MSP430 microcontroller and power line communication. 

 

Key Words – MSP430, Power Line Communication (PLC), Sensors, Smart Lighting System 

 

Introduction 

Since the first caveman learned to control fire, humans have shaped and used light in a constantly expanding array of 

technologies. Yet lighting – “Smart lighting” – could do much more, according to E. Fred Schubert, Wellfleet Senior 

Constellation at Rensselaer. Usually lighting consumes a lot of electrical energy every day all around the world. According to 

the statistics, 20 to 50 percent of total energy consumed in homes and offices are used for lighting. What is surprising is that 

over 90 percent of the lighting energy expense used for some of the buildings is unnecessary due to the over illumination. 

The cost of lighting can be very realistic. 

PLC utilizes the power line infrastructure in a home, office or other building, both indoor and outdoor, for networking and 

communication thereby eliminating the expense and inconvenience of new wires or antenna – based networks. The power 

line can be an extremely difficult and noisy communications medium, characterized by several unpredictable and strong 

forms of interference. In this paper, we give solutions to overcome the interference and reliability problems that can occur on 

the power line and offer low cost, robust and superior performance. Reliable, low cost PLC technology enables ubiquitous 

applications for residential and business markets. PLC opens a whole new world of business opportunities to appliance and 

electric devices manufacturers, utilities and other service providers, with no need to install new cables or jacks. With PLC, 

every electrical outlet can become a communication node, part of a PLC network. 
 

I. Smart Lighting System 

 
Figure 1: Block diagram of Smart Lighting and Control using MSP430 & PLC modem 

The lighting model uses Light Emitting Diodes (LEDs) which are driven by a driver. This lighting model is controlled by 

MSP430 microcontroller which receives the commands from the master microcontroller or from a manually controlled 

system. The communication between transmitter and receiver happens through power lines using PLC modem. To this 

lighting model different sensors are also connected as shown in the diagram. The details about the sensors are given below. 

A. SENSORS 

1. Passive Infrared Sensor 

A Passive Infrared sensor (PIR sensor) is an electronic device that measures infrared (IR) light radiating from objects in its 

field of view. PIR sensors are often used in the construction of PIR-based motion detectors. Apparent motion is detected 
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when an infrared source with one temperature, such as a human, passes in front of an infrared source with another 

temperature, such as a wall. This is not to say that the sensor detects the heat from the object passing in front of it but that the 

object breaks the field which the sensor has determined as the "normal" state. Any object, even one exactly the same 

temperature as the surrounding objects will cause the PIR to activate if it moves in the field of the sensors. 

2. Infrared Receiver Modules 

These IR receiver modules are used here for remote control systems. These modules are miniaturized receivers for infrared 

remote control systems. Figure 3 gives the block diagram of IR receiver module. PIN diode and preamplifier are assembled 

on lead frame, the epoxy package is designed as IR filter. The demodulated output signal can directly be decoded by the 

microcontroller. TSOP348.. is the standard IR remote control receiver series for 3V supply voltage, supporting all major 

transmission codes. 

 
Figure 2: Block diagram of IR receiver module 

3. Light Dependent Resistor 

Light dependent resistor (LDR) is a resistor whose resistance decreases with increasing incident light intensity; in other 

words, it exhibits photoconductivity. It can also be referred to as a photoconductor or CdS device, from "cadmium sulfide," 

which is the material from which the device is made and that actually exhibits the variation in resistance with light level. A 

photo resistor is made of a high resistance semiconductor. If light falling on the device is of high enough frequency, photons 

absorbed by the semiconductor give bound electrons enough energy to jump into the conduction band. The resulting free 

electron (and its hole partner) conduct electricity, thereby lowering resistance. 

 

II. MSP430 MICROCONTROLLER 

The MSP430 is a mixed-signal microcontroller family from Texas Instruments. Built around a 16-bit CPU, the MSP430 is 

designed for low cost and, specifically, low power consumption embedded applications. 

 
Figure 3: MSP430 Architecture 

The MSP430 can be used for low powered embedded devices. The electric current drawn in idle mode can be less than 1 

microamp. The top CPU speed is 25 MHz. It can be throttled back for lower power consumption. The MSP430 also utilizes 

six different Low-Power Modes, which can disable unneeded clocks and CPU. This allows the MSP430 to sleep, while its 

peripherals continue to work without the need for an energy hungry processor. Additionally, the MSP430 is capable of wake-

up times below 1 microsecond, allowing the microcontroller to stay in sleep mode longer, minimizing its average current 

consumption. Note that MHz is not equivalent to Million instructions per second (MIPS), and different architectures can 

obtain different MIPS rates at lower CPU clock frequencies, which can result in lower dynamic power consumption for an 

equivalent amount of digital processing. 

The MSP430 incorporates a 16 – bit RISC CPU, peripherals, and a flexible clock system that interconnect using a von-

Neumann common memory address bus (MAB) and memory data bus (MDB). Partnering a modem CPU with modular 

memory – mapped analog and digital peripherals, the MSP430 offers solutions for demanding mixed – signal applications. 

Figure 3 gives the architecture of MSP430. 
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Key features of the MSP430x1xx family include: 

 Ultralow – power architecture extends battery life 

 0.1 µA RAM retention 

 0.8 µA real-time clock mode 

 250 µA / MIPS active 

 High – performance analog ideal for precision measurement 

 12 – bit or 10 – bit ADC --- 200 ksps, temperature sensor 

 12 – bit dual – DAC 

 Comparator – gated timers for measuring resistive elements 

 Supply voltage supervisor 

 16 – bit RISC CPU enables new applications at a fraction of the code size. 

 Large register file eliminates working file bottleneck 

 Compact core design reduces power consumption and cost 

 Optimized for modern high – level programming 

 Only 27 core instructions and seven addressing modes 

 Extensive vectored – interrupt capability 

 In – system programmable Flash permits flexible code changes, field upgrades and data logging. 

III. Power Line Communication 
Power Line Communication is a communication technology that enables sending data over existing power cables. This 

means that, with just power cables running to an electronic device (for example) one can both power it up and at the same 

time control / retrieve data from it in a half – duplex manner. PLC is the usage of electrical power supply networks for 

communication purposes. In this case, electrical distribution grids are additionally used as a transmission medium for the 

transfer of various telecommunications services. The main idea behind PLC is the reduction of cost and expenditure in the 

realization of new telecommunication networks. 

The application of electrical supply networks in telecommunications has been known since the beginning of the twentieth 

century. The first Carrier Frequency Systems (CFS) had been operated in high-voltage electrical networks that were able to 

span distances over 500 km using 10-W signal transmission power. Such systems have been used for internal 

communications of electrical utilities and realization of remote measuring and control tasks. Also, the communications over 

medium- and low-voltage electrical networks has been realized. Ripple Carrier Signaling (RCS) systems have been applied to 

medium- and low-voltage networks for the realization of load management in electrical supply systems. 

 

A. STANDARDS 

The communications over the electrical power supply networks is specified in a European standard CENELEC EN 50065, 

providing a frequency spectrum from 9 to 140 kHz for powerline communications (Tab. 1). CENELEC norm significantly 

differs from American and Japanese standards, which specify a frequency range up to 500 kHz for the application of PLC 

services. 

Band Frequency Range 

(in KHz) 

Max. 

Transmission 

Amplitude 

(in V) 

User 

Dedication 

A 9 – 95  10 Utilities 

B  95 – 125  1.2 Home 

C 125 – 140  1.2 Home 

               Table 1: CENELEC bands for power line communication 

CENELEC norm makes possible data rates up to several thousand bits per second, which are sufficient only for some 

metering functions (load management for an electrical network, remote meter reading, etc.), data transmission with very low 

bit rates and the realization of few numbers of transmission channels for voice connections. However, for application in 

modern telecommunications networks, PLC systems have to provide much higher data rates (beyond 2Mbps). Only in this 

case, PLC networks are able to compete with other communications technologies, especially in the access area. 

B. TECHNOLOGY BENCHMARK 

The following table compares the different technologies depending on the required baud rate, target price and system 

performance. 
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Table 2: Comparison of PLC with other technologies 

 

PLC: Power Line Communications 

BPL: Broadband PL 

RF ISM: Radio Frequency in Industrial, Scientific and Medical radio band 
 

IV. Conclusions 
Thus we provide a smart lighting system using MSP430 microcontroller which helps to reduce energy usage and cost by 

eliminating over – illumination and unnecessary waste. This system provides centralized control of all lighting within a home 

or commercial building, allowing easy implementation of scheduling, occupancy control, daylight harvesting and more 

through power line communication. This system also supports demand response and will automatically dim or turn off lights 

to take advantage of demand response incentives and cost savings. 
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Abstract:  
Over the past few years, information systems have become 
increasingly important in healthcare delivery. The use of 
computers in a wide range of medical applications and 
healthcare management is one potential alternative to 
reducing the overall costs of healthcare delivery. Further, 
the use of sophisticated decision support systems is 
envisaged to improve quality of clinical decision making. 
The paper discusses what medical informatics is, the 
definition of EMR, efforts required for extraction of patient 
data from heterogonous EHRs. Gain new knowledge within 
secure distributed systems and software agents. Based on 
experimental work and some of the pilot studies a system 
has been designed and developed in the field of EMR & 
EHR 

Keywords�²  medical informatics, ehealth, e-records, 
health informatics, EMR, EPR 
 
I. INTRODUCTION  
The health of a nation is the product of many factors and 
forces that combine and interact. Information on health 
care and nutrition, access to safe drinking water, public and 
private health care infrastructure, access to preventive 
health and medical care and the health insurance are among 
the contributing factors.  

The advances in medical science and biomedical 
engineering on one side and Information and 
Communication Technology (ICT) on the other are 
offering wide opportunities for improved health care. [1] 

In the healthcare industry there are some areas where 
leading-edge ICT developments are employed and 
developments at the leading-edge will be important. In 
other areas the health system is some way behind other 
industries in the adoption and application of information 
management and information systems. In general, the 
situation seems to be one of relatively slow progress 
through the evolving computing paradigms of functional 
computing, enterprise computing and network computing. 
Some functions are highly automated, but integrated 
enterprise computing in hospitals and clinics is still rather 
rare. As a result, linking and integrating the healthcare 
system (network computing) remains a major challenge. [2] 

The Internet has a greater potential to fundamentally 
transform both the structure and the core processes of 
medicine than any new technology we have seen in the past  

 
 

fifty years. Professional resistance to adoption of the 
technology and political problems associated with  
protecting the confidentiality of patient records pose the 
two biggest hurdles to fully realizing this potential. 
 

 
So, vision of the health care information infrastructure is 
possible using technologies that support the sharing of 
medical e-records while maintaining patient privacy. 
Revolutionizing Health Care through Information 
Technology that contained comprehensive findings 
regarding the potential of information technology (IT) to 
reduce medical errors, lower costs, and improve patient 
care. It also recommended a technological framework for 
transitioning from manual, paper-based health records to a 
modern, computerized electronic records infrastructure. [3] 
 
II.  WHAT  IS MEDICAL  INFORMATICS?  
Health Information systems have nationalities. All the HIS 
in the world have a common goal: to support healthcare 
professionals in improving overall efficiency, cost 
effectiveness and ultimately the quality of patient care. 
However, they differ widely in the implementation. The 
growing trend towards shared care requires that these 
systems be able to share their data. The objective is to 
propose a generic system that will provide integrated 
access to all the information and knowledge necessary to 
treat patients. [4] 
Medical informatics is the field concerned with "the 
cognitive, information processing, and communication 
tasks of medical practice, education, and research, 
including the information science and technology to 
support these tasks (as reported in Greenes and Shortliffe, 
(1990)� .́ [1] 
 
III.  WHAT IS ELECTRONIC MEDICAL RECORD (EMR)? 
According to the Medical Records Institute, the electronic 
patient record is a "computer-stored collection of health 
information about one person linked by a person 
identifier." The institute further identifies five distinct 
levels of computerization for patient information systems: 
�x Level 1: in this level, health organizations are still 
depending on paper-based medical records  
�x Level 2: Here, the goal is to digitize the medical 
record and create an electronically available record;  
�x Level 3: the electronic medical record is the 
upgraded version of the computerized medical record  
�x Level 4: here, the electronic patient record 
combines several enterprise-based electronic medical 
records concerning one patient and assembles a record that 
goes beyond the enterprise-based retention period; and 
�x Level 5: the more comprehensive collection of an 
individual's health information is the electronic health 
record [5, 6].  
A. Features 
The universal features that EPRs should have  lifelong 
records for every person, online access to patient records 












































































































































































































































































































































































































































































































































































































































