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ABSTRACT 

Vehicular Ad-hoc Network (VANET) is a network of vehicles communicating with their neighbours through a wireless channel. 

Following papers introduces Inter-Vehicular Collision avoidance system which performs safety communication with each other 

that can alert the drivers before accidents. Vehicles form a cluster, Clustering is the grouping of vehicles based on similar 

characteristics. Clusters are created with redundant connections between nodes to increase the communication reliability. All 

Vehicles broadcast secure messages, to provide future information to other vehicles on road using secure techniques. It gives the 

warning to the driver in case of getting in to the proximity of other vehicle and removes any possible chance of the collision. This 

will help the drivers in maintaining a safe distance from other vehicles moving in front of them and will save them from the 

collision. 

Keywords — VANET, MANET, OBU, RSU, UMTS 

 

1. INTRODUCTION 
In today’s world the wireless communication is increasing day 

by day because of its many applications of that in real life like 

ad-hoc networks, Wi-Fi, wireless LAN etc. Every day the need 

of wireless network is increasing because of the Headache of 

wired network and this leads to reduction in costs [1]. 

VANET is a Vehicular Ad-Hoc Network which considers all 

the vehicles as a node and allows them to communicate with 

each other wirelessly. VANET turns every participating 

vehicle into a wireless router or node, allowing vehicles 

approximately 100 to 300 meters of each other to connect and, 

in turn, create a network with a wide range [12].  

The primary goal of VANET is to provide road safety 

measures where information about vehicle’s current speed, 

location coordinates are passed with or without the 

deployment of Infrastructure. Apart from safety measures, 

VANET also provides value added services like email, 

audio/video sharing etc. 

 

 

Figure 1: Vehicular Ad-Hoc Network 

 

 

2. LITERATURE REVIEW 
Mukti Patel and Aruna Gupta In [1] proposed inter vehicular 

collision avoidance system is proposed on highways to 

maintain Inter-Vehicular Distance. The Inter Vehicle Collision 
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Avoidance system relies inside each vehicle to obtain its 

position from the GPS, its speed and acceleration from other 

vehicle respectively. Furthermore, the system uses VANETs to 

broadcast speed and position information to all vehicles that 

are in the area. Similarly, the rest of the vehicles in that area 

will gather and broadcast their respective information. Hence, 

all vehicles in an area store the information about all vehicles 

in that area. This information is constantly updated moreover, 

the vehicles constantly check for inter-vehicular distance as 

well as intersecting vehicles. The vehicle located at a distance 

location pass a warning message (beacon) to the upcoming 

vehicles. Thus, using wireless communication technologies, 

the vehicles can inform each other about how far they are from 

the distance of vehicle and receive the dynamic information of 

the vehicles and the status of the intersection on the highways. 

2.1.  Inter-Vehicle communication 

Inter vehicular communication takes place between vehicles in 

various applications like collision avoidance, passing beacon, 

platooning [4]. The communication takes with also roadside 

infrastructure. 

 

Figure 3:  Single-Hop IVC System [4] 

The figure shows a Single–Hop system. Here the vehicle can 

send a warning message only to the vehicle in its transmission 

range. The problem with this system is only the vehicle in  

transmission range can receive an message rest cannot receive 

it, due to this the vehicle beyond this transmission range 

coming at greater speed don’t receive this message and cause 

an accident with last vehicle in transmission range. 

 

 
Figure 4: Multi-hop IVC Systems [4] 

2.2.  Broadcasting  Emergency Message 

The other conclusion to avoid collision is to form a risk zone 

and transmit an emergency message to the vehicle residing last 

in this range by a crashed vehicle. The problem in this scheme 

was an vehicle need to wait for a while before broadcasting an 

message as others don’t disseminate together simultaneously 

creating difficulties for the device to manipulate. As some 

vehicles have more speed and change their position 

continuously due to this an out-of -date information is received 

by the vehicle an accident with a crashed vehicle. The message 

format is shown below: 

 

Figure 5: Beacon message format [8] 

The Figure shows a beacon message format that every 

vehicle receives to get updated about its position and other 

vehicles in its range and save this information [8]. Although 

they don’t use this information anyway but use and run time 

predicted information. In emergency situation an 

emergency message is to be sent.  The format of the 

message is: 

First 

Relayer 

ID 

Second 

Relayer 

ID 

Sender 

ID 

Sender 

Position 

EM 

SN 

End 

Of 

Risk 

Zone 

Time 

Stamp 

 

 Figure 6: Emergency message format [8] 

In emergency situation a crashed vehicle choose a relayer, 

last in its transmission range and in the same direction and 

consider it as first relayer and the next as second relayer in 

order to avoid accident. Also a vehicle can send additional 

information in message format about traffic jams in 

particular area, by selecting particular area and mobile 

phones device can get information about traffic jam which 

in other case avoids collision.   

Scenarios for a crashed vehicle sending an emergency 

message to the vehicle in same or opposite direction also 

vehicle in front or rear [8].  

Vehicle  

ID 

Vehicle 

Location 

Vehicle 

Direction 

Vehicle 

Speed 

Time 

stamp 
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Scenario1:  If there is any vehicle in the same direction of 

crashed vehicle it will choose the last vehicle as the first 

relayer and the second last the second relayer. 

 
Figure 7: Cases of selecting the relayer(s) by the CV [8]. 

 

Secnario2:  If there is no vehicle in the same direction, the 

vehicle can choose the first vehicle as the first relayer and 

second as the second relayer. 

Secnario3: If there is no vehicle behind the crashed vehicle in 

both directions, it can choose the vehicle coming in opposite 

direction as the first relayer and second as the second relayer. 

Secnario4: If there are no vehicles in the transmission range 

the crashed vehicle saves the message for upcoming vehicles 

within transmission range. 

Another possibility to this is that, the vehicle in the 

opposite direction can carry the message further beyond the 

trans-mission range and disseminates the message to up -

coming vehicles which are not in transmission range and avoid 

traffic jams or accidents. 

 

2.3.  Double-C Curve Movement for Collision   Avoidance 

Radar based collision detection technique [7], or more 

formally the forward collision detection has its own limitations 

that it can only detect collision when the vehicle is in the front 

or rear. Another approach is that the direct neighbour vehicle 

exchange their position and speed information that were 

gathered from the GPS using single-hop WLAN 

communication which have a 360◦ angle of coverage. 

However, since this kind of information exchange introduces 

the problem of hidden vehicles, where the wireless 

transmitters of possible colliding vehicles are not in range with 

each other [15]. This type of collision detection technique 

consumes more time; therefore any collision cannot be decided 

by the driver at the appropriate time period. 

The following technique uses the GPS location of the 

vehicle with the latitude and longitude values, the speedometer 

reading to calculate the current speed and acceleration of the 

vehicle, the maximum angle range for the wheels turn(varies 

with vehicle) , and the stopping distance of the vehicle (varies 

with vehicle). Using information like vehicle acceleration, 

speed, angle of turn, and location of vehicle. This information 

is receive from the nearby vehicle and using this information, 

a 2D cone of movement is generated with GPS location points 

and approximately calculated estimation time for it. The cone 

of movement is used to predict collision points for the vehicle 

and is calculated using [7]. 

Area of cone movement= (α/360)*π*(d) 2 

Where α is the angle of turn for the vehicle and d is the 

stopping distance for the vehicle. 

When two vehicles come close to each other the 

information of their cone of movement is exchanged through 

VANET. The stopping distance of the two vehicles also plays 

a crucial role in calculation of the present value [7]. If the 

points exceed threshold value, it means the space and time of 

collision is very short therefore the forceful brake is applied to 

completely stop the vehicle. If the points do not exceed the 

value then the vehicle have ample time to change their position 

from upcoming vehicle. 

 

 
Figure 8: Block diagram to represent DOUBLE-C curve  

movement [7]. 

In the above figure the collision avoidance is performed 

between two vehicles (VEHICLE A-B). A collision point is 

decided by the vehicles, now whenever they reach the collision 

point vehicle A takes an right turn, vice-versa vehicle B takes 

left turn and the system automatically applies the break to the 

vehicles. 

2.4. Traffic Congestion Detection 

In today’s date congestion is major issue some of the 

technique is adopted for detecting congestion in city traffics. 

An area is selected for congested with vehicles using road side 
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equipments or by using GPS by calculating numbers of mobile 

devices. In the following figure an area is selected with area id 

(Aid=15)2 [14]. By using congestion parameter Cp and 

location Aid it can be assumed that vehicle is in congestion 

zone or not. Using this, vehicle traveling in that zone is pre 

informed about upcoming traffic level using congestion 

parameter level. For this two vehicles are selected one going in 

direction of traffic and other in clear zone. Using this 

information other vehicles in nearby area can be informed 

about the traffic situation.  

 
Figure11 Traffic jams at intersection [14] 

 

Each vehicle broadcasts this information using the Inter 

Vehicular Ad-hoc Network to all vehicles in the neighborhood 

[9]. Using the Inter Vehicular Collision Avoidance algorithm, 

the collision between vehicles can be avoided Vehicular 

Collision Avoidance Algorithm to avoid collision between 

vehicles. This can be done by defining a critical “Inter-

Vehicular Distance” to be maintained between any two 

vehicles on highways. Certain vehicles such as ambulance, fire 

service vans, police patrols need to be given a high priority, as 

their requirements are crucial during emergency situations. 

 

3. METHODS AND ALGORITHMS 

3.1.  Methods  
Going through different review papers we have gone through 

some of methods that were used for collision avoidance and 

detection. 

3.1.1.  Density-Based Spatial Clustering Of Applications 

with Noise (DBSCAN) 
DBSCAN is a density-based clustering algorithm. High 

density regions represent clusters while regions with less 

density of points represent noise or anomalies. This algorithm 

is design to overcome large datasets with noise and is capable 

of determining different sizes and shapes. DBSCAN is a 

density-based spatial cluster in algorithm and density-based 

means that clusters are connected points where density of 

points are equal or bigger than threshold. If density is less than 

threshold, data is considered as noise [16]. When dataset is 

given, DBSCAN divides it into segments of clusters and a set 

of noise points. The density threshold condition is that there 

should be at least MinPts number of point ɛ- neighborhood. 

Clusters contain core points and boundary points. Core point is 

a point that meets density condition, where boundary point is a 

point that does not meet density condition but is close enough 

to one or more core point’s ɛ-neighborhood. Points which are 

not core points or boundary points are considered as noise 

[17]. 

3.1.2.  Hierarchical Clustering 

Hierarchical Clustering (HC) algorithms can be divided as 

agglomerative and divisive algorithms. In agglomerative 

hierarchical clustering (AHC), every point in dataset is 

considered as a cluster and clusters which are close to each 

other are combined to make new cluster. In divisive 

hierarchical clustering, data points are divided in smaller 

groups. In AHC, when dataset with N points is given to be 

clustered, N×N distance (similarity) matrix is produced. At the 

beginning, every point represents one cluster. Similarity 

between clusters can be calculated by using one of linkage 

criteria such as single-linkage, complete-linkage or average-

linkage. When single-linkage is used, the distance between 

clusters is the minimum distance between points of each 

cluster. In complete-linkage case, distance is the maximum 

distance between points of each cluster. In average-linkage 

case, distance is the mean distance between points of each 

cluster. After combining most similar cluster pair, algorithm 

finds the next most similar cluster pair and combines them. 

Combining clusters continue until desired number of cluster is 

reached [12] [18]. 

3.1.3.  K-Means Clustering 

This algorithm divides datasets into clusters called K-

clusters.by calculating and producing information about 

cluster members a cluster centre is selected. As a node moves 

from one cluster to other i.e. forming a new cluster with other 

nodes a cluster head is randomly generated by algorithm and 

data points are assigned to the closest clusters. Calculating 

Aid=15 



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

VOLUME-2, ISSUE-2, FEBRUARY-2015  COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED            5 

centers and distances process continues until cluster centers do 

not change much between successive calculations [19] [20]. 

3.2 Methods Comparison 
AHC and K-means algorithm are developed for detecting 

accidents but with different methods, they are based on 

clustering technique where there is a cluster head which 

disseminates information about its speed and other nearby 

vehicle to other vehicles in the group.  

AHC algorithm detects only affected vehicle which are same 

cluster and pass information to vehicles in the cluster. 

While the AHC algorithm divides the vehicle according to 

its speed and position, which means that only vehicle in its 

group are affected not all like in K-Means. Single-hop system 

somewhat work like K-Means but considering vehicles in 

single lane.  g vehicles in single lane. 

AHC algorithm is successful in detecting affected or 

anomaly cluster by detecting behavior change in other vehicles 

of particular cluster. 

While in K-means it’s found very difficult to detect normal 

and anomaly cluster. DBSCAN and AHC algorithm are more 

successful than K-Means in detecting accidents. 

3.3 Algorithms 
3.3.1. Collision Detection Algorithm  
In this algorithm vehicle distances are calculated and stored in 

a dynamic table. Possible collisions are detected by running 

Collision Avoidance algorithm to warn and report Collision 

between Vehicles to dynamic clustering mechanism. If the 

distance between two or more vehicle is less, then warning 

message is generated and broadcasted to the nearby vehicles to 

avoid the possibility of collision [1].The algorithm is as 

follows: 

Step1 -Plot VNode on the simulator. 

 Step2 -Vnets count and forms the Ad-hoc Network of 

Vehicles. 

 Step3-Each VNode is in running condition and forming 

dynamic cluster. 

 Step4-Each VNode broadcast the PBM message. 

 Step5- Get Distance from each VNode and 

calculate inter vehicular distance.  

"Distance Method for 2d" 

 GetDistance (ByVal N1 As VNode, ByVal N2 

As VNode) As Integer 

   X = Math.Abs(N1.X - N2.X) 

   Y = Math.Abs(N1.Y - N2.Y) 

   D = CInt(Math.Sqrt(X * X + Y * Y)) 

Return D 

Step 6- Collision warning condition  

If vnets (i).NodeID < > vnets(j).NodeID Then 

    If D < 100 Then 

 If D > 30 Then 

 Data Transfer to other Node in Network 

 Else Warning of Collision Condition 

EndIf 

End 

End  

Step 7- Collision Avoidance 

  If vnets(j).Move = VNode.mov.Right Then 

    If vnets(j).X > vnets(i).X Then 

  Speed measure Set to 0 ,and  

Message Transfer to Other vnode 

to Speed 

     vnets(j).Speed = 0 

     Other data transfer to speed ++  

 Else  

   vnets(i).Speed = 0  

 End If 

 Else If vnets(j).Y > vnets(i).Y Then 

    vnets(j).Speed = 0 

    Else 

   vnets(i).Speed = 0  

 End If  

 End If  

 End If  

 v node data transfer to other node  

 PaketTransfer(g, vnets(i), vnets(j))  

 vnets(i).Network.Add(vnets(j))  

 Else  

 Otherwise Broadcast data  

 vnets(i).dataTr = VNode.DataTransfer.BC  

End If 

End If  

Next  

Next 

3.3.2. Detecting Collision Point in Double-C Curve 

The algorithm so presented creates a design of collision point 

by deciding the path of destination, also it informs about 
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traffic free routes and by collecting other information like 

speedometer rate and GPS information and by merging it 

forms a 2D curve called curve movement graph. 

Step-1: Start  

Step-2: Deduce the path to be taken to reach destination.  

Step-3: Plan traffic free routes using the VANET traffic 

information sharing system.  

Step-4: Record speedometer and GPS readings.  

Step-5: Transfer GPS, speedometer reading and angle of 

turn are reported through VANET.  

Step-6: Generate Cone movement. 

Step-7: Estimate Collision area.  

Step-8: Control braking and steering systems accordingly.  

Step-9: Stop 

3.3.3. Double-C Curve Movement for Collision Avoidance 

A Double-c left curve movement is employed in both the 

vehicle in such a speed that there is sufficient time lag at the 

meeting points of their respective DOUBLE-C curve path. 

Moreover angle of the turn is decided based on the lane width 

that might be known from the lane departure warning system 

that may already be present in the vehicles. When there is no 

sufficient space to perform a left curve movement, the 

DOUBLE-C right curve is performed. 

Step-1: Start  

Step-2: Decision level II  

Step-3: Downsize vehicle's cone of movement to straight 

line motion.  

Step-4: Observe point of collision.  

Step-5: Perform DOUBLE-C left curve movement with 

time lag.  

Step-6: If STEP-5 leads to collision or lane shifts, GOTO 

STEP-7  

Step-7: Perform DOUBLE-C right curve movement with 

time lag. 

Step-8: Stop 

3.3.3. The beacon reception and metric update routine 

The following algorithm shows the metric threshold which 

keeps track of cluster heads other vehicles which are part of 

the cluster, it consist of vehicle id and its state. 

OnBeaconReceive(fromVehicleID, romVehicleState) 

If fromVehicleState == CLUSTER HEAD then 

ClusterHeads [fromVehicleID] = TRUE 

End if 

receivedBeacon [fromVehicelID] = TRUE 

metric [fromVehicleID] = min (metric [fromVehicleID] + 

1,255) 

addToKnownVehicleList(fromVehicleID) 

 

4. CONCLUSIONS 
The paper proposed some techniques to reduce the rate of 

collision. By using some of the methods like DOUBLE-C 

curve and by detecting the collision point vehicles can change 

their path. By forming cluster between vehicles, a cluster head 

keeps updating its position to the vehicle in its range, mean 

while exchange of information is crucial point because if more 

than one vehicle will broadcast message simultaneously then it 

will create redundancy in message passing, so at a time any 

one vehicle can broadcast message and other need to wait. For 

city traffics the vehicle behind the leading vehicle can control 

its steering mechanism by measuring the distance between 

them and control the speed of the vehicle. Also by forming 

and transmission range and risk zone the crashed vehicle can 

send message to road side infrastructure or the vehicle on the 

opposite direction. Also the vehicle on the opposite direction 

can carry forward that message and broadcast it to the 

upcoming vehicles measurement and others are deliberate, 

using specifications that anticipate your paper as one part of 

the entire proceedings, and not as an independent document. 

Please do not revise any of the current designations. 
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ABSTRACT 
The increased focus on alternative fuels research is mainly driven by high price of crude oil, stringent environmental emission 

norms and the concern on clean environment. The increasing consumption of petroleum products due to increased number of 

vehicles has been a matter of great concern for the country for the financial growth as well as environmental pollution abatement. 

The situation offers us a challenge as well as opportunity to look for substitutes of fossil fuels for both economic and 

environmental benefits to the country. 

In the present investigations, bio- diesel produced from Jatropha oil has been used to reduce our dependency on conventional fuel 

and offers clean environment. The fuel samples containing  0%, 10%, 20%, 30%, 40%, 50%, 75% & 100% blends of jatropha bio-

diesel and  conventional diesel,  have been tested on single cylinder, four stroke,  water  cooled,  direct injection diesel engine of 

Kirloskar Make (Rated Power 10 hp at 1500 rpm). Engine performance and exhaust emissions characteristics have been measured 

and analyzed. 

The best performance of engine has been observed around 20% blend of jatropha bio-diesel in conventional diesel. It is also found 

that emissions of carbon monoxide and unburnt hydrocarbon reduce as load increases for all the blends of bio-diesel tested on the 

engine up to 80% of maximum engine load beyond that these emissions further increase.It has been found that nitrogen oxide 

emission increases slightly as the engine load increases on the engine up to 80% of maximum engine load beyond that it further 

decreases.  This may be due to the presence of oxygen available in bio-fuel. Hence jatropha bio-diesel can be used as potential 

alternative fuel in future. 

 

Keywords — Alternative fuels, Blend of Bio-diesel, Emission, Performance, Jatropha. 

 

1. INTRODUCTION 
Modern development and heavily loaded transport system are 

very much dependent on fossil fuels which are non-renewable 

in nature. The fast growing demands for transport fuel and 

industrialization has caused threats to the environment and 

energy security for which search for an alternative fuel is the 

urgent need. The fuels of bio-origin such as alcohol, vegetable 

oil, bio-mass and biogas can be used directly in agricultural 

and transportation sector. Bio fuels are abundantly available 

alternative fuels, and have the potential to be produced from 

bio-mass sources. Biodiesel (esters, prepared by trans-

esterification) produced from jatropha seed oil along with 

conventional diesel blends, has received considerable attention 

as alternative fuels. Many researchers have conducted 

experiments using jatropha biodiesel. 

 

2. LITERATURE REVIEW  
Reddy et al. [1] have carried out parametric study on a single 

cylinder, constant speed, direct injection diesel engine which 

is operated on neat Jatropha oil. Injection timing, injector 

opening pressure, injection rate and air swirl level are changed 

to study their influence on performance, emissions and 

combustion. It is found that the ignition delay with Jatropha oil 

is always higher than that of diesel under similar conditions, 

advancing the injection timing from the base diesel value and 
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increasing the injector opening pressure increases the brake 

thermal efficiency from 25.7% to 27.3% and reduces HC and 

smoke emissions level from 3.9 BSU to 3.3 BSU. The 

significant increase in NOx level is also observed. When the 

injection timing is retarded, though the thermal efficiency is 

still lower than diesel with enhanced injection rate, a 

significant improvement in performance and emissions has 

been noticed. Enhancing the swirl has only a small effect on 

emissions. 

Pradeep et al. [2] have experimented the use of hot EGR for 

NOx control in a single cylinder compression ignition engine 

fuelled with bio-diesel from Jatropha oil (JBD). The NOx has 

been reduced when the engine was operated under HOT EGR 

levels of 5.25%. However, EGR level has been optimized as 

15% based on adequate reduction in NO emissions, minimum 

possible smoke, CO, HC emissions and reasonable brake 

thermal efficiency. Smoke emissions of JBD in the higher load 

region have been lower than diesel, irrespective of the EGR 

levels. However, smoke emission is higher in the lower load 

region. CO and HC emissions have been found to be lower for 

JBD irrespective of EGR levels. 

Ghosh et al. [3] have conducted an experimental investigation 

to make the comparison of fuel properties, performance and 

emission characteristics of three biodiesels i.e. karanja, 

putranjiva and jatropha. Experiments have been carried out in 

Ricardo variable compression engine and evaluated the best 

one for diesel engine application. It has been found that in case 

of B100 karanja and blends of jatropha have shown better 

efficiency. Jatropha has shown maximum reduction in 

emissions, and fuel economy than others. Considering the 

results of fuel properties, performance and emissions, jatropha 

appears to be the best alternative fuel than putranjiva and 

karanja. 

Kalbande et al.[ 4] have tested biodiesel produced from raw 

jatropha and karanj oil, and its blends with diesel for power 

generation in a 7.5 kVA diesel engine generator set. The 

overall efficiency of the generator for 6,000 W loading 

conditions has been improved for jatropha and karanj biodiesel 

blends and has been found in the range of 31–33% and 33–

39%, respectively. Biodiesel blends B80 and pure biodiesel of 

karanj have produced more power, and maximum overall 

efficiency in comparison to diesel fueled generator. The 

overall efficiency on jatropha-biodiesel-blended fuel is found 

to be less than that of diesel-fueled generator. 

Palash et al. [5] have conducted experimental study on a four-

cylinder diesel engine to evaluate the performance and 

emission characteristics of Jatropha biodiesel blends (JB5, 

JB10, JB15 and JB20) with and without the addition of N, N′-

diphenyl-1,4-phenylenediamine (DPPD) antioxidant. For each 

tested fuel, the engine performance and emissions have been 

measured at engine speeds of 1000–4000 rpm at an interval of 

500 rpm under full throttle condition. The results have showed 

that this antioxidant additive could reduce NOx emissions 

significantly with a slight penalty in terms of engine power 

and Brake Specific Fuel Consumption (BSFC) as well as CO 

and HC emissions. However, when compared to diesel 

combustion, the emissions of HC and CO with the addition of 

the DPPD additive are found to be nearly the same or lower. 

By the addition of 0.15% (m) DPPD additive in JB5, JB10, 

JB15 and JB20, the reduction in NOx emissions are 8.03%, 

3.503%, 13.65% and 16.54% respectively, compared to 

biodiesel blends without the additive under the full throttle 

condition. Moreover, the addition of DPPD additive to all 

biodiesel blend samples has reduced the exhaust gas 

temperature. 

Sanjid et al. [6] have worked on palm biodiesel and jatropha 

biodiesel  produced from the respective crude vegetable oils 

through transesterification, and the different physicochemical 

properties of the produced biodiesels have been presented, and 

found to be acceptable according to the ASTM standard of 

biodiesel specification. It presents experimental results of the 

research carried out to evaluate the BSFC, engine power, 

exhaust and noise emission characteristics of a combined palm 

and jatropha blend in a single-cylinder diesel engine at 

different engine speeds ranging from 1400 to 2200 rpm. 

Though the PBJB5 and PBJB10 biodiesels (blends of palm 

and jatropha biodiesel) have showed a slightly higher BSFC 

than diesel fuel, all the measured emission parameters and 

noise emission have been significantly reduced, except for NO 

emission. CO emissions for PBJB5 and PBJB10 are 9.53% 

and 20.49% which is lower than diesel fuel. By contrast, HC 

emissions for PBJB5 and PBJB10 are 3.69% and 7.81% which 

is lower than diesel fuel. The sound levels produced by PBJB5 

and PBJB10 are also reduced by 2.5% and 5% compared with 

diesel fuel due to their lubricity and damping characteristics. 
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Ong et al. [7] have studied to investigate the engine 

performance and emissions produced from Jatropha curcas, 

Ceiba pentandra and Calophyllum inophyllum biodiesel in 

compressed ignition engine. The biodiesel production process 

and properties are discussed and a comparison of the three 

biodiesels as well as diesel fuel is undertaken. After that, 

engine performance and emissions testing have been 

conducted using biodiesel blends of 10%, 20%, 30% and 50% 

in a diesel engine at full throttle load. The engine performance 

shows that those biodiesel blends are suitable for use in diesel 

engines. A 10% biodiesel blend shows the best engine 

performance in terms of engine torque, engine power, fuel 

consumption and brake thermal efficiency among the all 

blending ratios for the three biodiesel blends. Biodiesel blends 

have also shown a significant reduction in CO2, CO and 

smoke opacity with a slight increase in NOx emissions. 

Raheman & Kumari [8] have used an emulsified fuel 

containing 10% and 15% water by volume, prepared from a 

diesel blend with 10% Jatropha biodiesel (JB10) to evaluate 

the combustion characteristics of a 10.3 kW, single cylinder, 

4-stroke, water cooled, direct injection (DI) diesel engine. 

Initially experiments have been conducted to determine the 

required hydrophilic–lipophilic balance (HLB). The results 

have showed that JB10 and its emulsified fuel have exhibited 

similar combustion stages to that of diesel with no undesirable 

combustion features observed such as an unacceptable 

increase of cylinder gas pressure. With increasing percentage 

of water, ignition delay has been found to be longer at higher 

engine loads. Reductions in emission of CO, CO2, HC and 

NOx have been observed for the emulsified fuel compared to 

JB10. Hence emulsified biodiesel can be recommended for use 

in place of biodiesel. 

Tan  et al.[9] have used the test fuels as petroleum diesel, pure 

Jatropha biodiesel (B100), 20% and 50% biodiesel blends with 

diesel fuel (B20 and B50). The results show that the number of 

accumulation-mode particles decreases with the biodiesel 

blend ratio, but the number of nucleation-mode particles 

increases. The accumulation-mode particle size at peak value 

decreases with increasing biodiesel blend ratio. The total 

particle number concentration increases with the biodiesel 

blend ratio, and the total particle numbers for B20, B50 and 

B100 biodiesel fuels are approximately 3–4 times that of pure 

diesel, with the nucleation-mode particle concentration 

dominating the total particle number. The number of 

nucleation-mode particles increases when using petroleum 

diesel during transient operating conditions (increasing torque 

at constant speeds). The mass of the accumulation-mode 

particles of the engine with the four kinds of fuels are larger 

than the nucleation-mode particles under the six operating 

conditions. The number of accumulation-mode particles 

increases at the initial stage of transient process and then 

decreases with increasing torque. The total particle number 

increases steadily with torque during transient operating 

conditions, and the accumulation-mode particles dominate the 

total particle number in the beginning, while nucleation-mode 

particles dominate the latter stages of transient operating 

conditions. The change characteristics in particle number 

during the transient process for lower biodiesel blends are 

similar to those of petroleum diesel, whereas higher biodiesel 

blends show distinct differences, and the total particle number 

and nucleation-mode particle number for B50 and B100 fuels 

are obviously larger from beginning to end than those for pure 

diesel, while the accumulation-mode particle number remains 

smaller. For B100 fuel, the nucleation-mode particle number 

increases rapidly until the end of the transient process, and the 

accumulation-mode particle number decreases steadily. 

Sahoo & Das [10] have carried out combustion analysis of 

Jatropha, Karanja and Polanga based biodiesel as fuel in a 

diesel engine. The major objective of the present 

investigations is to experimentally access the practical 

applications of biodiesel in a single cylinder diesel engine used 

in generating sets and the agricultural applications in India. 

Diesel, neat biodiesel from Jatropha, Karanja and Polanga and 

their blends (20 and 50% by volume) have been used for 

conducting combustion tests at varying loads (0, 50 and 

100%). The engine combustion parameters such as peak 

pressure, time of occurrence of peak pressure, heat release rate 

and ignition delay have been computed. Combustion analysis 

has revealed that neat Polanga biodiesel results in maximum 

peak cylinder pressure has been the optimum fuel blend as far 

as the peak cylinder pressure is concerned. The ignition delays 

have been consistently shorter for neat Jatropha biodiesel, 

varying between 5.9° and 4.2° crank angles lower than diesel 

with the difference increasing with the load. Similarly, ignition 

delays are found to be shorter for neat Karanja and Polanga 

biodiesel when compared with diesel. 
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Chen et al. [11] have studied engine performance using an 

optimum blend of Jatropha and soapnut oil biodiesel. Soapnut 

oil methyl esters (SNME) and jatropha oil methyl esters (JME) 

have showed the complementary fuel properties. A SNME–

JME blending ratio of 35:65 by weight can successfully 

improve high cold filter plugging point (CFPP) of the SNME 

and poor oxidation stability of the JME to satisfy all of the 

biodiesel specifications. The SNME–JME biodiesel and diesel 

blends up to B40 presented the CFPP of approximately -6o C, 

density of 836–853 kg/m3 at 15oC, kinematic viscosity of 

3.03–3.51 mm2/s at 40oC and oxidation stability of 9.1–17.3 

h. The use of the optimum biodiesel combination in a diesel 

engine would be the future work to study the combustion 

performance and pollutant emissions. 

 

Imtenan et al. [12] have studied Impact of oxygenated 

additives to palm and jatropha biodiesel blends in the context 

of performance and emissions characteristics of a light-duty 

diesel engine. The experimental investigation has been 

conducted to improve the blend of these two biodiesels (20% 

biodiesel blend, named P20 and J20, respectively) with the 

help of oxygenated additives. The comparative improvement 

of P20 and J20 blends with ethanol, n-butanol, or diethyl ether 

as additives has been evaluated in terms of performance and 

emissions characteristics of a four-stroke single cylinder diesel 

engine. The final blend consists of 80% diesel, 15% biodiesel, 

and 5% additive. Tests have been conducted at different 

speeds (1200–2400 rpm) at constant full load conditions. Use 

of additives significantly has improved brake power and brake 

thermal efficiency (BTE). Compared with P20 blend, the use 

of diethyl ether as additive has increased brake power and 

BTE by about 4.10% and 4.4%, respectively, at 2200 rpm. A 

similar improvement has been observed for J20. The other two 

additives have also improved performance. Although HC 

emission is increased slightly, all blends with additives have 

reduced NOx and CO emissions than P20 and J20 almost 

throughout the entire engine test. The use of ethanol as 

additive has reduced CO emission by up to 40%, while the use 

of diethyl ether as additive reduced NOx emissions by up to 

13%. The additives’ oxygen content, volatility, and latent 

evaporation heat have controlled the emissions characteristics 

of the blends. An analysis of the combustion chamber 

pressure, temperature and heat release rate of the modified 

blends has revealed interesting features of combustion 

mechanism, which are indicative of the performance and 

emissions characteristics. This experiment reveals the potential 

improvement of palm and jatropha biodiesel blends with the 

addition of three promising additives.  

3. EXPERIMENTAL METHOD 

3.1. Blends Preparation  
In order to evaluate biodiesel as Compression Ignition Engine 

Fuel, various blends of jatropha biodiesel (JB) and 

conventional diesel have been prepared by mixing different 

amount of biodiesel and diesel. The properties of blends have 

been measured (Table 1). The blends were designated by “JB”. 

For example, JB20 indicates that it contains 20% of jatropha 

biodiesel and remaining 80% is diesel. For finding the 

optimum ratio, the blends JB10, JB20, JB30, JB40, JB50, 

JB75 and JB100 were prepared. Experiments have been 

conducted with JB0 (Pure diesel) and JB100 (Pure biodiesel) 

also. 
Table 1: Properties of Diesel & Jatropha Bio-diesel 

Blend 
Density 

(Kg/m3) 

Kinematic 

Viscosity 

(mm2/sec) at 40 o 

C 

Flash 

Point (o 

C) 

Calorific 

value 

(MJ/kg) 

JB0 815 2.75 50 43.35 

JB100 871 5.61 152 38.450 

 

3.2 Experimental set-up 
The study has been carried out in the laboratory on a diesel 

engine. The schematic diagram of test engine set-up is shown 

in figure 1.  

 
Figure 1: Schematic Diagram of Test Engine Set-up 
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The specifications of test engine are given in table 2. 

S 

No 

Parameter Details 

1 Make Kirloskar 

2 Model 1M 11x11 

3 Engine type Single cylinder, vertical,  constant 

speed diesel engine 

4 Bore and stroke 110mm x110mm 

5 Swept Volume 1045.8 cc 

6  Compression Ratio 16.5:1 

7  Rated power 7.46 KW (10 BHP) at 1500 rpm 

8 Engine cooling Water cooled 

 

4. EXPERIMENTAL PROCEDURE 
The experiments have been conducted on the diesel engine. 

The engine has been then tested from no load to full load at the 

interval of 10% of rated load. For varying the load, hydraulic 

dynamometer has been used. For which the given arm length 

of 0.535 m, 88.97 N is full load at rated power of 7.46 KW 

and rated speed of 1500 rpm. The engine at the above 

mentioned loads has been tested with pure diesel, 10%, 20%, 

30%, 40%, 50%, 75% blends of jatropha biodiesel with diesel 

and 100% jatropha biodiesel. Measurement of exhaust gas 

emissions and smoke opacity has been carried out using Indus 

five gas analyzer- model PEA205 and Netel's smoke meter -

model NPM-SM-111B respectively. 

5. RESULTS & DISCUSSION 
Figure 2 shows the variation of BTE (brake thermal 

efficiency) and engine load for diesel and diesel- jatropha 

biodiesel blends. It is observed that as the load increases, BTE 

increases for all the fuel samples tested including diesel up to 

80 % of rated engine load for all the fuel samples. This may be 

due to increase in brake power developed with increase in 

brake load associated with less increase in energy input.  

 

Figure 2 Variation of brake thermal efficiency with brake power 

for the different blends of jatropha biodiesel and conventional 

diesel 

 

The maximum value of efficiency has been found for JB20 

fuel sample as 28.14% which is 4.26 % higher than diesel for 

80% of rated engine load. After mixing jatropha biodiesel in 

diesel oil, the brake thermal efficiency of the engine improves 

as jatropha biodiesel provides better lubricity to the fuel 

resulting in lower loss of power in fuel pump. The oxygen 

molecules available in jatropha biodiesel enhance the 

combustion quality. As the jatropha biodiesel content 

increases in the fuel sample, BTE increases up to JB20 blend, 

beyond this blend, it further reduces for all the loads. It may be 

due to higher concentration of biodiesel (above JB20) in the 

blend which tends to reduce the net calorific value of the 

mixture leading to increase in fuel consumption as compared 

to JB0-JB20 fuel samples. The BTE of JB100 sample is 

observed to be lower than conventional diesel for all the brake 

load. It may be due to high viscosity and lower calorific value 

of jatropha biodiesel. The fuel samples JB10- JB20 perform 

better than diesel. 

 

Figure 3 Variation of brake specific fuel consumption with brake 

power for diesel and jatropha biodiesel 
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The variation of BSFC with brake load for diesel and diesel- 

jatropha biodiesel blends of fuels is presented in figure 3. It is 

observed that BSFC decreases with increase in the engine load 

for all the blends of fuel tested on the engine till 80% of the 

rated load, beyond that it further increases. This may be due to 

the fact that as engine load increases, the brake power 

increases for better utilization of fuel injected in cylinder. The 

increase in brake power is more as compared to the increase in 

fuel consumption resulting in lower BSFC. Using lower 

percentage of biodiesel in diesel blends (up to JB20), the 

BSFC of the engine is lower than that of diesel for all loads. In 

case of JB30-JB100 blends, the BSFC is found to be higher 

than that of diesel. It is observed that a larger amount of 

biodiesel is supplied to the engine compared to that of 

conventional diesel. 

Figure 4 shows the variation of exhaust gas temperature (EGT) 

with brake load for different blends of jatropha bio-diesel and 

conventional diesel in the test engine. It is observed that EGT 

of jatropha biodiesel is found to be lower than the 

conventional diesel for all the brake loads. The EGT of diesel 

at rated load is 515 oC where as for jatropha biodiesel, it is 

478oC. It is also observed that EGT increases with the 

increases in engine load for the fuel samples tested. Although,  

EGT of JB10 has been found equal to diesel. The maximun 

EGT has been found as 515o C for diesel and JB10 at full 

load. As the biodiesel content increases in fuel sample, EGT 

reduces. It may be due to the reducing trend of calorific value 

of fuel samples. The high EGT enhances the oxidation of un-

burnt hydrocarbon in tail pipe. 

 

Figure 4 Variation of exhaust gas temperature with brake power 

for diesel and jatropha biodiesel 

Figure 5 shows the variation of carbon monoxide (CO) in 

exhaust gas with brake load for different blends of jatropha 

bio-diesel and conventional diesel in the test engine. It has 

been found that CO reduces in engine exhaust as load 

increases up to 70% of rated load beyond that it further 

increases. It may be due to improper combustion in higher 

range of load. As the jatropha biodiesel content increases in 

fuel sample, it reduces up to JB20, after that it further 

increases. 

 

Figure 5 Variation of carbon monoxide emission with brake 

power for diesel and jatropha biodiesel 

Figure 6 shows the variation of un-burnt hydrocarbon in 

exhaust gas with brake load for different blends of bio-diesel 

and conventional diesel in the test engine. It has been observed 

that for all the samples of fuel tested on engine, un-burnt 

hydrocarbon reduces with increase of load up to 70% of 

engine load and, after that it further increases. It may be due to 

poor combustion at higher load. As biodiesel content increases 

in fuel sample, it reduces upto JB50, after that it further 

increases. 

 

Figure 6 Variation of un burnt hydrocarbons with brake power 

for diesel and jatropha biodiesel 
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Figure 7 shows the variation of nitrogen oxides (NOx) in 

exhaust gas with brake load for different blends of jatropha 

bio-diesel and conventional diesel in the test engine. It has 

been observed that as load increases, NOx increases till 80% 

of rated load, beyond that it further reduces for most of the 

samples of fuel tested. It may be due to improper combustion 

at higher load due to less calorific value and viscosity of fuel. 

The maximum concentration of NOx has been found to be 

470oC for JB30 blend at 80% of rated load.  

 

Figure 7 Variation of nitrogen oxides with brake power for diesel 

and jatropha biodiesel 

Figure 8 shows the variation of smoke percentage in exhaust 

gas with brake load for different blends of jatropha bio-diesel 

and conventional diesel in the test engine. It clearly shows that 

the smoke percentage increases as load increases for all the 

blends tested. It may be due to supply of more quantity of fuel 

and improper combustion of fuel at higher loads. The smoke 

percentage in exhaust has been found to be 58% at full load for 

JB10 fuel which is 9.375% lower than diesel sample. It may be 

due to the availability of oxygen molecules in biodiesel 

blended fuel which enhances combustion quality. 

 
Figure 8 Variation of smoke with brake power for diesel and 

jatropha biodiesel 

 

5. CONCLUSION 
Alternate fuels for diesel engines have become increasingly 

important due to reducing petroleum reserves and the 

environmental consequences of exhaust gases from petro-fuel. 

Thus Jatropha bio-diesel can be adopted as an alternative fuel 

for the existing diesel without any major modification in the 

system hardware. The different tests for characterization of 

bio-diesel demonstrated that almost all the important 

properties of bio-diesel are in close agreement with the diesel 

oil making it a potential candidate for the application in diesel 

engine for partial / full replacement of diesel fuel.  

It is observed that blend of 10-20% Jatropha bio-diesel with 

conventional diesel is found to be the best proportion as far as 

brake thermal efficiency and brake specific fuel consumption 

is concerned. Emission  characteristics of engine shows that 

the use of Jatropha bio-diesel is reducing harmful emissions 

from the exhaust such as un-burnt hydrocarbon, carbon 

monoxide and smoke. Nitrogen oxide emission is found to be 

little bit higher with some blends of bio-diesel for some range 

of brake power. 
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ABSTRACT 
 College students experience stress because of various reasons. Caused by many reasons, the stress is present whether one is 

in their first year of college or their last. However, most seniors have an easier time dealing with stress because they have 

experience handling it. Most of the reasons for so much stress fall into one of three categories: academic stress, that is, 

anything to do with studying for classes, financial stress, which has to do with paying for college, and personal stress, which 

is stress associated with personal problems in college. In this paper the main reasons for stress on college students is 

analyzed using Combined Disjoint Block Fuzzy Cognitive Maps (CDBFCM). This method is introduced by W.B. Vasantha 

Kandasamy and A.Victor Devadoss is analyzed in this paper.The Combined Disjoint Block FCM is defined in this method 

becomes effective when the number of concepts can be grouped and are large in number. In this paper we analyzed the 

problems and find out the main reasons for stress on college students using neutrosophic tool. This paper has five sections. 

First section gives the information about the development of Fuzzy Cognitive Maps and about the reasons for stress on 

college students. Second section gives the preliminaries of Fuzzy Cognitive Maps and Combined Disjoint Block Fuzzy 

Cognitive Maps. In section three we explain the method of determining the hidden pattern.  In the fourth section, we give the 

concepts of problem. Final section gives the conclusion based on our study. 

Keywords— Combined disjoint Fuzzy Cognitive Maps, Stress, college students 

 

1. INTRODUCTION 
In 1965 L.A. Zadeh has introduced a mathematical model 

called Fuzzy Cognitive Maps. After a decade in the year 1976, 

Political scientist R.Axelord[10] used this Fuzzy model to 

study decision making in social and political systems. Then 

B.Kosko [4],[5],[6] enhanced the power of cognitive maps 

considering fuzzy values for the concepts  of the cognitive 

maps and fuzzy degrees of interrelationships between 

concepts. FCMS can successfully represent knowledge and 

human experience, introduced concepts to represent the 

essential elements and the cause and effect relationships 

among the concepts to model the behavior of any system.  It is 

a very convenient simple and powerful tool, which is used in 

numerous fields such as social, economic, Medical etc. Stress, 

a common problem is one of the leading causes to effect 

College students. Going through college is stressful for 

everybody. Caused by many reasons, the stress is present 

whether one is in their first year of college or their last. 

However, most seniors have an easier time dealing with stress 

because they have experience handling it. Most of the reasons 

for so much stress fall into one of three categories: academic 

stress, that is, anything to do with studying for classes, 

financial stress, which has to do with paying for College, and 

personal stress, which is stress associated with personal 

problems in college. When most students stress over college it 

is usually because of something to do with academics. 

Whether it is reading five chapters before going to their 12 o` 

clock class, or studying for that test that makes or breaks your 

grade, this kind of stress is accountable for the bags under the 

eyes and the 5lbs of weight gained over the weekend when 

studying for midterms. Of course not all students go through 

this stress; there are often students that have no worries about 
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their grades or future. Then there is the rare group of people 

that are so smart that they don`t have to worry about their 

grades. Although academic stress occurs more often, financial 

stress is often harder to deal with. Most financial stress occurs 

when a college says they pay a certain amount but don`t pay it 

for some injudicious reason, leaving the student with no way 

to pay the money. Another reason could be that a college 

threatens to kick a student out because the student has to pay 

for a bill. Of course not all students have financial stress. The 

students fortunate enough to get financial aid or students that 

are born rich have no worries in this department. Finally, the 

most over-rated stress is personal stress. In most cases, the 

stress factors for personal stress are trivial things that students 

put too much importance on. One of the biggest issues is 

having a boyfriend/girlfriend that causes stress.  The purpose 

of study is to identify the risk groups. In this paper, various 

reasons for stress on college students are discussed and finally 

the major reasons are identified.   

 

2. PRELIMINARIES 
Fuzzy Cognitive Maps (FCMs) are more applicable when the 

data in the first place is an unsupervised one. The FCMs work 

on the opinion of experts. FCMs model the world as a 

collection of classes and casual relations between classes. 

 

2.1 Definition 
When the nodes of the FCM are fuzzy sets then they are 

called fuzzy nodes. 

 

2.2 Definition 
FCMs with edge weights or casualities from the set -1,0,1 are 

called simple FCMs. . 

 

2.3 Definition 
An FCMs is a directed graph with concepts like policies,events 

etc, as nodes and casualities as edges. It represents casual 

relationships between concepts. 

 

2.4 Definition 
Consider the nodes/concepts , ,,…,  of the FCM. Sup-

pose the directed graph is drawn using edge weight � �  ∈ {-1, 

0, 1}. The matrix E be defined by E = ( � � ) where � �  is the 

weight of the directed edge . E is called the adjacency 

matrix of FCM, also known as the connection matrix of the 

FCM. 

It is important to note that all matrices associated with an FCM 

are always square matrices with diagonal entries as zero. 

2.5 Definition 
Let , ,… ,  � �  ℎ  be the nodes of an FCM. A= ( ,, 

,…, )  where  

 � �   ∈ {-1, 0, 1}. A is called the instantaneous state vector and 

it denotes the on-off position of the node at an instant.  = 0 if 

  is off  and    = 1  if  is on for i = 1, 2,…, n. 

 

2.6 Definition 
Let , ,… ,  � �  ℎ  be the nodes of an FCM. Let 

 ,  ,  ,…,   be the edges of the FCM(i ≠ j).  

Then the edges form a directed cycle. An FCM is said to be 

cyclic if it possesses a directed cycle. An FCM is said to be 

acyclic if it does not possesses any directed cycle. 

 

2.7 Definition 
An FCM is said to be cyclic is said to have a feedback. 

 

2.8 Definition 
When there is a feedback in an FCM, , i.e, when the casual 

relations flow through a cycle in a revolutionary way, the FCM 

is called a dynamical system.  

 

2.9 Definition 

Let  ,  ,  ,…,   be a cycle.  When  is 

switched on and if the casuality flows through the edges of a 

cycle and if it again causes  , we say that the dynamical 

system goes round and round. This is true for any node  for  

i  = 1,2,…,n. The equilibrium state for this dynamical system 

is called the hidden pattern.  

 

2.10 Definition 
If the equilibrium state of a dynamical system is a unique state 

vector, then it is called a fixed point. Consider an FCM with 

, ,… ,    as nodes. For example let us start the dynamical 

system by switching on  . Let us assume that the FCM settles 

down with  � � �    � �  i.e., in the state vector remains 

as 1,0,0,…0 � �  called fixed point. 
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2.11 Definition 

If the FCM settles down with a state vector repeating in the 

form  → →…→ →  then this equilibrium is called a 

limit cycle.  

 

2.12  Definition 
Finite number of FCMs can be combined together to produce 

the point effect of all the FCMs. Let , ,… ,  be the 

adjacency matrices of the FCMs  with nodes , ,… ,   then 

the combined FCM is got by adding all the adjacency matrices 

, ,… ,  . We denote the combined FCM adjacency 

matrix by E = + + ⋯+  . 

 

2.13 Definition 
Let , ,… ,    be n distinct attributes of a problem n very 

large and a non prime. If we divide n in to k equal classes i.e., 

k/n = t which are disjoint and if we find the directed graph  of 

each  of these k classes of attributes  with t attributes each, 

then their corresponding connection matrices are formed and 

these connection matrices are joined as blocks to form a n×n 

matrix. This n×n connection matrix forms the combined 

disjoint  block FCM of unequal classes/size. 

 

2.14 Definition 
Suppose A = ( , ,… , )  is a vector  which is passed in to a 

dynamical system E. Then AE = ( ′ , ′ ,… , ′  ) after 

thresholding  and updating the vector suppose we get 

( , , . . . , ), we denote that by ( ′ , ′ ,… , ′  ך    ( 

( , , . . . , ).Thus the symbol ך means the resultant vector 

has been  thresholded  and updated.   FCMs have several 

advantages as well as some disadvantages. The main 

advantage of this method is simple. It functions on expert’s 

opinion. When the data happens to be an unsupervised one the 

FCM becomes handy. This is the only  known fuzzy technique 

that gives the hidden pattern of the situation. As we have a 

very well known theory, which states  that the strength of the 

data  depends on ,the number of experts opinions. At the same 

time the disadvantages of  the combined FCM is when the  

weightages  are 1 and -1 for the same  , we have the sum 

adding to zero, thus at all times the connection matrices 

, ,… ,  may not be conformable for addition. 

Combined conflicting opinions tend to cancel out and assisted 

by the strong law of large numbers, a consensus emerges as 

the sample opinion approximates the underlying population 

opinion. This problem will be easily overcome if the FCM 

entries are only 0 and 1. 

 

3. METHOD OF DETERMINING THE 

HIDDEN PATTERN 
Let  , ,… ,    be the nodes of an FCM,with feedback. Let 

E be the associated adjacency matrix. Let us find the hidden 

pattern when  is switched on. When an input is given as the 

vector  = (1,0,….,0), the data should pass through the 

relation matrix E. This is done by multiplying  by the matrix 

E. Let E = ( , ,… . , ) with the threshold operation  that 

is by replacing  by 1 if  ≥ k and  by 0 if  < k (k is a 

suitable positive integer). We update the resulting concept ; the 

concept  is included in the updated vector by making the 

first coordinate as 1 in the resulting vector. Suppose E ך  

then consider  E and repeat the same procedure. This 

procedure is repeated till we get a limit cycle or a fixed point. 

  

4. CONCEPTS OF THE PROBLEM 
Using the linguistic questionnaire and the expert’s opinion we 

have taken the following sixteen attributes  

{ , ,… , � � , � � }. 

 –Competition 

 - Making future plans 

 - Time management 

  –Poor eating habits 

 – Poor sleeping habits 

- Academic pressure 

 – New college environment 

 –New relationships 

- Parental pressure 

� � – Family stress 

� �  – Financial stress 

� �  - Physical stress 

� � - Extra curricular activities 

� � - Social life 

 � �  – Not being organized 

� � - Overall health 

 These 16 attributes are divided into 4 
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classes  , , ,  with  4  in each 

class.  

 

Let  = { , , , }   

  = { , , � � , � � }     

  = { , , � � , � �  } 

  = { , � � , � � , � �  } 

 

Now we take the expert opinion for each of these classes and 

take the matrix associated with the combined disjoint block 

FCMs. The experts opinion for the class  = { , , , }    

is in the form of the directed graph 

 
According to this expert the attribute competition is 

interrelated with making future plans. The attributes 

competition and making future plans are the reasons for 

academic pressure which leads to stress on college students.  

The related connection matrix  is given below. 

  =         

0 1 0 1
1 0 0 1
0 0 0 0
0 0 0 0

 

 

The directed graph is given by the expert on { , , � � , � � }     

which forms the class  .    

 

 
 

 

According to this expert the attribute poor eating habits  is 

interrelated with  physical stress and overall health. Also the 

attribute poor sleeping habits is interrelated with physical 

stress and overall health. The attribute physical stress is 

interrelated with overall health.  

 The related connection matrix  is given below. 

 

  =    

0 0 1 1
0 0 1 1
1 1 0 1
1 1 1 0

  

 

The directed graph is given by the expert on  { , , � � , � �  

} which forms the class  

 
        

According to this expert the attribute new college is 

interrelated with new relationships. The attributes new 

relationships and extra curricular activities are interrelated 

with social life. 

The related connection matrix  is given below. 

       =    

0 1 0 0
1 0 0 1
0 0 0 1
0 1 1 0

  

The directed graph is given by the expert on  

{ , � � , � � , � �  } which forms the class  . 
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According to this expert the attribute parental pressure is 

interrelated with family stress. 

The related connection matrix   is given below. 

  

=     

0 1 0 0
1 0 0 0
0 0 0 0
0 0 0 0

 

 
Now the combined disjoint block connection matrix of the 

fuzzy cognitive maps K is given by 

K   =   
0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0

  

 
Suppose we consider the on state of the attribute competition 

and all other states are off the effect of   

 X=    

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  on 

the CDBFCM is given by 

 XK ך   

1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0  = 

 (say) 

K ך   

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  = 

 2 (say) 

 

K ך   

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

= =  

 

 is a fixed point of the dynamical system. When the state  

is on they felt stress because  of making future plans. Suppose 

we consider the on state of the attributes competition, making 

future plans, new college environment, parental stress, family 

stress and extra curricular activities and all other nodes are in 

off state. Now we study the effect of the dynamical system K.  

Let T = 

1 1 0 0 0 0 1 0 1 1 0 0 1 0 0 0  

be the state vector depicting the on state vector T in to the 

dynamical system K.           .  

 TKך 

1 1 0 0 0 0 0 1 1 1 0 0 0 1 0 0  =   

 (say)  

 

 Kך 

1 1 0 0 0 0 1 1 1 1 0 0 1 1 0 0  =  

 (say) 

 

 Kך 

1 1 0 0 0 0 1 0 1 1 0 0 1 0 0 0 =    

 =T 

Then T is a fixed point of the dynamical system. Thus the 

attributes  , , , , � � , � �  are in the on states and the 

attributes time management, poor eating habits, poor sleeping 

habits, academic pressure, new relationships, financial stress, 

physical stress, social life, not being organized and overall 

health are in the off state all other states become on. 

 

5. CONCLUSION 
We analyzed the reasons for stress on college students using   

CDBFCM  model. The limit point of the dynamical system 

reveals that the attributes , , , , � � , � �  are the 

main reasons for stress on college students. This means 

competition, making future plans, new college environment, 

parental pressure, family stress and extracurricular activities 

are the main reasons for stress on college students and because 

of these reasons their health and studies are getting effected. 
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ABSTRACT 

Attendance Monitoring System Using ZigBee and RFID are designed to collect and manage student’s attendance record from 

RFID devices installed in an educational environment. Based on the verification of the student identification in the class, the 

system could generate sophisticated student attendance database for analysis purpose. Attendance automation is based on 

personalized profile. Profile can be edited on the run time without making any changes in the hardware. The RFID system consist 

of an RFID tag, reader and a user interface computer. Passive RFID are used for access control application. When the tag is 

energized by the RF field, it transmits back the contents of its memory by modulating the incoming RF field. The reader detects 

and demodulates the signal and identifies the tag.  

Keywords - Attendance Monitoring System;ZigBee;RFID.  

1. INTRODUCTION 

The major problem faced by institutions is time consuming 

manual attendance. Our project is going to solve these 

problems by using RFID technology. For wireless data 

transmission and networking between sensor nodes, the project 

uses ZigBee modules. The project is designed right now on the 

prototype basis with just few profiles but we can add even more 

when needed. 

Radio Frequency Identification (RFID) is an automatic 

identification method, relying on storing and remotely 

retrieving data using devices called RFID tags or transponders. 

So the RFID is a wireless identification. Normally the RFID 

system comprises of two main parts: RFID Reader and RFID 

Tag. 

RFID Reader is an integrated or passive network which is used 

to interrogate information from RFID tag (contains antennas to 

enable them to receive and respond to radio-frequency queries 

from an RFID transceiver). The RFID Reader may consist of  

 

antenna, filters, modulator, demodulator, coupler and a 

microprocessor. 

2. SYSTEM DESCRIPTION 

2.1 Sender Side 

The sender side consists of a RFID reader module to read RFID 

passive cards, a ZigBee transceiver to transmit data, a 16x2 

LED display and ATmega16 micro-controller 
 

2.1.1 RFID Reader 

An RFID reader’s function is to interrogate RFID tags. The 

means of interrogation is wireless and because the distance is 

relatively short; line of sight between the reader and tags is not 

necessary. A reader contains an RF module, which acts as both 

a transmitter and receiver of radio frequency signals.  

The transmitter consists of an oscillator to create the carrier 

frequency; a modulator to impinge data commands upon this 

carrier signal and an amplifier to boost the signal enough to 

awaken the tag. The receiver has a demodulator to extract the  
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Figure 1: Sender Side 

Returned data and also contains an amplifier to strengthen the 

signal for processing. A microprocessor forms the control unit,                                      

Which employs an operating system and memory to filter and 

store the data. The data is now ready to be sent to the network. 

 

2.1.2 ATmega16 Micro-Controller 

ATmega16 is an 8-bit high performance microcontroller of 

Atmel’s Mega AVR family with low power consumption. 

Atmega16 is based on enhanced RISC (Reduced Instruction Set 

Computing) architecture with 131 powerful instructions. Most 

of the instructions execute in one machine cycle. Atmega16 can 

work on a maximum frequency of 16MHz. ATmega16 has 16 

KB programmable flash memory, static RAM of 1 KB and 

EEPROM of 512 Bytes. The endurance cycle of flash memory 

and EEPROM is 10,000 and 100,000, respectively. ATmega16 

is a 40 pin microcontroller. There are 32 I/O (input/output) 

lines which are divided into four 8-bit ports designated as 

PORTA, PORTB, PORTC and PORTD. ATmega16 has 

various in-built peripherals like USART, ADC, Analog 

Comparator, SPI, JTAG etc. Each I/O pin has an alternative 

task related to in-built peripherals 

 

Frequency 16MHz 

Flash 

Memory 

16KB 

Internal 

Memory 

1KB 

I/O s  (max) 32 

Typical 

Voltage 

5V 

Maximum 

Voltage 

5.5V 

Minimum 

Voltage 

4.5V 

Pin Count  40 

 

 

2.1.3 ZigBee Transceiver 

We selected ZigBee because of its low power consumption, 

low cost and moderate range 30 m to 1.6 Km. This range is 

suitable for our application where we want to wirelessly 

transmit data from RFID reader to the Database Server, where 

attendance is being managed. Another most important reason 

for using ZigBee module is that these modules come with serial 

interface therefore it will be easier for us to use these modules. 

These low-Rate WPAN standards have exceedingly secured 

wireless transmission over a very distant range. In the 2.4 GHz 

band there are 16 ZigBee channels, with each channel requiring 

5 MHz of bandwidth. 

 

 

Figure 2: Zigbee Module 

 

2.1.4 16x2 LED Display 

It is used to display the RFID card no and the details of the 

professor and the Subject. 

 

 

 

Figure 3: Receiver Side 
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2.2 Receiver Side 

The Receiver side consists of a ZigBee module, a TTL to 

USB converter and a Personal Computer to Store the Data. 
  

2.3 Software Requirements and Database 

•  Windows: Operating system  

•  Microsoft Access: Database to store attendance  

•  Bascom AVR: To Burn Microcontroller  

•  VB 6.0 :To Receive data using comp port  

                                                                                                        

3 WORKING PRINCIPLE 

The basic principle is as follows 

 

Figure 4: Working Principle                  

 

3.1 Read The RFID Tag using Micro-Controller 

•  The RFID Reader will read the RFID tag and Check if it 

belongs to teacher or student. 

•  It will also display the Tag no using the 16x2 LED 

Display. 

•  If the tag belongs to the teacher it will start transmitting 

the RFID tag no or else it will wait for the teacher to 

punch the card. 

•  It will also display the card when its punched. 

 

3.2 ZigBee Transmitter & Receiver 

•  The Data will be send to a PC using a ZigBee 

Transmitter and received by a ZigBee Receiver. 

•  A TTL to USB converter is used to Transfer the data 

 

3.3 Database 

•  After receiving the data, mapping of Database is used 

and the Id no of student, subject, day, time and year, 

present or absent is stored. 

•  Data is received using VB 6.0 Windows Application 

and a user friendly GUI is used to retrieve the 

information.   

 

4 EXTENSION TO THE PROJECT  

•  We can interface a GSM module for sending message 

alerts to the students informing them about the 

attendance.  

•  The system can be made fully digital by including a 

function of sending email at the end of month.  

•   This project can be added along with feature for 

calculating salary of employees at the end of the month.  

•  With the inclusion of GSM module it can also be used 

widely in wireless alarm of access control system.  

 

5 CONCLUSION 

In our college the ID card which we are using are RFID card, 

so we used RFID and ZigBee. This project mainly comprised 

of development of attendance management system. 

Attendance management is very helpful in saving valuable 

time of students and teachers, paper and generating report at 

required time. This project presented a framework using which 

attendance management can be made automated and on-line. 

A general implementable approach to attendance management 

was proposed using ZigBee.  
 

6 LIMITATIONS AND FUTURE SCOPE  

The range of Xbee is up to 100 feet. So to increase the range 

repeaters will be required. A website will be hosted on the 

server for online access to attendance reports. For this purpose, 

html, JSP or ASP dotnet would be used. This idea can further 

be elaborated and used for security purposes at various places. 

As now a days there is a rise in the demand for personal 

authentication. Biometric authentication is very useful for such 

applications. 
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ABSTRACT 

In this paper a brief study of threat and their vulnerabilities are explained properly. Risk is an essential practice to find out what 

might go wrong in an organization, and also an unquestionably worthwhile subject to explore. Throughout this study we tried to 

simplify threat and vulnerability concepts in order to make this task more straightforward and easier to approach. This document 

started by introducing definitions of concepts where they fits in, and explaining the factors driving the growing need to manage 

risk. After this introduction, the particular set of events related to risk were exposed 

 

Keywords — Risk, Threats, Vulnerabilities. 

 

1. INTRODUCTION 

1. A threat, however, is not relevant if a analogous 

defenselessness does not exist. Perhaps, more truthfully, a 

threat can only cause consequences if a openness exists which 

allows the threat to manifest. The following particle discusses 

the connotation of the term vulnerability in the context of risk 

and this research. A probable spring of an superfluous event 

which could consequence in harm to a structure or union. Is 

given by HB 231:2004 

2. Anything that has the burgeoning to prevent or hinder 

the achievement of objectives or dislocate the processes that 

support them. A source of, or potential for mischief to occur. 

A threat can be a source of risk. Is given by HB 167:2006 

3. The prospective pro a risk spring to train 

(accidentally generate or calculatedly exploit) an         

unambiguous susceptibility. Is given by Stonebumer, G., A. 

Goguen, and A.Feringa.     

4. The forthcoming for misuse of receptiveness. Is 

given by National Academy Press.303. 

5. The adversary’s goals or what an antagonist valor try 

to do to a system. (The gathering of all intimidation adjacent 

to a system is a silhouette.) Threats to a system always 

continue living despite of alleviation. Is given by Swiderski, F. 

and W. Snyder. 

6. “A threat is any latent incident of manners that can 

budge the system in a superfluous state. Is given by Kabasele-

Tenday, J. 

7. A impending disobedience of safekeeping. I s given 

by Ciechanowicz, Z. 

8. A source of impending harm or a circumstances with 

budding to cause slaughter. Is given by HB 231:2004. 

9. An impending source of mischief. The term 

vulnerability can be quantified in order to define its origin or 

the nature of the anticipated harm. Is given by HB 167:2006. 

10. “

Risk is finest viewed as a unsurprisingly stirring or entity 

persuade development or episode with the impending to build 

slaughter, i.e. a broad-spectrum spring of jeopardy” 
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“…vulnerability (or cause) as a ‘impending threat to humans 

and their welfare’…”Is given by Smith, K. 

11. A source of prospective injury. Is given by AS/NZS 

4360:2004 

12. Either (1) aim and manner beleaguered at the 

premeditated utilization of a defenselessness or (2) a location 

and scheme that may unintentionally trigger a exposure. Is 

given by Stonebumer, G., A. Goguen, and A.Feringa 

 
13. A list of budding sources that could cause grievance 

to an foundation. For example, a vandal, a irritated earlier 

employee, a unlawful, stakeholders, or a revolutionary. Is 

given by HB 167:2006. 

 
 

2. VULNERABILITY DESCRIPTION 

Vulnerability would be some blemish or deficiency that has 

been beforehand pragmatic to lead to a infringe in defense in 

some form. These approaches basically see security as the 

process of removing vulnerabilities where hopeful in systems. 

       The repercussion that it is indispensable that a flaw exist 

for a liability to exist is not the only view of exposure. While 

in a security circumstance contemplation of judgment, 

reacting adversaries unsurprisingly makes the theory of 

weakness as a flaw striking it is by no means the only 

standpoint. Vulnerabilities can exist inherently in an creature 

or system and may not inevitably be flaws. For pattern, a 

computer system is susceptible to a loss of power. This 

vulnerability is not a blemish in the individual but pretty a 

outcome of its temperament. While in the system generally, 

the lack of some back-up power could be painstaking a 

vulnerability. This for a second time indicates the substance in 

point of view or range when taking into account these issues. 

      Normal calamity presumption would hold that in 

multifarious securely together systems the defenselessness is 

in the personality of the arrangement itself fairly than in any 

fastidious typical of its individual mortal parts. The rapidity of 

transmission of trial crosswise a system is also of distress. The 

vital attitude is that it is in the disposition of the coordination 

itself that the vulnerability lays, regardless of the specific 

problems with sub-systems [4]. This is once again dependent 

of where one is measuring the impact or event of anxiety; it is 

a inquiry of scale and focal point. In the case of Perrow’s work 

[4], where the agonize is commonly with some appalling 

incidence in a superior system, it is the disintegrate of the 

cataloging as a whole that concerns him. It is commonplace 

then that his view of susceptibility is at the same scale and 

emphasizes what could be forethought of as its complete 

nature. 

A suitable assessment in information systems force be a 

fundamental wine waiter design. In this case multiple servers 

might be operating on a single portion of hardware. Following 

the model used be Perrow this system capacity be seen as 

supplementary vulnerable. This will depend on the 

characterization of the scheme one uses. The hardware itself 

may have unerringly the alike vulnerabilities, successively 

several servers on the hardware does not increase this level of 

liability. It is easy to see that the implement of this 

vulnerability might introduce a superior corollary if various 

servers are successively on that system. Accordingly it may 

perhaps be said that the susceptibility of the system as a whole 

is augmented. Vulnerability is, as with so lots of the concepts 

neighboring risk very conditional on exactly what system 

definitions are worn. 

Both Vaughan and explanation see the pretender accident as 

finally the result of, to a large extent, individual failures. The 

fact that the ferry was permissible to flutter with a flawed 

component is seen ultimately as a breakdown in the systems 

that should have prevented it. The same accident from a purely 

engineering point of view, entirely rapt on the transfer as a 

self-contained person, would see only the collapse of the 

equipment or design of the O-ring structure. This another time 

points out the anecdotal scenery of exposure depending on the 

scrutiny of the organism that is taken. 

Vulnerability is often seen as the detailed bordering basis of 

an epoch. For example, some software blemish that allows a 

barrier brim over attack is the exposure that allows for a 

unbeaten attack on a computer system, say the theft of some 

insightful information. This paradigm is common in the 

information refuge world. For example, in one argument 

regarding quantitative approaches to risk in computer 

sanctuary the word defenselessness is used in glut of 100 

times with no characterization ever being given. In 

circumstance however the word is used to specify flaws in 

software systems, a detailed technical crisis in one facade of a 

wider system. Where the analysis of information defense is 

focused on a computer system then the characterization of 
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openness tends to be comparable to a mistake in some 

software as in the arrangement provided. However, a more 

ample view of the system can lead to more subtle selflessness 

of vulnerability, even when allowing for the same type of 

systems. This again is an gauge that vulnerability itself is 

needy on the view of the organism being taken. 

If a poles apart view of the classification is taken then the 

liability might in fact be the running route where the software 

was developed which allowed some unbounded input to be 

accepted. If another view of the system is taken then the 

vulnerability might be the fact that sensitive information was 

stored on a system that allowed access from outside the 

organization. If the loss of data which occurred had economic 

implications that put the hope of the organization in hazard 

then, in a similar manner to a exposed populations in a natural 

disaster setting, the vulnerability might be the lack of ability of 

the organization to survive the shock of the affair. 

 

2.1 Definitions of Vulnerability 

Vulnerability a variety of definitions of openness from the 

journalism in a range of fields has been integrated. The 

definitions included are not an far-reaching set of all 

definitions crosswise all fields but endow with a wide-ranging 

sample. However, it is unanticipated that definitions of 

liability that are not utterly specific to an area, say the precise 

genetic failing for a virus, or less presented than one might 

expect. The table however does exhibit a clear demarcation 

between the securities fixed prose and other literature. In 

practically all the security-focused definitions the thought of a 

flaw is clearly present. 

1. Fault in an information mortal, system precautions trial, 

internal pedals, or execution that can be subjugated or 

cause by a hazard basis. Is given by Ross, R. 

 

2. A quality (including a weakness) of an information 

benefit or group of information belongings which can be 

oppressed by a intimidation. Is given by HB 231:2004. 

 

3. Any fault that can be exploited by an antagonist to make a 

quality prone to amend. Is given by HB 167:2006. 

 

4. A blemish or flaw in system sanctuary dealings, blueprint, 

realization, or internal joystick that could be exercised 

(fortuitously triggered or deliberately exploited) and 

upshot in a refuge commit a breach or a abuse of the 

system’s safety measures guidelines. Is given by 

Stonebumer, G., A. Goguen, and A.Feringa. 

5. A weakness in a system that can be exploited to violate 

the system’s intended behavior. There may be protection, 

veracity, accessibility, and other vulnerabilities. The act 

of exploiting liability represents a menace. Is given by 

National Academy Press.303 

 

6. A sanctuary flaw in the organization that represents a 

convincing way for an opponent to grasp a menace. A 

intimidation that has an sheer molest path from the path’s 

leaf circumstances in a threat tree to the root warning 

results in a exposure. Is given by Swiderski, F. and W. 

Snyder. 

 

7. Prescriptive taxonomy “Vulnerability is a convincing, 

threat-independent aspect of an information scheme or 

system factor (hardware or software) that enables assests 

to be compromised by allowing unlawful utter changes to 

arise within the system.” P34. Exact no-frills definition 

“vulnerability is a contrary quantify of the amount of 

endeavor (italics theirs) vital to engender an unfair state 

change surrounded by a system.” Is given by Kaplan, S. 

and B.J. Garrick. 

8. Vulnerability is the symptom of the natural states of the 

organism (e.g. substantial, technical, managerial, 

edifying) that can be browbeaten to negatively affect 

(cause harm or damage to) that system. Is given by 

Hamies, Y.Y. 

 

9. From a systems outlook vulnerability can be defined as 

the liaison between a purposive system and its milieu, 

where that atmosphere varies over instance. Is given by 

Perrow, C. 

 

10. Vulnerability may be defined as a domestic risk aspect of 

the question or system that is exposed to a exposure and 

corresponds to its central inclination to be precious, or to 

be inclined to damage. In other words, vulnerability 

represents the corporeal, economic, opinionated or social 

receptiveness or penchant or a neighborhood to smash up 
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in the case of a destabilizing incident of natural or 

anthropogenic derivation. Is given by Cardona, O.D. 

 

11. The vulnerability of stake holders, communities and the 

milieu to penalty of events and their buoyancy to the loss 

of military and facilities.  

 

3. CONCLUSION 

Threat and their vulnerabilities are vital concepts which need 

to be explained properly. Risk is an essential practice to find 

out what might go wrong in an organization, and also an 

unquestionably worthwhile subject to explore. Throughout this 

study we tried to simplify threat and vulnerability concepts in 

order to make this task more straightforward and easier to 

approach. 
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ABSTRACT 

This work provides a computational model for the topology optimization of three-dimensional (3D) linearly elastic isotropic 

structures. Topological optimization is the process of obtaining the best possible results among many possible results under given 

circumstances. The paper introduces a control-based optimization algorithm to solve topology optimization problems for 

structures of minimum compliance by constraining the volume. Different types of structures are taken having same material 

properties, element type and load applied. All the structures are topologically optimized using ANSYS software and the optimized 

structure with reduced compliance is obtained. Von Mises stresses and final deformed shape for all the structures taken is also 

obtained in the optimization process. The aim of this research work is to reduce the compliance of the structure under different 

loading and the boundary conditions along with obtaining the topologically optimized structure. 
 

Keywords - Topological Optimization, ANSYS, Von Mises Stress, Compliance, Optimality Criteria.  

 

1. INTRODUCTION 

Topology optimization is a useful tool for designing that 

generates the optimal conceptual shape of a mechanical 

structure. The structural shape is generated within a predefined 

design domain. In addition, the user defines boundary and 

loading conditions. Without any further decision and guidance 

of the user, the method will give the structural shape thus 

provides a first idea of an optimum geometry. A desired 

property of the structure is maximized by changing the shape 

of the given material. Usually this maximized property is 

stiffness. Another usage of topology optimization is 

minimizing the weight, subjected to a given constraint (such 

as stress). 

 Topology optimization is used for many different engineering 

applications such as fluid mechanics, thermodynamic 

problems, acoustic problems, electro mechanics problems and 

solid mechanics. By using topology optimization, designers 

can easily solve very difficult and complex problems; hence, 

usage of this method is increasing day by day. The simple idea 

of the topology optimization is the removal of less efficient 

materials from a structure. To find accurate solution of 

topology optimization, the designer must increase the number 

of iteration and the numbers of elements. When the number of 

iteration and elements increases, solution time also increases. 

This is the main drawback of the method that must be 

overcome. For this reason, in the optimization processes, 

passive elements (which are found from FE analyses) are 

eliminated after every iteration loop. In the subsequent 

iteration loop, unnecessary elements are not used during 

solution. Hence, at each progressive solution loop, the number 

of elements decreases. 

Topologically structural optimization is regarded as one of the 

most challenging topics in structural mechanics, in which one 

needs to change the topology as well as the shape during the 

process of optimization. More accurate results are obtained by 

fine meshing the structures but by meshing fine the processing 

time increases. This significantly increases the complexity of 

the optimization problems. With the development of high-
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speed computer, the topology optimization method using 

numerical approach has been growing quickly. 

The present work is to study topology optimization of 

continuum structures with the help of Optimality criteria 

method using ANSYS also ANSYS use SIMP method for 

penalization of intermediate densities. The SIMP method, in 

which material properties can be expressed in terms of the 

design variable material density using a simple “power-law” 

interpolation as an explicit means to suppress intermediate 

values of the bulk density. This has been generally accepted in 

topology optimization because of its computational efficiency. 

However, like most of the other topology optimization 

methods, the SIMP method does not directly resolve the 

problem of non-existence of solution. In this work we will be 

using commercially available ANSYS 12.0 software for 

topology optimization.  

 

2. PROCEDURE OF TOPOLOGICAL 

OPTIMIZATION 

Every structure/model that is intended to be optimized in the 

sense of topology optimization needs a set of imposed 

boundary conditions (BC) and loads. The optimization then 

leads to an improved model with respect to the boundary 

conditions and loads before. The optimization itself is an 

iterative procedure where the bodies’ geometrical structure is 

changed until a user defined objective is met. 

The goal of topological optimization is to find the best use of 

material for a body such that an objective criterion (i.e. global 

stiffness, natural frequency etc.) attains a maximum or 

minimum value subject to given constraints (i.e. volume 

reduction).  

In this work, maximization of static stiffness has been 

considered. This can also be stated as the problem of 

minimization of compliance of the structure. Compliance is a 

form of work done on the structure by the applied load. Lesser 

compliance means lesser work is done by the load on the 

structure, which results in lesser energy is stored in the 

structure which in turn, means that the structure is stiffer. 

Mathematically, 

  

Compliance = ∫v f*u dV +  ∫s t*u dS  +  Σin *Fi*ui ……(1)         

Where, 

u = Displacement field  

f = Distributed body force (gravity load etc.)  

Fi = Point load on ith node  

ui = ith displacement degree of freedom  

t = Traction force  

S = Surface area of the continuum  

V = Volume of the continuum 

 

3. STRUCTURES AND BOUNDARY 

CONDITIONS 

Three structures are taken having same material properties but 

different boundary conditions. Solid 20node 95 element is 

taken for all the structures which is linear elastic and isotropic 

material having Young’s modulus E = 1.0 and Poisson’s ratio 

of 0.3. The load applied to all the structures is unit loading. 

Volume reduction for all the structures is 75%. 

 

3.1 Structure 1: Simply supported structure with unit 

load. 

A simply supported solid block of dimensions 50X25X50 is 

taken. The load is of one unit magnitude is applied at the 

centre of the lower surface and the four bottom corners are 

fixed. Figure below shows the structure and the loading 

condition. 

 

Fig-1: Structure with unit load at the bottom end 

 

After topologically optimizing the structure in 24 iterations the 

optimized shape that is obtained is shown in the figure below. 
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Fig-2: Optimized structure 

 

Compliance as observed in 24 iterations decreases from 

9.9179 to 1.547. Graphical representation of variation in 

compliance with iteration is shown in the figure below. 

 

 

 

Fig-3: Variation of compliance with iteration 

Von Mises stress in the structure is shown in the figure below. 

Maximum stress is observed at the point of loading. Bottom 

view of the structure is shown. 

 

 

Fig-4: Variation in the von Mises stress. 

 

 The deformed and the initial structure as observed after the 

loading is shown. Blue portion shows the deformed final 

structure after the loading, while the line above the blue 

portion shows the initial structure position. 

  

 

Fig-5: Deformed structure. 

 

3.2. Structure 2: L shape structure 

L shape structure is taken with the dimensions of 60X20X20. 

The upper surface is fixed and the load of unit magnitude is 

applied at centre of the right face as shown in the figure 

below. 

 

 

 

Fig-6: L shape structure with loading 

 

 Topologically optimized structure with reduction of 75% in 

volume after 43 iterations is shown below. 
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Fig-7: Optimal shape 

 

Variation in compliance in 43 iterations from 69.1203 to 

26.3475 is represented in the graphical form. 

 

 

 

Fig-8: Variation in compliance along with iteration 

 

Von Mises stress variation in the structure with the given 

boundary and loading condition is shown in the figure. Red 

portion represents the region of maximum stress.   

 

 

 

Fig-9: Von Mises stresses 

 

Deformed observed in the structure with a given conditions is 

dhown in the figure below. Blue colour represents the 

deforned structure and dotted black line represents the initial 

sructure.  

 

 

 

Fig-10: Deformed Structure 

 

3.3. Structure 3: Cantilever beam with shear loading  

 Cantilever beam with dimensions 100X20X40 is taken. One 

end is fixed and the shear load is applied at the other end. The 

figure with applied load is shown in the figure. 
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Fig-11: Structure 

 

Topologically optimized structure obtained after 52 iterations 

with a reduction in compliance value from 22.655 to 8.9318 is 

shown in the figure. 

 

  

Fig-12: Optimal structure 

 

Variation in compliance as observed in the iteration process is 

shown in the graph below. 

 

 

Fig-13: Compliance variation with iteration. 

 

Variation in Von Mises stress distribution in the given loading 

condition for a cantilever structure is shown in the figure 

below. 

  

 

 

 

Fig-14: Von Mises distribution 

 

Deformed shape as observed in a given loading condition is 

shown in the figure below. Blue color represents the deformed 

shape while the black dotted line represents the initial 

structure.  

 

 

Fig-15: Deformed structure 
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4. RESULT 

In this section the topologically optimized structure and the 

change in compliance is studied. The optimal structures 

obtained by iteration are already shown above along with the 

compliance. Compliance is reduced in all the structures which 

are our objective and the volume was constrained to the 

reduction of 75% of the initial value. Thus we have optimized 

the structures and reduced the value of compliance. In all the 

structures the compliance is reduced by more than 60%. 
  

1. The first structure which was a simply supported beam 

the compliance was reduced from 9.918 to 1.547.Thus 

reducing compliance by 84.40%. 

2. In the second structure that was a L Shape structure 

compliance was reduced from 69.12 to 26.34. A 

reduction of 61.2%. 

3. In the last structure that is a cantilever beam with a shear 

loading the compliance is reduced from 22.655 to 

8.931.Reducing compliance by 60.57%. 
 

Von Mises stress variation in the structures with the given 

boundary and the loading conditions is shown above. The 

deformation observed in all the structures was also shown.   

 

5. CONCLUSION 

In this paper, a computational model for a topology 

optimization method for three-dimensional linear elastic 

isotropic with constraining of volume was presented. The 

main aim was to perform topology optimization of the 3D 

structures was to determine optimum size of the structure 

under various loading conditions. The topologies obtained, 

satisfying the compliance domain and volume constraints, 

allow us for a better identification of the final three-

dimensional structure. The results are based on Optimality 

Criterion were obtained using ANSYS. In an attempt to aid the 

designer with the conceptual design stage, this research work 

uses a commercially available finite element solver ANSYS 

12.0  for the form finding of some commonly  used structure 

in the engineering fields. This paper emphasizes that topology 

optimization is a very important and the relatively toughest 

part of the design optimization studies. Therefore, there 

appears the need of studying topology optimization separately. 
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ABSTRACT 

In this paper, we propose new 3-Time slot Quasi-orthogonal space time block code for LTE-A. and simulate this code, has better 

symbol error rate performance as compared to AL code [6] for Rayleigh  fading channels. 

 

Keywords — Orthogonal space-time block codes (OSTBCs), Quasi-orthogonal space-time block codes (QOSTBCs), Quasi-

orthogonal space-time block codes with 3 time slots (3-TS-QOSTBCs), Maximum-likelihood (ML) decoding, symbol error rate 

(SER), Long term evolution-Advanced (LTE-A). 

 

1. INTRODUCTION 

Alamouti [1]   introduced a  simple transmit diversity scheme 

which employs two transmit   antennas to   combat flat fading 

by increasing diversity at the  receiver while   maintaining the 

same transmission rate as on a single transmit antenna. 

V.Tarokh [2], generalized the scheme to any number of 

transmit and receive antennas using theory of orthogonal 

designs, which provide full diversity and have simple 

maximum likelihood (ML) decoding that decouple every 

transmitted symbol at the receiver. Relaxing the constraint of 

orthogonality, many QOSTBcs have been presented [3], [9]- 

[12] that provide partial diversity, full rate and linear ML 

decoder that decouples the pair of transmitted symbols instead 

of single symbol. Recently, Alamouti scheme has been 

identified as a potential diversity scheme for uplink 

transmission for a next generation wireless system called 

Long Term Evolution-Advanced (LTEA) [4], [5]. LTE-A is 

major enhancement of Long Term Evolution (LTE) by a 

standard body called 3rd Generation Partnership Project 

(3GPP) which is working on the standardizing cellular 

systems worldwide. 

However, it is difficult to implement an OSTBC in the LTEA 

frame structure, because even numbers of time slots are 

normally not available for data transmission. 

In many cases, there are 3 time slots available for data 

transmission, instead of 2 time slots as required by the 

orthogonal Alamouti scheme for two antennas. 

Therefore, research has been focused on STBCs with 3 time 

slots for two transmit antennas. In [6], a scheme has been 

proposed which combines 2-time-slot Alamouti STBC with 

conventional transmit diversity scheme of symbol repetition. 

The scheme requires a linear decoding at the receiver. 

However, it does not provide full-diversity due to the 3rd- 

time-slot symbol repetition. We call this scheme as AL 

scheme/code in the rest of this paper. In [8], a full-rate full-

diversity QOSTBC with 3 time slots (3TS-QOSTBC) and two 

transmit antennas has been presented. However, its decoding 

requires a pair-wise detection of two symbols.  

Few full-rate or even higher rate and full-diversity 3TS-

QOSTBCs have been proposed in [7] for two transmit 

antennas.  
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In this paper, we propose a new 3-TS-QOSTBC which is 

having better SER VS SNR for two transmit antennas and one 

receive antenna for QPSK,8PSK,16-QAM  . The organization 

of this paper is as follows, section II provides system model 

and brief overview of 3TS-QOSTBCs for two transmits 

antennas. In section III, new QOSTBC is explained. 

Simulation results and conclusion are presented in section IV 

and V respectively. 

 

2. SYSTEM MODEL AND REVIEW OF 

     QOSTBCS WITH 3 TIME-SLOTS 

 2.1. System Model 

We consider wireless communication systems with 2 transmit 

and 1 receive antenna. Signal received by receive antenna at 

time-slot t is given by 

                                 
2

1

i
t i t t

i

r h c η
=

= +∑  (1) 

 1 2,1 3i t≤ ≤ ≤ ≤  

where tη  are  noise samples. The coefficients hi are the path 

gains from thi transmit   antenna  to  the receive antenna. These 

path gains do not change during a codeword but may vary from 

one codeword to another codeword therefore the channel is 

quasi-static flat Rayleigh fading channel. i
tC  is the transmitted 

code symbol from thi  transmit antenna at time-slot t. From (1), 

received signal vector at the receive antenna can be written as 

                R ch η= +                      (2) 

Where  

1 2
1 1
1 2
2 2
1 2
3 3

c c

C c c

c c

 
 =  
 
 

                      (3) 

is the QOSTBC and  

           1 2(h h )Th =    

             1 2 3( )Tη η η η=     

            
          1 2 3(r r r )TR =   

                                     
(4)

 

  

are channel vector,
 
complex white Gaussian noise vector

 
and 

received signal vector of the receive antenna, respectively. 

Where superscript ‘T’ in (4) represents the matrix transpose 

operation.  Equation (2) can be rewritten as 

                         R HX η= +                                               (5) 

Where H is defined as channel matrix corresponding to the 

receive antenna and X is the transmitted signal vector both of 

them depend upon used QOSTBC. 

                               

11 12 13

21 22 23

31 32 33

H H H

H H H H

H H H

 
 =  
 
 

 

                              1 2 3(x x x )TX =                                (6) 

Where Ht,s, 1 3,1 3t s≤ ≤ ≤ ≤   is the channel path gain 

Corresponding to symbol xs,  1 3s≤ ≤   transmitted at 

timeslot t. R and η  in equation (5) can be obtained from R and 

η in equation (4) by simple processing such as conjugating 

few elements.  

2.2 Review of QOSTBCs with 3 Time-Slots 

In this Section, we briefly review existing QOSTBCs with 

three time slots and two transmit antennas. First 3TS-QOSTBC 

was proposed in [6] for two transmit antennas   

      

1 2
* *
2 1

3 3

AL

x x

X x x

x x

 
 = −                
 
 

                           (7) 

Few other 3TS-QOSTBCs for two transmit antennas have been 

proposed in [7] and [8]. 

 

3. PROPOSED CODE 

Our proposed code with 3-TS-QSTBC is given below.  
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* 1 2
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2

x x
x

x x x x
Q

x x
x

 +
 
 
 − + − +=  
 
 +− 
 

                    (8) 

 

 4. SIMULATION RESULTS 

 Simulation results of 3TS-QOSTBCs code are shown in 

figure. Fig. 1 shows curve between SER and SNR for 

Alamouti code [1], AL code [6] and our code for QPSK 

modulation for Rayleigh fading channel. Similarly, Fig. 2,3 

shows SER Vs. SNR  performance curves of Alamouti code , 

AL code [6] and our code  for 8-PSK,16 QAM  for Rayleigh 

fading channel.  

Figure:1 SER Performance Comparison for Rayleigh fading 

channel for QPSK. 

 

Figure:2 SER Performance Comparison for Rayleigh fading 

channel for 8PSK. 

 

Figure:3 SER Performance Comparison for Rayleigh fading 

channel for 16QAM. 
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5. CONCLUSION 

We evaluate the SER vs SNR for QOSTBC with 3 time slots 

for two transmit antennas and one receive antenna in  Rayleigh 

fading channel. We find that, proposed code is working and 

outperforms the AL code [6] with different modulation 

techniques. 
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ABSTRACT 

Topology optimization mainly comprises of a mathematical approach that optimizes the layout within a given design constraints, 

for a given set of loads and boundary condition such that the performance matches with the prescribed set of performance targets. 

Topological optimization solve the problem of distributing a given amount of material in a design domain subjected to load and 

supports conditions, such that the compliance of the structure is minimized while the stiffness of structure is maximized. In 

topology optimization several approaches based on a density-like function were proposed, but resulted in optimization models 

with rather large number of design variable. An attractive alternative is optimal criteria method. This paper represents the optimal 

criteria method for topological optimization of isotropic material under different loads and boundary conditions with the objective 

to reduce mass of an existing material and study the different shape obtain by varying the mesh density of a structure. This paper 

work represents topological optimization for static loading using finite element solver ANSYS.  APDL (ANSYS Parametric 

Design Language) has been employed for utilizing the topological optimization capabilities of commonly used finite element 

solver ANSYS. 8 node 82 elements are used to model and mesh the isotropic material in ANSYS. 

Keywords-Topology Optimization, Pseudo-densities, Compliance minimization, Optimality Criterion, SIMP. 

 

1. INTRODUCTION 

The objective of the optimization problem is often some sort 

of maximization or minimization, for example minimization 

of compliance or maximization of stiffness. Mathematically 

the general optimization problem is most often formulated as 

minimization of the function subject to constraints, this can be 

expressed as  

           x1 

           x2 

        Find x                    .          which minimize f(x) 

           xn  ……………………...(1)  

                                       gi(x)-0, i꞊1, 2, …., m                                        

         subject to 

          hi(x)꞊0, i꞊1, 2, …,n ……………(2) 

Where x is the vector of design parameters and f(x) is the cost 

function. The functions gi(x) and hj(x) are called the inequality 

constraint function and the equality constraint function 

respectively and they define the constraints of the problem. 
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In a given design domain the purpose is to find the optimum 

distribution of material and voids. To solve this problem it is 

discretized by using the finite element method (FEM) and 

dividing the design domain into discrete elements (mesh). The 

resulting problem is then solved using optimization methods 

to find which elements that are material and which are not. 

This result in a so called 0-1 problem, the elements either 

exists or not, which is an integer problem with two different 

states for each element. 

In topological optimization the design domain is created by 

assembling a large number of basic elements or building 

blocks. By beginning with a set of building block representing 

the maximum allowable region (region in space which the 

structure may occupy) each block is allowed to either exist or 

vanish from the design domain, a unique design is evolved. 

For example in the topology optimization of a cantilever plate, 

the plate is discretized into small rectangular elements 

(building blocks), where each element is controlled by design 

variables which can vary continuously between 0 and 1. When 

a particular design variable has a value of 0, it is considered to 

be a hole, likewise, when a design variable has a value of 1, it 

is considered to be fully material. The elements with 

intermediate values are considered materials of intermediate 

densities.  

2. THE SIMP METHOD 

The SIMP stands for Solid Isotropic Material with 

Penalization method. This is the penalization scheme or the 

power law approach, which is the basis for evolution of a 0-1 

topology in gradient based methods. The power-law approach 

is physically permissible as long as simple conditions on the 

power are satisfied (e.g. p>3 for Poisson’s ratio equal to 1/3). 

The common choice of design parameterization is to take xi as 

the design variable by convention, xi = 1 at a point signifies a 

material region while xi = 0 represents void. Each finite 

element (formed due to meshing in ANSYS) is given an 

additional property of pseudo-density, xi where 0≤xi≥1 , which 

alters the stiffness properties of the material.  

o

i=
ρ
ρ

ix ……………..………………………..(3) 

Where,                                                                              

  ρi= Density of the ith element                                                        

ρ0= Density of the base material                                                     

xi= Pseudo-density of the ith element  

This Pseudo-density of each finite element serves as the 

design variables for the topology optimization problem and 

the intermediate values are penalized according to the 

following scheme: 

oi EE p
ix= ……………………………….(4) 

Here Ei is the material young modulus of the ith element while 

E0 denotes the young modulus of the solid phase material. The 

stiffness of intermediate densities is penalized through the 

power law relation, so they are not favored. As a result, the 

final design consists primarily of solid and void regions. 

K=K(xi) =ΣEKi=Σxi
pE0Ki………………….. (5) 

3. MATERIAL AND METHOD 

3.1     Optimal Criteria Approach 

In topology optimization several approaches based on a 

density-like function were proposed, but resulted in 

optimization models with rather large number of design 

variables. Non-linear mathematic programming for such 

problems, on the other hand, is costly and time consuming. An 

attractive alternative is the optimality criteria method, which 

solve the optimality conditions directly. Two types of 

problems exist in the topological optimization. One is to 

minimize a performance function, subject to equilibrium 

equations and the constraint on the material resource. The 

other is to minimize the material resource, subject to 

equilibrium equations and performance functions. 

The design region is meshed into a fixed grid of n finite 

elements. All elements carry densities that constitute the 

design variables. The objective is to find an optimal material 

distribution in the design domain that subjected to some given 

constraints, leading to minimizing a specified objective 

function. The standard approach is to let the design variables 

represent the relative densities of the material in related 

elements. To avoid the singularity of the matrix, the density 

variables are given a lower limit. Topology optimization 

problem is to minimize the compliance of the structure while 
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it is subjected to a limited amount of material in the design 

domain can be written as  

    Minimize : C(X) ={F}T{U} 

               X   =(x1,x2,…..xn)
T 

                                  VTx≤V* 

            Subject to:     0<xmin≤xi≤1 

                                  {F} =[K]{U}     …………... (6) 

where X is the design variable, C is the compliance of the 

structure, VT  is a vector containing the volume of the 

elements, V* is the volume constraint, K is the stiffness 

matrix. 

Iterative optimization techniques For discrete topology 

optimization problem common to use to solve this problem, 

e.g. optimality criteria (OC) method. The Lagrangian function 

for the optimization problem is defined as: 

)1(+)(+])[]][([

+)(+]][[[U]=)(

3min21

*T

−∑−∑−
−∑ΛΓ

ii

T
i

xxxFUK

VVUKx

λλλ
 

………………(7) 

Where Λ, λ1, λ2 and λ3 are Lagrange multipliers for the various 

constraints. The optimality condition is given by:  

idx

d Γ
……………………………..(8)      

Now, Compliance  

C={U}T[K]{U}…………….……………(9) 

Differentiating Eq.(9) w. r. t. xi, the optimality condition can 

be written as:  

1=
V

dx
dC

-
=

i

i

ΛiB ……………………(10) 

Based on these expressions, the design variables are updated 

as follows: 

xnew= 

    max(xmin, xi−m) 

    if   xi 
η

iB  ≤ max(xmin, xi−m) , 

    xi
η

iB  

   if   max(xmin, xi −m)<xi
η

iB < min(1, xi + m) 

   min(1, xi + m)   

 if min(1, xi + m) ≤ xi
η

iB                   ...............................(11) 

Where, m is called the move limit and represents the 

maximum allowable change in xi in a single OC iteration. 

Also,  is a numerical damping coefficient, and is usually 

taken to be 1/2. The Lagrange multiplier for the volume 

constraint ᴧ is determined at OC iteration using a bisection 

algorithm xi is the value of the density variable at each 

iteration step ui is the displacement field at each iteration step 

determined from the equilibrium equations. 

3.2 Numerical Examples with Boundary Conditions 

Three numerical examples are given to demonstrate the 

validity and efficiency of the proposed approach. The 

specimens are taken from the work of Yiqiang Wang, Zhan 

Kang, Qizhi He [2013, 2014]. All the models are under plane 

state of stress. In first model the Young’s modulus is E0 =100 

while E0 = 1000.0 is taken in 2nd and 3rd. Poisson’s ratio is µ= 

0.3 is taken in all the models. 

Table- I 

1st model Eo꞊100 µ= 0.3 

2nd model Eo꞊1000 µ= 0.3 

3rd model Eo꞊1000 µ= 0.3 

Table-1: Material Properties used 

MODEL-1 Topology optimization of a cantilever beam with a 

fixed circular hole 

The first example focuses on the cantilever beam with a fixed 

hole as shown in fig-1. The center of the circle locates at 

(17.5, 15), with a radius Rhole = 7. 

 

Fig-1: cantilever beam with a fixed circular hole 
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MODEL-2 Topology optimization of a bracket with two holes 

To illustrate the effectiveness of the proposed optimization 

approach more complex geometries, the second example 

considers the topological design of a bracket structure in a 

design domain with two same-sized circular holes, as shown 

in fig-2. The left circular hole is fixed while a uniformly 

distributed line forces t = 1/pi*r is applied to the left-half 

boundary of the right hole. The volume fraction is given by fv 

= 0.35. 

 

Fig-2: bracket with two holes 

MODEL-3 Topology optimization with a half-ring shaped 

design domain 

The final example refers to the optimal topology design within 

a half-ring shaped design domain, whose geometrical 

dimensions and boundary conditions are schematically plotted 

in fig-3. The volume fraction is set to be fv = 0.5. 

 

Fig-3: half-ring shaped design domain 

4. RESULTS AND DISCUSSION 

This section presents the detailed results of FE analysis and 

optimization of the above structures. Final compliance and 

optimal shape of the models obtained with the help of gradient 

based ANSYS based Optimality Criterion have been 

compared with an adaptive refinement approach in the work of 

Yiqiang Wang, Zhan Kang, Qizhi He [2013, 2014]. 

MODEL 1: In Topology optimization of a cantilever beam 

with a fixed circular hole meshing is done with 8 nodes 82 

triangular element by giving element edge length one for each 

line. Table-II shows the final compliance obtained in the case 

of ANSYS based OC and adaptive refinement approach.  

Table- II 

Method ANSYS based 

OC 

adaptive 

refinement 

approach 

Compliance 0.44176 0.471 

Iteration 34 40 

Percentage difference in 

compliance 

2.924 

Table 2: Comparison for model 1 

 

 

(a) 

 

(b) 

Fig-4: Optimal shapes obtained by (a) ANSYS based OC and 

(b) adaptive refinement approach 

 

Fig-5: Graph between compliance and iteration for model 1 
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MODEL 2: In Topology optimization of a bracket with two 

holes meshing is done with 8 nodes 82 triangular element by 

giving element edge length 0.2 for each line and total number 

element is 1996. Table III shows the final compliance 

obtained in the case of ANSYS based OC and adaptive 

refinement approach.  

Table- III 

Method ANSYS based 

OC 

adaptive 

refinement 

approach 

Compliance 0.0363 0.045 

Iteration 41 73 

Percentage difference in 

compliance 

23.97 

Table-3: Comparison for model 2 

 

 

(a) 

 

(b) 

Fig-6: Optimal shapes obtained by (a) ANSYS based OC and 

(b) adaptive refinement approach 

 

 

Fig-7: Graph between compliance and iteration for model 2 

MODEL 3: In Topology optimization with a half-ring shaped 

design domain meshing is done with 8 nodes 82 triangular 

element by giving element edge length 0.6 for each line and 

total number element is 1996. Table IV shows the final 

compliance obtained in the case of ANSYS based OC and 

adaptive refinement approach.  

Table- IV 

Method ANSYS based 

OC 

adaptive 

refinement 

approach 

Compliance 0.05379 0.057 

Iteration 33 64 

Percentage difference in 

compliance 

9.063 

Table-4: Comparison for model 4 

 

 

(a) 
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(b) 

Fig-8: Optimal shapes obtained by (a) ANSYS based OC and 

(b) adaptive refinement approach 

 

 

Fig-9: Graph between compliance and iteration for model 3 

5. CONCLUSION 

The modeling and finite element analysis has been presented 

for three different models. Topology optimization was 

performed and according to the results, it can be concluded 

that the results of ANSYS based Optimality Criterion which is 

a gradient based method are compared with those obtained by 

adaptive refinement approach. Compliance values obtained by 

ANSYS based Optimality Criterion are lower by 2.94%-

23.97% than adaptive refinement approach in the work of 

Yiqiang Wang, Zhan Kang, Qizhi He [2013, 2014]. On 

comparison it can also be conclude that number of iteration by 

ANSYS based Optimality Criterion are less than the adaptive 

refinement approach. Topology optimization being the 

primary stage of structural optimization, the above plane stress 

structures can be considered for shape optimization and sizing 

optimization. In shape optimization, the design variables can 

be considered to be the coordinates of the nodes and in sizing 

optimization, any physical dimensions. The objective variable 

in both cases can be the volume of the structure. Material 

optimization approach will be considered for future research. 
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ABSTRACT 

The paper discuss about a wheel chair based on eye gesture. This project is made to help the people with motor nerve problem. 

Though paralyzed, this project will help them to maneuver an electric wheel chair with just their eyes. They can move the wheel 

chair left or right by just looking to the required direction, they can also start and stop the wheel chair, with other eye gestures. 

 

Keywords/ Index Term— Wheelchair, Ir Sensor, Ultrasonic Sensor, Accelerometer 

 

1. INTRODUCTION 

Intelligent wheelchairs have been being developed for a long 

time to support paralysed people with several disability levels. 

In many cases, the eye muscles of paralysed people are one of 

the few controllable muscles that still function well. 

Therefore, using the eye-gaze as an interface for paralysed or 

physically disabled people has been of interest [1]. The 

particular project is useful for the patients where they can 

move their wheelchair in their own directions, without any 

third party’s help or support .In this project, there will be a 

wheel chair model as a ROBOT model, which will contain an 

in-built MICRO CONTROLLER and EYE BALL SENSING 

system, which will do the functions like right, left, forward 

and reverse operations. The wheel chair is designed in such a 

way that it can move freely without external support or 

dependency. Through this feature the patients can enable 

movements of their wheelchair as per their desire. 

 

Model: A prototype model which symbolizes the wheel chair 

is constructed. 

 

Master Controller: A PIC Microcontroller will act as a 

master controller for the movement of the automated 

wheelchair. It is responsible for all the decisions taken by the 

auto mated wheelchair. 

Eye ball Movement Sensor: This is used to sense the 

movement of the eye ball’s direction and converts it into 

digital data and transfers it to the Master controller. (Straight 

Command, Left/Right Command, Stop Command). 

 

 

2. DIFFERENT EYE TRACKING 

MECHANISM 
 

There are there eye tracking mechanisms to compute the 

position of pupil. 

 

2.1  Electro-Oculogram (EOG) Method 

The Electro-Oculogram method obtains the gaze direction by 

sensing the electro-oculographic potential [2]. The cornea-

retinal potential resulting from a dipole (eye ball), generated 

between the cornea and the retina is called Electro-oculogram 

(EOG). The potential is produced due to the movement of the 

eye ball and can be acquired noninvasively by placing 

electrodes in the surrounding region of the eye [1]. An 

electrode is attached by the ear to provide reference voltage. 

These electrodes send the electrical signals to two EOG 

circuits of similar design to detect the horizontal and vertical 

movement of the pupil. This information is sent for 

computation. The big advantage of this method is the ability to 

detect eye movements even when they are closed. 
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2.2 Lens Tracking Systems 

In this method a non slipping contact lens fits over corneal 

bulge. The tracking of the pupil is recorded by affixing a 

magnetic coil or mirror to the lens. The integrated mirror in 

the contact lens allows measuring reflected light. The big 

advantage of this method is high accuracy and nearly 

unlimited resolution in time. Both methods explained so far 

are obtrusive and are not suited well for interaction by gaze. 

The third and preferred method for eye interaction is using 

video camera. 

 

2.3 Head Mounted Camera System 

A camera is set up in front of the wheelchair user to capture 

image information. The camera direction is focused onto the 

face area of the wheelchair user. The camera is connected to a 

computer with vision processing and electric wheelchair 

motion control capabilities. With vision processing, the 

sequential captured image is interpreted to obtain the gaze 

direction and eye blinking properties [3]. 

 

3. HARDWARE DESIGN OF AUTOMATED 

WHEELCHAIR 

3.1. The Hardware Architecture 

In this automated wheelchair mainly consisting of 3 types of 

modules: first one is the sensor module, second one is control 

module and third one is the motor driver. The sensors will 

sense the eyeball rotation send the values to control module. 

Control module is given the directions to wheelchair. Another 

two sensors take the position of the wheelchair and send it to 

control module. Control module converts analog data into 

digital and send the values to pc motor driver. 

In this proposed model master controller is PIC16887A. It is 

high-performance enhanced flash microcontroller with 10-bit 

analog to digital converter and microcontrollers with 10-bit 

analog to digital converter and microcontroller with 10-bit 

analog to digital converter and also 32k of flash memory. It is 

belongs to PIC16f series. 

Our proposed system starts with the detection of the eyeball 

position. In order to detect the position of the eyeball we use 

the eyeball infrared sensor (IR sensor). The values generated 

by the sensor depending on the position of the eyeball are 

routed to the microcontroller. We have to store the value of 

every eye location by pressing a switch. Next the values in the 

microcontroller are processed and sent to the motor drivers 

which are made to switch on the motors fitted to the wheels of 

the wheelchair will start to rotate and thus the wheelchair will 

be locomoted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-1: Block Diagram. 

 

3.2. Eye Tracking Sensor 

Based on the position of eye wheelchair will move left, right 

and forward. By using eye tracking sensor detect the position 

of eye. Eye tracking sensor will recognize colour differences. 

the eye focus on three parts of the eye that will respond to 

incoming light rays in a different manner: 1) the sclera (the 

white portion of the eye), 2) the iris (the region bearing one’s 

eye colour), and 3) the pupil (the black entrance hole that 

serves as a light receptacle based on these white and black 

portions eye tracking sensor will give the signals to 

microcontroller. It decides movement of wheelchair. 

Note that IR light is not visible light, but it resides after red 

light and opposite blue/ultraviolet light. It is known that a 

large percentage of IR light is transmitted through the skin 

(another type of soft tissue). The same result is expected for 

IR emission towards the eye. With ultraviolet light, however, 

the complete opposite is true. Blue light is absorbed by soft 

tissues and is known to cause damage to cells (specifically, 

damage to DNA). This is why the general populous is asked to 

be careful when exposed to sunlight for a long duration of 

BUFFER 
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time. Freasier and Sliney have acknowledged that 

0.3mW/cm2 is the maximum allowable intensity that the 

retina can be exposed to IR without damage. 

 

3.3 Ultrasonic Sensor 

 In this proposed project ultrasonic is used to detect obstacles 

in the path of wheelchair. Any obstacle is detected 

microcontroller is zero and buzzer is activated. Calculate the 

range through the time interval between sending trigger signal 

and receiving echo signal. The HC-SR04 Ultrasonic Sensor is 

a very affordable proximity/distance sensor that has been used 

mainly for object avoidance in various robotics projects. 

 

3.4. Accelerometer 

In the proposed project accelerometer will give the position of 

the wheelchair like as bend left or right or front or back. It 

send analogue values to microcontroller, microcontroller have 

inbuilt A to D converter it converts analogue values into 

digital. It measures static acceleration of tilt sensing and 

dynamic acceleration resulting from motion, shack or 

vibration. An accelerometer is a sensor that measures the 

physical acceleration experienced by an object due to inertial 

forces or due to mechanical excitation. Acceleration is defined 

as rate of change of velocity with respect to time. It is a 

measure of how fast speed changes. It is a vector quantity 

having both magnitude and direction. As a speedometer is a 

meter to measures speed, an accelerometer is a meter to 

measure acceleration. 

 

 

4. WORKING PROCESS 

The IR transducers which are focused to the eyeball of the 

patient generate three different ranges of values depending 

upon the position of the eyeball. 

In the kit there are four switches for store the value of every 

eye position i.e. left, right, straight and eye closed. Before 

starting the wheelchair the patient have to press the switches 

while looking at left, right and straight and while closing the 

eyes. The values for all directions are stored into the buffer. 

Now values generated by the sensor are fed into the 

microcontroller. Now the microcontroller matches it with the 

values that are stored in the buffer. 

 If the values generated by the sensor matches with the values 

of left in the buffer, then the microcontroller will automate the 

driver connected to the right motor. Thus the right motor will 

start to rotate in the forward direction. As a result the 

wheelchair will turn left. During this time the left wheel is 

stopped.viceversa is for right direction. 

If the values generated by the sensor matches with the values 

of straight stored in the buffer, then the microcontroller will 

automate the driver connected to the right motor and also the 

left motor. Thus the right and left motors will start to rotate in 

the forward direction. Using the switch we can get the exact 

value of every eye position for every size of eye correctly. 

 

5. ADVANTAGE 

The existing eye tracking methods for wheelchairs are based 

on image processing techniques thus it is not only tedious to 

work with images but also it is very costly. The main 

disadvantage of using head mounted camera is it will not work 

in night. But our system uses only eyeball sensor which tracks 

the position of the eye by using a simple component IR LED. 

Another advantage of the system is using ultrasonic sensor and 

accelerometer which make the wheelchair safer for the patient. 

 

6. CONCLUSION 
 

Today, Robots play a vey major role in industrial applications. 

In future these may come in every field, they could change the 

way the people live. Even though robots are the creation of 

human, they are more efficient and accurate. 

However, the only drawback with this project is as the wheel 

chair requires eye-ball movement as input to the controller for 

its working, a lot of strain is created to the eyes. 

In the real time application we can use long range ultrasonic 

for the sensing of obstacles in a little far distance and always 

monitor the position of wheelchair like as it bend front or back 

or right or left. Thus this project enables to help the physically 

challenged persons to move freely with their own control of 

the wheel chair and that is the sensor based automated 

wheelchair. 

 

7. FUTURE SCOPE 

To make the system more interact with patient we have to add 

some additional sensors. Based on the results obtained we 

conclude that the eyeball response towards normal subjects 

and hemiplegic patients is very prominent and gives a wide 
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range of movements. Thus the wheel chair moves in all 

required directions with good response.  

There is very slight variation in the responses of eyeball 

sensor in the case of normal subject to hemiplegic patient i.e., 

in the order of 0.5 mv. 

There is no big difference in the IR sensor response when 

tested on normal subjects and patients i.e., the activity of the 

sensor depends on the eye movement of the subject so the 

range can be narrowed according to the subject using the 

wheel chair. 

 

 

Fig-2: Prototype model. 
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ABSTRACT 

In today’s time we give lot of preferences to our friends opinions, skillful person in particular domain for making important decision 

in our day today’s life. Whenever we need to make some judgment,we want to hear other’s opinions. For example which brand of 

cell phone have a better camera quality, whether the movie is worth watching, whether product gives better performance or not. 

Opinion mining, also known as Sentiment analysis plays a crucial role in all these process. Sentiment analysis is the computational 

study of people’s opinions, sentiments, point of view, temperament and emotions expressed in natural language. It is the study of 

emotions i.e. Sentiments. It is one of the most effective research areas in natural language processing and text mining in current 

years. It presents many challenging  analysis problems, which had never been tackled before the year 2000.The reason for lack of 

study before was that there was limited Opinionated text in digital forms. 

Keywords - Sentiment, Opinion , Reviews, Emotions, Tokenization 

 

1. INTRODUCTION 

Now-a-days people are not only concern with making 

comments on the current data and add ratings, but they also 

like to contribute by sharing their feelings, judgment, 

observation and knowledge with the society at large. The main 

aim of collecting information is to figure out what other 

people think. 

The Cyberspace have huge amount of massive or unorganized 

data. With growing demand of opinion-base websites and 

other means new objection has been arrived in opinion 

mining. It is now becoming obvious that the views expressed 

on the web can be significant to readers in forming their 

opinions on a particular topic. Also the opinions that are been 

expressed by users are an crucial aspect which is taken into 

consideration by policy makers and merchants.[1]here are lot of 

distinction in meaning between sentiments, emotions and 

opinions. Opinion is transitional concept, which shows our 

point of view towards something. On the contrary sentiments 

are distinctive from opinions in the way they reflect our 

concern, emotion or desire, not always guided towards 

something. Moreover, our emotions may reflect our views.  In 

addition to that Sentiment analysis also plays a crucial role in 

determining the direction of sentiments which is also known 

as polarity. At present it is the trend in natural language 

processing. As we expressed opinions in common language, it 

requires machine learning processing i.e. we require to give 

artificial intelligence to computers. Sentiment analysis include 

the process of extracting the sentiments, emotions and 

opinions from document and analyses them. Supervised 

learning and Unsupervised learning are two different types of 

machine learning approaches used to analyze opinions.[4] 

Unsupervised machine learning technique are used for large 

scale Sentiment analysis. Whereas Supervised machine 

learning techniques is used in exercising the sample data set 

and later it focus on testing its subset. SVM gives the 

maximum accuracy amongst all other supervised learning 

approaches. But it also have few shortcomings. In this paper, 

design of proposed approach and implementation details are 

presented.  

 

2. RELATED WORK 

Document level analysis, Feature level analysis and Sentence 

level analysis are basically the three main level of sentiment 

analysis. One cannot analyze what are reviewer’s likes or 

dislikes on particular feature of that object using Document 

level analysis and Sentence level analysis. We cannot identify 

every minute detail expressed in a document using Document 

level analysis and Sentence level analysis as sentiments are 
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conveyed with respect to distinct features. Parts of speech tags 

is used in Feature level analysis to advanced the accurateness 

on the benchmark dataset.[3] Each and every feature of an 

object is considered using Fine-grained analysis process. A 

novel approach for classifying the sentiments automatically of 

Twitter messages were also introduced in Twitter Sentiment 

Classification. It is Advantageous to consumers who want to 

enquire about the product before they Purchase it. And it is 

also useful for companies who wants to supervise public 

sentiments of their brands. There was no previous research of 

how to classify the sentiments expressed in message services 

like Tweets.  Twitter is a very well-known micro blogging site 

where users messages known as “tweets”. These tweets are the 

way to express users opinion On various topics.[4] In “Twitter 

Sentiment Classification” they proposed a method to 

automatically extract sentiments whether it is positive or 

negative from a tweet. It is very useful as it allows feedback to 

accumulate without any human intervention. Sentiment 

analysis is made by users before making a purchase of 

particular product or service. Not only consumers but markets 

use sentiment analysis to study about people opinion about 

their company and product.  A lot of research is been made in 

the area of sentiment classification. Most of which is mainly 

focused in classifying huge piece of text like reviews. Tweets 

are different as compared to reviews because of their 

purpose.[5] And tweets Are limited to 140 characters of text. A 

new approach was proposed by Abd. Samad Hasan Basaria 

which takes into consideration both SVM and SVM  

(PSO).Performance and accuracy of above mentioned methods 

were compared using Different experiments.[4] It was found 

that SVM-PSO gives improved solution in terms of accuracy 

and precision as compared to SVM. A Hybrid Classification 

model which combines all classification approaches whiz 

SVM, Rule based Classification and Statistics based 

classification was presented by Rudy Prabowo1, Mike 

Thelwall to give Better performance.  

3. PROPOSED WORK 

The development is to turn the entire document or stretches 

into lowercase one. Tokenization is splitting up the systems of 

text into personal terms or tokens. This practice can take many 

types, with regards to the lexis being examined. For English, 

an simple and actual tokenization technique is to use white 

space and punctuation as token delimiters. Stemming is the 

way of decreasing relevant tokens into a single type. Typically 

the stemming process contains the gratitude and abolition of 

prefixes, suffixes, and unsuitable pluralisation. Generate n-

grams character n grams are n nearby data from a given 

feedback classification. Term frequency is naked by basically 

keeping track of frequent that a given phrase has took place in 

a given document, and inverse document frequency is 

discovered by unbearable the sum of records that given term 

seems to be in. When these values are augmented together we 

get a position that is maximum for terms that appear 

frequently in a few records, and low for circumstances that 

appear frequently in every document, enabling us to discover 

settings that are vital in a document. Finally transformed data 

set is caused which is use for training.  

 

4. ALGORITHMIC APPROACH 

The procedure starts with finding important keywords in 

documents and eliminating irrelevant words. A TF-IDF 

approach is used primarily. The formal procedure for applying 

TF-IDF has some minor changes over all its applications, but 

the overall method works as follows. The efficiency is O (n). 

Once we get significant terms in documents then similarity 

quantity is applied which is binary distinguisher and distinct 

two or more objects.  Lastly we get a article set depending on 

its similarity that is positive and negative. The procedure starts 

with finding important keywords in documents and 

eliminating irrelevant words. A TF-IDF approach is used 

primarily. The formal procedure for applying TF-IDF has 

some minor changes over all its applications, but the overall 

method works as follows. The efficiency is O (n). Once we get 

significant terms in documents then similarity quantity is 

applied which is binary distinguisher and distinct two or more 

objects.  Lastly we get a article set depending on its similarity 

that is positive and negative.  

 

5. IMPLEMENTATION DETAILS 

This proposed work is executed by deceitful following unalike 

modules. 

1) Collecting dataset. 

2) Pre-processing and storing domain specific keywords. 

3) Calculating TF-IDF. 
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4) Similarity measure. 

5) Feature Extraction. 

6) Training 

7) Classification and Analysis. 

 

6. DATASET 

Trials are carried on movies reviews dataset which are taken 

from amazon.com. Each dataset consists of 100 evaluations 

that were classified in terms of the overall location as being 

either positive or negative. The ground truth was gotten 

according to the customer 5-stars rating. Appraisals with more 

than 3 stars were distinct as being positive and assessments 

with less than 3 stars were categorized as being negative.  

 

7. CONCLUSION 

We would like to conclude by summing up the entire 

preliminary project report and the features of the project 

report. We would like to conclude by summing up the entire 

project and the features of the project. It will enable the user to 

upload his reviews and get opinions from others, sentiment 

analysis and summarization of, which helps to get a greater 

understanding of the quality of the box office. It is a user 

friendly software that is portable, reusable and flexible. It will 

enable the user to check the quality of fruit by sitting at a 

single place. The important things about the system are that it 

will generate a final Quality report after all processing of 

Video. It makes the life of the user easy by giving him/her a 

chance to sit back at leisure and make all processing without 
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ABSTRACT 

The Imperial Pallavas built many temples at their region. Their region was known as Tondaimandalam. Tondaimandalm consist 

then Chola country and some parts of Southern Andhra. The Pallavas partook for their excellence to their fecund attempts on 

religious architectural projects from the local art tradition, instead of then explored Gupta style of northern tradition which known 

as Nagara style. The Tamil Tradition of art and architecture later named as Dravidian art when at naming them under regional 

wise. Though, many dynasties of India given marvelous contribution to Indian art and architecture but, the innovations of the 

Pallavas were unique in all aspects. Their structural creativity and representational beauty with decorative pluses were treated 

aesthetically even beyond that. Therefore, this paper find one of their brand showing understanding on Metaphysics, that, this time 

not in medium of Sculpture but through architectural depiction is an amazing brilliance of the Pallava Kings and their creative 

Artists. In general, if a concept goes to depict through visual arts since, is rightly by painting or sculpture. But here entirely that 

concept depicted through a medium of architecture is the paper’s fine interpretations. 

Keywords – Tank, Rock, Circular Temple, Monolithic, Lingodhbava, Varaha, Rajasimha.

 

1. INTRODUCTION 
 

As mentioned in abstract, The Pallavas built many temples at 

their region. Those are been with Dravidian style since, having 

eight or six faceted sikaras crowned at Nāṛchadura vimanam. 

Nāṛchadura vimanam is a Tamil name meant a pyramidal 

structure of sanctum whose top has truncated; over on the 

sikara ought to be place. Except of this topical temple; 

Pallavas never erected such a hemispherical domed vimanas 

somewhere, according the list of their initial attempts until the 

period of Nandivarman II (732-796 C.E). In certain, there 

could be no custom prior to them of hemispherical sikara 

whilst they did not attempt on. Probably it could be a new 

effort that causes, perhaps, of the concept has produced it 

accidently. Likewise this small temple, we have plenty of 

them but all at one placed that too in one campus. Of course, 

this can seeable at the famous Kailasanatha temple of 

Kanchipuram, those all are having Dravida style vimanas. 

Particularly, they all chiseled with eight faceted sikaras. They 

are two storied vimanas though smaller in size since, seems as 

aedicules of vimana-hara but placed around the main shrine to 

form a prakara. This is absolutely an amazing composition. 

Architectural feature   

The temple we took here to analyze is in a circular form 

specially featured as a partly monolithic and partly a built one. 

However, the built structural has not built stone by stone since 

also it is a monolithic. Thus, the temple has been with four 

components. Since, the adhishtana, pithi, a portion of 

pirastharam to griva and sikara all are the parts which 

assembled to proportion a temple. Though the temple 

proportioned with four parts but natured with six. This is 
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known in Tamil as āṛu avayam whilst in Sanskrit shadvarga or 

familiarly known six angas as per the canonical laws. [1]  

Structural - Monolithic Combo  

As said above, the Pallavas having clear mind on their doings 

and given full freedom to their artists to bring very new 

dimension in art. Here need to say, the artists were the people 

belongs to a particular community known in Tamilnadu as 

‘Thachar’ also known  as Viswabramins or Viswakarmas in 

Sanskrit term those eagerly shown their attributions without 

off minded. This is clearly evidenced on each and every works 

of the entire phases of Indian art. In those days the Thachar is 

the all in all have created both art and architecture. Since the 

head of the Thachan is called in Tamil as ‘Peruṅthachchan’ 

meant an artist the great. [2]  

A structural - monolithic combo which a new technique 

according to that place where the ideation blossomed due to 

the material nature. Yes, the material is a sunken piece of rock 

on the shore or a continuing one of the main shrine 

particularly to the small western temple of the duo. Hence, due 

to the dimension of the rock particularly on its top side that 

determined the nature of the work. In fact, the rock could be as 

a flat one with considerable elevation but little high at its south 

end. Of this kind of proportion, the King and the Artists have 

might had been discuss as how to use and convert as a work of 

art in this considerable sized piece of rock or the extension of 

the main boulder. Thus, the discussion may be able to bring 

the same treatment of the ‘place worth’ that treated earlier in 

the Shore Temple.   Since the sea and the shore and 

particularly the rock these three elements combined to click on 

one more compositional creativity that resulted as the circular 

small temple especially in a tank. Indeed, the sunken or a 

lower position of the rock that too has to be considered with 

the ambience. The atmosphere that is the location is main 

here, where the erection of two temple for Siva and Vishnu, 

the later particularly in recumbent posture in between the duo, 

on which a separate research have written and published by 

this author in an international Journal. [3]  

Orientation 

The small circular temple campus which on we are discussing 

here is located in north side of the Shore temple, adjacently.  

As said before, the Shore temple which erected on a natural 

rock since the rock treated as a terrace partially. In further, in 

fact the west facing Small Temple namely known as 

Rajasimeswara which its adhistana mouldings were in two 

categories.  This is evidentially traceable at north-east side of 

adishtana where exactly at corner, a piece of moulding carved 

in mother rock as adhishtana. From this part the continuation 

of adhishtana by dressed stones were followed. This is again 

very clearly visible in southern adhishtana of centrally treated 

Anandhasayanamurty Temple. [4] Probably the entire 

adhishtana of the mid temple’s western and the southern sides 

were entirely carved in the mother rock itself. Though this 

temple and its adhishtana is paralleled with the frontal small 

temple’s running continuity but the former’s adhistana varga 

were not in relation with the later. Thus the adhishtana of 

Anandhasayanamurty sub shrine has designed with the simple 

padhabanda adhishtana, whilst its tripatta kumuda seems 

immediately just above to the jagati of it. Opposite to this, the 

adhishtana of the both eastern big and western small temple 

were designed with padma banda adhishtana. [5] Pada and 

Padma the both words are look almost same since to be read 

with little care to know the variation of the form of 

adhishtanas. Therefore their trippatta kumudha seems little 

higher than the Vishnu Temple’s. Of this we have to do a 

cross-check on the other sub work of the main campus that 

follows below.  

Adhishtana of the Monolithic Lion sculpture 

Since, we can assume that the Vishnu Temple of centre was 

quite earlier to both front and the back temples because of the 

former’s adhishtana are in plain of earlier style. And the 

observation made keenly by me, on the adhishtanas of the 

main temples in situ, they were designed with the same style 

though they built in different time. Beside this, the adhishtana 

of a lion sculpture found near prakara wall at south side is also 

having the same style. The lion sculpture itself a separate 

monolithic and too placed on a partly monolithic adhishtana of 

an original rock probably a continue one to the main mother 

rock of main temples. The lion itself sized with 5.3 feet high, 

whilst its adhishtana is with 2.5 feet. A special mention must 

here on the lion which its chest set up with a deep niche that 

sized with 1¼ x1¼ feet square, in that a relief figure of Durga 

has been carved. This is an outstanding attempt carving a 
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figure at in the much deeper niche which is 37½ centimeters 

deep. The given measurements are exacts, taken by author 

myself. Why because, if insert both hands to chisel the figure 

at the depth of the niche, the vision could be hidden by both 

the occupied hands of the sculptor. Also hammering should be 

done while at carving, with huge discipline and restriction 

because, the diagonal strokes may chance to damage the 

square proportion of the front surface of the niche. The 

repeated slight or some time heavy blows of hammer might 

causes loss of concentrations and thus chancing the 

disproportion or even the figure can be disfigured. Therefore, 

this was neatly followed that can see in the square without any 

aberration by wrong chiseling and hammering. This is 

amazing and beyond. (See figure: 4)  

Plan of the campus 

This is a sub campus as mentioned earlier adjacently created 

to the main campus of the Shore temple in north side. In 

addition, this underground campus which, exactly being 

situated quite opposite to the small west shrine of 

Rajasimheswara of the main campus, is note worthy. Though, 

it is even an undergrounded but not sealed at top dealt as a 

tank with three sides of steps. However a tank but not 

proportioned as a regular shapes of rectangular or a square.  

The sub campus having four components such as: 

1.  Tank,   2.  Circular - Temple,   3.  Monolithic Varaha, 4. 
Circular well.  

1. Tank: This is a small sized tank and a composition to a 

familiar concept with aesthetical value is a rectangular one. 

However, both its short sides are having curvy shapes. Since, 

the south side curve is having good proportion reflects the 

parallel of the bulgy profile body of varaha. However, the 

curve of Southside that somewhat did not have symmetry.  

The size of the tank is 27’ x 18’ in approx but the 

measurement given is almost nearest. The tank is 5 ½ feet 

deep composed with a varaha sculpture. [6]   

Applied Science  

2. A Small Circular temple: it is a circular temple could be 

first of its kind according to the living sources, erected over on 

an embedded rock at the centre of the tank. As described 

earlier the temple is designed in four parts instead of usually 

six or eight, due to semi structural and semi monolithic 

treatment. This is a one storey shrine, does not have munnāḻi 

or ante camber. [7] The karuvarai or garbagriha is being 

designed in square but its exterior suvar or pithi (wall) 

coincide with circular uniformity of the whole. The pithi 

designed with pilasters, having rampant lions as usual of 

Rajasimha temples. As mentioned earlier, the structure of the 

karuvarai is a monolithic part separately casted and fixed on a 

monolithic adhistana of that original rock. The karuvarai 

consist a relief sculpture of vrishabarudar which means Lord 

Siva seated on a bull, the latter is vahana of him. This is 2¼ x 

2¼ feet sized square sanctum and its depth is one feet just. 

The adhistana of this temple is interestingly applied with a 

design of polygons which dealt on upana. The upana having 

two steps since its 8x8 feet bottom is with octagonal whilst the 

above of 6x6 feet is with sixteen sided. The idea of polygonal 

is on particularly of upana is have rightly chosen because to 

parallel the tanks linear proportion and too with varaha 

sculpture. This disciplinal design reflects the pure skill of the 

sculptor – maestro. Over of this upana, the padmabanda jagati 

designed with fosse like water pit, formed as usual in circular 

structure which on the vedi a final top molding has been 

carved in respect. The next part that is the third of, which 

being includes with pirastharam to grivam or from entablature 

to the neck is also a monolithic, casted in single stone. The 

prastharam here brilliantly handled as a shape of lotus which a 

portion familiarly used in the Pallava pillars below to the 

palaka.  On which a well proportioned circular kapotam has 

projected gently. The kapotam has having four sukanasikas 

between regular intervals. The kapotam topped with a vajana 

which is low heighted one more molding has disciplined with 

eight figures. Of the figures which, the ganas or the celestial 

dwarfs exactly carved at four cardinals directions, whilst the 

yalis arranged between them. Mention must on the vajana, 

which here dealt strangely as a running niche. As said before, 

the sikara of this temple is with hemispherical shape. Now the 

finial part is missed; if there, could be nearly one foot high or 

even less, because to maintain the top portion of phallus 

imitation. Sikara is the fourth part of the temple also casted in 

single block up to finial. Below to sikara is griva which is a 

top of the third part that again composed with four figures thus 

per direction. They are the squatted dwarfs blowing the 
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conches. The sikara having makanasis at their four sides 

figured with the Lord Ganesha at their centre.  

Iconography of Monolithic Varaha  

3. The varaha: is belongs to vainava cult though it was 

chiseled with equal dimension at the Saiva campus. It is 

known as, according to Hindu mythology, an incarnation of 

Lord Vishnu, familiarly known for lifting the earth or 

Bhumadevi from the ocean (cosmic) and at, the other of myth 

of Lingodhbava where he digging the earth to find the feet of 

the Lord Shiva. Therefore, the figure of varaha chiseled with 

care, not merely as seen in northern India’s free standing 

sculptures seems with ornamented decorations. The varaha 

sized with 6 feet breadth and 5 feet height. Thus the size 

strikes the valour and mighty of the incident and the Lord. The 

posture of the varaha seems with its nature of gesture while at 

digging. Thus the frontal legs are being in forward while the 

backs supporting the action firmly. The face of it perfectly 

modeled to the forcible action, since seems downward as 

digging vigorously.  The varaha figure stood at it base or 

pedestal which contains some inscriptions at its facets. Thus, 

the north and west side facets having inscriptions in certain 

paleographic style; since, those daringly reflect their period 

belongs to King Rajasimha (700 – 728 C.E). 

Inscription: north side Facet:  ‘Sri Chithrakarmuka’ which is 

an epithet name of the King Rajasimha. 

Inscription:  west side facet:  ‘Sri Rajasimha’, ‘Sri Ranajaya’, 

‘Sribara’. [8] 

Therefore the first is directly bear the name of him, the second 

is his epithet meant a man of victorious wars; the third is also 

epithet, means a man who bares the wealth as Vishnu. The 

provided inscriptions here ensure that the creation belongs to 

him.  

4. The circular well as mentioned earlier is 3½ feet diameter, 

situated 5 feet distance to the circular temple and the gap 

between the north walls is 8 feet. The irregular   gapping 

system of the axis of south – north is raising a question again. 

Because, we can come to a point as that the gap was 

maintained as so due to the rocks nature. In addition the gap 

between the circular temple’s upana and pedestal of varaha is 

just 1¼ feet distance only which must be mentioned here.  

Besides, the well is at its eastward having a square extension 

or projection, which imitates the komuki of later Avudai of 

Linga. The extension part consist a west facing relief sculpture 

with seated goddess associated with two female attendants on 

either sides. Further the well is a continuation and a 

monolithic of the same rock which is a one view, but in other 

hand may be a well in monolithic carved in loose stone since, 

there inserted separately. 

Conception of this sub campus  

We discussed in prior that why the sub campus took shape 

there, even though perpendicular in plan to the main campus. 

When at the origin of Shore temple constructions, their 

boulder – base could be clearly visible then, since the 

composition of the sub campus might be an afterthought or 

perhaps a continuous outburst.  Or else, perhaps may the total 

plan could be possible in first attempt as of the whole. Or we 

can assume there two phases of work gone. Thus in second 

phase the elaboration works or the annex can be possible. 

Since, our topic’s sub campus may be an attempt of second 

phase bloomed with high maturity. 

The main thing is there is the location with natural rocks 

especially in low heights here and there in various sizes. The 

uniformity of the whole shore side work of art, all shows a 

particular phase of style. Hence, they all belong to the period 

of Rajasimha the Pallava King according to the work nature, 

since; the first quarter of eighth century was their period.  As 

the plan of the Shore temple as to please the sailors from 

different countries since, the sub campus too created for the 

same, but with some execution newness on a Lingodhbava 

mythology. It’s a kind of narration in dimensional 

demonstration on religion can create impacts at the new 

visitors. However, the sub campus which recently unveiled 

from its entirely sunken position, but it is being looked just as 

usual as an ancient monument. Even the contemporary 

scholars didn’t have scanning eye on them to find its reason. 

Further, it is difficult to observe or understand by merely 

history based scholars since, the campus left as maiden 

simply. 

Proto installation of the Art and Architecture 
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The contemporary modern art scenario of the world, that being 

busy with a new trend of art installations both in indoor and at 

the outdoors. This is a kind of an assemblage sometimes with 

various mediums or things. On concepts, the mediums or 

things are decided according to the wish of the artists. I the 

author of this paper; basically a contemporary painter and 

sculptor based on Madras also used this kind of installation art 

works at my art shows. However, this is not a new attempts, 

very long before was attempted in various periods, but I am 

not sure about the other attempts, perhaps if been; the 

outstanding among them or independently could be by the 

Pallavas obviously. The time, space and the group of great 

artists as this golden combination were; the plus points to the 

Pallavas. Thus their works got dimensions in high degrees. 

Why because their strange locations is a rare one especially 

with granite boulders as of Mamallapuram.  However, I 

chanced to see a relief sculpture - head of Lord Siva at an 

embedded rock at Goa beach that also having some location 

similarity of the former but the only one sculpture is found and 

noticed so far.  

Besides, it is the concept that installed compactly with 

architectural composition at a special location especially in a 

tank that purposively composed would be a right view of us. 

The depth of the tank that symbolizes the sea, from where the 

earth was rescued by Lord Vishnu by a special avatar in an 

occasion is to be the varaha. Besides, through this 

mythological incident they interpret their advent and 

achievements aesthetically. This was unique of them, hence 

many of their sculptures having this great execution 

excellence. However, they seems in history even from 3rd 

century onward, but their region that attain as a sovereign and 

imperial status by hard efforts of Simhavishnu (550 – 580 

C.E.),  he who defined the vast region of the Pallavas. Thus, 

the commemoration of him that permanently set for ever 

celebration by installation in an art medium is the play of 

aesthetics, though it doesn’t strikes at a glance. As well as 

Narasimmavarma Pallavan I (630 – 668 C.E) was a greatest 

among the Pallava Kings who formed a new kingdom with 

new extended boundaries also eligible to this hidden concept.  

The Installation of Lingodhbava  

It is the concept visualized primely at the sub campus whilst 

the subtle play of them is as fore said matters. The adjacent 

varaha and the circular temple are the architectural and 

sculptural figures to the composition of a particular concept 

whereas, varaha itself stood for the other concept with tank 

itself. Therefore, Vishnu in varaha avatar digging to find the 

feet of Lord Shiva, but the depiction of the Linga is not dealt 

there in sculptural as of the varaha, rather in architecture.  

Thus, the Circular temple is the Linga form of Lord Siva’s 

viswarupa, which is a Phallus a venereal part of male, since 

the temple took the special fluted shape to imitate.  Though, 

the third an important participant to that incident probably not 

shown purposively; since, the viewers have to think 

themselves, who is above in space is to be the Brahma.  

The later compositions of Lingodhbava in reliefs were 

composed with centrally an erected Linga. At the centre of the 

Linga a flame like niche would be depicted with Lord Siva as 

a Chandrasekhara in samabanga or in a straight pose. Whilst 

the two other participants of the myth is Brahma and Vishnu 

respectively, would be depicted as the former at top while the 

latter at the bottom. The both carved in more animated 

postures as flying and digging respectively. Sometimes the 

both were depicted without anthropomorphic forms but with a 

swan to Brahma whilst a swine to Vishnu. Anyhow, Vishnu if 

being depicted in human form though he set with swine head 

is a discipline followed probably.  

Thus, the visual was composed with round sculptural and free 

standing architectural depiction on a concept usually and in 

fact frequently can see this as relief sculptures in later. Indeed, 

we can see this Lingodhbava relief sculptures in Chola Period 

temples particularly in west side devakoshta niches of them. 

Though, before to Chola the same Pallavas used this 

composition as a relief sculpture, which is evidently found in 

their famous Kailasanatha temple of Kanchipuram, at its 

southern Devakoshta. Yes, it was dealt in reliefs.  

The bāṇa of the lingam if fluted as usual in stones called as 

sculpture or sculpture in round. Also the lingam sometimes 

depicted in relief technique too. Apart from these two 

depictions, if the bāṇa or the whole concept as of the Pallava 

and Chola depictions, perhaps, if architecturally composed 

how it could be depicted suppose, is obviously a tempting 
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expectation to all, really the answer is our topic sub campus of 

installation. Indeed, kind of this understanding never has been 

attempted by others; before or after, which could be a right 

statement not excessively said. According to the relief 

tradition, we have countless relief panels so far produced to 

depict many themes according to mythology on any sects. 

Particularly we have a great creative output especially on this, 

which known as Lingodhbava is a familiar depiction in its 

kind. The figural depiction of this concept that, where it has 

been initiated is not yet traced. However, according to the 

existing things we can say roughly as this temple might be the 

working reference to introduce the Lingodhbava composition 

and further newly in reliefs according to my point of view. 

Why because the earliest temples such as the Shore temple 

and Panamalai Talagiriswarar Temple near famous Senji Fort 

town and Olakaneswarar Temple of Mamallapuram all 

belongs to the Pallavas are not having the relief sculptures of 

Lingodhbava, at any side of their Devakoshtas. But according 

to the Shore temple the eastern front temple’s western and 

southern walls or devakoshtas are fully disfigured by erosion, 

since nothing to say on them. Though, the northern wall’s 

devakoshta figures are very keenly studied by the author me, 

and those not having the Lingodhbava reliefs.  As well as the 

western small temple’s southern wall too disfigured by sea 

wind and water whilst the western wall is being a wall part of 

the Vishnu temple since no figures.  

Now coming to our matter, the researching circular temple is 

an architectural execution of Linga as above said, the axis of 

universe according to me is the Linga, due to that the entire 

temple from adishtana to sikara were treated with circular 

shape. If suppose, the king wants to erect a temple in small 

scale, usually there would be a square or rectangular bodied 

temple has been indeed. In certain according to the proportion 

of the campus, a sala type of vimana or an apsidal structures-

like is very suitable to the rectangular tank, rather in rounds. 

[9] It is easy to determine by anyone since, the attempt is 

showing the strange that purposively done, is now clear. 

Conceptual and Perceptual 

The study of the location that casted a great work of art there 

by religious and art and architectural wises. The keen 

perception of both the king and his creative artists on the 

atmosphere that set forth very suitable concepts played with 

double dealing successfully.[10] The duality is the specialty of 

the Pallavas on these, the author - I have done some very new 

researches, thus, one came in my book and the others going to 

be published.  

The science of matter and the material by them is with an axial 

discipline which the threes; as time, space and the existence. 

With the existing things tried to demonstrate on the existence; 

is the matter here we are dealing dealt earlier by the Pallavas.    

CONCLUSION 

So far the study gone seriously with unviewed attempts 

probably could be a first of its kind, put forth a fact or a fresh 

hypothesis for further. Why because the circular temple was, 

until this temple’s coming, have not been constructed. 

Addition to this, even the Pallavas have not built the free 

standing single storey temples at anywhere except this. 

Though, it is a freestanding one, but in a composed manner. 

Instead of the freestanding temples, they depicted the one 

story temples of Narchadura vimanas or the pyramidal like 

proportioned shrines in relief manner at Mamallapuram. For 

an example, the giant relief of Descent of the Ganges which 

posses the relief sculpture of a one storey vimana.  

The art of India is always having its own discipline because of 

the conceptual sameness; however, the execution brilliance 

shows the meditative creativities regional wise. In addition; 

the Idealistic, mystic, symbolic and transcendental which are 

the main points have been positioned in a single axis is the 

essential feature to Indian art. [11] Moreover, a statement by a 

doyen which is necessary to mention here, which as: “Indian 

art appeals only to the imagination, and strives to realize the 

spirituality and abstraction of a supra – terrestrial sphere.” 
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Fig: 1. Circular temple / Varaha sculpture / myself at study 

 

 

Fig: 2. See the rock is flatly made even as a floor and their 

elevations beings as work of art. 

 

Fig: 3- Circular Temple – Front Look. 

 

Fig: 4- Monolithic lion sculpture 
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ABSTRACT 

Aluminium Composite foams is produced by melting Aluminium alloy (LM6) containing foaming agent(s) and vigorous stirring. 

TiH2 is a common agent for this. As TiH2 decomposes into Ti and gaseous H2 when heated above about 465°C, large volumes of 

hydrogen gas are rapidly produced, creating bubbles that lead to a closed cell foam. A novel Strategy to enhance the electrical 

conductivity of Al-MMC foams is discussed here, and it is demonstrated that titanium hydride (TiH2) in the form of 10-15 µm 

diameter particles can be pre-treated by selective oxidation to produce more uniform foams having better electrical conductivity. It 

is found that the electrical properties of the foams and the uniformity of cell size distribution is improved when the foam is blown 

with an optimized mixture of CaCO3 and pre-treated TiH2. 

 In order to define the relationship of electrical conductivity with relative density of this material, correlations which uniquely 

defines the electrical behaviour of this modified Al-MMC foam has been developed.  

Keywords: Al-Si MMC foam, Electrical conductivity of cellular materials, Dual foaming agent. 

1. INTRODUCTION 

Metal foam is a type of cellular solids, having a combination 

of properties such as high stiffness with very low density and a 

capability to absorb impact energy. These unique 

combinations of properties indicate various potential 

applications such as packaging materials for protection 

sensitive devices, machinery enclosures, automobiles, and as 

sound absorbing material under difficult situations. Beside 

this, the electrical conductivity of this type of material is 

highly attributed to the pores in the structure. The study of 

electrical conductivity of metallic foams is necessary as very 

few research works has been carried out to give a proper 

electrical characterization of cellular materials. 

 

The main aim of the present investigation is to determine the 

electrical conductivity of the closed cell Aluminium Metal 

Matrix Composite (Al-MMC) foams developed in the 

laboratory. The outcomes of the experimental investigation are 

compared with the established theoretical models developed 

by different researchers [5-9] so that it can be further referred 

for different industrial applications. 

Electrical conductivity is the property of a metal that indicates 

its ability to conduct electricity. Electrical conductivity c ( 

−1
 · m

−1
) is the reciprocal of the resistivity ρ ( · m). Let R be 

the resistance in Ohms () and V is voltage drop in volts. 

Then, by Ohm’s law, resistance is the voltage (V) divided by 

current (I) in amperes (A). Ohm’s law may also be written in 

the form  

                        j = c Ep, or  Ep = ρ j                   (1)                                                                                                            

In equation (1), j is the current density (current per unit area, 

I/A) and Ep = V/L is electric field or electrical potential 

gradient, V is the voltage drop measured across a length L of 
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material,  is the electrical conductivity and ρ is the resistivity. 

The resistance R = V/I is related to resistivity ρ via  

R = ρ L/A. 

Therefore,  

                                  𝜌 =
VA

IL
                          (2) 

The electrical conductivity can be calculated from the measure 

of the resistivity of the material, and is equal to the reciprocal 

of the resistivity. Thus electrical conductivity can be 

represented as, 

λc =
1

𝜌
 

The mechanical and physical properties of the developed 

material showed significant dependence on its porosity or 

relative density. The electrical conductivity of the material is 

also expected to be dependent on its relative density. 

Investigations in connection with the measure of electrical 

conductivity of various aluminium foams have been carried 

out by different researchers, namely Kovacik and Simancik 

[5], Feng et al.  [6], Kim et al. (2005) [7], and Cuevas et al. 

[8]. The dependence of the electrical conductivity of various 

aluminium foams on its relative density has also been reported 

by them. It is therefore of interest to corroborate such findings 

for the developed aluminium foam.  

2. SYNTHESIS OF AL-SiCp FOAM 

The material under investigation is closed cell aluminium 

foam, manufactured through liquid metallurgy route in the 

Foundry Laboratory of Jadavpur University, Kolkata, 

using  aluminium alloy (LM6: consisting of 0.1% Cu, 0.1% 

Mg, 0.13% Si, 0.6% Fe, 0.5% Mn, and trace amount of Zn, 

Pb, Sn and rest Al). The aluminium alloy used is of density 

(ρs), 2.7gm/cm3, having electrical conductivity (λs) as 31 X 

10
-6

 (.m)
-1

. The ingot is melt in a tilting resistance furnace. 

The formation of foam requires a high liquid-metal viscosity 

which is achieved by the addition of Silicon Carbide (SiCp) 

particulate to the melt. The amount of Aluminium is 1 kg. 5% 

SiC (pre-heated) are added to the melt, which also increases 

the mechanical strength of the foamed component. For 

homogeneous mixture of SiC in Al matrix, continuous stirring 

is required. The achieved high viscosity allows liquid 

Aluminium to be stable at a temperature of TiH2-

decomposition (465°C) which is much lower than the freezing 

temperature of liquid Aluminium.  

The homogeneous Al-SiC mixture is then poured into a pre 

heated mold (which is fitted with a stirring arrangement) after 

removal of slag as much possible. 2.5% blowing agent 

(Titanium Hydride) is added to the mold. TiH2 begins to 

decompose into Ti and gaseous H2 when heated above about 

465°C. By adding titanium hydride particles to the aluminum 

melt, large volumes of hydrogen gas are rapidly produced, 

creating bubbles that leads to a closed cell foam structure. It is 

needed to stir the mold with constant speed for good foaming. 

 

Figure 1: Pouring of Al-SiC melt into mold. 

 

As TiH2 is a very costly material, so, manufacturing of Al-

SiCp foam by this method is not so cost effective. The 

solution to this problem is Calcium Carbonate (which is very 

cheap in cost). So, instead of adding 2.5% TiH2, a dual 

foaming agent ( 2% CaCO3 and 0.5% – 1.0% TiH2) is added 

separately and this produces same result with minimum cost. 

Addition of Ca in Al matrix slightly changes the mechanical 

properties but it is nearly identical. 

 

Figure 2: Tilting resistance furnace used for production of Al-

SiC foam. 

 

The properties of metal foams depend on many morphological 

features, such as pore size distribution, cell wall curvature, 

defects, etc.[3]
.
 Although the exact interrelationship between 

properties and structure is not yet sufficiently known, one 
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usually assumes that a uniform distribution of convex pores 

free of defects is highly desirable. The task for the 

experimentalist is to produce such structures. A short look at 

existing foams shows that there is still much potential for 

development since these often tend to be irregular [4]. 

Thus, the foam fabricated by this method are usually non-

uniform which leads to inferior mechanical electrical and 

properties. The reason for this can be non-adoption of TiH2 to 

the melting range of the alloy to be foamed. This is avoided by 

pre treatment of titanium hydride (TiH2) in the form of 10-15 

µm diameter particles by selective oxidation. 

 

The pre treatment of TiH2 was first introduced by B. 

Matijasevic-Lux and J. Banhart for manufacturing of 

Aluminium foam through powder metallurgy [10]. The same 

method is followed here for stir-cast route also.  

  TiH2 powder supplied by LOBA chemical, India (purity 

98.9%) was used in this study. The powder was supplied in the 

‘‘untreated’’ state. Pre-treatments of the TiH2 powder were 

carried out isothermally at various temperatures (450, 480, 

510 °C) and times (30, 60, 120 and 180 min) under air in a 

chamber furnace. For heating, the ceramic crucible (with 

required amount of TiH2) is placed into a volume chamber 

muffle furnace and is left there for the time specified. After 

pre-treatment all powders were gently homogenized by 

tumbling in a container.  

Hydrogen starts to be released from TiH2 at about 405 – 470 

°C with some variations between powders of different origin. 

However, most of TiH2 powder starts decomposing at 465°C. 

As heating is carried out under air, an oxide layer grows which 

is roughly 100 nm thick [10] after 180 min at 480°C and 

contains an outer shell of TiO2 and an inner shell of Ti3O.[10]. 

Pre-treatment under air also reduces the amount of hydrogen 

and shifts the temperature of decomposition by 160°C. Using 

pre-treated TiH2 for foaming Al alloys delays foaming and 

leads to a more uniform distribution of rounder pores, which 

enhances the electrical conductivity of the material. The best 

parameters found are close to 60 min at 480°C. It is noted that 

at higher pre-treating temperature (510°C), the amount of 

available hydrogen is not sufficient to produce uniform foam.  

 

Figure 3. Surface of closed cell Al-SiCp foam 

  

3. DESIGN AND FABRICATION OF THE 

EXPERIMENTAL SETUP 

 

The electrical conductivity of the aluminium foam samples is 

calculated from the resistivity of the sample under closely 

controlled laboratory conditions. The electrical resistivity of 

the foams is measured using a set up based on modified design 

of four-probe resistivity measurement apparatus. It is found 

that the conventional four-probe resistivity measurement 

method cannot be used in this case. Because in conventional 

four-probe method, four equi-spaced probes placed in a line 

are to be kept in contact with the specimen surface, which is 

almost impossible in case of aluminium foam because of its 

cellular structure. Also trial measurement of conductivity of 

the developed aluminium foam revealed that the conductivity 

of the material varied from point to point across the surface. 

Therefore it is necessary to design and fabricate a setup for 

measurement of average resistivity of the material across the 

entire surface. The schematic diagram of the setup is shown in 

Figure 4.  The setup consists of two right angled copper plates 

for holding the specimen and for passing current through the 

specimen. One copper plate is fixed in the wooden base while 

the other had a sliding arrangement for fixing the specimen 

tightly. A voltmeter is connected to the two terminals (copper 

plates) and DC is passed through the terminal. The amount of 

current passed is measured using an ammeter. The actual setup 

is shown in Figure 5. 
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Figure 4: Schematic diagram of the setup for measurement of 

resistivity 

 

 

 

Figure 5: The setup for measurement of resistivity 

 

4. EXPERIMENTAL RESULTS AND 

DISCUSSIONS 

Specimens of different relative densities are prepared for 

measuring resistivity of aluminium foam. Each specimen is 

cut by wire cut EDM of dimensions 20x20x30 mm. The 

developed setup is used for measurement of electrical 

resistivity. The specimens are fixed between the copper plates 

and current is made to pass. The voltages are made to vary by 

varying the load in the circuit using different lamp load. The 

resistivity of the material is calculated using equation (1). The 

electrical conductivity is calculated using equation (2).  

The measured value of the electrical conductivity is plotted 

against relative density of the specimen, as tabulated in Table 

1. The experimental results indicated a clear dependency of 

the electrical conductivity of the material with its relative 

density. The electrical conductivity increases with increase in 

relative density. As the relative density of aluminium foam 

increases, the cross-section available for conduction increases. 

Thus the tortuosity of the current path decreases and the 

conductivity is increased. The electrical conductivity of the 

aluminium alloy used for synthesis of the aluminium foam is 

measured to be 31 X 10
-6

 (.m)
-1

. 

 

Table 1: Electrical conductivity of aluminium foam produced 

by using different techniques. 

 

5. RELATIONSHIP BETWEEN 

ELECTRICAL CONDUCTIVITY AND 

RELATIVE DENSITY 

Relationship between electrical conductivity and relative 

density for metallic foam materials has been proposed by 

various researchers. All of them proposed a relationship 

between the normalized electrical conductivity, co/cs, 

defined as the quotient between the electrical conductivity of 

the foam (co) and the electrical conductivity of the bulk 

material of which the foam is constituted (cs), and the relative 

density or the porosity of the foam. Some of these proposed 

relationships are described next. 

Kim et al. (2005) [7] proposed that the normalised electrical 

conductivity of aluminium closed-cell foams produced with 

the help of a foaming agent follows a power law relationship 

with the relative density. 

𝜆𝑐𝑜

𝜆𝑐𝑠
= (𝑅𝐷)

3

2                       (3) 

The equation (3) is in agreement with the general relation by 

Ashby et al. [9]: 

 

𝜆𝑐𝑜

𝜆𝑐𝑠
= 𝛼(𝑅𝐷) + (1 − 𝛼)(𝑅𝐷)

3

2           (4) 

For closed-cell foams the value of  is very small, and 

assuming  0, Eq (4) becomes Eq. (3). 

Ashby et al. [2] later proposed another relationship 

considering the effects of the nodes. 

𝜆𝑐𝑜

𝜆𝑐𝑠
=

1

3
(𝑅𝐷) +

2

3
(𝑅𝐷)

3

2                (5) 

 Feng et al. [6] proposed a relationship specific to closed cell 

aluminium foam produced by powder metallurgy route. 
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𝜆𝑐𝑜

𝜆𝑐𝑠
=

2𝐾(𝑅𝐷)

2𝐾+{1−(𝑅𝐷)}
                    (6) 

 

In equation (6), K is a constant determined by the cell 

structure, when the shape of the cell is spherical and K = 

0.343. 

Cuevas et al. [8] studied various relationship and presented a 

more general relationship. 

𝜆𝑐𝑜

𝜆𝑐𝑠
=  [1 − (1 − 𝑅𝐷)𝑠 ]𝑡            (7) 

 

The values of the indexes t and s, various depending on the 

type of aluminium foam. The values of t and s for closed cell 

aluminium foam are 1.429 and 0.834 respectively. 

All the relationships discussed above are purely based on 

experimental results and have no theoretical basis. As such 

these relationships are also expected to have implicitly taken 

in to consideration the cell variation, imperfections and 

defects. 

The relationships of normalised electrical conductivity with 

relative density presented through equation (3) to (7) are 

plotted in Figure 6(a). The experimentally obtained results 

using the normalised electrical conductivity of the Al-SiC 

foam made by ‘untreated’ TiH2 (Eq. 8) is also plotted in the 

same figure, for comparison. The results are usually in 

agreement with proposed equations, but these are quite 

different from each other. The experimental results are found 

closer to the relationship defined by equation (3) and (5). 

 

Similarly, Results obtained from Al-SiC foam made by TiH2 

pre-treated at various temperatures, shown in Table 1, are also 

plotted in fig. 6(b) 

 

Given the diversity of equations and the great variety of 

reported data by different authors, it would be very interesting 

to have a specific equation which gives a description of the 

behaviour of this type of closed cell aluminium foam. 

Therefore an empirical equation is used to fit the experimental 

data in order to describe the relationship of normalised 

electrical conductivity with relative density specific to the 

aluminium foam developed in different techniques.  power law 

equations adequately fit the experimental data. 

 

For Untreated TiH2:  

𝜆𝑐𝑜

𝜆𝑐𝑠
=  (𝑅𝐷)1.4                         (8) 

 

If TiH2 is pre-treated at 450ºC for 60 minutes:  

𝜆𝑐𝑜

𝜆𝑐𝑠
=  (𝑅𝐷)1.39                         (9) 

 

If TiH2 is pre-treated at 480ºC for 60 minutes:  

𝜆𝑐𝑜

𝜆𝑐𝑠
=  0.98 (𝑅𝐷)1.28              (10) 

 

If TiH2 is pre-treated at 510ºC for 60 minutes:  

𝜆𝑐𝑜

𝜆𝑐𝑠
=  (𝑅𝐷)1.38                  (11) 

 

 

(a) 

 

 

   (b) 

Figure 6: (a) Normalised electrical conductivity of aluminium 

foam of different relative density 

(b) Normalised electrical conductivity w r t pre heat 

temperatue of TiH2 

 

6. CONCLUSIONS 

The electrical conductivities of aluminium alloy foams made 

by different pre-treatment temperature of foaming agent, and 

with different relative densities are investigated. It is shown 

that the relative density has a significant effect on the 

electrical conductivity of this material. The measured values 
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of electrical conductivity are compared with several 

normalised electrical conductivity and relative density 

relationships proposed by various researchers. There is a good 

congruence between the experimental values and the 

relationships proposed by various researchers.  A proposed 

power law function can be successfully applied (equation 8-

11) to describe the dependence of electrical conductivity of 

closed cell aluminium alloy foams on the relative density. 

It is also shown that, if the primary foaming agent, TiH2, is pre 

treated at different temperature, the electrical conductivity 

changes abruptly. But if TiH2 is pre treated at 480ºC for 60 

minutes, before using it as a foaming agent, the best result can 

be obtained. The reason may lie in the homogeneity of pores 

in the produced foam. 
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