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Abstract 
Transient regimes arising during start-ups, shut-downs and load changes give rise to unsteady temperature distribution with 

time in steam turbine casing high pressure (HP) which results in non-uniform strain and stress distribution. So that problems 

such as stress corrosion, cracking and fatigue of steam turbine casing, In this work the thermo mechanical analysis of steam 

turbine casing will be established by finite element method.  In this work the temperature and stress distributions for turbine 

inner casing were calculated by finite element analysis. The three dimensional model of the Steam Turbine Casing was created 

using the CATIA software. The model was meshed using software HYPERMESH. Boundary conditions were given on the 

finite element model through ANSYS. 

In this paper, the transient temperatures and stresses distributions within a turbine inner casing were achieved from actual 

operation data during cold start-up. The paper analyses the creap, centrifugal stress sub stained at high temperature in thermal 

stresses setup during the startup and shutdown the stream turbine and most serious thread of the rotor blades near the bore, 

creep cracks to initiates go to size which could results brittle fracture of the rotor blades. Due to crackness life of the steam 

turbine decreases. 

 

Keywords: Transient condition, 3-D model, Hypermesh, FE model, Thermal expansion 

 

1.Introduction 
Generally turbine casings used are split horizontally and vertically. The casing houses the blades rotor, nozzles, and 

diaphragms.  It also holds glands for steam sealing at each end for preventing leakage of steam from where the shaft passes 

through. The steam casing of turbine is generally arranged with centre line support i.e the support points are on the same 

horizontal plane as the centre line of the turbine. The steam end pedestal sits upon a flexible panting plate which provides 

rigidity in the vertical and lateral planes, but allows flexibility in the axial plane for casing thermal expansion. 

The combined thrust and journal bearing of the turbine rotor is housed in the steam end pedestal. The rotor, therefore, is moved 

axially towards the steam end with the axil movement of the casing. The casing is that portion of the turbine that either supports 

or supported by the bearing housings. The steam ring is attached to or is a part of the casing. All casing joints have metal to 

metal sealing surfaces no strings or gaskets are used. All turbines manufactured by Maxwatt use multiple piece casings 

consisting of two or more pieces that are split at the horizontal centerline to facilitate inspection or removal of the turbine rotor. 

The casings are either cast, fabricated, or a combination of both depending on operating conditions. The casing can be of iron, 

carbon steel, carbon moly steel, or chrome moly steel. 

 

Types Of Casings 
1.1 Single Stage Turbine Casing 
Single stage turbine casings are two piece casings. The casing consists of the upper half and the lower half the lower half casing 

houses both the inlet and exhaust connections. The bearing housings are either cast integrally with or bolted to the lower half 

casing. All single stage frames except the type GA and SA turbine have the steam ring cast integrally with the casing this means 

that the material required for the steam ring is also required for the casing. In those cases where the steam ring is not cast as the 

part of the casing, different materials for the steam ring and casing can be utilized. The two components are bolted together. 
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1.2 Multistage Turbine Casing: 

Multistage turbine casing are considered to be horizontally split casing even through a vertical split may also be used. The point 

of juncture of the vertical and horizontal splits is called a four way joint and is the most difficult area in the whole turbine 

assembly to seal against steam pressure because of this Maxwatt employs a construction called barrel construction in normal 

construction the steam ring forms the high pressure section of the casing and is bolted directly to the intermediate and exhaust 

portions of the casing. This puts the four way split at the first stage which is where the highest case pressure is encountered in 

the multistage turbine.    

 

2. Literature Review 
[1] Has developed modern CAE tools like Hyper mesh, ANSYS and Pro-E etc. have been utilized to model and analyze 

existing LP casing and for redesigning it to suit the new efficient modern design of rotor. This paper presents the numerical 

stress analysis of the turbine casing of an aero-engine. High thermal stress gradients were found at the region of casing where 

fatigue cracks were detected during engine operation [2]. [3] Has analyzing the failure of a weld repaired turbine casing after 30 

years of total service including 5 years after weld repair. The casing was weld repaired by a high Cr–Ni weld metal (24Cr–

32Ni–4Mn–Fe). The base metal low alloy ferritic steel (1Cr–0.5 Mo steel) with ferrite–pearlite structure did not show any 

abnormality to indicate significant degradation. [4] Has studied about designing of complex steam turbine low pressure casing 

the ever growing competition in capital intensive power sector is pressing turbine manufacturer’s world over to develop new 

efficient steam turbine designs and to update/retrofit the old steam turbine which are in service. BHEL is also putting up major 

design development efforts to meet the present market challenges. This paper depicts how the modern CAE tools like 

Hypermesh, ANSYS and Pro-E etc. have been utilized to model and analyse existing LP casing and for redesigning it to suit the 

new efficient modern design of rotor. 

 

3. Modeling And Analysis 
 

3.1 Steam Turbine Casing Model 

It is very difficult to exactly model the Steam Turbine casing, in which there are still researches are going on to find out 

transient thermo mechanical behavior of casing during operating under higher temperature and pressure. There is always a need 

of some assumptions to model any complex geometry. These assumptions are made, keeping in mind the difficulties involved 

in the theoretical calculation and the importance of the parameters that are taken and those which are ignored. In modeling we 

always ignore the things that are of less importance and have little impact on the analysis. The assumptions are always made 

depending upon the details and accuracy required in modeling. 

The assumptions which are made while modeling the process are given below 

 The casing material is considered as homogeneous and isotropic. 

 Inertia and body force effects are negligible during the analysis. 

 The casing is stress free before the start up. 

 The analysis is based on pure thermal loading and vibration and 

 Thus only stress level due to the above said is done. The analysis does not determine the life of the casing. 

 The thermal conductivity of the material used for the analysis is uniform throughout. 

 
Fig 3.1 CAD model of the casing 

3.2 Steps Involved in Finite Element Analysis 
 Discretization of the continuum 

 Selection of the displacement model 

 Derivation of element stiffness matrix 

 Assemblage of the algebraic equations for the overall discretized Continuum. 

 Solution of the unknown displacements. 
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3.3 Heat Transfer Analysis 
Heat transfer of a casing surface is affected by convection and temperature distribution of inner part is calculated by 

conduction. The boundary conditions between surface and inner area for the thermal analysis were derived from calculated heat 

transfer coefficient according to time Heat transfer analysis was conducted from pre-warming to steady state condition using 

heat transfer coefficients and a steam temperature of each location acquired from operating data. For HP casing are made from 

castings and the life assessment portions are corner radius, pipe inner surfaces and welds. For turbine casing, especially, the 

major damage occurs at the nozzle fit and disk corner of casing. 

 
3.4 Thermal Analysis 

A thermal analysis calculates the temperature distribution and related thermal quantities in steam turbine casing. Typical 

thermal quantities are 

 The temperature distribution 

 The amount of heat lost or gained 

 Thermal fluxes 

 Thermal gradient  

 

Thermal simulations play an important role in the design of many engineering applications, including internal combustion 

engines, turbines, heat exchangers, piping systems, and electronic components. In many cases, engineers follow a thermal 

analysis with a stress analysis to calculate thermal stresses (that is, stresses caused by thermal expansions or contractions). The 

basis for thermal analysis in ANSYS is a heat balance equation obtained from the principle of conservation of energy. The finite 

element solution perform via ANSYS calculates nodal temperatures, and then uses the nodal temperatures to obtain other thermal 

quantities. 

 
3.5 Transient Thermal Analysis 
The ANSYS Multiphysics, ANSYS Mechanical, ANSYS Professional, and ANSYS FLOTRAN products support transient 

thermal analysis. Transient thermal analysis determines temperatures and other thermal quantities that vary over time. Engineers 

commonly use temperatures that a transient thermal analysis calculates as input to structural analyses for thermal stress 

evaluations. Many heat transfer application heat treatment problems, nozzles, engine blocks, piping systems, pressure vessels, 

etc. - involve transient thermal analyses. A transient thermal analysis follows basically the same procedures as a steady-state 

thermal analysis. The main difference is that most applied loads in a transient analysis are functions of time. To specify time-de- 

pendent loads, and then apply the function as a boundary condition, or you can divide the load-versus-time curve into load steps 

3.5 Meshing 

The goal of meshing in HYPERMESH Workbench is to provide robust, easy to use meshing tools that will simplify the mesh 

generation process. These tools have the benefit of being highly automated along with having a moderate to high degree of user 

control. In order to carry out a finite element analysis, the model using must be divided into a number of small pieces known as 

finite elements. Since the model is divided into a number of discrete parts, FEA can be described as a discretization technique. 

In simple terms, a mathematical net or mesh is required to carry out a finite element analysis.  If the system under investigation 

is 1D in nature, use line elements to represent our geometry and to carry out our analysis. If the problem can be described in 2 

dimensions, then a 2D mesh is required. Correspondingly, if the problem is complex and a 3D representation of the continuum 

is required, then we use a 3D mesh. 

 
                           Fig 3.2: Steam Casing (HP) Meshed Model 
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The meshed assembly of a steam turbine casing is as shown in the Figure 3.1.Initially IGES file of a CATIA product has been 

imported to the HYPERMESH workbench then the meshing is carried out. In the present case we did tetra type of element has 

been used and detail information on meshed assembly as shown in Table 3.1 

 

Object Name Steam Casing 

Length Unit Millimeters 

Bodies 13 

Nodes 332917 

Elements 1828152 

              

      Table 3.1 Detail Information about Steam Casing Meshing 

Pre-Processing 
The goals of the pre-processing are to develop an appropriate finite element mesh, assign suitable material properties and apply 

boundary condition in the form restraints and loads. The finite element mesh subdivides the geometry into elements, upon 

which are found nodes. The nodes which are just point location in the space are generally located at the element corner and near 

each mid side node there may be two-dimensional or three-dimensional elements 2D-elements can be plane stress axis-

symmetric and plane strain condition s for a 3D solid analysis only one temperature or many temperature degrees of freedom 

exists at each node. Developing a mesh, most time consuming work in FEA. The geometry is meshed with mapping algorithm 

or free algorithm. The first maps a rectangular grid on to a geometric region, which must have the correct number of sides. Free 

meshing automatically sub-divides meshing regions into elements easy messing, disadvantage is of distorted elements. 
 

Post- Processing 
Post processing begins with a thorough check for problems that may have occurred during solution. Once the solution is 

verified to be free of numerical problems; the quantitative of interest may be examined.. Dynamic viewing and animation 

capabilities aid greatly in obtaining an understanding of the deformation pattern. Stresses being sensor qualifies, currently lack 

a single visualization technique, and thus derived stress quantifies are extracted and displayed. Principle stress vectors may be 

displayed as color-coded arrows, indicating both direction and magnitudes. Von-Misses stress may be displayed on the model 

as color bands. Displacements magnitudes may also be displayed by color bands, but this can lead to misinterpretation as stress 

plot. 

4. RESULTS: 

 
 

Fig4.1: Temperature Distribution in inner casing in unsteady (Transient) state condition after 2000s 

 

 
 

Fig4.2: Temperature Distribution in inner casing in unsteady (Transient) state condition after 6000s 
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Fig43: Temperature Distribution in inner casing in unsteady (Transient) state condition after 12000s 

 

 
Fig4.5: Temperature Distribution in inner casing in unsteady (Transient) state condition after 36000s 

 

5. Theoretical Calculation: 

1. Thickness of Casing (t) =  

Where P is the Inlet pressure in bar, d is the diameter of casing in mm S is the Maximum allowable stress in material in (PSI) 

500 Psi, E is the Joint efficiency factor 0.75 and , Y is Temperature coefficient 0.4. 

2. Thermal Expansion =  =  

3. Thermal Stresses ( ) =    

Here = Thermal expansion of casing in inch and  is Coefficient of thermal growth is 8.3 10
-6 

in/in
0
F,  is the Temperature 

difference in 
0
F and L be the length of casing in inch. 

The Theoretical calculation for the whole HP casing is calculated as shown above and the calculations for each stage are 

tabulated in table 

 

6. Comparison of Results: 
 

 Analytical Mm FEA-ANSYS 

Total deformation mm 0.07 0.1 

Stress  ( first stage) Pa 0.235E9  0.38 E9  

 
Stages Temperatur

e 

Pressur

e(ba

r) 

Diamete

r 

(mm) 

Length  

(mm) 

Thermal 

Expansion 

(mm) 

Thermal 

Stresses 

10
9
 N/m

2
  

0
C 

 

0
F 

 

1 

 

260 

 

500 

 

  8 

 

688 

 

68 

 

0.042 

 

0.1254 

 

2 

 

230 

 

446 

 

  6 

 

706.5 

 

68 

 

0.030 

 

0.0941 

 

3 

 

185 

 

365 

 

  4 

 

725.5 

 

74 

 

0.049 

 

0.1411 

 

4 

 

150 

 

302 

 

 3.5 

 

793 

 

104 

 

0.109 

 

0.1098 

 

5 

 

105 

 

221 

 

  3 

 

851 

 

163 

 

0.029 

 

0.1411 
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7. Conclusion: 
To maintain a high level of availability and reliability in a fossil power plant, substantial consideration of failure by repeated 

thermal loading should be carried out.  

 In this study, the transient temperatures and stresses distributions within a turbine inner casing were achieved from actual 

operation data during cold start-up. 

 The maximum deformations are calculate in transient state condition within inner casing. 

 Equivalent (von-Misses) Stress distribution in Transient condition. 

 Total deformation and stress values are compared with analytical results calculated for 2D geometry. 

 

If the thermal gradient is great enough, the stress at the bottom of the threads may be high enough to cause the carking. The 

result shows the casing develops higher stress levels in startup condition. 

 
8. Scope for the Future Study: 
Turbine facilities that operated repeatedly under transient start-up condition are affected by various damage mechanisms such 

as creep, fatigue, and oxidation and so on. In general, it is known that low cycle fatigue is one of main damage mechanisms to 

determine life time of turbine rotor or casing components.  

This study can be extended further to calculate the fatigue damage by the stress analysis based procedure. This approach is 

based on Neuber's rule. Neuber's rule expresses the relationship between local stress and local inelastic total strain-range. Using 

this study, life consumption of steam turbine inner-casing can be obtained and a guideline for effective maintenance also can be 

proposed. The analysis can be extended further considering Elasto-Plastic analysis using non linear material properties as well 

as temperature dependent material properties. 
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Abstract 
Wireless sensor networks have emerged as a technology that are being quickly adopted due to their flexibility and use in a 

variety of environments. However, they consist of small, inexpensive devices or nodes that have severe constraints such 

as limited bandwidth, limited processing power, short battery life, small storage capability and are physically prone to 

external threats [1]. Sensor Network are emerging as a new tool for important application in diverse fields like military 

surveillance, habitat monitoring, weather, home electrical appliances and others. These sensor nodes have some 

constraints due to their limited energy, storage capacity and computing power. The energy efficiency is an important issue 

in WSN. Routing protocols makes the transmission in an efficient manner and ensures reliable delivery over multiple-hop 

relay in WSN. This paper analyses performance of the routing protocols. 

 

Keywords: Wireless sensor networks LEACH and SPIN routing protocols, network structure, and energy efficiency. 

 

I. INTRODUCTI’ON 
A wireless sensor network [3], [5] with a large number of tiny sensor nodes can be used as an effective tool for gathering 

data in various situations. One of the major issues in wireless sensor networks is developing an energy-efficient routing 

protocol which has a significant impact on the overall lifetime of the sensor network. Sensor nodes measure the ambient 

conditions from the environment surrounding them. The applications of WSN are various from health monitoring to battle 

field. The practice of remote sensing has become greatly simplified by useful and affordable sensors as well as required 

software packages. Additionally, users can monitor and control the underlying environment from remote location. Many 

routing, power management, and data dissemination protocols have been specifically designed for WSNs where energy 

awareness is an essential design issue. Routing protocols in WSNs might differ depending on the application and network 

architecture. A sensor network (WSN) are highly distributed networks of small, lightweight wireless nodes, deployed in 

large numbers to monitor the environment or system by the measurement of physical parameters such as temperature, 

pressure humidity, sound, vibration, pollutants and collectively relay their sensed data to the sink node. Each node in the 

network connected to each other. 

Each sensor node in the network consists of three subsystems: 

1) The sensor subsystem which is used to sense the environment,  

2) The processing subsystem which performs the local computations on the sensed data, and  
3) The communication subsystem which is responsible for sharing the sensed data with the neighboring sensor nodes. 

This paper aims to show analysis performance of routing protocol in wireless sensor network using data centric 

approach. Two Wireless Sensor Network simulator versions 2.34. Both of the routing protocols are selected from data 

centric routing. The result of the analysis for each protocol is compared and the best routing protocol using data centric 

approach is proposed for WSN. This paper examines the performance of each of routing protocols which improve the 

network efficiency and maximize the network lifetime. 

 

II. Routing Protocols In Wsn 
2.1 LEACH 
LEACH [6](Low Energy Adaptive Clustering Hierarchy). These protocols uses cluster node for the purpose of 

transmission of information between the nodes. It is a self-organizing protocol and nodes organize themselves into local 

clusters and perform data transmission to the  

Selection of cluster head node is not fixed and it depends on possibility of nodes, which possess high energy. Formation 

of cluster head is based on TDMA schedule for data transmission. Time Division Multiple Access (TDMA) used as a 

scheduling mechanism makes it prone to long delays when applied to large sensor networks. TDMA schedule prevents 
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data collision, among messages and preserve energy among non cluster nodes. The establishment of cluster head is as 

follows: Each node generates a random number between 0 and 1 and compares it with the threshold value P(n). If the 

number is less than the threshold value, it becomes the cluster head node. If it has been selected cluster head node in each 

round of cycle, the node’s P (n) is set to 0 so that the node will not be re-selected as cluster head. Otherwise, the node is 

non-cluster head node in the current round. After the selection of cluster head, the head broadcast its own presence to all 

other nodes. After broadcasting the information, then all other nodes send the information to the cluster head. Together, 

these features allow LEACH to achieve the desired properties in the networks.  

P(n)= p /1-p(r mod 1/p) 

There are several desirable properties for protocol on these networks: 

· Use 100's - 1000's of nodes 

· Maximize the lifetime of system 

· Maximize network coverage 

· Use uniform, battery-operated nodes 

 
Fig 1: LEACH Protocol 

 

As shown in fig.1, dark nodes specifies the cluster head and other non cluster head nodes send the information to cluster 

head on the basis of local information which in turn send the information to base station. 

This protocol is divided into rounds; each round consists of two phases;  

 

Set-up Phase  
(1) Advertisement Phase  

(2) Cluster Set-up Phase  

Steady Phase  
(1) Schedule Creation  

(2) Data Transmission 

 

 
Fig.2: LEACH protocol phases [4] 

Although LEACH is able to increase the network lifetime, there are still a number of issues about the 

assumptions used in this protocol. LEACH assumes that all nodes can transmit with enough power to reach the Base 

Station (BS) if needed and that each node has computational power to support different MAC protocols. Therefore, it is 

not applicable to networks deployed in large regions. It is not obvious how the number of the predetermined CHs (p) is 

going to be uniformly distributed through the network. Therefore, there is the possibility that the elected CHs will be 

concentrated in one part of the network. Hence, some nodes will not have any CHs in their vicinity. Furthermore, the idea 

of dynamic clustering brings extra overhead, e.g. head changes, advertisements etc., which may diminish the gain in 

energy consumption. Also, the protocol assumes that all nodes begin with the same amount of energy capacity in each 

election round, assuming that being a CH consumes approximately the same amount of energy for each node. The 

protocol should be extended to account for non-uniform energy nodes, i.e., use energy-based threshold. 

 

2.2 SPIN 
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SPIN (Sensor Protocols for Information via Negotiation) Sensor Protocols for Information via Negotiation 

(SPIN) that disseminates all the information at each node to every node in the network assuming that all nodes in the 

network are potential BSs. This enables a user to query any node and get the required information immediately. These 

protocols make use of the property that nodes in close proximity have similar data, and hence there is a need to only 

distribute the data other nodes do not posses. The SPIN family of protocols uses data negotiation and resource-adaptive 

algorithms. Nodes running SPIN assign a high-level name to completely describe their collected data (called meta-data) 

and perform metadata negotiations before any data is transmitted. This ensures that there is no redundant data sent 

throughout the network. The semantics of the meta-data format is application-specific and not specified in SPIN. For 

example, sensors might use their unique IDs to report meta-data if they cover a certain known region. In addition, SPIN[5] 

has access to the current energy level of the node and adapts the protocol it is running based on how much energy is 

remaining. These protocols work in a time-driven fashion and distribute the information all over the network, even when a 

user does not request any data. The SPIN family is designed to address the deficiencies of classic flooding by negotiation 

and resource adaptation. The SPIN family of protocols is designed based on two basic ideas:  

1) Sensor nodes operate more efficiently and conserve energy by sending data that describe the sensor data instead of 

sending all the data; for example, image and sensor nodes must monitor the changes in their energy resources. 

2) Conventional protocols like flooding or gossiping-based routing protocols [2] waste energy and bandwidth when 

sending extra and unnecessary copies of data by sensors covering overlapping areas. 

The drawbacks of flooding include implosion, which is caused by duplicate messages sent to the same node, 

overlap when two nodes sensing the same region send similar packets to the same neighbor, and resource blindness in 

consuming large amounts of energy without consideration for energy constraints. Gossiping avoids the problem of 

implosion by just selecting a random node to which to send the packet rather than broadcasting the packet blindly. 

However, this causes delays in propagation of data through the nodes. 

SPIN’s meta-data negotiation solves the classic problems of flooding, thus achieving a lot of energy efficiency. 

SPIN is a three-stage protocol as sensor nodes use three types of messages, ADV, REQ, and DATA, to 

communicate. ADV is used to advertise new data, REQ to request data, and DATA is the actual message itself. The 

protocol starts when a SPIN node obtains new data it is willing to share. It does so by broadcasting an ADV message 

containing metadata. If a neighbor is interested in the data, it sends a REQ message for the DATA and the DATA is sent 

to this neighbor node. The neighbor sensor node then repeats this process with its neighbors. As a result, the entire sensor 

area will receive a copy of the data. The SPIN family of protocols includes many protocols. The main two are called 

SPIN-1 and SPIN-2; they incorporate negotiation before transmitting data in order to ensure that only useful information 

will be transferred. Also, each node has its own resource manager that keeps track of resource consumption and is polled 

by the nodes before data transmission. The SPIN-1 protocol is a three-stage protocol, as described above. An extension to 

SPIN-1 is SPIN-2, which incorporates a threshold-based resource awareness mechanism in addition to negotiation. When 

energy in the nodes is abundant, SPIN-2 communicates using the three-stage protocol of SPIN1. However, when the 

energy in a node starts approaching a low threshold, it reduces its participation in the protocol; that is, it participates only 

when it believes it can complete all the other stages of the protocol without going below the low energy threshold. In 

conclusion, SPIN-1 and SPIN-2 are simple protocols that efficiently disseminate data while maintaining no per-neighbor 

state. These protocols are well suited to an environment where the sensors are mobile because they base their forwarding 

decisions on local neighborhood information.  

One of the advantages of SPIN is that topological changes are localized since each node need know only its 

single-hop neighbors. SPIN provides more energy savings than flooding, and metadata negotiation almost halves the 

redundant data. However, SPIN’s data advertisement mechanism cannot guarantee delivery of data. To see this, consider 

the application of intrusion detection where data should be reliably reported over periodic intervals, and assume that nodes 

interested in the data are located far away from the source node, and the nodes between source and destination nodes are 

not interested in that data; such data will not be delivered to the destination at all. 

 

 

 LEACH 

PROTOCOL 

SPIN 

PROTOCOL 

Classification Hierarchical Flat 
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Mobility Fixed BS Poss. 

Position Awareness No No 

Power usage Max Ltd 

Negotiation Based No Yes 

Data Aggregation Yes Yes 

Localization Yes No 

Query Based No Yes 

State Complexity CHs Low 

Scalability Good Ltd 

Multipath No Yes 

 

Table1. Theoretical comparison between LEACH and SPIN Protocol 

3. Performance Testing 
This section discusses simulation on energy performance using Network Simulator 2.34. The simulation 

primarily study on routing energy usage in SPIN and LEACH.SPIN is negotiation based data dissemination protocol 

suitable for wireless sensor networks. Thus, it assumes that all sensor nodes can be sinks potentially. Every node uses 

meta-data to name their data. By using this metadata, each node can negotiate whether to deliver data or not to eliminate 

the redundant data transmission throughout the network. In other words, every node can make its communication 

decisions based on negotiations with neighbour nodes about application-specific knowledge of the data and the resource 

available to it. This negotiation enables sensors to distribute data efficiently with limited energy. Basically, SPIN [7] uses 

resource-adaptive negotiation mechanism. Before any data is really transmitted, a sensor node performs negotiations by 

using its meta-data. These negotiations are done by exchanging a new data advertisement message (ADV) and a request 

for data message (REQ) between the sender and the receiver. After the negotiation, the sender transmits its data to the 

receiver (DATA).SPIN assures that there is no redundant data sent throughout the sensor network. In addition, SPIN 

checks the current energy level of each sensor node and adapts the protocol depending on how much energy remains. In 

SPIN simulation testing, there is some limitation. The nodes is being designed and linked in shortest path. The 

negotiations are done by exchanging a new data advertisement message (ADV) will display in blue color links and a 

request for data message (REQ) between the sender and the receiver will display in green color links. After the 

negotiation, the sender transmits its data to the receiver (DATA) where will be displayed in red color links. The event will 

be the packets that being transmits along the gradient path. Every transmitting packet to nodes, the links will be displayed 

in red color. In short, SPIN simulation tests differentiate those message elements with colors. Each colors presenting 

different element of message in SPIN routing scheme. 

LEACH is a clustering based protocol that includes the randomized adaptive self configuring cluster formation. 

Localized control for data transfers .Low energy media access and Application specific data processing such as data 

aggregation. The operation of LEACH is separated into two phases, the setup phase and the steady state phase. In the 

setup phase, the clusters are organized and CHs are selected and rotates this role to evenly distribute the energy load 

among the sensors in the network. In LEACH, the cluster head (CH) nodes compress data arriving from nodes that belong 

to the respective cluster, and send an aggregated packet to the base station in order to reduce the amount of information 

that must be transmitted to the base station. LEACH uses a TDMA/CDMA MAC to reduce inter-cluster and intra-cluster 

collisions. However, data collection is centralized and is performed periodically. Therefore, this protocol is most 

appropriate when there is a need for constant monitoring by the sensor network. A user may not need all the data 

immediately. Hence, periodic data transmissions are unnecessary which may drain the limited energy of the sensor nodes. 

After a given interval of time, a randomized rotation of the role of the CH is conducted so that uniform energy dissipation 

in the sensor network is obtained. LEACH assumes that all nodes can transmit with enough power to reach the Base 

Station (BS) if needed and that each node has computational power to support different MAC protocols. Therefore, it is 

not applicable to networks deployed in large regions. It is not obvious how the number of the predetermined CHs (p) is 

going to be uniformly distributed through the network. Therefore, there is the possibility that the elected CHs will be 

concentrated in one part of the network. Hence, some nodes will not have any CHs in their vicinity. Furthermore, the idea 

of dynamic clustering brings extra overhead, e.g. head changes, advertisements etc., which may diminish the gain in 

energy consumption. Also, the protocol assumes that all nodes begin with the same amount of energy capacity in each 
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election round, assuming that being a CH consumes approximately the same amount of energy for each node. The 

protocol should be extended to account for non-uniform energy nodes, i.e., use energy-based threshold. 

 

4. Simulation Results 
This section discusses simulation result performed on SPIN This section discusses simulation result performed  

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3 energy graph of LEACH 

On SPIN and LEACH. There are fifty nodes being these protocols are tested on a number of factors. The main 

experiment is actually measure the energy of the network .When a node receives and transmit a data packet, the total 

energy will decrease and increase gradually. This simulation test network ran using 50 nodes for 2 minutes for both 

LEACH and SPIN. As observed from the below graph, SPIN fares much better than the LEACH protocol in terms of 

energy consumption. In LEACH as seen from the Fig 3, it will start with advertise its interest, and then waiting a request 

from any node before start transmitting data again. The energy of the network decreases rapidly and then increase and so 

on in 2 minutes. This is because the effective of transmitting and receiving data in the network. In LEACH protocol we 

have the limited energy. In it we have a given interval after a given interval of time; a randomized rotation of the role of 

the CH is conducted so that uniform energy dissipation in the sensor network is obtained. In LEACH protocol more 

energy is consumed because of head changes, advertisements etc. 

In LEACH protocol more energy is consumed because of head changes, advertisements etc. In LEACH protocol 

the packet delivery ratio is more because of cluster heads. The end to end delay and dead nodes is more in LEACH 

because of randomized rotation of role of the cluster head as shown in figure and as the number of nodes the packet 

delivery ratio start decreasing. 

As observed from the below graph in the LEACH end to end delay is more in LEACH Because of randomized 

rotation of role of the cluster head . In the LEACH protocol the packet delivery ratio is more because of cluster heads.As 

the number of nodes  

 

 

 

 

 

 

 

 

 

Fig 4 End to end delay graph of LEACH protocol 

 

Increasing the packet delivery ratio start decreasing. The dead nodes in it is more due to randomized rotation of the 

protocol. 

 

SPIN will start with advertise its interest, and then waiting a request from any node before start transmitting data again. 

SPIN  

nodes negotiate with each other before transmitting data. Negotiation helps ensure that only useful information will be  
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Fig 5 Energy graph of SPIN protocol 

transferred. To negotiate successfully, however, nodes must be able to describe or name the data they observe. These 

descriptors used in SPIN negotiations are referred to as meta-data.  From the result, it proves that meta-data negotiation 

keeps SPIN nodes from sending out even a single redundant data packet in a network .The result is based on average 

packet received by nodes. From Fig.5, the energy used by nodes dramatically decrease receiving packet from the first 20 

seconds. This is because nodes that links to the shortest path nodes and after that the gradient links uses a lot of energy for 

transmitting and receiving packet. Thus, they generate overhead and reduce the life time of the nodes in the network. 

When this occurs, the topology and links for every node will change. The distance for for transmitting and receiving 

packet will be a bit less as compared to LEACH. 

 

 

 

 

 

 

 

 

 

 

Fig 6 end to end Delay in SPIN protocol 

 

The end to end delay in the SPIN protocol is same as that of LEACH for some starting packets but after that the delay in 

SPIN is less as shown in fig because of nodes link to shortest path end to end delay start increasing as number of nodes 

increases. SPIN operation will transmit almost zero redundant data packet and decrease the operation of sending wasted 

data packets. 

 

5. Conclusion 
Based on the study of these routing algorithms, it shows that some of the desirable features of a good energy efficient 

routing protocol for sensor network are: 

If a routing algorithm can support multiple paths to a destination with low overhead, it could help in balancing the 

network load. 

In SPIN and LEACH Protocol the LEACH has limited energy and it has the more energy consumption as 

compared to SPIN Protocol because of cluster head rotation .In LEACH Protocol after a given interval the cluster head are 

rotated and they also consume energy while rotating so it consume more energy where as SPIN uses less it do not have 

any cluster head .In it we first advertise the message than we send the data only those from which we get the request but 

this is only based on metadata negotiation only. 

In LEACH the packet delivery ratio start is less as compared to SPIN .This is because of given interval of time in 

LEACH. In LEACH we have the limited time after that the transmission stop. But in SPIN no such time boundation so 

packet delivery ratio is large.   

The end to end delay and dead nodes in LEACH is more as compared to SPIN. In starting end to end delay 

become same in both the cases after some interval there is difference .This is because the in LEACH there is cluster head 

rotation takes place so it have large end to end delay but in SPIN end to end delay is very less because it uses the Bellman 

Ford shortest path algorithm. 

The dead nodes in LEACH Protocol are large because of cluster head rotation but SPIN has very less dead nodes 

because in it data transmission is based on the metadata negotiation of the nodes. So the LEACH protocol is most 

appropriate when there is a need for constant monitoring by the sensor network. 
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Abstract 
The k nearest neighbor object to a point in space is the most regularly used query in finding shortest path of a given network. In 

this paper we present an efficient pruning method to find the nearest neighbor to a point for finding the shortest path. Finally we 

present the results of several experiments obtained using the implementation of our algorithm and examine the behavior of the 

metrics and scalability of the algorithm. 
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I. Introduction 
The efficient implementation of Nearest Neighbor (NN) 

queries is of a particular interest in Geographic Information 

System (GIS). In this paper the shortest path in a network is 

obtained by finding the nearest neighbor of nearest neighbors.  

Efficient processing of NN queries requires spatial 

data structure which capitalize on the proximity of the objects 

to focus the search of potential neighbors only. Finding the 

Nearest Neighbor of Nearest Neighbor has many applications: 

I. In mobile environments, users do not have the 

accurate knowledge about their locations to specify the query 

points because all location identification methods have errors. 

Even if they have such knowledge, they may not want to 

expose these locations to the service providers for privacy 

reasons. RNN queries address these issues by allowing users to 

specify ranges rather than points for NN queries. They are 

particularly appealing to the large number of 2G/3G mobile 

subscribers whose devices are incapable of pinpointing 

locations. While these devices cannot support conventional NN 

queries, they can issue RNN queries through text messages 

such as “find the nearest hotels to the City Park?” 

 

II.  A user may continuously ask for nearest neighbors 

while moving around. It is inefficient to submit many PNN 

queries individually to the server. A better alternative is to 

submit a single RNN query around the current location to fetch 

all possible nearest neighbors for this area. Any PNN query 

issued in this area is then processed locally by a nearest-

neighbor search in the prefetched set, saving both computation 

and communication costs 

 

Section 2 of the paper contains the theoretical foundation for 

the shortest path finding using nearest neighbor search. Section 

3 describes the algorithm for ordering the search and pruning 

during it. Section 4 has the experiments with the 

implementation of the algorithm. 

 

 

II. Shortest Path Finding  
 

USING R-TREES 

As with Quad Tree the region is divided into successively 

smaller rectangles (MBRs). Rectangles need not be of the same 

size or number at each level. Rectangles may actually overlap. 

Lowest level cell has only one object, Tree maintenance 

algorithms similar to those for B-trees. 

 Leaf nodes of the R-Tree contain entries of the form 

(RECT, oid) where oid is an object identifier and is used as a 

pointer to a data object and RECT is an n-dimensional 

Minimal Bounding Rectangle (MBR) which bounds the 

corresponding object. 
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Every MBR have 4 corners which are as shown below  

        
Take Two MBR’s from the source node as Bottom 

Right corner in both left and right direction as shown in the 

following figure Find the nearest neighbor of source in both 

left and right MBR’s and find out the distance between left 

MBR nearest neighbor and destination node (assumed as 1), 

the right MBR nearest neighbor and destination node (assumed 

as 2). The smallest  value nearest neighbor is changed as the 

source, the above procedure repeats until destination is 

reached.  

When the destination reaches all the set of sources 

traversed becomes the shortest path. 

 

 As in the above figure the Left MBR nearest neighbor 

to source is node P1 and the Right MBR nearest neighbor to 

source is node P3. Take the distance between p1 to destination 

as 1(Assume it is 25 units) and the distance between p2 to 

destination as 2 (Assume it as 20 units). Since 2 is less than 

1 take the Right MBR’s nearest neighbor as source i.e point 

p3. Now take the source as p3, take two MBR’s from the 

bottom left   and bottom right corners and repeat the above 

procedure. The list of all nodes taken as sources between the 

source node and destination nodes is the shortest path.   
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Above Figures shows both the Left MBR and Right MBR’s 

Nodes. 

In Figure 4(a) the root is taken as source node and the 

Left sub tree is taken as all the Left MBR nodes, the Right sub 

tree is taken as all the Right MBR nodes. The nearest neighbor 

to the destination in both the Left sub tree and Right sub tree of 

Figure 4(a) is taken as the root for the Figure 4(b). This 

procedure is repeated until the nearest neighbor for the root is 

Destination. The collection of all the root nodes becomes the 

shortest path. 

III. Shortest Path Finding Algorithm Using R-Trees 
Pseudo code for shortest path finding  

 

Algorithm: Shortestpath_find (Source, LeftMBR, RightMBR, 

Set V, Value ) 

 

L1: Insert Source as root into Hc  //Hc refers Min 

       Heap 

L2: Nearest Nearest 

L3: int  dist 

L 4: for each left entry e’ of Source do 

L 5:     if CN is a non-leaf node then 

L 6:              if  Є V, mindist(e’,source) ≤ 
 

 then 

L 7:                          dist:=objectDIST(e’,Source) 

L 8:                          if(dist<Nearest.dist) then 

L 9:                             Nearest.dist=dist  

L 10: insert e’ into H α  //H α refers Min Heap 

L 11:     else then 

L 12:           Perform Pruning   

L 13: for each right entry e’’ of Source do 

L 14:     if CN is a non-leaf node then 

L 15:              if  Є V, mindist(e’’,source) ≤ 
 

         

                        then 
L 16:                          dist:=objectDIST(e’’,Source) 

L 17:                          if(dist<Nearest.dist) then 

L 18:                             Nearest.dist=dist  

L 19: Insert e’’ into Hβ  //Hβ refers Min Heap 

L 20:    else then 

L 21:           Perform Pruning   

L 22: while │v│ >0 and there exists a non-empty 

          heap  H α do 

L 23: deheap an entry e’ from Hα into LNR (Left  

  Nearest Neighbor) 

L 24: while │v│  >0 and there exists a non-empty eap  

 Hβ do 

L 25: deheap an entry e’’ from H β into RNR (Right  

 Nearest Neighbor) 

L26: 1=dist(LNR,destination) 

L27: 2=dist(RNR,destination) 

 

L28: if  1< 2 then  

L29: Change the source as LNR andCall 

         Shortestpath_find (LNR, LeftMBR , RightMBR 

         ,Set V,Value ) 

L30: else then 

L31: Change the source as RNR and Call  

         Shortestpath_find (RNR, LeftMBR , RightMBR  

        ,Set V, Value ) 

 

 

In this paper, we assume that the object dataset is 

indexed by an R-tree and each feature dataset is indexed by an 

MIN R-tree, where each where each non-leaf entry augments 

the minimum quality (of features) in its sub tree. 

 

The above algorithm shows the procedure for finding 

the shortest spatial path in networks. In this algorithm the 

Lines 1-21 are used to take three Min Heaps are used to store 

the Source Node, its Left MBR nodes, its Right MBR nodes 

respectively as Hc, H α, H  . In H α and H  all the nodes of 

Left MBR are stored in order of minimum distance from the 

source. All the nodes which are not in the Left and Right 

MBR’s are pruned.   

 

The functions objectDIST and dist are used to 

calculate the Euclidean distance between the source to 

destination (or) source to a specific point in MBR. Lines 22-25 

shows that the deheap node from H α becomes the nearest 

neighbor in its Left MBR (i.e LNR), the deheap node from the 

H  becomes the nearest neighbor in its Right MBR (i.e RNR) 

 

Lines 26-31 shows that the distance between the 

LNR, RNR and Destination node are taken into respectively 

1 and 2. If is smaller than then the source is taken as 

LNR otherwise the source is taken as RNR for the next 

recursive call. 
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IV. Experiment Results  
The shortest path is finding by taking two MBR’s as 

any one of the corner based upon the direction of destination 

from the source. When the destination is below or right to the 

source as shown in the following figure (5) the Two MBR’s 

are taken as Top Left corner and Top Right corner. If the 

destination is above or left to the source then the Two MBR’s 

are taken as Bottom Left and Bottom Right corner 

 

 

 
Fig (6) shows the results of an experiment using the 

data of Fig (4).  From the experimental behavior, we can make 

two observations. First, in the Traditional system the total 

number of neighbors accessed to find the shortest path is at 

constant rate of total number of neighbor nodes. That is at any 

distance we need to check all the neighbors. Second, in our 

proposed system the total number of neighbors accessed to find 

the shortest path is at the rate of 20%. In figure 4, traversed 

two neighbors in the first 10 units, six neighbor nodes for 20, 

30, 40 units, eight neighbor nodes for 50 units,  traversed nine 

neighbor nodes for 60 and 70 units, 11neighbor nodes for 80 

units. That is at a specific distance we need to check the Left 

MBR and Right MBR neighbors only, the remaining neighbor 

nodes are pruned. 

  

  V. Conclusion 
In this paper, we developed a Shortest Path finding 

Algorithm which finds the k Nearest Neighbors of a given 

source point. We also introduced four corners of MBR that can 

be used to guide an ordered spatial search. We implemented 

and thoroughly tested our Shortest Path finding algorithm 

using k-Nearest Neighbor spatial search. The experiments on 

both real data sets showed that the algorithm scales up well 

with respect to both the number of NN requested and with size 

of data sets. 

 

Further research on shortest path finding using spatial 

queries will focus on defining and analyzing other metrics and 

characterization of our algorithm in three space environment. 
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Abstract 
Higher Circuit Densities in system-on-chip (SOC) 

designs have led to drastic increase in test data  

volume.  Larger Test Data size demands not only 

higher memory requirements, but also an increase in 

testing time.  Test Data Compression/Decompression 

addresses this problem by reducing the test data 

volume without affecting the overall system 

performance.  This paper presented an algorithm,    

XMatchPro Algorithm that combines the advantages of 

dictionary-based  and bit mask-based techniques. Our 

test compression technique used the dictionary and bit 

mask selection methods to significantly reduce the 

testing time and memory requirements. We have 

applied our algorithm on various benchmarks and 

compared our results with existing test 

compression/Decompression techniques. Our approach 

results compression efficiency of 92%. Our approach 

also generates up to 90% improvement in 

decompression efficiency compared to other 

techniques without introducing any additional 

performance or area overhead. 

Keywords - XMatchPro, decompression, test 

compression, dictionary selection, SOC. 

I. INTRODUCTION 

1.1. Objective  
With  the  increase  in  silicon  densities,  it  is  

becoming  feasible  for compression systems to be 

implemented in chip. A system with  distributed  

memory  architecture  is  based  on  having   data 

compression and decompression  engines  working  

independently  on  different  data  at  the  same  time.  

This data is stored in memory distributed to each 

processor. The objective of the project is to design a 

lossless data compression system which operates in 

high-speed to achieve high compression rate.  By using 

the architecture of compressors, the data compression 

rates are significantly improved. Also inherent 

scalability of architecture is possible.The  main  parts  

of  the  system  are  the  Xmatchpro  based  data  

compressors  and  the  control blocks  providing  

control  signals  for  the  Data  compressors allowing 

appropriate control of  the routing of data into and from 

the system. Each Data compressor can process four 

bytes of data  

 

 

into and from a block of data in every clock cycle.  The  

data  entering  the  system  needs  to  be  clocked  in  at  

a  rate  of  4 bytes in every clock cycle. This is to 

ensure that adequate data is present for all compressors 

to process rather than being in an idle state.  

1.2. Goal of the Thesis  
To achieve higher decompression rates using 

compression/decompression architecture with least 

increase in latency. 

1.3. Compression Techniques  
At  present  there  is  an  insatiable  demand  for  ever-

greater  bandwidth  in communication  networks  and  

forever-greater  storage  capacity  in  computer  

system.  This led to the need for an efficient 

compression technique.  The  compression  is  the  

process that  is  required  either  to  reduce  the  volume  

of  information  to  be  transmitted  – text,  fax and 

images or reduce the bandwidth that is required for its 

transmission – speech, audio and video. The 

compression technique is first applied to the source 

information prior to its transmission. Compression 

algorithms can be classified in to two types, namely 

 Lossless Compression  

 Lossy Compression  

 

 

1.3.1. Lossless Compression  
In this type of lossless compression algorithm, the aim 

is to reduce the amount of source  information  to  be  

transmitted  in  such  a  way  that,  when  the  
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compressed information  is  decompressed,  there  is  

no  loss  of  information.  Lossless compression is said, 

therefore, to be reversible.  i.e.,  Data  is  not  altered  

or  lost  in  the  process  of compression or 

decompression. Decompression generates an exact 

replica of the original object. The Various lossless 

Compression Techniques are,  

 Packbits encoding  

 CCITT Group 3 1D  

 CCITT Group 3 2D  

 Lempel-Ziv and Welch algorithm LZW  

 Huffman  

 Arithmetic  

Example  applications  of  lossless  compression  are  

transferring  data  over  a  network as  a  text  file  

since,  in  such  applications,  it  is  normally  

imperative  that  no  part  of  the  source information  is  

lost  during  either  the  compression  or  

decompression  operations  and  file storage  systems 

(tapes,  hard  disk  drives,  solid  state  storage,  file  

servers)  and communication networks (LAN, WAN, 

wireless).  

1.3.2 Lossy Compression  
The  aim  of  the  Lossy  compression  algorithms  is  

normally  not  to  reproduce  an exact copy of the 

source information after decompression but rather a 

version of it that is perceived by the recipient as a true 

copy.    The Lossy compression algorithms are:  

 JPEG (Joint Photographic Expert Group)  

 MPEG (Moving Picture Experts Group)  

 CCITT H.261 (Px64)  

Example  applications  of  lossy  compression  are  the  

transfer  of  digitized  images and audio and video 

streams. In such cases, the sensitivity of the human eye 

or ear is such that  any  fine  details  that  may  be  

missing  from  the  original  source  signal  after 

decompression are not detectable.  

1.3.3 Text Compression  
There are three different types of text – unformatted, 

formatted and hypertext and all are represented as 

strings of characters selected from a defined set. The 

compression algorithm associated with text must be 

lossless since the loss of just a single character could 

modify the meaning of a complete string. The text 

compression is restricted to the use of entropy 

encoding and in practice, statistical encoding methods. 

There are two types of statistical encoding methods 

which are used with text: one which uses single 

character as the basis of deriving an optimum set of 

code words and the other which uses variable length 

strings of characters. Two examples of the former are 

the Huffman and Arithmetic coding algorithms and an 

example of the latter is Lempel-Ziv (LZ) algorithm. 

The majority of work on hardware approaches to 

lossless data compression has used an adapted form of 

the dictionary-based Lempel-Ziv algorithm, in which a 

large number of simple processing elements are 

arranged in a systolic array [1], [2], [3], [4].  

II. PREVIOUS WORK ON LOSSLESS 

COMPRESSION METHODS  
A  second  Lempel-Ziv  method  used  a  content  

addressable  memory  (CAM)  capable of performing a 

complete dictionary search in one clock cycle [5], [6], 

[7]. The search for the most common string in the 

dictionary (normally, the most computationally 

expensive operation in the Lempel-Ziv algorithm) can 

be performed by the CAM in a single clock cycle,  

while  the  systolic  array  method  uses  a  much  

slower deep  pipelining  technique  to implement  its  

dictionary  search.  However,  compared  to  the  CAM  

solution,  the  systolic array  method  has  advantages  

in  terms  of  reduced  hardware  costs  and  lower  

power consumption, which may be more important 

criteria in some situations than having faster dictionary 

searching. In  [8],  the  authors  show  that  hardware  

main  memory  data  compression  is  both feasible  

and  worthwhile.  The authors also describe the design 

and implementation of a novel compression method, 

the XMatchPro algorithm. The authors exhibit the 

substantial impact such memory compression has on 

overall system performance. The  adaptation  of  

compression  code  for  parallel  implementation  is  

investigated  by Jiang and Jones [9]. They 

recommended the use of a processing array arranged in 

a tree-like structure.  Although  compression  can  be  

implemented  in  this  manner,  the implementation  of  

the  decompressor’s  search  and  decode  stages  in   

hardware would  greatly  increase  the  complexity  of  

the  design  and  it  is  likely  that  these  aspects would  

need  to  be  implemented  sequentially.  An  FPGA  

implementation  of  a  binary  arithmetic  coding  

architecture  that  is  able  to  process  8  bits  per  clock  

cycle compared to the standard 1 bit per cycle is 

described by Stefo et al [10]. Although little research 

has been performed on architectures involving several 

independent compression units  working  in  a  

concurrent  cooperative  manner,  IBM  has  introduced  

the  MXT  chip [11],  which  has  four  independent  

compression  engines  operating  on  a  shared  memory 

area.  The  four  Lempel-Ziv  compression  engines  are  

used  to  provide  data  throughput sufficient for 

memory compression in computer servers. Adaptation  

of  software  compression  algorithms  to  make  use  of  

multiple  CPU systems was demonstrated by research 

of Penhorn [12] and Simpson and Sabharwal [13]. 
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Penhorn  used  two  CPUs  to  compress  data  using  a  

technique  based  on  the  Lempel-Ziv algorithm  and  

showed  that  useful  compression  rate  improvements  

can  be  achieved,  but only at the cost of increasing the 

learning time for the dictionary. Simpson and 

Sabharwal described  the  software  implementation  of  

compression  system  for  a  multiprocessor system  

based  on  the  parallel  architecture  developed  by  

Gonzalez  and  Smith  and  Storer [14].  

Statistical Methods  
 Statistical  Modeling  of  lossless  data  compression  

system  is  based  on  assigning values  to  events  

depending  on  their  probability. The higher the value, 

the higher the probability. The accuracy with which 

this frequency distribution reflects reality determines 

the efficiency of the model. In Markov modeling, 

predictions are done based on the symbols that precede 

the current symbol. Statistical  Methods  in  hardware  

are  restricted  to  simple  higher  order  modeling using  

binary  alphabets  that  limits  speed,  or  simple  multi 

symbol  alphabets  using  zeroeth order  models  that  

limits  compression.  Binary  alphabets  limit  speed  

because  only  a  few bits  (typically  a  single  bit)  are  

processed  in  each  cycle  while  zeroeth  order  

models  limit compression  because  they  can  only  

provide  an  inexact  representation  of  the  statistical 

properties of the data source.  

 Dictionary Methods  
Dictionary Methods try to replace a symbol or group of 

symbols by a dictionary location code.  Some  

dictionary-based  techniques  use  simple  uniform  

binary  codes  to process  the information  supplied.  

Both software and hardware based dictionary models 

achieve good throughput and competitive compression. 

The  UNIX  utility  ‘compress’  uses  Lempel-Ziv-2  

(LZ2)  algorithm  and  the  data compression  Lempel-

Ziv  (DCLZ)  family  of  compressors  initially  

invented  by  Hewlett-Packard[16]  and  currently  

being  developed  by  AHA[17],[18]  also  use  LZ2  

derivatives. Bunton  and  Borriello  present  another  

LZ2  implementation  in  [19]  that  improves  on  the 

Data Compression Lempel-Ziv method. It uses a tag 

attached to each dictionary location to identify which 

node should be eliminated once the dictionary becomes 

full.  

XMatchPro Based System  
The Lossless data compression system is a derivative 

of the XMatchPro Algorithm which  originates  from  

previous  research  of  the  authors  [15]  and  advances  

in  FPGA technology. The flexibility provided by using 

this technology is of great interest since the chip can be 

adapted to the requirements of a particular application 

easily. The drawbacks of  some  of  the  previous  

methods  are  overcome  by  using  the  XmatchPro  

algorithm  in design. The objective is then to obtain 

better compression ratios and still maintain a high 

throughput  so  that  the  compression/decompression  

processes  do  not  slow  the  original system down. 

Usage of XMatchPro Algorithm  

The Lossless Data Compression system designed uses 

the XMatchPro Algorithm. The XMatchPro algorithm 

uses a fixed-width dictionary of previously seen data 

and attempts to match the current data element with a 

match in the dictionary. It works by taking a 4-byte 

word and trying to match or partially match this word 

with past data. This past  data  is  stored  in  a  

dictionary,  which  is  constructed  from  a  content  

addressable memory. As each entry is 4 bytes wide, 

several types of matches are possible. If all the bytes  

do  not  match  with  any  data  present  in  the  

dictionary  they  are  transmitted  with  an additional 

miss bit. If all the bytes are matched then the match 

location and match type is coded  and  transmitted,  this  

match  is  then  moved  to  the  front  of  the  

dictionary.  The dictionary is maintained using a move 

to front strategy whereby a new tuple is placed at the  

front  of  the  dictionary  while  the  rest  move  down  

one  position.  When the dictionary becomes full the 

tuple placed in the last position is discarded leaving 

space for a new one. The coding function for a match is 

required to code several fields as follows:  

A zero followed by:  

1). Match location: It uses the binary code associated to 

the matching location. 2). Match type: Indicates which 

bytes of the incoming tuple have matched. 3). 

Characters that did not match transmitted in literal 

form. A description of the XMatchPro algorithm in 

pseudo-code is given in the figure below. 

Pseudo Code for XMatchPro Algorithm  

With  the  increase  in  silicon  densities,  it  is  

becoming  feasible  for XMatchPros  to  be  

implemented  on  a  single  chip.  A  system  with 

distributed memory architecture  is  based  on  having    

data  compression  and decompression engines 

working independently on different data at the same 

time.This data is stored in memory distributed to each 

processor. There are several approaches in which data 

can be routed to and from the compressors that will 

affect the speed, compression and complexity of the 

system.  Lossless compression removes redundant 

information from the data while they are transmitted or 

before they are stored in memory.  Lossless 

decompression reintroduces the redundant information 

to recover fully the original data. There are two 

important contributions made by the current 
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compression & decompression work, namely, 

improved compression rates and the inherent 

scalability. Significant  improvements  in  data  

compression  rates  have  been  achieved  by sharing  

the  computational  requirement  between  compressors  

without  significantly compromising  the  contribution  

made  by  individual  compressors.  The scalability 

feature permits future bandwidth or storage demands to 

be met by adding additional compression engines.  

The XMatchPro based Compression system 
The  XMatchPro  algorithm  uses  a  fixed  width  

dictionary  of  previously  seen  data and attempts to 

match the current data element with a match in the 

dictionary. It works by taking a 4-byte word and trying 

to match this word with past data. This past data is 

stored in a dictionary, which is constructed from a 

content addressable memory. Initially all the entries in 

the dictionary are empty & 4-bytes are added to the 

front of the dictionary, while the rest move one 

position down if a full match has not occurred. The 

larger the dictionary, the greater the number of address 

bits needed to identify each memory location, reducing 

compression performance.  Since  the  number  of  bits 

needed  to  code  each  location  address  is  a  function  

of  the  dictionary  size  greater compression  is  

obtained  in  comparison  to  the  case  where  a  fixed  

size  dictionary  uses fixed address codes for a partially 

full dictionary.In  the  XMatchPro  system,  the  data  

stream  to  be  compressed  enters  the compression 

system, which is then partitioned and routed to the 

compressors.  

The Main Component- Content Addressable 

Memory  

Dictionary  based  schemes  copy  repetitive  or  

redundant  data  into  a  lookup  table (such as CAM) 

and output the dictionary address as a code to replace 

the data.  

The  compression  architecture  is  based  around  a  

block  of  CAM  to  realize  the dictionary. This is 

necessary since the search operation must be done in 

parallel in all the entries in the dictionary to allow high 

and data-independent 

 

 

Fig..Conceptual view of CAM 

The  number  of  bits  in  a  CAM  word  is  usually  

large,  with  existing implementations  ranging  from  

36  to  144  bits.  A  typical  CAM  employs  a  table  

size ranging between a few hundred entries to 32K 

entries, corresponding to an address space ranging 

from 7 bits to 15 bits. The length of the CAM varies 

with three possible values of 16, 32 or 64 tuples trading 

complexity for compression. The no. of tuples present 

in the dictionary has an important effect on 

compression. In principle,  the  larger  the  dictionary  

the  higher  the  probability  of  having  a  match  and 

improving compression. On the other hand, a bigger 

dictionary uses more bits to code its locations  

degrading  compression  when  processing  small  data  

blocks  that  only  use  a fraction  of  the  dictionary  

length  available.  The width of the CAM is fixed with 

4bytes/word. Content Addressable Memory (CAM) 

compares input search data against a table of  stored  

data,  and  returns  the  address  of  the  matching  data.  

CAMs  have  a  single  clock cycle  throughput  

making  them  faster  than  other  hardware  and  

software-based  search systems.  The input to the 

system is the search word that is broadcast onto the  

searchlines to the table  of  stored  data.  Each  stored  

word  has  a matchline  that  indicates  whether  the 

search word and stored word are identical (the match 

case) or are different (a mismatch case,  or  miss).  The  

matchlines  are  fed  to  an  encoder  that  generates  a  

binary  match location corresponding to the matchline 

that is in the match state. An encoder is used in systems 

where only a single match is expected.  

 The overall function of a CAM is to take a search 

word and return the matching  memory location.  

 Managing Dictionary entries  
Since  the  initialization  of  a  compression  CAM  sets  

all  words  to  zero,  a  possible input  word  formed  by  

zeros  will  generate  multiple  full  matches  in  

different  locations.The Xmatchpro compression 

system simply selects the full match closer to the top. 

This operational  mode  initializes  the  dictionary  to  a  

state  where  all  the  words  with  location address 

bigger than zero are declared invalid without the need 

for extra logic. 

Iii. Xmatchpro Lossless Compression System 

 DESIGN METHODOLOGY  
The XMatchPro  algorithm  is  efficient  at  

compressing  the  small  blocks  of  data necessary with 

cache and page based memory hierarchies found in 

computer systems. It is suitable  for  high  performance  

hardware  implementation.  The  XMatchPro  hardware 

achieves  a  throughput  2-3  times  greater  than  other  

high-performance  hardware implementation. The core 

component of the system  is  the  XMatchPro  based  
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Compression/ Decompression  system.  The  

XMatchPro  is  a  high-speed  lossless  dictionary  

based  data compressor.  The  XMatchPro  algorithm  

works  by  taking  an  incoming  four-byte  tuple  of 

data and attempting to match fully or partially match 

the tuple with the past data.  

FUNCTIONAL DESCRIPTION    

The  XMatchPro  algorithm  maintains  a  dictionary  

of  data  previously  seen  and attempts  to  match  the  

current  data  element  with  an  entry  in  the  

dictionary,  replacing  it with a shorter code referencing 

the match location. Data elements that do not produce a 

match  are  transmitted  in  full  (literally)  prefixed  by  

a  single  bit.  Each  data  element  is exactly 4 bytes in 

width and is referred to as tuple. This feature gives a 

guaranteed input data rate during compression and thus 

also guaranteed data rates during decompression, 

irrespective  of  the  data  mix.  Also  the  4-byte  tuple  

size  gives  an  inherently  higher throughput than other 

algorithms, which tend to operate on a byte stream.  

The  dictionary  is  maintained  using  move  to  front  

strategy,  where  by  the  current tuple  is  placed  at  

the  front  of  the  dictionary  and  the  other  tuples  

move  down  by one location as necessary to make 

space. The move to front strategy aims to exploit 

locality in the  input  data.  If  the  dictionary  becomes  

full,  the  tuple  occupying  the  last  location  is simply 

discarded.  

A full  match  occurs  when  all  characters  in  the  

incoming  tuple  fully  match  a  dictionary entry.  A  

partial  match  occurs  when  at  least  any  two  of  the  

characters in the incoming  tuple  match  exactly  with  

a  dictionary  entry,  with  the  characters  that  do not 

match being transmitted literally.   

 The use of partial matching improves the compression 

ratio when compared with allowing  only  4  byte  

matches,  but  still  maintains  high  throughput.  If  

neither  a  full nor partial match occurs, then a miss is 

registered and a single miss bit of ‘1’ is transmitted 

followed by the tuple itself in literal form. The only 

exception to this is the first tuple in any compression 

operation, which will always generate a miss as the 

dictionary begins in an empty state. In this case no 

miss bit is required to prefix the tuple.   

At  the  beginning  of  each  compression  operation,  

the  dictionary  size  is  reset  to zero. The dictionary 

then grows by one location for each incoming tuple 

being placed at the 

  front  of  the  dictionary  and  all  other  entries  in  the  

dictionary  moving  down  by  one location.  A  full  

match  does  not  grow  the  dictionary,  but  the  move-

to-front  rule  is  still applied. This growth of the 

dictionary means that code words are short during the 

early stages of compressing a block. Because the 

XMatchPro algorithm allows partial matches, a  

decision  must  be  made  about  which  of  the  

locations  provides  the  best  overall  match, with the 

selection criteria being the shortest possible number of 

output bits.   

Implementation of Xmatchpro Based Compressor  
The  block  diagram  gives  the  details  about  the  

components  of  a  single  32  bit Compressor. There 

are three components namely, COMPARATOR, 

ARRAY, CAMCOMPARATOR. The comparator is 

used to compare two 32-bit data and to set or reset the 

output bit as 1 for equal and 0 for unequal. The CAM 

COMPARATOR searches the CAM dictionary entries 

for a full match of the input data given. The reason for 

choosing a full match is to get a prototype of the high 

throughout Xmatchpro compressor with reduced 

complexity and high performance.  

If  a  full  match  occurs,  the  match-hit  signal  is  

generated  and  the  corresponding match location is 

given as output by the CAM Comparator.. If no full 

match occurs, the corresponding data that is given as 

input at the given time is got as output.  

       32 BIT COMPRESSIONS 

 

 

 

 

 

 Array  is  of  length  of  64X32  bit  locations.  This  is  

used  to  store  the  unmatched incoming  data  and  

when  a  new  data  comes,  the  incoming  data  is  

compared  with  all  the data  stored  in  this  array.  If  

a  match  occurs,  the  corresponding  match  location  

is  sent  as output  else  the  incoming  data  is  stored  

in  next  free  location  of  the  array  &  is  sent  as 

output. The last component is the cam comparator and 

is used to send the match location of the CAM 

dictionary as output if a match has occurred. This is 

done by getting match information as input from the 

comparator.  

Suppose the output of the comparator goes high for any 

input, the match is found  and  the  corresponding  

address  is  retrieved  and  sent  as  output  along  with  

one  bit  to indicate that match is found. At the same 

time, suppose no match occurs, or no matched data is 

found, the incoming data is stored in the array and it is 
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sent as the output. These are the functions of the three 

components of the Compressor 

IV.Design of Lossless 

Compression/Decompression System 
DESIGN  OF COMPRESSOR / DECOMPRESSOR  
The block diagram gives the details about the 

components of a single 32-bit compressor / 

decompressor. There are three components namely 

COMPRESSOR, DECOMPRESSOR and CONTROL.   

The compressor has the following components - 

COMPARATOR, ARRAY, and 

CAMCOMPARATOR.  

The comparator is used to compare two 32-bit data and 

to set or reset the output bit as 1 for equal and 0 for 

unequal.  

Array  is  of  length  of  64X32bit  locations.  This  is  

used  to  store  the  unmatched  in coming data and 

when the next new data comes, that data is compared 

with all the data stored in this array. If the incoming 

data matches with any of the data stored in array, the 

Comparator  generates  a  match  signal  and  sends  it  

to  Cam  Comparator.  

The  last component  is  the  Cam  comparator  and  is  

used  to  send  the  incoming  data  and  all  the stored  

data  in  array  one  by  one  to  the  comparator.  

Suppose  output  of  comparator  goes high  for  any  

input,  then  the  match  is  found  and  the  

corresponding  address  (match location) is retrieved 

and sent as output along with one bit to indicate the 

match is found. At the same time, suppose no match is 

found, then the incoming data stored in the array is  

sent  as  output.  These  are  the  functions  of  the  

three  components  of  the  XMatchPro based 

compressor.  

The  decompressor  has  the  following  components  –  

Array  and  Processing  Unit.  

Array has the same function as that of the array unit 

which is used in the Compressor. It is also of the same 

length. Processing unit checks the incoming match hit 

data and if it is 0, it indicates that the data is not 

present in the Array, so it stores the data in the Array 

and if the match hit data is 1, it indicates the data is 

present in the Array, then it instructs to find the data 

from the Array with the help of the address input and 

sends as output to the data out. 

  

Fig. Block Diagram of 32 bit 

Compressor/Decompression 

The  Control  has  the  input  bit  called  C  /  D  i.e.,  

Compression  /  Decompression Indicates whether 

compression or decompression has to be done. If it has 

the value 0 then omcpressor is stared when the value is 

1 decompression is done 

V. Result Analysis 

1 SYNTHESIS REPORT 

Release 8.2i - xst I.31 

Copyright (c) 1995-2006 Xilinx, Inc.  All rights 

reserved. 

--> Parameter TMPDIR set to ./xst/projnav.tmp 

CPU : 0.00 / 0.17 s | Elapsed : 0.00 / 0.00 s 

--> Parameter xsthdpdir set to ./xst 

CPU : 0.00 / 0.17 s | Elapsed : 0.00 / 0.00 s 

--> Reading design: ds.prj 

Table of Contents 
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 COMPARATOR 

 

COMPARATOR waveform explanation 

Whenever the reset signal is active low then only the 

data is compared otherwise i.e. if it is active high the 

eqout signal is zero. Here we are applying 3  4  5  6  7  

8 as data1  and 4  5  8 as data2. So after comparing 

the inputs the output signal eqout raises at the data 4 

and 8 instants which indicate the output signal. 

COMPARATOR function 

Suppose the output of the comparator goes high for 

any input, the match is found and  the  corresponding  

address  is  retrieved  and  sent  as  output  along  

with  one  bit  to indicate that match is found. At the 

same time, suppose no match occurs, or no matched 

data is found, the incoming data is stored in the array 

and it is sent as the output. 

 CAM 

 
Fig. CAM  data input  Waveform 

 
Fig. CAM data output Waveform 

CAM waveform explanation 

Whenever the reset signal is active low then only the 

cam produces the corresponding address and the 

match hit signal by individually raise the 

corresponding hit otherwise i.e. if it is active high it 

doesn’t produces any signal. In order to obtain the 

outputs the start should be in active low state. 

CAM function 

The cam is used to send the match location Of the 

CAM dictionary as output if a match has occurred. 

This is done by getting match Information as input 

from the comparator.  

 Compression 

 
Fig. Compression of INPUT DATA waveform 

Compression waveform explanation 

Whenever the reset1 and start1 signal is active low 

then only the compression of data is occurred. Here 

every signal reacts at the clk1 rising edge only 

because it is meant for positive edge triggering. The 

data which has to be compressed is applied at the 

udata signal and the resultant data is obtained at the 

dataout signal which is nothing but compressed data. 

Whenever there is a redundancy data is there in the 

applied data then the matchhit signal will be in active 

high state by generating the corresponding address 

signal addrout. 

Compression function 

The compression engine main intension is to 

compress the incoming content for memory reduction 

purpose and to transfer the data very easily. 

 Decompression 

 

Fig. Decompression of the data 
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Decompression waveform explanation 

       Whenever the reset and start_de signal is active 

low then only the decompression of data is occurred. 

Here every signal reacts at the clk1 rising edge only 

because it is meant for positive edge triggering. Here 

for retrieving the original data the outputs of the 

compressor engine has to be applied as inputs for the 

decompression engine.  

Decompression function 

The decompression engine main intension is to 

retrieve the original content.  

SCHEMATIC 

Compression 

 
Fig. RTL Schematic of compression waveform of 

component level 

 
Fig. RTL Schematic of compression waveform of 

circuit level 

 

Fig.RTL Schematic of compression waveform of 

chip level 

 Decompression 

 
Fig RTL Schematic of decompression waveform 

of component level 

 
Fig.  RTL Schematic of decompression waveform 

of circuit level 

 
Fig.  RTL Schematic of decompression waveform 

of chip level 

VI.CONCLUSION 

The various modules are designed and coded using 

VHDL. The source codes are simulated  and  the  

various  waveforms  are  obtained  for  all  the  

modules.  Since the Compression/Decompression 

system uses XMatchPro algorithm, speed of 

compression throughput is high.  

The Improved Compression ratio is achieved in 

Compression architecture with least increase in 

latency. The High speed throughput is achieved. The 

architecture provides inherent scalability in future.  

The  total  time  required  to  transmit  compressed  

data  is  less  than  that  of  

Transmitting uncompressed data. This can lead to a 

performance benefit, as the bandwidth of a link 

appears greater when transmitting compressed data 

and hence more data can be transmitted in a given 
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amount of time. 

Higher Circuit Densities in system-on-chip (SOC) 

designs have led to drastic increase in test data  

volume.  Larger Test Data size demands not only 

higher memory requirements, but also an increase in 

testing time.  Test Data Compression/Decompression 

addresses this problem by reducing the test data 

volume without affecting the overall system 

performance.  This paper presented an algorithm,    

XMatchPro Algorithm that combines the advantages 

of dictionary-based  and bit mask-based techniques. 

Our test compression technique used the dictionary 

and bit mask selection methods to significantly 

reduce the testing time and memory requirements. 

We have applied our algorithm on various 

benchmarks and compared our results with existing 

test compression/Decompression techniques. Our 

approach results compression efficiency of 92%. Our 

approach also generates up to 90% improvement in 

decompression efficiency compared to other 

techniques without introducing any additional 

performance or area overhead. 

Vii. Future Scope 
There  is  a  potential  of  doubling  the  performance  

of  storage  /  communication  system  by  increasing  

the  available  transmission  bandwidth  and  data  

capacity  with minimum investment. It can be applied 

in Computer systems, High performance storage 

devices.  This can be applied to 64 bit also in order to 

increase the data transfer rate. There is a chance to 

easy migration to ASIC technology which enables 3-

5 times increase in performance rate. There is a 

chance to develop an engine which does not require 

any external components and supports operation on 

blocked data. Full-duplex operation enables 

simultaneous compression /decompression for a 

combined performance of high data rates, which also 

enables self-checking test mode using CRC (Cyclic 

Redundancy Check). High-performance coprocessor-

style interface should be possible if synchronization 

is achieved. Chance to improve the Compression 

ratio compare with proposed work.  
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Abstract 
The information hiding deals with distortion 

reduction using steganography and security 

enhancement using cryptography. Distortion 

reduction is done using Tree Based Parity Check 

which uses Majority vote strategy. The Tree Based 

Parity Check is very optimal for cloaking a message 

on image. The proposed majority vote strategy results 

in least distortion. The SHA-1 algorithm is 

implemented for security enhancement. The result 

obtained in proposed method works effectively even 

with large payload. 

 

Key Words— Image coding, information security, 

Stenography. 

 

I. I NTRODUCTION 
Stenography studies the scheme to hide secrets into 

the communication between the sender and the 

receive r such that no other people can detect the 

existence of the secrets. A steganographic method 

consists of an embedding algorithm and an extraction 

algorithm. The embedding algorithm describes how t 

o hide a message into the  

cover object and the extraction algorithm illustrates 

how to extract the message from the stego object. A 

commonly used strategy for steganography is to 

embed the message by slightly distorting the cove r 

object into the target stego object. If the distortion is 

sufficiently small, the stego object will be 

indistinguishable from the noisy cove r object. 

Therefore, reducing distortion is a crucial issue for 

steganographic methods. In this paper, we propose an 

efficient embedding scheme that uses the least 

number of changes over the tree-based parity check 

model. 

 

The ideas of matrix embedding and defined 

the codes with the matrix   as steganographic codes. 

For matrix embedding, finding the stego object with 

least distortion is difficult in general. In some special 

cases, there exist constructive and fast methods. LT  

 

 

 

 

 

Codes to improve the computational 

complexity of wet paper codes derive d a hash 

function to efficiently obtain the stego object.  

Proposed a scheme called tree-based parity check. 

 

 
Fig. 1. Master and toggle strings of a master tree with 

for LSBs 0, 1, 1, 0, 1, 0, 1 o f the cove r object. 

(TBPC) to reduce distortion on a cover object based 

on a tree structure. 

 

 The embedding efficiency is defined to be 

the number of hidden message bits per embedding 

modification. Higher embedding efficiency implies 

better undetectability for steganographic methods. 

The lower embedding efficiency is defined to be the 

ratio of the number of hidden message bits to the 

maximum embedding modifications. The lower 

embedding efficiency is related to undetectability in 

the worst case. It implies steganographic security in 

the worst case. 

 

II. TBPC METHOD 
Before embedding and extraction, a location 

finding method determines a sequence of locations 

that point to elements in the cover object. The 

embedding algorithm modifies the elements in these 

locations to hide the message and the extraction 

algorithm can recover the message by inspecting the 

same sequence of locations. The TBPC method is a 

least significant bit (LSB) steganographic method. 

Only the LSBs of the elements pointed by the 

determined locations are used for embedding and 
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extraction. The TBPC method constructs a complete 

N-ary tree, called the master tree, to represent the 

LSBs of the cover object. Then it fills the nodes of 

the master tree with the LSBs of the cover object 

level by level, from top to bottom and left to right. 

Every node of the tree corresponds to an LSB in the 

cover object. Denote the number of leaves of the 

master tree by L. The TBPC embedding algorithm 

derives an L-bit binary string, called the master 

string, by performing parity check on the master tree 

from the root to the leaves (e.g., see Fig. 1.).  The 

embedding algorithm hides the message by 

modifying the bit values of some nodes in the master 

tree. Assume that the length of the message is also L. 

Performing the bitwise exclusive-or (XOR) operation 

between the message and the master string, we obtain 

a toggle string (e.g., see Fig. 1). Then, the embedding 

algorithm constructs a new complete N-ary tree, 

called the toggle tree in the bottom-up order and fills 

the leaves with the bit values of the toggle string and 

the other nodes with 0. Then, level by level, from the 

bottom to  the root, each nonleaf node together with 

its child nodes are flipped if all its child nodes have 

bits 1 (e.g., see Fig. 2). The embedding algorithm 

obtains the stego tree by performing XOR between 

the master tree and the toggle tree (e.g., see Fig. 3). 

The TBPC extraction algorithm is simple. We can 

extract the message by performing parity check on 

each root-leaf path of the stego tree from left to right. 

 

III. Majority Vote Strategy 

Two critical issues for a steganographic method are:  

1) Reducing distortion on cover objects  

 

2) Better efficiency for embedding and extraction. 

We give a majority vote strategy on building the 

toggle tree. It uses the least number of 1’s under the 

TBPC model. Since the number of 1’s in the toggle 

tree is the number of modifications on the master tree 

(i.e., the cover object), the majority vote strategy can 

produce a stego tree with least distortion on the 

master tree. The proposed method uses a set of 

standard measures, to capture image properties before 

or after the embedding process, which effect the 

performance of steganalysis techniques. These 

measures are divided into two categories. First cover 

image properties, and second cover-stego based 

distortion measures. 

 

 

 
Fig. 2. Construction of a toggle tree with      for 

toggle string 0, 1, 1, 1. 

 
 

 
Fig. 3. Modify the master tree into the stego tree by 

the toggle tree constructed from the toggle string 0, 1, 

1, 1. 

 

First, index all nodes of a complete   -ary 

tree with   leave s from top to bottom and left to right. 

Set the bit toggle string bit by bit into the   leave s 

from left to right and the other nodes 0. Assume that 

the level of the tree is. Traverse all nonleaf nodes 

from level 1 to. A nonleaf node and its child nodes 

form a simple complete subtree. For each simple 

complete subtree, if the majority of the child nodes 

hold 1, then flip the bit values of all nodes in this 
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subtree. Since the construction is bottom-up, the bit 

values of the child nodes in every simple complete 

subtree are set after step 3. Note that marking a node 

at step 4 applies only for   being even. When   is 

even, after step 3, there may exist a two level simple 

complete subtree with 1’s in the child nodes and 1 in 

its root. In this case, flipping the bit values in this 

simple complete subtree results in one fewer node 

holding 1 and keeps the result of related root-leaf 

path parity check unchanged. Step 4 takes care of this 

when the condition applies, and it is done level b y 

level from top to bottom. Also note that for the root 

of the whole toggle tree, the bit value is always 0 

when half of its child nodes hold 1. Thus, after step 4, 

the bit values of the child nodes in each simple 

complete subtree are determined. 

 

IV. Experimental Results 
To make it clear, we define the percentage of reduced 

modifications as follows: 

p Reduce = Rt/Dt 

  Where Rt is the reduced number of 1’s in the toggle 

tree and Dt is the number of 1’s in the toggle string. 

The p Reduce values of both methods are shown in 

Fig. 4.  

 
Fig.4. p Toggle comparison of MPC and TBPC. 

 

The results show that the MPC method significantly 

improves previous TBPC results. 

 

V. Conclusion  
By introducing the majority vote strategy, 

the stego object is constructed with least distortion 

under the tree structure model. We also show that our 

method yields a binary linear stego-code and 

preserves the secrecy of the hidden data. In 

comparison with the TBPC method, the proposed 

MPC method significantly reduces the number of 

modifications on average. 
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Abstract 
The aim of this paper is that it shows the dynamics 

response of speed with design the fuzzy logic controller to 

control a speed of motor for keeping the motor speed to be 

constant when the load varies.  In recent years, the field 

oriented control of induction motor drive is widely used in 

high performance drive system. It is due to its unique 

characteristics like high efficiency, good power factor and 

extremely rugged. This paper presents design and 

implements a voltage source inverter type space vector 

pulse width modulation (SVPWM) for control a speed of 

induction motor. This paper also introduces a fuzzy logic 

controller to the SVPWM in order to keep the speed of the 

motor to be constant when the load varies. FLC is used to 

control the pulse width of the PWM converter used to 

control the speed of the motor. 

 

Index terms — Fuzzy logic control (FLC), Fuzzy PI 

controller, Induction motor, Membership Function, Space 

Vector Pulse Width Modulation(SVPWM) 

 

I. Introduction 
In recent years, the field oriented control of 

induction motor drive is widely used in high performance 

drive system. It is due to its unique characteristics like high 

efficiency, good power factor and extremely rugged. 

Induction motor are used in many applications such as 

HVAC (heating, ventilation and air-conditioning), 

Industrial drives (motion control, robotics), Automotive 

control (electric vehicles), etc.. In recent years there has 

been a great demand in industry for adjustable speed 

drives. 

The Space Vector Pulse Width Modulation 

(SVPWM) method is an advanced, computation-intensive 

PWM method and possibly the best among all the PWM 

techniques for variable frequency drive application. 

Because of its Superior performance characteristics, it has 

been finding widespread application in recent years .The 

PWM methods discussed so far have only considered 

Implementation on half bridges operated independently, 

giving satisfactory PWM performance. With a machine  

 

Load, the load neutral is normally isolated, which 

causes interaction among the phases. 

Recently, Fuzzy logic control has found many applications 

in the past decade. Fuzzy Logic control (FLC) Has proven 

effective for complex, non-linear and imprecisely defined 

processes for which standard model based control 

techniques are impractical or impossible. Fuzzy Logic, 

deals with problems that have vagueness, uncertainty and 

use membership functions with values varying between 0 

and1. This means that if the a reliable expert knowledge is 

not available or if the controlled system is too complex to 

derive the required decision rules, development of a fuzzy 

logic controller become time consuming and tedious or 

sometimes impossible. In the case that the expert 

knowledge is available, fine-tuning of the controller might 

be time consuming as well. Furthermore, an optimal fuzzy 

logic controller cannot be achieved by trial-and-error. 

These drawbacks have limited the application of fuzzy 

logic control. Some efforts have been made to solve these 

problems and simplify the task of tuning parameters and 

developing rules for the controller. 

These approaches mainly use adaptation or 

learning techniques drawn from artificial intelligence or 

neural network theories. Application of fuzzy logic control 

for the control a speed induction motor using space vector 

pulse width modulation is quite new. 

Uncertain systems even in the case where no 

mathematical model is available for the controlled system. 

However, there is no systematic method for designing and 

tuning the fuzzy logic controller. 

The aim of this project is that it shows the 

dynamics response of speed with design the fuzzy logic 

controller to control a speed of motor for keeping the 

motor speed to be constant when the load varies. This 

project presents design and implements a voltage source 

inverter type space vector pulse width modulation 

(SVPWM) for control a speed of induction motor. This 

project also introduces a fuzzy logic controller to the 

SVPWM in order to keep the speed of the motor to be 

constant when the load varies. 
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II. Inverter for Ac Drives  
A. Space Vector Pulse Width Modulation  

For A.C. drive application sinusoidal voltage 

source are not used. They are replaced by six power 

IGBT’s that act as on/off switches to the rectified D.C. bus 

voltage. Owing to the inductive nature of the phases, a 

pseudo-sinusoidal current is created by modulating the 

duty-cycle of the power switches. Fig.1. shows a three 

phase bridge inverter induction motor drive. 

 

 

Fig. 1 .Three phase voltage source inverter 

 
Van, VBn, VCn are applied to the three phase 

induction motor, using Equation V. A three phase bridge 

inverter, From Figure.1, has 8 permissible switching states. 

Table I gives summary of the switching states and the 

corresponding phase-to-neutral voltage of isolated neutral 

machine. 

For the three phase two level PWM inverter the 

switch function is defined as 

SWi = 1, the upper switch is on and bottom switch 

is off. 

               SWi = 0, the upper switch is off and bottom   

switch is on. 

where i= A,B,C. 

 

“1” denotes Vdc /2 at the inverter output, “0” 

denotes -Vdc /2 at inverter output with respect to neutral 

point of the d.c. bus. The eight switch states Si = (SWA 

,SWB ,SWC ) where i=0,1,…..7 are shown in Fig. 2. There 

are eight voltage vectors V0 - - - - -V7 corresponding to the 

switch states S0 - - - - - S7 respectively. The lengths of 

vectors V1 - - - - -V6 are unity and the length of V0 and V7 

are zero. These eight vectors form the voltage vector space 

as depicted in Fig. 3.  

 
Fig. 2. Eight switching states of VSI. 

 
Fig. 3. Voltage space vectors. 

The six non-zero voltage space vectors form a 

hexagonal locus. The voltage vector space is divided into 

six sectors. It can be seen that when the space vector 

moves from one corner of the hexagon to another corner, 

then only the state of one inverter leg has to be changed. 

The zero space vectors are located at the origin of the 

reference frame. The reference value of the stator voltage 

space vector V sref can be located in any of the six sectors. 

Any desired stator voltage space vector inside the hexagon 

can be obtained from the weighted combination of the 

eight switching vectors. The goal of the space vector 

modulation technique is to reproduce the reference stator 

voltage space vector    (V sref ) by using the appropriate 

switching vectors with minimum harmonic current 

distortion and the shortest possible cycle time. The eight 

permissible states are asummarized in Table I. 

 

TABLE I : 

 SUMMARY OF INVERTER SWITCHING STATES 
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Where T0 

,T1 ,......T7 are the turn on time of the 

vectorsV0 ,V1,......V7 respectively and T0 ,T1 ,......T7 ≥ 0 , 

 where Ts is the sampling time. 

 

In order to reduce the number of switching actions 

and to make full use of active turn on time for space 

vectors, the vector Vsref is split into the two nearest adjacent 

voltage vectors and zero vectors V0 and V7 in an arbitrary 

sector. For Sector 1 in one sampling interval, vector Vsref 

can be given as 

 

 
where Ts - T1 - T3 = T0 +T7 ≥ 0 , T0 ≥ 0 and T7 ≥ 0 

The length and angle of Vsref are determined by 

vectors V1,V2 ,......V6 that are called active vectors 

and V0 , V7 are called zero vectors. In general 

 
Where Ti ,Ti+1 ,T7 ,T0 are respective on duration of 

the adjacent switching state vectors 

(Vi ,Vi+1 ,V7 andV0 ) . The on durations are defined  

 

 

 
Asfollows: 

Where m is modulation index defined as: 

 

Vdc is d.c. bus voltage and θ is angle between the reference 

vector Vsref and the closest clockwise state vector as 

depicted in Fig. 3. 

In the six step mode, the switching sequence is S1 

- S2 - S3 - S4 - S5 - S6 - S1.. Furthermore it should be pointed 

out that the trajectory of voltage vector Vsref should be 

circular while maintaining sinusoidal output line to line 

voltage. In the linear modulation range, , the 

trajectory of Vsref becomes the inscribed circle of the 

hexagon as shown in the Fig. 3. 

In conventional schemes, the magnitude and the 

phase angle of the reference voltage vector (i.e. Vsref and θ ) 

are calculated at each sampling time and then substituted 

into (7) and (4), (5) to get the value of on duration. Due to 

Sine Function in (4) and (5) it produces a larger computing 

delay. Although the use of a lookup table and linear 

interpolation are used but it increase computation time and 

interpolation of non-linear function may lead to reduced 

accuracy and therefore contribute to the deterioration of 

PWM waveforms. 

 

B. Simulink Implementation 

To implement the algorithm in Simulink, we shall first 

assume that the three-phase voltages at the stator 

terminals must have the following from Equation. 

Van,VBn,VCn , the frequency f and the amplitude V are 

variables. However, the v/f control algorithm implies that 

there is a relationship between the amplitude of the 

voltage and the frequency, i.e. the ratio between the two 

quantities is constant. 

 

               K=V/f                                        [8] 

 

 
 

 
Fig. 4 (a) Simulink implementation of SVPWM, (b) Space 

Vector Pulse Width Modulation of v/f 

 

III. Fuzzy Logic Controller 
Fuzzy Logic control (FLC) has proven effective 

for complex, non-linear and imprecisely defined processes 

for which standard model based control techniques are 

impractical or impossible. The complete block diagram of 

the fuzzy logic controller is shown and The function of 

each block and its realization is explained below. 
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Fig.5.General Fuzzy Block Diagram 
 

A) CONFIGURATION OF FLC: 

It comprises of four principal components: 

a) A fuzzification interface 

b) A knowledge base 

c) A decision-making logic and 

d) A defuzzification interface. 

 

a) Fuzzification  

Fuzzification interface involves the following 

functions. 

(1) Measures the values of input variable. 

(2) Performs the function of fuzzification that converts 

input data into suitable linguistic values © 2009 
 

b) Knowledge base 

Knowledge base consist data base and a linguistic control 

rule base. 

(1) The database provides necessary definitions, which are 

used to define linguistic control rules. 

(2) The rule base characterized the control goals and 

control policy of the domain experts by means of a set of 

linguistic control rules. 
 

b)Decision making\ 

The decision-making logic is the kernel of an FLC. It has 

the capability of simulating human decision making based 

on fuzzy concepts and of inferring fuzzy control actions 

employing fuzzy implication and the rules of inference in 

fuzzy logic. 
 

d) Defuzzication 

Defuzzification interface performs the following functions. 

(1) A scale mapping, which converts the range of values of 

output variables into corresponding universe of discourse. 

(2) Defuzzification, which yields a non-fuzzy control 

action from an inferred fuzzy control action. 
 

 B) Rules Creation And Inference: 
In general, fuzzy systems map input fuzzy sets to 

output sets. Fuzzy rules are relations between input/output 

fuzzy sets. The modes of deriving fuzzy rules are based 

either of the following.  

 Expert experience and control engineering 

knowledge. 

 Operator’s control actions.  

 Learning from the training examples. 

In this thesis the fuzzy rules are derived by learning from 

the training examples. The general form of the fuzzy 

control rules in this case is 

 

IF x is Ai AND y is Bi THEN z =fi (x, y) 

 

Where x, y and z are linguistic variables representing the 

process state variables and the control variable 

respectively. Ai, Bi are the linguistic values of the linguistic 

variables, fi (x, y) is a function of the process state 

variables x, y and the resulting fuzzy inference system 

(FIS) is called a first order sugeno fuzzy model. 
 

C. Fuzzy inference engine 

The function of the inference engine is to 

calculate the overall value of the control output variable 

based on the individual contributions of each rule in the 

rule base. (i.e.) the defuzzification process. There is no 

systematic procedure for choosing defuzzification. In first-

order sugeno fuzzy model each rule has a crisp output and 

overall output is obtained as weighted average thus 

avoiding the time consuming process of defuzzification 

required in a conventional FLC.  
 

IV. Design of Fuzzy Pi Controllr: 
The basic block diagram of a PI type FLC for 

Induction motor speed control is shown . It is known that a 

FLC consists of the fuzzification process, the knowledge 

base and the defuzzification process.  

 
Fig.6 Block diagram of Fuzzy PI Controller 

 

The FLC has two inputs, the error e(k) and change 

of error Δe(k), which are defined by e(k) = r(k)−y(k), Δe(k) 

=e(k) − e(k − 1), where r and y denote the applied set point 

input and plant output, respectively. Indices k and k−1 

indicate the present state and the previous state of the 

system, respectively. The output of the FLC is the 

incremental change in the control signal Δu(k).The 

controller has two input variables and one output variable. 

The input and output variables of fuzzy PI 

controller can be defined as: 

E(k) = e(k).Ge ….(9) 

CE(k) = ce(k).Gce ….(10) 

Δi(k) =ΔI(k).GΔi ….(11) 

where e(k) is the error between reference speed and rotor 

speed,  

ce(k) is the change of error in speed, 

 I(k) is the output of the fuzzy logic controller,  

and Ge, Gce and Gδi are scaling factors. 

If e is E and Δe is ΔE, then Δu is Δ 
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Fig.7 Speed Control of Induction Motor using Fuzzy PI 

 

A fuzzy logic controller is proposed to control the 

speed of the motor to be constant when the load varies. The 

speed error e and the change of speed error are processed 

through the fuzzy logic controller whose output is the 

voltage command. Current error is usually processed by 

current regulator to produce a control frequency. 

  

 

 
Fig.8 Membership functions 

(a) MF for speed error (b) MF for change in speed 

error (c) MF for voltage 

 

TABLE II  

Rule Base of Fuzzy Speed and Current Control 

 
 

V. Results And Discussions 
To evaluate the performance of the system, a 

series of measurements has been accomplished. Fig . 9 as 

shown performance of the fuzzy logic controller with a 

fuzzy tuning rule based on Reference speed of 800 rpm 

with no load torque. Fig . 10 as shown performance of the 

fuzzy logic controller with a fuzzy tuning rule based on 

Reference speed of 800rpm with load torque. Fig . 11 as 

shown performance of the fuzzy logic controller with a 

fuzzy tuning rule based on Reference speed of 1200rpm 

with no load torque. Fig . 12 as shown performance of the 

fuzzy logic controller with a fuzzy tuning rule based on 

Reference speed of 1200rpm with load torque. 

 

 
Fig. 9 Reference speed of 800 rpm with no load 

 

 
Fig. 10 Reference speed of 800 rpm with load 
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Fig. 11 Reference speed of 1200 rpm with no load 

 
Fig. 12 Reference speed of 1200 rpm with load 

From the results tested the performance of 

controller by a step change of the speed reference at 

constant load torque as shown in Figure. 11, it’s found that 

the Rise time tr = 0.6s, Settling time ts = 1 sec. 

 

Vi. Conclusion 
This paper presents simulation results of fuzzy 

logic control for speed control of induction motor. In fuzzy 

control it is not necessary to change the control parameters 

as the reference speed changes, however with the classical 

PI controller this does not happens. With results obtained 

from simulation, it is clear that for the same operation 

condition the induction motor speed control using fuzzy PI 

controller technique had better performance than the PI 

controller, mainly when the motor was working at lower 

speeds. In addition, the motor speed to be constant when 

the load varies. 
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Abstract :  
Mple dog’s express their feelings by oscillating his tail. Similarly cows express their feelings with his feet, neck and tail. Every 

feeling has its distinct body movements. So by placing this model on their communicating body part we transform the animal 

feelings into words and phrases. This model also helps the deaf and dumb community to communicate with others in oral 

langage. Prototype of sign language recognition consists of ADXL335 accelerometer interfaced with PIC micro controller 

16F873A. The interfacing program is written in embedded ‘C’ language and it is compiled with Hi-tech compiler. The 

accelerometer data is processed in PC using neural network pattern recognition tool available in MATLAB. 

In this model we transformed six American Sign Language postures into words. We proposed two algorithms based on 

Euclidean distance metric and neural network pattern recognition tool with spline interpolation technique achieving an overall l 

efficiency of 80% and 83.3% respectively. Former algorithm is preferred because here we achieve an efficiency varying from 

70%  to 90%  where  as in Euclidean distance algorithm efficiency varies from 0% to 100% 

 

Keywords-ASL, Euclidean distance, nprtool, MEMS accelerometer, animal sign language, spline interpolation, interpolation 

technique 

 

I. Introduction 
Animals cannot communicate orally with human beings.  Even they make different sounds which everyone is not 

understandable. Every animal express its feelings in their mere way. By seeing the body language we are able to interpret the 

feelings of that corresponding animal. Every animal has its own distinct movements. So we have to reprogram for each animal. 

However the model remains same for every animal. Here we are fixing this setup to the dominant body part where animals 

express their feelings for example say tail, neck, head etc. by tracing this movements we are interpreting their emotions. By 

doing this we can build the gap between humans and animals and animals can communicate with oral language. We in this paper  

intended to develop a sign language interpreter  which is ideally designed for animals.  

The legal recognition of sign languages is one of the major concerns of the international Deaf community. There is no 

standard way in which such recognition can be formally or legally extended; every country has its own interpretation. In some 

countries, the national sign language is an official state language, whereas in others it has a protected status in certain areas such 

as education. However, symbolic recognition is no guarantee for an effective improvement of the life of sign language users. 

This model is also useful for deaf and dumb community, with this model they can communicate with outside orally. 

 

 
“Figure1: Sign language interpreter used in CONGO film” 

1.1 Source 

 The intention of this paper is to duplicate a system what is used in the CONGO film to convert ‘AMMY’   (a talking gorilla) 

hand movements into oral language as shown in the figure1. It’s a science fiction movie. They made a set up and tied to arm of 

gorilla which is trained with sign language. If gorilla wants to communicate with his trainer it will make the signs with his hand, 

this setup will convert the signs into words and phrases. By duplicating this model we can use the same concept for other 

animals. 
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1.2Posters of some of the words used in this paper 

 

 

                       
 

 

        Good                               Hello                Goodbye             Please                      Thanqu                         Hello 

 

“Figure2: posters of words corresponding to American sign language(ASL)” 

 

These are the posters of some of the words which we transformed into voice. These posters are belonged to ASL. 

 

“II. Implementation” 

Implementation of this model consists of two stages as shown in figure2. First stage consists of transmitting stage where 

accelerometer sensor ADXL335 is interfaced with PIC 16f873a and the output of microcontroller send to PC via zigbee module 

 
“Figure3:  Block Diagram implementation of model” 

 

 
“Figure 4: Experimental Setup” 

 

Adxl335, PIC, zigbee along with battery is assembled in a box as shown in figure4 and the box is tied to the wrist. This set up 

will trace the motion of the hand in 3-dimensional i.e., in X,Y and Z-axis. Each sample from the sensor consists of X,Yand Z 

values. 

 

“III. Design Issues” 
To achieve the results to maximum efficiency we have to concentrate on parameters which affect the performance of the model. 

All the design issues and remedies are discussed below. 

 

3.1Hand movements 

1. We should practice every single moment with precise angular velocity. 
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2. Palm position and orientation 

These two parameters are key in practicing hand movements. We have to practice the movements to the movements which is 

programmed in the system. Any change in above parameters will affect the recognizing rate of the model. 

3.2Number of samples 

Number of samples considered for computation is key issue because we are translating the signs which have large and 

small hand displacements, we have to consider more number of samples for large hand displacements and we have to consider 

less number of samples for small hand displacements for efficient mapping. In this model we considered five samples for 

computation. 

“IV. Results” 
We proposed and worked three algorithms for the model and achieved different recognizing rates for each model.  In this model  

we transformed signs of six words corresponding to American Sign Language into words. The words used in this model are 

YES, BYE, WELCOME, WEIGHT, LIGHT and WHAT. In each algorithm by practicing sixty trails i.e., ten trails for each word 

we took the statistics of how many times it recognized correctly and same is plotted in bar graphs taking words on X-axis and 

recognizing rate on Y-axis, recognizing rates for each word is discussed individually. 

4.1 Efficiency of Euclidean distance algorithm 

Table 1 reveals the statistics of the word recognition using Euclidian distance algorithm. The same is plotted as bar graph as 

shown in figure5, Marking words on X-axis and recognizing rate on Y-axis. In this algorithm we achieved an overall efficiency 

of eighty percent.. 

       “Table1: mapping table”                                                                         
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       “Table1: mapping table”                                                                        “figure5: recognition rate of each word" 

From figure5 and table 1, we reveal that four words i.e., WELCOME, YES, LIGHT, WHAT achieved 100% recognition. The 

word BYE achieved 80% recognition. The word WEIGHT is not at all recognized achieving 0% efficiency. Out of sixty trails 

forty eight times the words are recognized correctly yielding overall efficiency 80%.To improvise the recognizing rates we 

proposed another algorithm which is based on neural networks 

4.2 Efficiency of algorithm based on neural network pattern recognition 

Table 2 reveals the statistics of the word recognition using npr tool. The same is plotted as bar graph as shown in figure6, 

Marking words on X-axis and recognizing rate on Y-axis. In this algorithm we achieved an overall efficiency of sixty five 

percent. In this algorithm we considered five samples from the sensor for computation and filed the recognizing rate of each 

word yielding least recognizing rate. we tried for other signs corresponding to American sign language resulted almost same 

recognizing rate and one word is not completely recognizable.  

 

 

 

 

 

 

 

 

 Yes bye welcome weight Light what 

Yes 10 0 0 0 0 0 

Bye 2 8 0 0 0 0 

Welcome 0 0 10 0 0 0 

Weight 6 0 0      0 4 0 

Light 0 0 0 0 10 0 

What 0 0 0 0 0 10 
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“Table2: mapping table”                                                            

                                                                                                “figure6: recognition rate of each word”    

From table 2 and from figure6 we reveal that the word YES has maximally recognized nine times and the words WELCOME, 

WEIGHT and LIGHT, WHAT have recognized eight and seven times out of ten trails respectively. The word BYE has least 

recognizing rate of zero percent. In this algorithm thirty nine times out of sixty trails recognized correctly yielding a overall 

efficiency of sixty five percent. 

To improve efficiency further SPLINE interpolation technique is employed to neural network algorithm and better 

recognizing rates are achieved.     

 

4.3 Algorithm based on npr using SPLINE interpolation technique 

 

 

 

 

 

 

 “Table3: mapping table”                                                                         

                                                                                        “figure7: recognition rate of each word” 

From the table 3 and figure7 we infer that the least recognizing word is WHAT with seventy percent which is significant 

increase from zero to seventy percent when compared with previous two algorithms. The words YES, WELCOME, LIGHT has 

maximal recognizing rate of ninety percent and the word BYE, WEIGHT has the recognizing rate of eighty percent. These 

algorithm yields the overall recognizing rate of 83.3 percent. In this algorithm we achieved an increase of 3.3 percent with 

previous best algorithm of 80%. 

                                                                                                                                                                                                                                       

4.4 Comparison of three algorithms 

Comparing all the algorithms, the former algorithm is best as the efficiency range is low i.e., 70 to 90% and having overall 

efficiency of 83.3%, which is depicted the same in the figure8 

 Welcome Yes Bye weight light what 

Welcome 8 0 0 0 1 1 

Yes 0 9 0 0 0 1 

Bye 1 2 0 5 0 1 

Weight 0 1 0 8 0 1 

Light 3 0 0 0 7 0 

What 1 0 0 2 1 7 

 Yes bye welcome weight Light what 

Yes 9 0 0 1 0 0 

Bye 1 8 1 0 0 0 

Welcome 0 0 9 0 1 0 

Weight 0 0 2 8 0 0 

Light 0 0 0 0 9 1 

What 0 3 0 0 0 7 
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 “Figure8: comparison of three algorithms” 

 

In first two algorithms one word is not completely recognized, which is removed with spline interpolation technique in third 

algorithm and we achieve an improvement of 3.3% over previous best algorithm which is based on Euclidean distance.  

 

“V. Conclusion” 
In this model, we made use of single accelerometer as we intended to transform only dominant hand movements. We proposed 

few algorithms which are based on Euclidian distance metric and another one based on neural network pattern recognition. We 

transformed six signs corresponding to ASL achieving an efficiency of 83.3%. This model is ideally suitable for animals and also 

for deaf and dumb community and it works in real time. 
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Abstract:  
Recently string data management in databases has gained 

lot of interest in various applications such as data 

cleaning, query relaxation and spellchecking. Hence in 

this paper we provide a solution how to find similar to a 

query string from a given a collection of strings. The 

proposed solution has two phases. In the first phase three 

algorithms such as ScanCount, MergeSkip, and 

DivideSkip for answering approximate string search 

queries. In the second phase, we study on how to 

integrate various filtering techniques with the proposed 

merging algorithms. Several experiments have been 

conducted on various data sets to calculate the 

performance of the proposed techniques. 
 

Introduction: 
Recently string data management in databases has gained 

lot of interest in text mining. Hence in this paper we 

study a problem how to find similar to a query string 

“approximate string search” from a given a collection of 

strings. This problem can be find in various applications 

like data cleaning, query relaxation, and spellchecking.  
 

Spell Checking: Given an input document, a spellchecker 

has to find all possible mistyped words by searching 

similar words to them in the dictionary. We have to find 

matched candidates to recommend for words which are 

not there in the dictionary.  
 

Data Cleaning: A data collection has various 

inconsistencies which have to be solved before the data 

can be used for accurate data analysis. The process of 

detecting and correcting such inconsistencies is known as 

data cleaning. A common form of inconsistency arises 

when a real-world entity has more than one 

representation in the data collection; for example, the 

same address could be encoded using different strings in 

different records in the collection. Multiple 

representations arise due to a variety of reasons such as 

misspellings caused by typographic errors and different 

formatting conventions used by data sources. 
 

These applications require a high real-time performance 

for each query to be answered. Hence it is necessary to 

design algorithms for answering such queries as  

 

 

 

Efficiently as possible. Many techniques have been 

designed, such as [1], [2], [3], [4], [5], [6], [7]. These 

methods assume a given similarity function to quantify  

the closeness between two strings. Various string-

similarity functions have been studied, such as edit 

distance, cosine similarity and Jaccard coefficient. All 

these methods use the gram concept which is a substring 

of a string to be used as a signature of the string. These 

algorithms rely on inverted lists of grams to find 

candidate strings, and utilize the fact that similar strings 

should share enough common grams. Many algorithms 

[9], [2] [15] mainly focused on “join queries” i.e., finding 

similar pairs from two collections of strings. 

Approximate string search could be treated as a special 

case of join queries. It is well understood that the 

behavior of an algorithm for answering selection queries 

could be very different from that for answering join 

queries. We believe approximate string search is 

important enough to deserve a separate investigation. 

 

In this paper the proposed solution has two phases. In the 

first phase, we propose three efficient algorithms for 

answering approximate string search queries, called 

ScanCount, MergeSkip, and DivideSkip. The ScanCount 

algorithm adopts a simple idea of scanning the inverted 

lists and counting candidate strings. Despite the fact that 

it is very naive, when combined with various filtering 

techniques, this algorithm can still achieve a high 

performance. The MergeSkip algorithm exploits the 

value differences among the inverted lists and the 

threshold on the number of common grams of similar 

strings to skip many irrelevant candidates on the lists. 

The DivideSkip algorithm combines the MergeSkip 

algorithm and the idea in the MergeOpt algorithm 

proposed in [9] that divides the lists into two groups. One 

group is for those long lists, and the other group is for the 

remaining lists. We run the MergeSkip algorithm to 

merge the short lists with a different threshold, and use 

the long lists to verify the candidates. Our experiments on 

three real data sets showed that the proposed algorithms 

could significantly improve the performance of existing 

algorithms.  
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In the second phase we study, how to integrate various 

filtering techniques with the proposed merging 

algorithms. Various filters have been proposed to 

eliminate strings that cannot be similar enough to a given 

string. Surprisingly, our experiments and analysis show 

that a naive solution of adopting all available filtering 

techniques might not achieve the best performance to 

merge inverted lists. Intuitively, filters can segment 

inverted lists to relatively shorter lists, while merging 

algorithms need to merge these lists. In addition, the 

more filters we apply, the more groups of inverted lists 

we need to merge, and more overhead we need to spend 

for processing these groups before merging their lists. 

Thus filters and merging algorithms need to be integrated 

judiciously by considering this tradeoff. Based on this 

analysis, we classify filters into two categories: single-

signature filters and multi-signature filters. We propose a 

strategy to selectively choose proper filters to build an 

index structure and integrate them with merging 

algorithms. Experiments show that our strategy reduces 

the running time by as much as one to two orders of 

magnitude over approaches without filtering techniques 

or strategies that naively use all the filtering techniques. 

 

The remainder of this paper is organized as follows. In 

section 2 discuss about related work, section 3 describes 

about the proposed solution, section 4 explains the 

experimental setup and section 5 concludes the paper. 

 

Related Work:  
Several existing algorithms assume an index of inverted 

lists for the grams of the strings in the collection S to 

answer approximate string queries on S. In the index, for 

each gram g of the strings in S, we have a list lg of the ids 

of the strings that include this gram, possibly with the 

corresponding positional information of the gram in the 

strings [12] [13] [14].  

 

Heap algorithm [11]: When merging the lists, maintain 

the frontiers of the lists as a heap. In each step, pop the 

top element from the heap and increment the count of the 

record id corresponding to the popped frontier record. 

Remove this record id from this list, and reinsert the next 

record id on the list to the heap. Report a record id 

whenever its count value is at least threshold T. This 

algorithm time complexity is O(MlogN) and space 

complexity is O(N).  

 

MergeOpt algorithm [10]: It treats the T − 1 longest 

inverted lists of G(Q, q) separately. For the remaining N 

− (T − 1) relatively short inverted lists, Use the Heap 

algorithm to merge them with a lower threshold i.e., 1. 

For each candidate string, apply binary search on each of 

the T −1 long lists to verify if the string appears on at 

least T times among all the lists. This algorithm is based 

on the observation that a record in the answer must 

appear on at least one of the short lists. This algorithm is 

more efficient than Heap algorithm. 

 

Proposed Solution: 
Here we present our three proposed merging algorithms. 

 

ScanCount: 

In this algorithm [8], we maintain an array (S) of counts 

for all the string ids. Then scan the inverted lists. For 

each string id on each list, we increment the count 

corresponding to the string by 1. Report the string ids that 

appear at least T times in the lists. The time complexity 

of the algorithm is O(M) for heap algorithm it is 

O(MlogN) and The space complexity is O(|S|), where S is 

the size of the string collection. ScanCount algorithm 

improves the Heap algorithm by eliminating the heap 

data structure and the corresponding operations on the 

heap. The algorithm is formally descried in Figure 1. 

 

 
 

Figure 1: Flowchart for ScanCount Algorithm 

 

MergeSkip: 

The main principle of this algorithm, is to skip on the 

lists those record ids that cannot be in the answer to the 

query, by utilizing the threshold T. Similar to Heap 

algorithm, we also maintain a heap for the frontiers of 

these lists. The key difference is in each iteration, we pop 

those records from the heap that have the same value as 

the top record t on the heap which is described in figure2. 
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Figure 2: Flowchart for MergeSkip Algorithm 

 

DivideSkip: 

The key idea of DivideSkip algorithm is to combine 

MergeSkip and MergeOpt algorithms. Both the 

algorithms try to skip irrelevant records on the lists but 

using different intuitions. MergeSkip exploits the value 

differences among the records on the lists, while 

MergeOpt exploits the size differences among the lists. 

DivideSkip algorithm uses both differences to improve 

the search performance. 

 

 
 

Figure 3: Flow chart for DivideSkip algorithm 

 

 

 

Experimental Setup: 
The performance of five merging algorithms such as 

Heap, MergeOpt, ScanCount, MergeSkip, and 

DivideSkip has been evaluated using DBLP dataset. 

 

DBLP dataset: It includes paper titles downloaded from 

the DBLP Bibliography site1. The raw data was in an 

XML format, and we extracted 274,788 paper titles with 

a total size 17.8MB. The average size of gram inverted 

lists for a query was about 67, and the total number of 

distinct grams was 59, 940. 

 

 The gram length q was 4 for the data sets. All the 

algorithms were implemented using GNU C++ and run 

on a system with 2GB main memory, a 2.13GHz Dual 

Core CPU and Ubuntu operating system.  

 

 
 

       Figure 4: Average query time versus data set size. 

 

 
     Figure 5: Number of string ids visited by the    

algorithms. 

 

Classification Of Filters: 
A filter generates a set of signatures for a string, such that 

similar strings share similar signatures, and these 

signatures can be used easily to build an index structure. 

Filters are classified into two categories. Single-signature 

filters generate a single signature (typically an integer or 

a hash code) for a string and Multi-signature filters 

generate multiple signatures for a string.  
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Length Filtering: If two strings s1 and s2 are within edit 

distance k, the difference between their lengths cannot 

exceed k. Thus, given a query string s1, we only need to 

consider strings s2 in the data collection such that the 

difference between |s1| and |s2| is not greater than k. This 

is a Single signature filter as it generates a single 

signature for a string.  

 

Position Filtering: If two strings s1 and s2 are within 

edit distance k, then a q-gram in s1 cannot correspond to 

a q-gram in the other string that differs by more than k 

positions. Thus, given a positional gram (i1, g1) in the 

query string, we only need to consider the other 

corresponding gram (i2, g2) in the data set, such that 

|i1−i2| ≤ k. This is a multi-signature filter because it 

produces a set of positional grams as signatures for a 

string.  

 

Prefix Filtering [10]: Given two q-gram sets G(s1) and 

G(s2) for strings s1 and s2, we can fix an ordering O of 

the universe from which all set elements are drawn. Let 

p(n, s) denote the n-th prefix element in G(s) as per the 

ordering O. For simplicity, p(1, s) is abbreviated as ps. 

An important property is that, if |G(s1) ∩ G(s2)| ≥ T , 

then ps2 ≤ p(n, s1), where n = |s1| − T + 1. 

 

Applying Filters Before Merging Lists: 
All the existing filters can be grouped to improve the 

search performance of merging algorithms. One way to 

group them is to build a tree structure called as Filter 

Tree, in which each level corresponds to a filter which is 

described in figure 6. 

 

 
Figure 6: A FilterTree 

 

It is very important to decide which filters should be used 

on which levels. To improve the performance, use single-

signature filters at level 1 (close to the root) such as the 

length filter and the prefix filter because each string in 

the data set will be inserted to a single path, instead of 

appearing in multiple paths. During a search, for these 

filters we only need to traverse those paths on which the 

candidate strings can appear. From level 2, we can add 

those multi-signature ones, such as the gram filter and the 

position filter. Figure 7 and 8 shows the improved 

performance of the algorithm using filters in the DBLP 

dataset. 

 

 
 

Figure 7: DBLP data set for Merge 

 

 
                          

                 Figure 8: DBLP data set for Total  

 

 

Conclusion: 
In this paper we have proposed a solution for how to 

efficiently find a collection of strings those similar to a 

given string. We designed solution in two phases. In the 

first phase three algorithms such as ScanCount, 

MergeSkip and DivideSkip for answering approximate 

string search queries. In the second phase, we study on 

how to integrate various filtering techniques with the 

proposed merging algorithms. Several experiments have 

been conducted on various data sets to calculate the 

performance of the proposed techniques. 
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Abstract—the advancement in the field of medical imaging system has lead industries to conceptualize a complete 
automated system for the medical procedures, diagnosis, treatment and prediction. The success of such system largely 

depends upon the robustness, accuracy and speed of the retrieval systems. Content based image retrieval (CBIR) system is 

valuable in medical systems as it provides retrieval of the images from the large dataset based on similarities. There is a 

continuous research in the area of CBIR systems typically for medical images, which provides a successive algorithm 

development for achieving generalized methodologies, which could be widely used. The aim of this paper is to discuss the 

various techniques, the assumptions and its scope suggested by various researchers and setup a further roadmap of the 

research in the field of CBIR system for medical image database. This is a novel approach to provide a typical insight to the 

prospective researchers, which is unique of its kind. 
 

Index Terms—Digital Images, Medical Imaging, Cbir,  

 

I. INTRODUCTION 
ontent-based image retrieval (CBIR) is the application of computer vision techniques to the problem of digital image 

search in large databases. CBIR enables to retrieve the images from the databases [1, 2]. Medical images are usually fused, 

subject to high inconsistency and composed of different minor structures. So there is a necessity for feature extraction and 

classification of images for easy and efficient retrieval [3]. CBIR is an automatic retrieval of images generally based on 

some particular properties such as color Composition, shape and texture [4, 5]. Every day large volumes of different types of 

medical images such as dental, endoscopy, skull, MRI, ultrasound, radiology are produced in various hospitals as well as in 

various medical centres [6]. Medical image retrieval has many significant applications especially in medical diagnosis, 

education and research fields. Medical image retrieval for diagnostic purposes is important because the historical images of 

different patients in medical centres have valuable information for the upcoming diagnosis with a system which retrieves 

similar cases, make more accurate diagnosis and decide on appropriate treatment. The term content based image retrieval 

was seen in literature first time by Kato[7], while describing his experiment of image retrieval of images form a database on 

the basis of color and shape features. There is a significant amount of growing images databases in medical field images. It is 
a proven though that for supporting clinical decision making the integration of content based access method into Picture 

Archiving and Communication Systems (PACS) will be a mandatory need [8]. In most biomedical disciplines, digital image 

data is rapidly expanding in quantity and heterogeneity, and there is an increasing trend towards the formation of archives 

adequate to support diagnostics and preventive medicine. Exploration, exploitation, and consolidation of the immense image 

collections require tools to access structurally different data for research, diagnostics and teaching. Currently, image data is 

linked to textual descriptions, and data access is provided only via these textual additives. There are virtually no tools 

available to access medical images directly by their content or to cope with their structural differences. Therefore, visual 

based (i.e. content-based) indexing and retrieval based on information contained in the pixel data of biomedical images is 

expected to have a great impact on biomedical image databases. However, existing systems for content-based image retrieval 

(CBIR) are not applicable to the biomedical imagery special needs, and novel methodologies are urgently needed. Content-

based image retrieval (CBIR) has received significant attention in the literature as a promising technique to facilitate 
improved image management in PACS system [9, 10]. The Image Retrieval for Medical Applications (IRMA) project 

[10,11] aims to provide visually rich image management through CBIR techniques applied to medical images using intensity 

distribution and texture measures taken globally over the entire image. This approach permits queries on a heterogeneous 

image collection and helps in identifying images that are similar with respect to global features. Section 2 highlights about 

the significance of CBIR in medical imaging followed by methods used for implementation CBIR in Section 3. The recent 

work done on CBIR is mentioned in Section 4. The issues or research gap from prior work is illustrated in Section 5 

followed conclusion in Section 6. 

 

 

C 
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II. SIGNIFICANCE OF CBIR IN MEDICAL IMAGING 
There are several reasons why there is a need for additional, alternative image retrieval methods apart from the steadily 

growing rate of image production. It is important to explain these needs and to discuss possible technical and methodological 

improvements and the resulting clinical benefits. The goals of medical information systems have often been defined to 

deliver the needed information at the right time, the right place to the right persons in order to improve the quality and 

efficiency of care processes [12]. Such a goal will most likely need more than a query by patient name, series ID or study ID 

for images. For the clinical decision making process it can be beneficial or even important to find other images of the same 

modality, the same anatomic region of the same disease. Although part of this information is normally contained in the 

DICOM headers and many imaging devices are DICOM compliant at this time, there are still some problems. DICOM 

headers have proven to contain a fairly high rate of errors, for example for the field anatomical region, error rates of 16% 

have been reported [13]. This can hinder the correct retrieval of all wanted images. Clinical decision support techniques such 
as case based reasoning [14] or evidence based medicine [15,16] can even produce a stronger need to retrieve images that 

can be valuable for supporting certain diagnoses. It could even be imagined to have Image Based Reasoning (IBR) as a new 

discipline for diagnostic aid. Decision support systems in radiology [17] and computer aided diagnostics for radiological 

practice as demonstrated at the RSNA (Radiological Society of North America) [18] are on the rise and create a need for 

powerful data and metadata management and retrieval. The general clinical benefit of imaging system has also already been 

demonstrated in [19]. In [20] an initiative is described to identify important tasks for medical imaging based on their possible 

clinical benefits. It needs to be stated that the purely visual image queries as they are executed in the computer vision domain 

will most likely not be able to ever replace text based methods as there will always be queries for all images of a certain 

patient, but they have the potential to be a very good complement to text based search based on their characteristics. Still, the 

problems and advantages of the technology have to be stressed to obtain acceptance and use of visual and text based access 

methods up to their full potential. A scenario for hybrid, textual and visual queries is proposed in the CBIR system [21]. 
Besides diagnostics, teaching and research especially are expected to improve through the use of visual access methods as 

visually interesting images can be chosen and can actually be found in the existing large repositories. The inclusion of visual 

features into medical studies is another interesting point for several medical research domains. Visual features do not only 

allow the retrieval of cases with patients having similar diagnoses but also cases with visual similarity but different 

diagnoses. In teaching it can help lecturers as well as students to browse educational image repositories and visually inspect 

the results found. This can be the case for navigating in image atlases. It can also be used to cross correlate visual and textual 

features of the images. 
 

III. METHODS USED FOR IMPLEMENTING CBIR 
Content-based image retrieval hinges on the ability of the algorithms to extract pertinent image features and organize them in 

a way that represents the image content. Additionally, the algorithms should be able to quantify the similarity between the 

query visual and the database candidate for the image content as perceived by the viewer. Thus, there is a systemic 

component to CBIR and a more challenging semantic component.  

 Shape Based Method: For shape based image retrieval, the image feature extracted is usually an N dimensional feature 

vector which can be regarded as a point in a N dimensional space. Once images are indexed into the database using the 

extracted feature vectors, the retrieval of images is essentially the determination of similarity between the query image and 
the target images in database, which is essentially the determination of distance between the feature vectors representing the 

images. The desirable distance measure should reflect human perception. Various similarity measures have been exploited in 

image retrieval. In our implementation we have used Euclidean distance for similarity measurement. 

 Texture Based Method: Texture measures have an even larger variety than color measures. Some common measures for 

capturing the texture of images are wavelets and Gabor filters where Gabor filters perform better and correspond well to. 

The texture measures try to capture the characteristics of images or image parts with respect to changes in certain directions 

and scale of changes. This is most useful for regions or images with homogeneous texture. 

 Continuous Feature Selection Method: This method deals with the “dimensionality curse” and the semantic gap problem. 

The method applies statistical association rule mining to relate low-level features with high-level specialist’s knowledge 

about the image, in order to reduce the semantic gap existing between the image representation and interpretation. These 

rules are employed to weigh the features according to their relevance. The dimensionality reduction is performed by 

discarding the irrelevant features (the ones whose weight are null). The obtained weights are used to calculate the similarity 
between the images during the content-based searching. Experiments performed show that the proposed method improves 

the query precision up to 38%. Moreover, the method is efficient, since the complexity of the query processing decreases 

along the dimensionality reduction of the feature vector. 

 With Automatically Extracted MeSH Terms: There is still a semantic gap between the low-level visual features(textures, 

colors) automatically extracted and the high level concepts that users normally search for (tumors, abnormal tissue)[22]. 

Proposed solutions to bridge this semantic gap are the connection of visual features to known textual labels of the images 
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[23] or the training of a classifier based on known class labels and the use of the classifier on unknown cases [24]. 

Combinations of textual and visual features for medical image retrieval have as of yet rarely been applied, although medical 
images in the electronic patient record or case databases basically always do have text attached to them. The complementary 

nature of text and visual image features for retrieval promises to lead to good retrieval results. 

 Using Low-Level Visual Features and The image retrieval process consists of two main phases: preprocessing phase and 

retrieval phase. Both phases are described as follows. The pre-processing phase is composed of two main components: a 

feature extraction model and a classification model. The input of the pre-processing phase is the original image database, i.e. 

images from the ImageCLEFmed collection, with more than 66,000 medical images. The output of the pre-processing phase 

is an index relating each image to its modality and a feature database. 

 The Feature Extraction Model: The feature extraction model operates on the image database to produce two kinds of 

features: histogram features and metafeatures. Histogram features are used to build the feature database, which is used in the 

retrieval phase to rank similar images. Metafeatures are a set of histogram descriptors, which are used as the input to the 

classification model to be described later. Histogram features used in this system are: 
o Gray scale and color histogram (Gray and RGB) 

o Local Binary Partition histogram (LBP) 

o Tamura texture histogram (Tamura) 

o Sobel histogram (Sobel) 

o Invariant feature histogram (Invariant) Meta features are calculated from histogram features in order to reduce the 

dimensionality. These metafeatures are the four moments of the moment generating function (mean, deviation, skewness and 

kurtosis) and the entropy of the histogram. Each histogram has five associated metafeatures, meaning a total of 30 meta-

features with information of color, texture, edges and invariants. 

 

IV. RECENT WORK IN CBIR 
Support vector machines (SVM) are extensively used to learn from relevance feedback due to their capability of effectively 

tackling the above difficulties. However, the performances of SVM depend on the tuning of a number of parameters. It is a 

different approach based on the nearest neighbor paradigm. Each image is ranked according to a relevance score depending 

on nearest neighbor distances. This approach allows recalling a higher percentage of images with respect to SVM-based 

techniques [25] there after quotient space granularity computing theory into image retrieval field, clarify the granularity 

thinking in image retrieval, and a novel image retrieval method is imported. Firstly, aiming at the Different behaviors under 

different granularities, obtain color features under different granularities, achieve different quotient spaces; secondly, do the 

attribute combination to the obtained quotient spaces according to the quotient space granularity combination principle; and 

then realize image retrieval using the combined attribute function.[26] Then a combination of three feature extraction 

methods namely color, texture, and edge histogram descriptor is reviewed. There is a provision to add new features in future 

for better retrieval efficiency. Any combination of these methods, which is more appropriate for the application, can be used 
for retrieval. This is provided through User Interface (UI) in the form of relevance feedback. The image properties analyzed 

in this work are by using computer vision and image processing algorithms.  

1. Evaluating an emotional response to color images. It is mainly used for the case – base reasoning methodology, emotional 

evolution of color images values , and also find out fuzzy similarity relational & inter and intra similarities and used for 

MPEG -7 visual descriptors. [27]  

2. 3D Object: The 3D objects make their efficient retrieval technology highly desired. Intelligent query methodology, 

multiple view and representative query view. [28]  

3.  Relevance Feedback: Another methodology is classify the query in text or images to relevance / irrelevance set of images 

to select the positive images. Reference to retrieve the relevance images from databases. [29] 
 

V. RESEARCH GAP  
There are various areas to work with for the improvement of the content based image retrieval system. It is already been 

discussed that the existing techniques may be used to improve the quality of image retrieval and the understanding of user 

intentions. An approach that combines two different approaches to image retrieval, together with active use of context 
information and interaction has been proposed. The problem of bridging the semantic gap between high level query which is 

normally in terms of an example image and low level features of an image such as color, texture, shape and object forced to 

apply techniques to reduce the semantic gap. 

 

One approach to making a fair assessment of the state of the field is by comparing CBIR applications presented in the 

literature. However, given the large number of research domains that are included in this technology and its sensitivity As 

shown in table 1, major recent work that has been published are illustrated brief in accordance with the approaches used by 

each techniques. 

 



                     International Journal Of Computational Engineering Research (ijceronline.com) Vol. 2 Issue. 5 

 
 

Issn 2250-3005(online)                                                                   September| 2012   Page 1223 

 
       

 

Table 1. Survey on recent researches on implementation of CBIR in Medical imaging 

 

Author  Year  Approach used  

Suresh, Shanmugam 2012  Perceptual Hash (P-Hash) Algorithm 

Leila, Fatima 2012 3D CBIR 

Ashish, Manpreet 2012 Fourier Descriptors, Haar Wavelet, Canberra Distance 

Akila, Uma 2012 Trigonometric Function Distance, wavelets 

Sanjay, Trimbak 2012 High Level Feature, Low Level Features 

ElBagoury, Roushdy 2012 Ranking 

 Gupta, Khurana 2012  structured local binary Haar pattern, Haar wavelet 

Killedar, Patil, Borse 2012 Gray level co-occurrence matrix, Principal Components Analysis, Support Vector Machine 

 Christiyana,  
 Rajamani, Usha Devi 

2012  Two Dimensional Gray level Co-occurrence Matrix,  
 one dimensional Gray level Co-occurrence Matrix,  

Yu, Zhang, Liu, Metaxas 2012 Principal Component Analysis 

 Karthikeyan,  Aruna 2012 K-Means Algorithm, ranking, Edge Histograms, Edge Extraction Method, Sobel 

 Shambharkar,  Tirpude 2012  Binary partitioning tree,   Minkowski difference,   Wavelet 

 Shambharkar,  Tirpude 2012 Binary tree structure, Canny edge detection Mean, Correlation. 

Suryanarayana 
Rao Reddy Babu 

2012 Pyramid-Structured Wavelet Transform Energy Level Algorithm Euclidean Distance 
Algorithm 

Singha Hemachandran 2012 Wavelet Based Color Histogram Image Retrieval) 

Khokher Talwar 
 

2012 Minkowski-Form distance Euclidean Distance Manhattan distance 

Shaila Vadivel 2012 HSV colorspace Smooth distribution, NBS distance, background complex 

 

to the nature and content of the data, it is necessary to develop comparison methods that analyze more than the selection of 

particular techniques and the experimental results presented in the literature. Rather, it may be better to formally describe an 

idealized CBIR system and identify the shortcomings in the candidate system. These shortcomings have been labeled as 

“gaps” and extensively discussed in [30]. The concept of the gap is a generalization of the well-known “semantic gap” that 
refers to the difficulty of capturing high-level imaged content semantics from extracted low-level image features. These gaps 

have been broadly categorized into four types and defined below: 

1.   The Content Gap addresses a system’s ability to foster human understanding of concepts from extracted features. In 

medical applications, it also refers to the extent to which the system adapts to varying modalities, context, and 

diagnostic protocols. 

2.  The Feature Gap addresses the extent to which the image features are extracted. This is measured along several 

dimensions: degree of automation, degree of detail captured along the content axis (object structure), use of multi-scalar 

techniques, the use of space and (if available) time dimension in image data, and use of all channels on each dimension. 

3.   The Performance Gap addresses practicalities of system implementation and acceptance. It evaluates system availability, 

extent of integration into the medical infrastructure, use of feature indexing techniques, and the extent to which the 

system was evaluated. 
4.   The Usability Gap measures the richness of available query features and the extent to which they can be combined, 

available support for comprehending the results returned by the system, and available support for query refinement. 

       Addressing these aspects makes a CBIR system more usable, and may increase its acceptance into the medical (clinical, 

research, or education) workflow. 

 

VI. CONCLUSION 
In this work, most of systems use color and texture features, few systems use shape feature, and still less use layout features. 

Ontological Visual descriptor used extensively in various areas to improve the performance of the system and to achieve 

better results in different applications. Its integrates various features perfectly in content based image retrieval system and 
reflects the user’s subjective requirements, the experiments achieve good performance and demonstrate the efficiency and 

robustness of system.. This survey also highlighting the significant contributions of content based image & information’s 

Retrieval field. 

 

The difficulty faced by CBIR methods in making inroads into medical applications can be attributed to a combination of 

several factors. Some of the leading causes can be categorized according to the “gaps” model presented above. 

1.  The Content Gap: It is important to consider image content in light of the context of the medical application for which a 

CBIR system has been optimized. Too often, we find a generic image retrieval model where the goal is to find medical 
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images that are similar in overall appearance. The critical factor in medical images, however, is the pathology – the 

primary reason for which the image was taken. This pathology may be expressed in details within the image (e.g., shape 
of a vertebra or texture and color of a lesion) rather than the entire image (e.g., spine x-ray or cervicographic image). In 

addition, there may be multiple image modalities that provide the critical information, e.g., histology slides, photographs, 

etc. In addition to expanding the scope of the CBIR system it is important to also consider analyzing patient histories or 

physician’s notes for valuable information 

2.  The Feature Gap: Extracted features are used to define the image content. As such, decisions on the types of features, 

scale(s) at which the features are extracted, and their use individually or in combination determines the extent to which 

the system “knows” the image and, to a large extent the system capability. It is necessary for the system to support as 

many types of features as possible and also capture them at several scales. Medical CBIR applications are very sensitive 

to medical image content. So, developing toolboxes to permit user selection of features may also be very helpful in 

generalizing the applications and improving acceptance.  

3.  The Performance Gap: Benefits of medical imaging to science and healthcare have led to an explosive growth in the 
volume (and rate) of acquired medical images. Additionally, clinical protocols determine the acquisition of these images. 

There is a need for the system response to be meaningful, timely and sensitive to the image acquisition process. These 

requirements make linear searches of image feature data, very often presented in the literature, impractical and a 

significant hurdle in the inclusion of CBIR into medical applications. 

4.  The Usability Gap: This gap is rarely addressed during the design and development of CBIR systems. However, it is the 

one of most concern to the end user of the system and therefore has the greatest potential for affecting the acceptance of a 

new technology. 

 

An idealized system can be designed to overcome all the above gaps, but still fall short of being accepted into the medical 

community for lack of (i) useful and clear querying capability; (ii) meaningful and easily understandable responses; and (iii) 

provision to adapt to user feedback. The opposite is also true to some extent. A technically mediocre, but promising, system 

may obtain valuable end user feedback, and by technical improvement may increase user acceptance with the application of 
usability design principles. Other than item (iii), which still needs significant research effort, the usability gap can only be 

bridged by keeping the end user in mind from early system development, as well as by conducting well designed usability 

studies with targeted users. In general, a high involvement of the user community in system design and development can 

significantly improve adoption and acceptance. 

 

The preceding subsections already showed the large variability in techniques that are used for the retrieval of images. Still, 

several very successful techniques from the image retrieval domain have not been used for medical images as of yet. The 

entire discussion on relevance feedback that first improved the performance of text retrieval systems and then, 30 years later, 

of image retrieval systems has not at all been discussed for the medical domain. 
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Abstract: 
A Supersonic similitude has been used to obtain stability derivatives in pitch and roll of a delta wing with straight leading edge 

for the attached shock case. Ghosh’s strip theory is been used in which strips at different span wise locations are independent 

of each other. This combines with the similitude to give a piston theory which gives the closed form of solution to stability 

derivatives in pitch and roll. Some of the results obtained have been compared with those of Hui et al ,Ghosh and Lui &Hui. 

Results have been obtained for supersonic flow of perfect gas over a wide range of Mach numbers, incidences and sweep 

angles. 

 

Key Words: Aspect ratio, Attached shock wave, Delta wings, Damping derivative, Leading edge, Rolling derivative, 
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1. Introduction 
Sychev’s [1] large incidence hypersonic similitude is applicable to a wing provided it has an extremely small span in addition 

to small thickness. Cole and Brainered [2] have given a solution for a delta wing of very small span at large incidence. 

Messiter [3] has found a solution, in the realm of thin shock layer theory, for a steady delta wing with a detached shock; the 

attached shock case has been studied by Squire. Malmuth [5] obtained an analytical solution for the attached shock case at 

small incidence based on hypersonic small disturbance theory. Pike [4] and Hui [6]have analytically treated the steady delta 

wing in supersonic/hypersonic flow with an attached shock. 

 

The role of dynamic stability at high incidence during re-entry or maneuver has been pointed out by Orlik-Ruckemann [7]. 

The shock-attached relatively high aspect ratio delta is often preferred (Townend) [8] for its high lift and drag ratio. Hui and 

Hemdan [9] have studied the unsteady shock detached case in the context of thin shock layer theory. Lui and Hui [10] have 

extended Hui’s theory to an oscillating delta. Hui et. al. [11] has treated flat wings of arbitrary plan forms oscillating in pitch 

in supersonic/hypersonic flow. Ericsson [12] has used embedded Newtonian concept for unsteady flows. Ghosh [14] has 

developed a large incidence 2-D hypersonic similitude and piston theory; it includes lighthill’s and Miles piston theories. This 

theory has been applied for oscillating plane ogives. Ghosh [15] has extended the large deflection similitude to non-slender 

cones, quasi cones and shock attached delta wings. This similitude in this paper has been extended to oscillating delta wings 

with straight leading edges past a supersonic flow.  

 

2. Analysis: 
A thin strip of the wing, parallel to the centerline, can be considered independent of the z dimension when the velocity 

component along the z direction is small. This has been discussed by Ghosh’s [16]. The strip theory combined with Ghosh’s 

large incidence similitude leads to the “piston analogy” and pressure P on the surface can be directly related to equivalent 

piston Mach number Mp. In this case both Mp and flow deflections are permitted to be large. Hence light hill piston theory 

[17] or miles strong shock piston theory cannot be used but Ghosh’s piston theory will be applicable. 
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                , Where P is free stream pressure                                                        (1) 

Since strips at different span wise location are assumed independent of each other, the strip can be considered as a flat plate at 

an angle   of attack.  The angle of incidence is same as that of wing.  Angle   is the angle between the shock and the strip.  A 

piston theory which has been used in equation (1) has been extended to supersonic flow.  The expression is given below. 
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 BA  is the specific heat ratio and pM the local piston 

Mach number normal to the wedge surface.   
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2.1 Pitching moment derivatives 

 Let the mean incidence be 0 for the wing oscillating in pitch with small frequency and amplitude about an axis 0x .  The 

piston velocity and hence pressure on the windward surface remains constant on a span wise strip of length 2z at x.  The 

pressure on the lee surface is assumed Zero. Therefore the nose up moment is  
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The stiffness derivative is non-dimensionalized by dividing with the product of dynamic pressure, wing area and chord length. 
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The damping derivative is non-dimensionalised by dividing with the product of dynamic pressure, wing area, chord length and 

characteristic time factor 
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The local piston Mach number normal to the wing surface is given by  
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Where  ,  are density and velocity of sound in the free stream? Combining (2) through (6), differentiation under the 

integral sign is performed. 
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2.2Rolling Damping Derivative:  

Let the rate of roll be p  and rolling moment be L, defined according to the right hand system of reference.   
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The piston Mach number is given by 
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The roll damping derivative is non-dimensionalized by dividing with the product of dynamic pressure, wing area, and span 

and characteristic time factor 
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Combining through (10) to (12) 
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3. Results and discussions: 
The variation of the stability derivatives with pivot position for various Mach numbers and angle of incidence is shown in     

Figs. 1 to 4. The stiffness and damping derivative have been compared with Hui et al. (Fig 5. to Fig. 8).The Stiffness 

derivative shows good agreement. The difference in the damping derivative is attributed to the present theory being a quasi-

steady one whereas Liu and Hui [13] give an unsteady theory which predicts . The present work invokes strip theory 

arguments. Hui et al [11] also use strip theory arguments whereby the flow at any span wise station is considered equivalent to 

an oscillating flat plate flow; this is calculated by perturbing the known steady flat plate flow (oblique shock solution) which 

serves as the ‘basic flow’ for the theory. For a pitching wing the mean incidence is the same for all ‘strips’ (irrespective of 

span wise location) and hence there is a single ‘basic flow’ which Hui et al have utilized to obtain closed form expression for 

stiffness and damping derivatives. They have not calculated the roll damping derivative. For a rolling wing the ‘strips’ are at 

different incidences and there is no single ‘basic flow’; hence it is doubtful whether approach can be extended to yield a closed 

form expression for roll damping derivative. Their theory is valid for supersonic as well as hypersonic flows; whereas the 

present theory also gives closed form expressions for Stiffness & damping derivatives in pitch as well as roll damping 

derivative. Liu and Hui’s [10] theory is more accurate than of Hui et al [11] as far hypersonic flow is concerned. 

 

The present theory is in good agreement with Hui et al [11] for angle of incidence up to thirty degrees and then there is no 

matching with the results of Hui et al [11]. This may be due to the detachment of the shock wave and stalling of the flow (Fig. 

8). The present theory is simpler than both Liu and Hui [9] and Hui et al [13] and brings out the explicit dependence of the 

derivatives on the similarity parameters S1. (Fig. 9). Fig.10 presents the variation of damping derivatives with pivot position. 

There is a disagreement with Liu & Hui [9] as well as Hui [13] and the reasons for the disagreement are the same as discussed 

earlier. Fig. 11, Fig.12, and Fig.13 present the variation of damping derivatives with mean flow incidence for h = 0, h= 1.0 and 

h = 0.6. They are in disagreement with Liu & Hui [9] as well as Hui [13] for the angle of incidence more than thirty degrees. 

This may be due to the detachment of the shock wave and stalling of the flow. Fig.14 and Fig. 15 show the dependence of Roll 

damping derivative with Mach number and with the aspect ratio. The roll damping derivative decreases with Mach number 

initially then confirms the Mach number independence principle for large Mach numbers. Further, the roll damping derivative 

increases with aspect ratio of the wing. 

There was an error in the formulation in Ghosh [16] for roll damping derivatives and hence in the present work the same has 

been corrected and implemented 
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Fig.1: Variation of Stiffness derivative with pivot position α0 =25 
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Fig. 2: Variation of stiffness derivative with the pivot position 
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Fig. 3: Variation of Damping derivative with pivot position α0=25 

 

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

-C mq

h



 

 

 

 

 
Fig. 4: Variation of damping derivative with pivot position 

 

 
Fig. 5: Variation of Damping Derivative of a Wing with Pivot position with M=3, α0 =10 ,=1.4 

 

 
 

Fig. 6: Variation of Stiffness Derivative of a Wing with Pivot position with M=2.47, α0 =6°51',  =1.4 
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Fig. 7: Comparison of Stiffness Derivative with Theory of Liu and Hui for Triangular Wing with M=4, α0 = 15
0
,   =1.4 

 

 
 

            Fig. 8: Comparison of Damping Derivative of Triangular Wing with M=4, α0=15
0
, =1.4 

 

 
                Fig.9: Stiffness Derivative Vs Pivot Position for M= 4, α0 = 15

0
,  = 1.4 
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             Fig. 10: Damping Derivative Vs Pivot Position for M=4, α0 = 15

0
, =1.4 

 

         
        Fig. 11: Variation of Stability Derivatives with Mean Flow Incidence with M=4, α0=15

0
,Pivot position, h=0 

 

 

        
Fig. 12: Variation of Stability Derivative with Mean Flow Incidence with M=4, α0 = 15

0
 Pivot position, h = 1 
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Fig.13: Variation of Stability Derivative Vs Mean Flow Incidence with M=4, α0 = 15

0
, Pivot position, h = 0.6 

 

 

             Fig.14: Rolling Moment Derivative Vs Mach number with Aspect Ratio, AR= 4.764, α0 = 25
0
 , =1.4 

 

 
    Fig.15: Roll Damping Derivative Vs Aspect Ratio of Delta Wings with M = 10 
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Abstract :   
Internet Engineering Task Force (IETF), in IPv6, allowed nodes to Autoconfigure using neighbour discovery protocol. 

Neighbour Discovery (ND) and Address auto- configuration mechanisms may be protected with IPSec Authentication 

Header (AH). Protecting all traffic will include Address Resolution Protocol. To protect this, IPSec will need agreed Key. 

For Key setup, UDP packet is sent, which requires IPSec for secure communication. So IPSec requires Agreed Key and for 

Key setup IPSec is needed, this creates a loop. To solve this problem Locally Authentication Process is presented in this 

paper. This process will provide a certificate of ownership of IP address on network Interface card and Public key to provide 

authorization. On the other hand, it will also reduce the network load.  

Keywords : Stateless Address Auto-configuration, Neighbour Discovery, Cryptographically Generated Address (CGA), 

Secure Neighbour Discovery (SEND), Public Key Infrastructure (PKI), Digital Certificate, Security Attacks in IPv6. 

 

1. Introduction 
The availability of IPv4 addresses is exhausting due to massive growth of the internet and the proliferation of internet-

connected devices other than computers like mobile phones, PDAs etc. The used IP version 4(IPv4) was developed long 

time back. By the end of 2012, the number of mobile-connected devices will exceed the number of people on earth, and by 

2016 there will be 1.4 mobile devices per capita[1]. IPv4 address space is of 32 bits. The theoretical limit of IPv4 addresses 

is 4.3 billion addresses. The aggravate problem of exhaustions of addresses, was mitigated by the introduction of Classless 

Inter-Domain Routing (CIDR), and reduced even more by the adoption of Network Address Translators (NAT). Other 

problems facing IPv4 are the lack of deployed security, and the rapid growth of the size of the routing tables. Before 

implementing CIDR the backbone routing table was growing at very high rate as compare to memory technology. The 

Internet Engineering Task Force (IETF) designed a next generation protocol Internet Protocol version 6 (IPv6) to solve these 

problems and eventually replacing the existing Internet Protocol, IPv4. This IPv6 was designed after having the rich 

experience of almost 30 years, of IPv4. 

Apart from making large address space of 128 bits in IPv6, IETF added many new features. This includes address auto-

configuration, host discovery, optimized header, protocol extensibility etc.  In IPv4, the configuration of IP addresses is 

done manually by the network administrator or with the help of DHCP server. Apart from manual configuration and state 

full auto-configuration, using DHCP, IPv6 has stateless auto-configuration. Stateless auto-configuration does not require 

manual configuration of hosts, and additional servers. It allows a host to generate its own addresses using a combination of 

locally available information and information advertised by routers. In state-full auto-configuration, hosts obtain interface 

addresses and/or configuration information and parameters from a server. 

  

2. Neighbour Discovery Protocol 
The Neighbour Discovery protocol is improvement over many process defined in IPv4. New functionality has also been 

added. The neighbour Discovery Protocol is used for following purposes by nodes. 

2.1. For Autoconfiguration of IPv6 Address. 

2.2. To determine network prefix,routers and other parameters. 

2.3. For Duplicate IP address detection (DAD). 

2.4. To determine layer two address of nodes on the same link.  

2.5. To find neighbouring routers that can forward their packet. 

2.6. To keep track of which neighbours are reachable and which are not (NUD). 

2.7. To detect changed link-layer addresses. 

To perform all above mentioned work ND uses five ICMPv6 messages: a pair of Router Solicitation / Router Advertisement 

messages, a pair of Neighbour Solicitation / Neighbour Advertisement messages and an ICMP Redirect message. 
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3. ICMPV6   Messages 
Following ICMP messages are used by Neighbour Discovery Protocol. 

3.1. Router Advertisement: This message is used by Routers to inform other nodes existing on all links, to which they      

are connected, of its presence and other link related information. The process occurs periodically or in response to a Router 

Solicitation message. 

3.2. Router Solicitation: Upon the enabling of an interface of a node, these messages can be used to request all routers 

on the same local link to send Router Advertisements immediately, rather than waiting until the next periodically scheduled 

advertisement. 

3.3. Redirect : These messages are used by routers to tell hosts that a better on-link router exists for a given destination 

address. 

3.4. Neighbour Solicitation: These messages have 3 main purposes. The first is to discover the link layer address of a 

neighbour as part of the address resolution process. This process replaces the use of ARP requests and replies in IPv4. The 

second purpose is to determine the reachability of a neighbour. The last is to detect the presence of duplicate IPv6 addresses 

during the address auto configuration process which is detailed later in this report. 

3.5. Neighbour Advertisement: These messages are either in response to Neighbour Solicitations, or sent by a 

neighbour to announce a change in its link layer address. Upon receipt of a Neighbour Advertisement, a node will update its 

neighbour cache which contains mappings between IPv6 and link layer addresses of neighbours. 

 

4.  Address Auto-Configuration  
Stateless Auto-configuration is the one of the most useful feature that lies in IPv6. The configuration can be done 

automatically without using any specific protocol such as DHCP. This very feature enables an IPv6 host to configure link-

local (an address having link-only scope that can be used to reach neighboring nodes attached to the same link), site-local 

(an address having scope that is limited to the local site) and global addresses (an address with unlimited scope) for each of 

its interface. This feature is obtained by the protocol called Neighbor Discovery Protocol (NDP). This protocol includes 

router (a node that forwards IP packets not explicitly addressed to itself) discovery, stateless address auto-configuration, 

address resolution, neighbor reachability, duplicate address detection and redirection. 

The address auto-configuration assumes that only the trustworthy nodes will form a network, where the communication has 

to take place. That is the nodes in local link know each other well. But this is not the case every time. Any malicious node or 

untrustworthy node can manage to reside in the local link network. This node can affect all the other nodes. This is where 

security factor comes in. IPv6 should make sure that no such malicious node should be able to join the network providing 

harm to others.  

  

5. Address Auto-Configuration Process 
The sequence of signals generated during stateless Auto-configuration is given in Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Process of address auto-configuration 

 

 

 

 

The steps are as follows: 

 

5.1. At the very first, a link local address is being generated by the new node. It then allocates it to one of the its 

interface. This link local address contains the prefix of fe80:: /64 and the 64 bit interface id as shown in Figure 2. This 

address is tentative address. 
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The node joins the following multicast groups. The all node multicast group(FF02::1)and the solicited-node multicast group, 

for the tentative address. 

5.3.1.     After this there is Duplicate Address Detection (DAD), which takes care that the newly generated link local      

address is not already present on the network. The steps are as follows: 

           A Neighbor Solicitation (NS) message is being transmitted by the node, with target tentative address, on the 

network. 

5.3.2. If any another node on the network is using the same link local address, then it returns the Neighbor   

Advertisement (NA) message. 

5.3.3. If the new node gets the NA message, no link-local will be allocated to it and the interface will terminate. Else 

the new node will be initialized buy its link-local address and is assumed to be unique and valid. 

5.2.     Now the host will send Router Solicitation (RS) messages. 

5.3.     After this, all those routers who received the RS message will send back the Router Advertisement (RA) 

message. 

5.5.1.     If no RA is received, then node uses a state-full address configuration to obtain its addresses. 

5.5.2.     Else, the node receives the RA and gets the IPv6 address prefix. 

5.4.     Once the prefix is obtained by the host, it can create its unique site local and global addresses. 

 

6. Threats in Address Auto-configuration 
The stateless address auto-configuration allows a host to connect to the network without registering /authenticating itself. It 

simply configures the address and start communicating with other nodes on the network. Since node does not have to 

authenticate itself, any malicious node can get access to network. It can cause various kinds of threats which are explained 

as follows: 

 

6.1. Multiple Interface Address: 

IPv6 interface can have multiple addresses. Attacking node, using auto-configuration, can block large number of IP 

addresses for its interface and deny other workstation to acquire address. This poses a possible denial of service attack.   

6.2. Spoofing: 

Spoofing is a way to achieve denial of service (DoS) attack, in an IPv6 network, in the Duplicate Address Detection (DAD) 

procedure. Attacker on the local link waits until a node sends a Neighbor Solicitation packet. The attacker falsely responds 

with a Neighbor Advertisement packet, informing the new node that it is already using that address. Upon receiving the 

Neighbor Advertisement, the new node generates another address and repeats the DAD procedure; the attacker again falsely 

responds with a Neighbor Advertisement packet. Finally, the new node stops initializing its interface. 

    

6.3. Redirect Attack: 

Another big threat is in Router Solicitation / Advertisement message. In Neighbor Discovery, attacker can make fake 

advertisement of itself as default router, causing immediately timeout of all other default routers as well as all on- link 

prefixes. Node received advertisement and start forwarding its packets to this particular router causes man in middle and 

DoS attack.  

To prevent all these threats some security measures are to be taken. If not secured, it is vulnerable to various attacks. The 

following sections will describe some existing and proposed solutions.  

 

Prefix Interface ID 

xxxx:xxff:fexx:xxxx fe80:0000:0000:0000: 

64 bit 

128 bits 

Figure 2. link-local address in ipv6 

64 bit 
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7. Existing Solutions 
There are few solutions to prevent these threats. These are as following: 

7.1. IPSec 

Internet Protocol Security is meant for protecting the communication over the IP network. It supports network-level peer 

authentication, data origin authentication, data integrity, and data confidentiality (encryption) and replay protection. It 

basically uses the cryptographic security services for protection or authentication and encrypts each IP packet of a 

communication session. These can be either between a pair of nodes, or between a pair of security gateways or between a 

security gateway and a node. 

It is an open standard and makes use of the following 3 basic protocols: 

 Authentication Header 

        AH provides connectionless integrity and data origin authentication for IP datagram and provides protection against 

replay attacks. That is it can be used by the nodes to authenticate the neighbor advertisement and the router 

advertisement messages. 

 Encapsulating Security Payloads 

       ESP provides confidentiality, data origin authentication, connectionless integrity, an anti-replay service and limited 

traffic flow confidentiality. 

 Security Associations 

       SA provides number of algorithms and data that provide the parameters necessary to operate the AH and/or ESP 

operations. It is used to make sure that the nodes in a network are trustworthy. It depends upon the addresses generated by 

the neighbor discovery, security keys etc. This SA needs to be set up between all the communicating nodes in advance. It 

can either use the manual mechanism or can be done automatically. As the networks are growing and there are more and 

more nodes under one network the number of SAs in a single network also increases. This large number of SAs is difficult 

to maintain. Another problem is that IPSec needs to use NDP for configuring security association, but NDP is requiring 

IPSec. And hence this is not clear approach to deploy. 

 

7.2. SEcure Neighbor Discovery (SEND)  

The SEcure Neighbor Discovery (SEND) protocol is a security extension to the Neighbor Discovery protocol in IPv6. This 

protocol provides an alternative way for securing NDP. It makes use of a cryptographic method for the same. This protocol 

came with three additional capabilities: address ownership proof, message protection and router authorization.  

It defines a set of new attributes  

7.2.1 Cryptographically Generated Addresses(CGA) 

            Cryptographically Generated Addresses are used to make sure that the sender of a Neighbor Discovery message is   

the "owner" of the claimed address. A public-private key pair is generated by all nodes before they can claim an 

address. A new NDP option, the CGA option, is used to carry the public key and associated parameters. 

7.2.2 Reply Attack 

            In order to prevent replay attacks, two new Neighbor Discovery options, Timestamp and Nonce, are introduced. 

Given that Neighbor and Router  Discovery messages are in some cases sent to multicast addresses, the Timestamp 

option offers replay protection without any previously established state or sequence numbers. When the messages are 

used in solicitation-advertisement pairs, they are protected with the Nonce option.  

7.2.3 RSA Signature option 

            A new NDP option, the RSA Signature option, is used to protect all messages relating to Neighbor and Router 

discovery. Public key signatures protect the integrity of the messages and authenticate the identity of their sender. 

7.2.4 New network discovery messages 

 

 

 

Certification paths, anchored on trusted parties, are expected to certify the authority of routers. A host must be configured 

with a trust anchor to which the router has a certification path before the host can adopt the router as its default router.  

The SEcure Neighbor Discovery (SEND) uses Crypto-Generated Address (CGA), to make sure that the sender of a 

Neighbor Discovery (ND) message is the “owner” of the claimed address. CGA is a technique whereby an IPv6 address of a 

node is cryptographically generated by using a one-way hash function from the node’s public key and some other 

parameters. This CGA is used to prevent the stealing or spoofing of existing IPv6 addresses by assuring only ownership. But 

the issue is that because CGAs themselves are not certified, an attacker can create a new CGA from any subnet prefix and its 










































































































































































































































































































































































































































































































































































































































































