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ABSTRACT 

Most design of houses in tropical area today still considers natural ventilation as their main ventilation approach. However, proper 

understanding on how natural ventilation reacts towards variety of building designs is very important in taking advantage of the 

potential. Based on previous researches, vernacular buildings show good natural ventilation potential by providing good indoor air 

movement. Therefore, the research was done to see how vernacular building elements applied on contemporary design houses 

may affect their natural ventilation performance. Two case studies of houses were chosen according to design criteria identified. 

In both cases, the ventilation performance was identified by collecting data of the air movement via the wind speed and air 

temperature at several points determined inside and outside of the houses. The result shows the high ceiling double volume house 

known as Rengit House of Case Study 2 shows a better natural ventilation performance compared to another high ceiling double 

volume house of Case Study 1 known as BP House. The Rengit house roof is high using Malay traditional roof element with 

ventilation openings, while the windows are positioned in order where they may capture the maximum cross ventilation at the site. 

However, in BP house, instead of having numbers of window openings, the slim elongated design of the windows shows a lower 

performance in capturing the air movement into the house. As predicted, the double volume area of Rengit house which is larger 

than the BP house also recorded a better vertical air movement. The improper positioning of openings in BP house also show 

interruption on the vertical air movement which defy its ventilation potential.  

Keywords: Natural ventilation, Air movement. 

 

1. INTRODUCTION 

Nowadays, energy crisis has become an important global 

issue. Poor passive thermal design in building construction 

makes the issue more critical. Almost 68% of the energy usage 

is used for Heating, Ventilating and Air Conditioning Systems 

(HVACs) [1]. Aware by the problem, people nowadays have 

started to opt to green building materials and design features 

that can save energy. The role of a building design is 

important to provide good thermal comfort of indoor 

environment. There are two approaches in providing a good 

thermal environment in a building which are the passive and 

active design approach. Natural ventilation is a passive 

approach based on openings such as windows and other 

ventilation openings to allow the air to enter and leave the 

building naturally. The air movement within buildings is 

necessary to remove any undesirable odours, contaminants, 

moisture and also to provide cooling in summer for human 

thermal comfort [2]. By relying on natural ventilation, the air 



 

INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-1, ISSUE-5, OCTOBER-2014                                    E-ISSN: 2349-7610 

 

VOLUME-1, ISSUE-5, OCTOBER-2014                                 COPYRIGHT © 2014 IJREST, ALL RIGHT RESERVED  2 

 

movement process can be achieved without depending on 

mechanical air ventilator. 

Natural ventilation occurs based on two different principles 

which are cross ventilation and stack ventilation. The common 

way to obtain natural air supply in the buildings is through the 

cross ventilation. This natural ventilation system needs good 

wind pressure and it depends on the wind direction [3]. 

Therefore, building design should integrate proper building 

elements and proper building orientation to gain excellent 

cross air ventilation [4]. Meanwhile, stack effect uses thermal 

buoyancy as a driving force to create the airflow. Principles of 

stack ventilation are based on temperature differences between 

the inside and outside of a building, height of space, stack 

throat and also the size of upper and lower openings. The 

warm air in the building will leave the building through the 

upper openings. While, cold air from outside will replace it by 

entering through the lower openings [5]. Whereas the cool air 

inside the building will leave the indoor area through the lower 

openings and replaced by outdoor air from the upper openings. 

Most designs of houses in tropical area today are still 

considering natural ventilation as their major ventilation 

approach. Based on previous researches, double volume stack 

throat or higher is an important element to move the air 

vertically in stack effect [6]. However, there are possibilities 

where the surrounding openings connected to the throat may 

give effect on the ventilation performance. While to shut the 

openings down may not be practical as in reality, cross 

ventilation and stack effect will perform concurrently in most 

cases. Hence, this research was done to make comparison on 

the performance of natural ventilation between two case 

studies of double volume houses with different layout and type 

of openings. The two double volume houses selected are based 

on their design that may have potential for natural ventilation. 

The houses are located at Batu Pahat and Rengit, Johor.  

 

2. METHODOLOGY 

2.1. Identification of Case Study 

The case studies were chosen based on their design criteria 

which identified to be highly potential in contributing good 

indoor air ventilation to the buildings. It is named the physical 

architecture of the selected buildings. Both buildings are 

almost similar in size and height to minimize the limitation of 

the comparison study. Large opening of windows is the 

common criteria which allow maximum breeze through the 

building. Whereas double volume area with high ceiling may 

help the building to achieve a good indoor stack effect 

ventilation [4]. Besides that, openings at the roof level may 

also help in providing air ventilation under the roof which may 

bring cooling impact to the indoor thermal of the building. The 

physical architecture studied was categorized as shown in 

Table 1. 

TABLE-I 

Building 

Orientation 

Roof Design Window / Door 

Design 

- Cardinal 

direction 

   on site 

- Building shape 

- Space layout 

- Roof shape 

- Roofing material 

- Opening design  

   size at roof level 

 

- Window and door 

   positioning 

- Window and door  

   design and size 

Table 1: Physical Architecture of the Case Studies 

 

  

 

Figure 1: Case Study 1 (BP House) 

 

 

Figure 2: Case Study 2 (Rengit House) 

2.2. Ventilation Measurement 
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The measurement was done using Anemometer at various 

points inside and outside of the building. By using the 

equipment, the collection of data on the wind speed and the air 

temperature is possible to be done concurrently. A range of 10 

minutes is set to be the maximum gap of time for the data 

collection at all the points within the same hour.   

The measurement of outdoor air movement was conducted at 

four points surrounding the buildings at approximately 

1800mm from building wall. While the measurement of the 

indoor air movement was done at most of the main spaces in 

the buildings. One point in each buildings was decided to be at 

the double volume area in order to identify any vertical air 

movement at the area.  

The parameter used in the research is the wind speed in 

meter/second unit which was recorded using the multi-

functionality anemometer. At the same time, the air 

temperature of the points was also taken using the same 

measurement gadget to see any correlation between the data. 

The measurement of the indoor wind speed was done 

simultaneously with the measurement of outdoor area attached 

to the space. The outdoor scale measurement became the 

comparative scale of measurement in order to identify the 

level of performance in the indoor natural ventilation. The 

time measurements were taken starting from 9 am until 6 pm 

hourly. The measurements were done in 3 days to get the 

average data of both Case Studies. The data on the air 

movement and temperature was then compared with the 

physical architectural analysis of both buildings in order to see 

any correlation. 

 

3. RESULT AND DISCUSSION 

3.1. The Case Study 1:  

The first house selected as Case Study 1 is a double storey 

house with a double volume living hall. The house is located 

at Batu Pahat, Johor, so that was called the BP house. The 

building envelope is made of concrete structure with clay 

facing brick walls. The roof is covered using clay tiles. The 

windows are series of slim elongated windows. They are 

located at the living hall, dining area and all the bedrooms. 

Each windows width is around 500mm, sitting slightly 200mm 

above the floor with a total height of 2400mm. There are few 

ventilation openings at the roof gable using hollowed crafted 

wood. Theoretically, these openings are good for natural 

ventilation. There is an area at the front of the house called 

Anjung Tamu where the owners treat their guests. Instead of 

located at the front of the house, the area is enclosed with 

walls and sliding windows. The windows are 900mm above 

the floor with 1200mm height. The average ceiling height of 

the spaces at the ground floor is 3 meters. While, the height of 

the spaces at the first floor is 2.6 meters. The orientation of the 

building is shown in Figure 3. 

 

Figure 3: Case Study house 1 space layout and cross section 

showing the East (E) – West (W) direction and points of data 

taken 

3.2. The Case Study 2  

The Case Study 2 is also a double storey house with a double 

volume high dining hall. The house is located at Rengit, Johor, 

so that was called Rengit house. The house is made of Chengal 

wood with elongated windows but wider compared to the first 

Case Study's windows. The windows are sitting 250mm above 

the floor level, where the bottom part of the windows are fixed 



 

INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-1, ISSUE-5, OCTOBER-2014                                    E-ISSN: 2349-7610 

 

VOLUME-1, ISSUE-5, OCTOBER-2014                                 COPYRIGHT © 2014 IJREST, ALL RIGHT RESERVED  4 

 

with wooden louvress. The openable leaves are 900mm from 

the floor level. There are also roof openings at the gable. The 

Anjung Tamu is built with an open concept, surrounded by 

railings at the entrance part of the house. The windows are 

positioned in ways to allow cross ventilation through the areas. 

The double volume area of the house acts as a stack throat 

with 5 meters height of space bringing good ventilation (air 

movement) into the house. Meanwhile, the roof of the house is 

also covered using clay tiles. The average height of the rooms 

and spaces at the ground floor is 3 meters. While, the height of 

the spaces at the first floor it is only 2.1 meters. The house is 

elevated at about 450mm above from the ground level, but the 

space underneath the house is mostly covered with 

brickworks. The orientation of the building is shown in Figure 

4.

 

 

Figure 4: Case Study house 2 space layout and cross section 

showing the East (E) – West (W) direction and points of data 

taken. 

 

3.3. Air Movement Analysis: 

The average data of the wind speed was identified and shown 

in Figure 5. Based on the data collection, the highest indoor 

wind speed level recorded in the survey on Case Study 1 was 

1.0m/s at 10.00am at the first floor area (Point 6). It was 

higher than the average outdoor wind speed at that hour. At 

11.00am, the indoor wind speed level at that point was also 

higher than the average outdoor wind speed. This condition 

may be influenced by the stack effect as the double volume 

area at the stairs may act as the stack throat to move the air 

vertically. Thus, through the process, the thermal buoyancy 

impact may become the force to move the indoor air faster 

than the outdoor air. At other hours, where the outdoor wind 

speed increase, the indoor wind speed level were found to be 

lower. This may indicates interruption on the stack effect by 

cross ventilation. 

However, at other indoor points, the wind speed level was 

recorded at average of lower than 0.3 m/s. Despite of having 

numbers of windows, the indoor wind speed was quite poor 

even during the outdoor wind speed was high as shown at 

12.00pm and 3.00pm. The narrow elongated windows may be 

the factors of the scenario due to the interruption of the wind 

flow by the window leaves. The improper positioning of the 

windows may also affect the wind flow into the building. 

Meanwhile, the fully enclosed Anjung Tamu that block the 

main entrance is clearly limiting the doors from receiving 

direct cross ventilation from outside. At 3.00pm, the indoor 

wind speed of the dining area (Point 3) was recorded to be the 

same with the outdoor wind speed at 0.7 m/s. This may be 

influenced by the wind flow direction towards the dining 

casement door. 
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Figure 5: Graph performances of average indoor and outdoor 

wind speed recorded at Case Study 1 

 

Meanwhile, as shown in Figure 6, stack effect may also 

happen at Case Study 2. At point 1, which is a double volume 

area where the stairs is placed, the wind speed was recorded at 

0.8 m/s at 11.00 am and 1.5 m/s at 7.00 pm.  The higher 

measurement of the indoor wind speed at that point compared 

to the outdoor wind speed show the stack effect potential of 

the area.  

The area consists of a large double leaves window at the 

ground floor but only having a small window at the upper 

floor. This may brought the neutral plane at a lower position 

that will pull the air in from outside with greater force at the 

upper level, thus giving a high wind speed condition in that 

area.  

This phenomenon supports the previous finding on stack effect 

potential at a low neutral plane positioning in a building [7]. 

However, at nearby Point 7, the stack potential seems not to be 

as good as at Point 1. The closer the point with the window 

may give impact on the wind buoyancy.  

While as for the indoor wind speed at other points, in-spite of 

not exceeding the outdoor wind speed, the air movement 

shows a quite similar pattern. This indicates the building 

ability to cater good cross ventilation through its openings. 

Wide windows at proper position facing the site cross 

ventilation may become the factor that provide good air 

movement into the building.  Meanwhile, the consistent windy 

environment at 7.00 pm on the first two days has clearly 

affected the result. However, the rough windy situation at that 

time shows Point 1, 3 and 4 recorded a higher indoor wind 

speed compared to the outdoor wind speed. Therefore, it is 

predicted that the direction of the wind from North-East along 

with the combination of stack effect may cause that scenario. 

   

 

 

Figure 6: Graph performances of average indoor and outdoor 

wind speed recorded at Case Study 2 

 

3.4. Air Temperature Analysis 
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Figure 7: Graph performances of average indoor and outdoor 

air temperature recorded at Case Study 1 

 

Based on the temperature result of Case Study 1 as shown in 

the graph above, the variations between indoor and outdoor air 

temperature was quite significant with previous studies on 

tropical building [8]. The average of the outdoor air 

temperature is higher than the indoor air temperature as a 

whole. The indoor air temperature of the Anjung Tamu (Point 

1) was found higher compared to others. Enclosed walls with 

glass sliding windows of the area may cause the result. 

Besides Anjung Tamu, the indoor air temperature for other 

areas were shown significantly affected by the direction of sun 

path. This is based on by the high indoor temperature during 

morning till noon at Living Area (Point 2) and Room 1 (Point 

4). The air temperature as recorded hourly started at 10.00am 

shows an overall above than 30°C, which is not under the 

range of an ideal comfort level. 

The lowest indoor air temperature was recorded 28.5°C at the 

Kitchen area (Point 5), whereas the lowest average outdoor air 

temperature was recorded 29.4°C at 10.00 am. The small size 

of the windows at the Kitchen may contribute to the factor of 

slow heat penetration into the area. However, once the area 

was heated, slow movement of indoor air in the area as shown 

in Figure 5 may cause the indoor air temperature to remain 

high. At 11.00am, the Kitchen air temperature reached 33.5 °C 

and remain above 31°C till 5.00pm. The average outdoor air 

temperature was recorded above 32°C, except at 10.00 am and 

at 4.00 pm onwards.  

However, the average indoor air temperature was found to be 

below 32°C throughout the day.    

 

The indoor air temperature in all areas were recorded in the 

range between from 31°C - 33.4°C starting from afternoon. At 

the same time, it is interesting to find that the outdoor air 

temperature started to decrease at 4.00pm lower than the 

indoor air temperature. This shows the potential of the 

building to preserve the heat inside despite the surrounding 

cooling process. The longer the area is able to preserve the 

heat during this situation reflect the low potential of the 

building to maintain good thermal indoor surrounding in 

tropical area context.  

Meanwhile, the variation between the indoor and outdoor air 

temperature was small in Case Study 2 as shown in Figure 8. 

The air temperature was very much affected by hot weather 

and rainfall which was uncertain during the evening during the 

three days of data collection. At most of the time, the outdoor 

air temperature was recorded above 28°C. Starting from an 

average of  25.9°C during early morning, the outdoor air 

temperature started to increase to the peak of  35.5°C at 

2.00pm, before decreased to an average of 28.2°C at 6.00pm. 

  

 

Figure 8: Graph performances of average indoor and outdoor 

air temperature recorded at Case Study 2 

 

Although the indoor air temperature shows a same flow 

pattern throughout the days, there were still varieties of air 
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temperatures between the indoor spaces. The temperature of 

all the indoor areas were also peak at 2.00pm with the highest 

of 34.2°C at the Kitchen area (Point 5), while the lowest 

average of indoor air temperature was recorded at 24.3°C at 

the Attic area (Point 8) as early at 8.00am. Besides the Attic 

area, the pattern flow of indoor air temperature at the stack 

throat area (Point 6) and the Hall area (Point 7) were also 

found to be lower compared to other areas. This may be 

caused by a small number and size of openings in that area. At 

the same time, an ample size and number of openings in other 

spaces at ground floor provide a good air circulation 

underneath the Attic area and push the cool air upward through 

the wide stack throat of the building.  

Similar with Case Study 1, after 4.00pm, the outdoor air 

temperature started to decrease lower than the indoor air 

temperatures at certain areas. However, the decreasing of the 

indoor air temperature following the outdoor air temperature in 

Case Study 2 was closer compared to the decreasing pattern of 

indoor air temperature in Case Study 1. This indicates the 

ability of the building to release the day heat quickly in late 

afternoon towards night time. 

 

4. CONCLUSSION 

A better indoor air movement and indoor air temperature at the 

double volume house in Rengit (Case Study 2) may be caused 

by several physical architecture factors. As the building floor 

is elevated at 450mm height from the ground, there is 

possibility on natural ventilation sipping through its wooden 

flooring from below. This scenario does not happen in BP 

house as it sit directly on the ground. 

Orientation of both buildings may not influence the indoor 

wind speed as both locations are on flat land. Furthermore, 

there wasn't any consistent direction of air flow identified on 

both sites during the data collection on site. However, the 

orientation may effects the indoor air temperature which was 

recorded high at the areas facing direct sun light.  

The most significant contribution of good indoor wind speed 

in Case Study 2 is may be from the ample size and good 

positioning of the windows along with having proper size of 

attic ventilation openings as shown in Figure 9. The 

application of double tiers Malay traditional concept of roof 

design on the house makes it possible to have a good 

positioning of the attic ventilation openings. By having much 

smaller size of the attic ventilation openings compared to the 

windows at ground floor, the neutral plane of the house is kept 

lower than half of the double volume indoor space height. This 

may contribute to slightly high speed of air coming in from the 

attic ventilation openings during daytime via stack effect 

ventilation process. 

Besides that, an open concept layout of Living area, Dining 

area and Hall area without any wall may also help in  

enhancing better indoor air movement and circulation in Case 

Study 2. Open aired verandah called Anjung Tamu, in front of 

the Living and Dining area provides free flow of cross 

ventilation into the house without any obstruction.   

 

 

 

Figure 9: The Attic Openings at the Case Study 2 House 

 

Figure 10: The Windows (left) and Attic Openings (right) of 

the Case Study 2 House 

This study also proven that multi ventilation opening design 

on double volume houses may bring good impact of cross 

ventilation. The ventilation is further enhanced when there are 

two openings directly positioned along the ventilation flow to 

act as inlet and outlet point.    
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However, placing multi ventilation openings so near to the 

double volume area which acts as the stack throat shows 

interruption on the stack effect ventilation process. In reality, 

both cross ventilation and stack effect ventilation may happen 

along together at the same time. At certain air flow speed level 

of cross ventilation, the flow may become so dominant 

cancelling of the stack ventilation process. However, during 

slower speed of cross ventilation air flow, the indoor natural 

ventilation of the double volume area with multiple openings 

shows passive air movement compared to other areas.  

This combination can still give a good performance to enhance 

natural ventilation if are properly planned and designed. In hot 

tropical area, it is best to have a bigger total size of lower 

openings compared to the upper openings, which may help in 

lowering the neutral plane of the house [7]. This may create 

the isothermal jet to be happened at the upper openings, thus 

moving the air faster into the house during daytime. 
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ABSTRACT 

Wireless sensor networks have been widely used in many important areas. WSNs become progressively attractive in wide variety 

of applications because of their low cost, low power, small in size, self-organizing behavior in harsh environments. Energy usage 

is an important issue in the design of WSNs. Routing is a vital technology in WSN. There are many routing protocols like: 

location based, multipath, data centric, mobility based, hierarchical routing, hybrid routing etc. Clustering is used to prolong the 

lifetime of the wireless sensor networks. Clustering is the process where sensing area is divided in groups to balance the energy 

level of sensor nodes known as clusters. An Optimal Clustering technique can reduce the energy consumption in WSN and 

increase the lifetime of the network. Energy is the main consideration when we analyze routing protocols for WSN. 

 

Keywords: Clustering, Energy Efficient clustering, wireless sensor networks, network lifetime, energy efficient algorithms, 

energy efficient routing, Routing Protocols 

 

1. INTRODUCTION 

Energy usage is an important issue in the design of WSNs 

which typically depends on portable energy sources like 

batteries for power   WSNs have discovered a wide range of 

applications in the recent era. A wireless sensor network 

(WSN) is typically composed of a large number of low-cost 

sensor nodes, which work collectively to carry out some real-

time sensing and monitoring tasks within a specific area.  

 

Fig-1: Wireless Sensor Network 

 

Energy efficient routing protocol for Wireless Sensor 

Networks (WSNs) is one of the most challenging tasks for 

researcher. Hierarchical routing protocols have been proved 

more energy efficient routing protocols, as compare to flat and 

location based routing protocols. Heterogeneity of nodes with 

respect to their energy level, has also added extra lifespan for 

sensor network. In this paper, we propose a Centralized 

Energy Efficient Clustering (CEEC) routing protocol. We 

design the CEEC for three level heterogeneous networks. 

CEEC can also be implemented in multi-level heterogeneity of 

networks. Energy efficiency and reliability is one of the most 

important factors in WSNs. In this hierarchical (clustering) 

techniques can aid in reducing useful energy consumption. 

routing protocols are discussed based on three categories: Flat 

based routing, Hierarchical-based routing and Location-based 

routing on the basis of network structure. They have the 
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common objective of trying to extend the lifetime of the 

sensor network.  

 

2. CEEC- CENTRALIZED ENERGY 

EFFICIENT CLUSTERING 

2.1.   CEEC’S Advanced Heterogeneous Model 

In WSNs, nodes are randomly dispersed in network area 

without any deployment management. Although nodes 

deployment is very challenging task in WSNs, however, we 

can still address this issue by dividing whole network area into 

multiple logical regions. We present an advance heterogeneous 

network model in this section. Our proposed network model 

contains three different types of nodes called, normal, advance 

and super nodes. These nodes preserve different levels of 

energy. We divide whole networks M×M area into three equal 

rectangular regions Low Energy Region (LER), Medium 

Energy Region (MER), and Higher Energy Region (HER). 

 

2.2. Proposed CEEC 

In current section, we propose a Centralized Energy Efficient 

Clustering (CEEC) routing protocol. In earlier section, we 

propose advance heterogeneous network model, in which 

nodes with different energy level are deployed in separate 

regions. In CEEC, BS performs central clustering formation in 

network, with help of central control algorithm of CEEC. 

Advance central control algorithm considers four factors for 

selection of cluster-heads, initial energy of nodes, residual 

energy of nodes, and average energy of each region and 

location of nodes. 

 

Fig-2: Clustering in WSNs 

 

Operation of CEEC is based on rounds, with adjustable 

duration. Each round is divided into Network Settling Time 

(NST) and Network Transmission Time (NTT). During NST 

cluster-heads are selected and multiple clusters are formed. 

During NTT, sensed information from all nodes is transmitted 

to BS with help of cluster-heads. 

 

3. LITERATURE REVIEW 

M. Aslam [1] In this paper, Energy efficient routing protocol 

for Wireless Sensor Networks (WSNs) is one of the most 

challenging task for researcher. Hierarchical routing protocols 

have been proved more energy efficient routing protocols, as 

compare to flat and location based routing protocols. 

Heterogeneity of nodes with respect to their energy level, has 

also added extra lifespan for sensor network. We propose a 

Centralized Energy Efficient Clustering (CEEC) routing 

protocol. We studied that the CEEC has maximum throughput 

and network lifetime. 

Naveen Sharma [2] In this paper, In recent times wireless 

sensor networks have grown enormously and become 

progressively attractive in wide variety of applications because 

of their low cost, low power, small in size, self-organizing 

behavior in harsh environments. Routing is a vital technology 

in WSN. There are many routing protocols like: location 

based, multipath, data centric, mobility based, hierarchical 

routing, hybrid routing etc. Clustering is used to prolong the 

lifetime of the wireless sensor networks. Clustering is the 

process where sensing area is divided in groups to balance the 

energy level of sensor nodes known as clusters. An Optimal 

Clustering technique can reduce the energy consumption in 

WSN and increase the lifetime of the network. Energy is the 

main consideration when we analyze routing protocols for 

WSN. In this paper we present the study of different clustering 

based energy efficient routing protocols of wireless sensor 

networks and compared them on various parameters. In last 

few years, energy conservation in wireless sensor networks 

has become one of the most important research areas. The 

main objective behind the routing protocol design is to keep 

sensors alive as much as possible, thus prolonging the lifetime 

of network. For heterogeneous wireless sensor networks, many 

energy efficient clustering protocols are proposed which are 

based on residual energy, density etc.  We have surveyed the 
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past research works which mainly focuses on energy efficient 

clustering based routing protocols for wireless sensor networks 

and we have systematically analyzed a few classical WSN 

clustering routing protocols in deep, and compared these 

different approaches based some primary metrics. WSN is a 

broad area so this paper covered only some clustering based 

routing protocols. Although these routing protocols shows the 

improvements but still there is possibility of improvements in 

Wireless sensor networks. Further research would be needed 

to address issues related to Cluster formation, cluster head 

communication and data fusion etc. 

 M.Sheik Dawood [3]  In this paper,  Use of wireless sensor 

networks has increased to monitor the disaster management, 

surveillance and industrial automation. For such applications 

the sensors have to be grouped together to deploy in large 

numbers and to operate autonomously in the network. Several 

researchers have provided different cluster based routing 

protocol for sensor networks to enhance power control and 

node lifetime improvement. Wireless sensor network (WSN) 

require a various power management protocols to reduce the 

energy consumption. Different cluster-based schemes are 

discussed as a solution for this problem.  We surveys different 

clustering algorithms for WSNs; give emphasis to their 

purposes, characteristics, importance, complexity, etc. We also 

analyse these clustering algorithms based on metrics such as 

energy efficiency, cluster stability, location awareness, node 

mobility and QoS support.We conclude that Grouping sensor 

nodes into clusters is an effective way to improve the network 

performance .This study reviews some of these proposed 

clustering algorithms involving with its terminology and 

attributes. The parameters which are mostly included energy 

efficiency, cluster stability, location awareness, node mobility 

and QoS support. The general framework of clustering 

algorithms is discoursed here, which unseals up the panorama 

of enhancement on widely-used algorithms. 

Maotao Xie [4] In this paper Wireless sensor networks have 

been widely used in many important areas. Medium access 

control(MAC) protocols have a significant effect on the 

function and performance of sensor networks. Though the 

TDMAbased MAC protocols are inherently collision free and 

can rule out idle listening since nodes know when to transmit, 

it is difficult to change the frame size and time slot assignment 

due to network topology or traffic load changes. In this paper, 

we present an energy-efficient TDMA protocol for clustered 

wireless sensor networks(EC-TDMA), which is an intra-

cluster communication MAC protocol. EC-TDMA 

dynamically changes the length of TDMA frame according to 

the number of sensor nodes and the sensor node traffic load 

within a cluster, reduces the idle listening and improves 

channel utility, thus prolongs networks lifetime. The 

simulation results show that this protocl performs better than 

existing protocols in the average energy consumption, packet 

delivery ratio and average latency. base station. It resulted in 

increase in the lifetime of the network.  

Danyan Luo [5]  In this paper, Wireless sensor networks 

consist of large number of sensor nodes which have a 

constraint energy capacity, so energy-efficient mechanism is 

important. Specially, sending packets from the source node to 

the destination node is the more majority part than merely 

sensing some events. Thus, energy-saving routing protocol in 

wireless sensor networks is necessary for increasing the 

network lifetime. Less energy consumption can be achieved by 

reducing the node transmission radius. We present a 

transmission radius self-adjust energy-saving routing protocol 

(RSES) for wireless sensor networks. Using RSES, node 

reduces its max transmission radius only to reach the farthest 

neighbor before it sends the first packet. The on-demand route 

discovery process is initiated whenever a source sensor node 

needs to communicate with another node for which it has no 

routing information in its route table, and energy-saving 

strategy has been designed for the route discovery. When 

remnant energy reaches a certain threshold, node reduces its 

transmission radius again in order to achieve less energy 

consumption under the premise of the certain coverage ratio. 

Simulation results demonstrate that RSES can prolong the 

network lifetime and has a balanced network load and routing 

traffic. We present a transmission radius self-adjust energy-

saving routing protocol RSES. Using RSES, node reduces its 

initial transmission radius to the farthest neighbor before it 

sends the first packet. RSES can prolong the network lifetime 

and has a balanced network load and routing traffic. 

Farhana Ashraf [6] In this paper Synchronization and 

signaling are two common approaches used for coordination in 

duty-cycling wireless sensor networks. In this paper we 
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analyze the tradeoff between these two approaches used for 

energy-efficient communication. Finally, we present 

Neighborhood-based Power Management (NPM), a hybrid 

MAC protocol that minimizes signaling overhead through 

opportunistically gained knowledge about neighbor wakeup 

schedules. Unlike the synchronization-based MAC protocols, 

NPM does not require a priori knowledge of the wakeup 

schedules. Using only a minimal exchange of schedule 

information, NPM reduces the signaling overhead by 

combining adaptive preambling with its neighborhood wakeup 

mechanism. Our simulations show that NPM outperforms 

popular B-MAC, X-MAC and SCP protocols under all 

network conditions. This paper presents a hybrid protocol for 

energyefficient communication in wireless sensor networks, 

called Neighborhood-based Power Management (NPM). By 

combining synchronization and signaling effectively, NPM 

reduces energy consumption across a large variety of network 

conditions. 

Xiao-Min Hu [7], maximizing the lifetime of a sensor network 

by scheduling operations of sensors is an effective way to 

construct energy efficient wireless sensor networks. After the 

random deployment of sensors in the target area, the problem 

of finding the largest number of disjoint sets of sensors, with 

every set being able to completely cover the target area, is 

nondeterministic polynomial-complete. Here proposes a 

hybrid approach of combining a genetic algorithm with 

schedule transition operations, termed STHGA, to address this 

problem. GA based approach termed STHGA has been 

proposed to find the maximum number of disjoint complete 

cover sets of sensors for maximizing the lifetime of a WSN. 

STHGA is applicable to both point-coverage and area-

coverage problems in WSNs. 

Jochen Furthm¨uller [8], Paper represents Management 

requests and responses create additional traffic in addition to 

the data issuing from the network’s actual sensing application. 

Effective management therefore requires balancing the need 

for detailed oversight of the network against the energy 

consumption of the management system itself.  Paper explores 

whether sending the management data and the sensing data 

together rather than separately can reduce the management 

system’s energy footprint. We examined the trade-off between 

energy consumption for the purpose of network management 

and the latency of management requests. We proposed the 

concept of cooperative requests, which allows the data sent by 

the actual sensor network application and the management 

agent to be clustered. In this way the number of packets as 

well as the number of sent bytes can be reduced considerably. 

Vinay Kumar [9] In this paper  to maximize network lifetime 

in Wireless Sensor Networks (WSNs) the paths for data 

transfer are selected in such a way that the total energy 

consumed along the path is minimized. To support high 

scalability and better data aggregation, sensor nodes are often 

grouped into disjoint, non overlapping subsets called clusters. 

We have found that the some energy efficient algorithms 

increases the network lifetime Although every effort has been 

made to provide complete and accurate state of the art survey 

on energy efficient clustering algorithms 

 

4. CONCLUSIONS 

In this paper, we studied the different Research papers 

.Routing in wireless sensor networks has attracted a lot of 

attention to the researchers in the recent years. Routing in 

sensor networks is a new research area, with a limited but 

rapidly growing set of results. In last few years, energy 

conservation in wireless sensor networks has become one of 

the most important research areas. The main objective behind 

the routing protocol design is to keep sensors alive as much as 

possible, thus prolonging the lifetime of network. For 

heterogeneous wireless sensor networks, many energy 

efficient clustering protocols are proposed which are based on 

residual energy, density etc.  we proposed a cluster-based 

multipath delivery scheme for WSNs, which integrates the 

advantages between hierarchical routing and multipath 

routing. Hierarchical routing maintains the energy 

consumption of sensor nodes and performs data aggregation 

which helps in decreasing the number of transmitted messages 

to base station.  Single-path routing approach is unable to 

provide efficient high data rate transmission in wireless sensor 

networks due to the limited capacity of a multi-hop path and 

the high dynamics of wireless links.  
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ABSTRACT 

This study presents the integrated road traffic accident system (IRTAS) in Johor Bahru, Malaysia. This study utilizes the available 

traffic accident data from emergency service providers to obtain the efficiency of their cooperations. The current emergency 

response system (ERS) in Malaysia is provided by the following entities: (1) police; (2) hospital; (3) fire and rescue; and (4) civil 

defense. This research uses the collaboration data from the all providers. ERS operations are conducted in accordance with the 

provider-specific standard operational procedure (SOP). The differences in SOP can result in poor coordination between providers 

when providing the emergency services to the victim. Considering that every provider has its merits and weaknesses, therefore, 

their merits are combined to design the most effective and most efficient IRTAS. The next step is the development of a 

computerized traffic accident database as a comprehensive database for the providers. Ambulance records and a one-year police 

data were extracted and transferred into the developed computerized database. Meanwhile available data were classified 

hierarchically based on their shared characteristics. Integration IRTAS was established by identifying the mapping data to the 

target data. The available data are used by providers for input and retrieval purposes. The data combination is used to enhance the 

cooperation between emergency service providers.  The result modules can assist the providers to improve their emergency 

services and to optimize their response time to reduce the fatalities of road accidents. 

 

Keywords: Road Traffic Accident (IRTAS), Emergency Response, Emergency Providers. 

 

1. INTRODUCTION 

In an emergency, quick and efficient command is important to 

minimize losses. Achieving efficiency generally depends on 

relevant policies such as emergency plans, regulations, and 

laws. When emergencies occur, employing a certain 

management method is necessary. Based on the stages of crisis 

development, the emergency response process can be divided 

into three phases: prophase, metaphase, and post-phase. The 

prophase includes the emergency reaction mechanism and the 

improvement of the systems for organizing plans. The 

metaphase is the process of reacting to emergencies, such as 

making quick responses, sensible commands, and effective 

assignment. The post-phase includes the process of improving 

and perfecting the mechanism of emergency responses [1], [2].   

 When an emergency breaks out, relevant emergency plans and 

regulations that are established beforehand are the most 

important bases for quick and effective commands and 

assignments. Speed and efficiency are the two main indexes 

during this process. Current research on quick emergency 

responses mainly includes two classes. One is the quick 

response information system, which enhances information 

transfer and feedback on a domainal situation. Examples of a 
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quick response information system are the GIS-based ERS [2] 

and urban linkage systems.  

Establishing relevant laws and regulations and applying them 

quickly in cases of emergency is an urgent requirement of 

decision makers. Therefore, policy documents on emergency 

response are the knowledge resource for decision makers to 

command and assign tasks after an accident. Among such 

policy documents, response plans are of key importance as it is 

the direct basis for decision making. Moreover, the first step in 

an emergency response is to put relevant emergency plans into 

action [3]. The emergency response process includes a 

sequence of activities, such as alert and warning, damage 

assessment, emergency operation, evacuation, and rescue [4].. 

 

2. EMERGENCY RESPONSE 

The increasing number of natural and man-made disasters, 

such as earthquakes, tsunamis, floods, aircraft crashes, etc., 

have been posing new challenges to public service and 

demonstrating the importance of emergency management. 

Good collaboration among providers, municipalities, and other 

authorities, or even among different countries, is needed 

during the four phases of emergency management, namely, 

mitigation, prevention, preparedness, and response and 

recovery.  

The survival of victims in emergency situations requires some 

action to be taken within a period of less than normal time. 

Emergency is defined as “a sudden, unexpected occurrence, 

involving a clear and imminent danger, demanding immediate 

action to prevent or mitigate loss of, or damage to, life, health, 

property or essential public services. Emergency includes such 

occurrences as fire, road accident, flood, earthquake, or other 

soil or geologic movements, as well as such occurrences as 

riot, accident, or sabotage.” [5].  

Emergency response is the implementation of processes 

resulting from planning and preparations for action, and the 

application of resources that must be utilized to mitigate 

consequences and recover from an emergency. As illustrated 

in Figure 1, an emergency procedure involves many essential 

components and providers involved in rescue operations. The 

coordination between components and providers directly 

influence the services provided in an emergency response [6]. 

This paper is focused on developing an ERS that can help 

integrate the information from different providers with specific 

significance given to the achievement of optimum response 

time. 

 

 

 

Figure 1: ERS components   

 

To provide an effective service, emergency vehicles must respond 

within a minimum amount of time upon the reporting of an 

incident. Emergency vehicles must also be equipped with 

sufficient resources to provide fire, rescue, or emergency medical 

services. Emergency services can be divided into four phases: 

detection, preparation, travel, and treatment time. Response time 

is defined as the time it takes for an emergency vehicle to arrive at 

the scene upon receiving the emergency call at the station. It is the 

sum of the preparation time and the travel time [7]. 

Utilizing precise information and reducing the response time 

can effectively minimize the negative impact of an accident. 

Preparation time and travel time are noticeably affected by the 

availability of vehicles, the traffic situation, and the allocation 

of fleet to facilities. Therefore, the proposed integrated ERS 

should be able to optimize emergency operations and 

consequently improve service performance and reduce 

fatalities and property loss. 

 

3. ERS IN MALAYSIA 

 

3.1.  Current ERS in Malaysia 

Malaysia is a developing country comprising 15 states with a 

total landmass of 329,847 square kilometers. The area is 

separated by the South China Sea into two regions- 

the peninsular and the eastern parts. Borders are shared 

with Thailand, Indonesia, Brunei, Singapore, Vietnam, and the 
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Philippines. The country’s population of over 27.5 million is 

made up of various ethnic groups, with Malays making up 

50.4% of the total. The remaining population includes other 

ethnicities such as Chinese and Indians. The life expectancy of 

Malaysians in 2008 was 74 years. The infrastructure in 

Malaysia is one of the most developed in Asia, and Malaysia's 

road network covers 98,721 km. Along with the rapid 

development of the road network and the escalating number of 

vehicles on Malaysian roads is the increase in the number of 

road accidents involving fatal and serious injuries [8].  

Three core providers are involved in providing emergency 

services. The fire and rescue services deal with potentially 

harmful fires, rescue operations, and road traffic collisions. 

Police services are concerned with the security of persons 

and properties in all categories of emergencies. Ambulance 

services aim to reduce loss of life and damage by reducing 

response time. Other providers, including the civil 

defense department and volunteer organizations, assist the 

three main providers [9]. 

All emergency providers have a system in place for 

conducting emergency response. For example, fire and rescue 

follow the Hazardous Material (HAZMAT) guidelines and the 

system of incident command in dealing with hazardous 

materials. For hospitals, emergency medical systems are in 

place to improve healthcare in Malaysia. However, such 

systems are difficult to run and are only implemented in 

selected hospitals. At present, the civil defense and hospitals 

have their own emergency call handling service despite the 

availability of the Malaysian Emergency Rescue Services 

(MERS 999). Before 2007, different numbers were dialed for 

emergency services, such as 994 for the fire and rescue 

services, 991 for civil defense, and 999 for Telekom Malaysia 

(TM) and the police. All emergency calls at present are made 

to a single number, i.e., 999 for TM. The call is validated by 

an operator, and only the genuine ones are transferred to the 

respective providers for emergency.    

The MERS 999 is the central service for emergencies that 

features single-number dialing. First, calls are made to the 

MERS 999 call center or directly to the emergency services 

provider when road traffic accidents occur. The MERS 999 

call center is the first to verify and filter the calls. Once the call 

is confirmed, it is analyzed and forwarded to the provider 

based on the need of the specific emergency. All providers 

receive the call and the corresponding call card. The call 

center at each provider receives the call and gives an order to 

rescue teams based on the relevant information. The rescue 

team immediately proceeds to the scene. After the scene is 

secured, the victim is transported to the nearest hospital aboard 

the ambulance. All providers use the same SOP (Figure 2). 

The Malaysian government needs to improve its 

emergency services, but this improvement should be based on 

public needs. Previous studies on the evaluation of ERS are not 

enough to anticipate the attitudes of the public. These kinds of 

studies were recently conducted in Malaysia only to determine 

patient satisfaction in hospitals with EMS. One study was 

conducted concerning ambulance services and patient 

satisfaction with the emergency departments in hospitals. 

Except for the study about EMS, no survey report exists 

concerning emergency services providers in Malaysia. 

Therefore, the present paper attempts to study ERS from the 

perspectives of the service providers to provide another 

viewpoint on emergency response today. Emergency service 

is extremely significant and studying it is very urgent, most 

especially because it can serve as an indicator of ERS quality 

[9].  

 

 

Figure 2: Flowchart of handling a road accident emergency 
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One of the major limitations of ERS in Malaysia is the 

deficient integration among agencies during an emergency. No 

uniform communication and dispatching methods are 

established among the agencies [10],[11],[12]. Nevertheless, 

the public demands better emergency response to decrease the 

total number of victims (casualties/injuries) caused by road 

accidents. However, the total number of accidents continues to 

increase annually. Emergency services should be able to 

respond rapidly to emergencies to ensure that victims receive 

the required service, the appropriate equipment, and the proper 

ambulance service, all of which can be guaranteed through a 

better coordination between agencies. In the present research, 

a questionnaire survey was administered to determine public   

satisfaction with emergency agencies. 

3.2.  Malaysian ERS Providers 

The following four providers in Malaysia are involved in road 

accident rescues: the police, fire and rescue, hospitals, and 

civil defense. Each provider has a distinct duty in handling 

emergencies. The role of each provider is explained below. 

  

3.2.1 Police 

The police have various roles when handling road accidents, 

but their duties vary depending on the type of accident. They 

receive emergency calls regarding the accident from MERS 

999, the public, or the hospital. Contacted police immediately 

proceeds at the scene if the accident calls for an investigation. 

At the scene, they control traffic and investigate the accident. 

They then record the details of the accident and the statements 

of witnesses. If the accident is fatal, senior officers take over 

the investigation, which is a process that becomes more 

complex because no piece of evidence can be moved. All 

details are recorded on the POL 27 form  and are integrated 

into the CARS system. The events at the scene are important 

data that must be documented because the information 

gathered can serve as an important element in the event of a 

prosecution.  

 

3.2.2 Fire and Rescue 

 

The fire and rescue department receives calls from MERS 999 

on road accidents involving fires from motor vehicles. They 

also get calls from other providers or from the public who are 

in need of direct fire and rescue service. Cases of accidental 

vehicle fires are stated as special service. Fire and rescue 

service providers immediately proceed to the scene of the 

accident to carry out rescue operation. The roles of fire service 

providers during a road accident vary. In general, their task is 

to deal with fires, but they also often deal with other tasks. 

When the fire service is called to a scene of an accident, their 

job is to attempt to rescue the victims and prevent vehicle 

fires. Therefore, they secure the site from any fire threats. One 

major task of the fire and rescue service providers is to rescue 

victims who are trapped in vehicles. This task requires skills 

and tools possessed by the fire brigade. Thus, they are trained 

to handle these types of situations. Fire and rescue service 

providers also play a role in any rescue efforts and in 

situations involving hazardous materials. They record relevant 

data on site, including basic information, types of equipment 

used, clarification of the accident, and services provided. In 

addition, details of the victims are also recorded before the 

data is presented to the superiors. The recorded data are stored 

for monthly statistical purposes using the format provided. 

Fire and rescue service providers have yet to use a 

comprehensive computerized database system. 

 

3.2.3 Hospital (Trauma and Emergency Unit) 

The tasks conducted by ambulance workers, particularly the 

paramedic, at the site of accidents are the most important. The 

number 999 is the universal emergency number in Malaysia. 

Calls to the ambulance can be made directly to the hospital or 

through MERS 999. Most of the ambulance workers are 

paramedics who are trained to face emergencies and to 

promptly help accident victims.  

Ambulances are sufficiently equipped and are manned by 

experienced and skilled paramedics. Thus, rescue operations 

become easier when an ambulance arrives at the scene of an 

accident. Paramedics usually identify the injuries of the 

victims and prepare to give early treatment. One of the roles of 

an ambulance worker is to stabilize and treat patients before 
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they are safely transported to the hospital immediately. 

Ambulance workers are expected to be able to handle the 

situation immediately while remaining in control and calm. 

They often carry out diagnostic tests at the scene and, if 

possible, carry out basic first aid. From there, they decide 

whether to take the casualty to the hospital or simply deal with 

them at the scene. All paramedics and ambulance technicians 

are highly skilled in advanced driving so that they can move 

people away from the accident site as safely as possible. All 

victim and accident data are recorded. 

 

3.2.4 Civil Defense 

Malaysia has a team called the civil defense department, which 

was formed by the British Passive Defense under Chapter 41 

of the Emergency Regulations Enactment to provide support 

measures during World War II. It was officially enacted as law 

under the Malaya defense system. This law was extended to 

the country when Malaysia gained independence. The civil 

defense was initially assigned to assist rescue teams during 

emergencies such as floods, which frequently occur in 

Malaysia. In 1993, after the tragic collapse of the Highland 

Towers, which claimed many lives, the civil defense 

department was reorganized. They started doing disaster relief 

work and provided protection to ensure the safety of life and 

property in the event or possibility of a disaster. They also 

began facilitating the rehabilitation of the victims after the 

disaster. Civil defense has become an additional body that 

augmented the services provided by fire and rescue, the police, 

and hospitals during an emergency. Today, they are 

recognized as an agency that provides assistance in small-scale 

emergencies and in the event of road accidents. Civil defense 

personnel are equipped with rescue equipment and ambulance, 

similar to hospitals. They are also trained to perform the basic 

work of paramedics and fire fighting to assist other providers. 

In the course of rescue, they also record the details of the 

incident. 

 

4. ERS DEVELOPMENT 

The most important consideration for the ERS operator 

(provider) is to serve to a level deemed satisfactory by the 

public, especially the victims. The lack of integration among 

providers and the absence of a uniform communication and 

dispatching system among them has become a major issue in 

ERS in Malaysia. Nevertheless, the public demands for better 

emergency response (Mat et al., 2001). Even though ERS can 

be enhanced with information technology, the most pressing 

issue regarding emergency response is the lack of information 

for providers to arrive at the scene on time. This problem 

negatively affects the response time of emergency service 

providers. The information referred to here should also be used 

for their emergency plans during and after the accident. A 

minimal response time will lead to good general public 

perception on the services. 

 

4.1.  System Design of ERS 

To develop the systems, the concept design of IRTAS must be 

explained. The design follows a sharing concept to overcome 

the coordination problem among ERS providers. In this 

concept, all providers involved in ERS must be included in the 

RTA database. The existing systems are based solely on RTA 

data on individual providers rather than on a comprehensive 

database. The main problem of these systems is the limited 

functionalities and the very different system types (i.e., manual 

and digital). Thus, combining the existing data for the 

redevelopment of IRTAS is very important to ensure ERS 

success in the study area. One method is to employ a structure 

that allows analysts to breakdown complex systems into 

smaller parts. The most widely used methods are systems 

analysis and design method.  

The first principle is the top-down functional decomposition 

wherein the systems are given more importance and the small 

details are ignored. The scopes of the systems are clearly 

defined, and the physical aspect of the current system is 

analyzed by observing how tasks are currently being 

accomplished and who performs them. The process then 

moves to what is currently being done from the logical point 

of view, which completes the analysis phase. The process 

moves on to the next phase, which is the design. In the design 

phase, the analyst considers the tasks the new system should 

do and how the tasks should be done.  
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4.2.  ERS Management 

The accident database mainly presents the overall picture of the 

traffic systems. The major components of traffic data given by the 

National Highway Traffic Safety Administration [13]. The 

factors are categorized into six groups, namely, crash, injury 

surveillance, roadway, vehicle, driver/person, and enforcement 

or adjudication. The data from the traffic accident database in 

Malaysia are collected and maintained by all service providers, 

namely, the police, ambulance providers, fire and rescue, and 

civil defense. Based on the MAAP and CARS, the police 

department maintains their RTA database adopted from the 

POL 27 form. Other providers involved in RTA have no 

proper database system, and several of them still use hard 

copies. The database sources of providers involved with RTA 

were used for IRTAS development. 

The most reliable source of RTA data in Johor Bahru is the 

Hospital Sultanah Aminah and Balai Polis Traffic Johor. Two 

main types of data are available, namely, RTA with accident 

statistic and response time data. The RTA data from police are 

used for black spot identification, whereas the response time 

data from hospitals are used for optimum response time 

analysis. Using standard classification and assigning codes to 

the collected data is critical in making accident data consistent 

and reliable. The definitions of traffic accident vary in some 

countries. The United Nations defines traffic accidents as 

“accidents which occurred or originated on a way or street 

open to public traffic; which resulted in one or more persons 

being killed or injured and in which at least one moving 

vehicle was involved. These accidents therefore include 

collisions between vehicles, between vehicles and pedestrians, 

and between vehicles and animals or fixed obstacles. Single 

vehicle accidents, in which one vehicle alone (and no other 

road user) was involved, are included”... 

 

4.2.1 RTA Database Development 

In Malaysia, RTA data from emergency providers are not 

acquired from a shared source. Data partnering can be 

advantageous for all participants. Data sharing can help 

providers save on data collection cost because of the more 

efficient collection process and the multiple uses of the 

collected data. In applying the concept of sharing, data 

proposed the use of a distributed responsibility concept in 

improving the quality of accident data. This concept requires a 

direct distribution of data benefits throughout the data of 

responsible organizations in the sense that the useful 

information is fed back to the organization that generated it. 

Figure 3 shows several data of the collecting agencies 

involved. These agencies include all providers involved with 

ERS that can provide accident information.  

Following the concept of sharing, IRTAS is developed by 

combining the data from different providers including the 

police, fire and rescue, hospital, and civil defense. Data 

warehouses are used as common storage for combined data, as 

shown in Figure 4. The IRTAS database in the study area with 

source types of collected data and the limitations of accident 

data are shown in Table 1.  
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Source Kind of data Limitations 

Hospital Demographic characteristics, time and date, 

type of injury, response time, etc. 

Data from only one out of three hospitals; 

Data should be transformed from hard 

copies to digital. 

Police Type of injury, road condition, number of 

casualties, location, etc. 

Data from MIROS after clean-up of raw 

data from the police department 

Fire and rescue Type of services, number of persons involved, 

location, response time, etc. 

Response time data are transformed to 

digital only  

Civil defense Type of services, location, response time, type 

of injury, etc. 

Data cannot perform  

GIS existing data Road network, infrastructures, etc. Coverage of study area with spatial and 

attribute for accident location 

 

Table 1: Summary of collected data sources and limitations in Johor Bahru The IRTAS database from the provider is classified 

into five main areas: traffic accident general data, vehicle data, accident involved personal data, injury surveillance data, and road  

Inventory data (Figure 5).

4.2.2 GIS Technology Development 

GIS technology and its applications have been discussed in 

recent years across a wide variety of settings. Moreover, 

transportation planning has undergone several GIS-related 

developments. GIS is a very important and comprehensive 

management tool for traffic safety. Several agencies have been 

using GIS for accident analysis. GIS can hold a vast amount of 

data that can be easily stored, shared, and managed. This 

technology also provides a platform for data analysis and 

visualization, allowing users to explore the relationships 

between data and providing them with graphical or non-

graphical outputs. 

The amount of data that can be incorporated into a GIS is 

almost limitless. Consequently, GIS does not only allow input, 
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maintenance, and output of robust data sets, but it also has the 

capability to model the spatial distributions and trends of these 

data sets. GIS appears to be a solution for numerous problems 

when these powerful capabilities are factored in. Considering 

the extent of spatial data associated with traffic collision 

locations, GIS seems to be a logical choice in defining spatial 

trends or patterns [14]. Hence, ArcGIS is preferred because of 

its straightforward graphical user interface, powerful spatial 

analysis capabilities, and inherent capacity to geocode 

locational data. 

 

5. CONCLUSION 

The point of improvement from current situation describes the 

framework of analysis and the role of method to integrate the 

systems development. The emergency processed and typical 

design of the ERS was discussed together with the current 

procedures of ERS in Malaysia. Application to enhance the 

effectiveness and efficiency of ERS response time. Finally, 

how the ERS was developed with integrated database and GIS 

technology. To develop ERS, the user requirement is needed 

to explained how the time response being effected in ERS.   
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ABSTRACT 

Any organization needs to conduct surveys and collect reviews, in order to improve their product quality. There are number of 

websites which deals with product reviews. All these reviews are nothings but the opinions of people all over the world about 

different products. These reviews are very huge and difficult to analyse. Opinion polling has been traditionally done via customer 

satisfaction studies in which questions are carefully designed to gather customer opinions about target products or services. This 

paper deals with review of various aspects of aspect-based opinion polling from unlabelled free-form textual customer reviews 

without requiring customers to answer any questions. 

 

Keywords: aspect based opinion poling, sentiment analysis, customer review 

 

 

1. INTRODUCTION 

Text Mining is an exciting research area that tries to solve the 

information overload problem by using techniques from data 

mining, machine learning, NLP, IR and knowledge 

management. Text Mining involves the pre-processing of 

document collections (text categorization, information 

extraction, and term extraction), the storage of the 

intermediate representations, the techniques to analyse these 

intermediate representations (distribution analysis, clustering, 

trend analysis, association rules etc) and visualization of the 

results. Sentiment analysis or opinion mining is the 

computational study of people’s opinions, appraisals, and 

emotions toward entities, events and their attributes. It 

involves the application of natural language processing, 

computational linguistics, and text analytics to identify and 

extract subjective information in source materials. The goal of 

opinion polling is to give quantitative indications of user’s 

positive or negative opinions about products or business. To 

achieve this goal, the crucial step is to identify the polarity of 

each aspect expressed in each review. Figure 1. a) Shows 

exemplary generation of structured summaries by extracting 

product aspects and related sentiment expressions from 

unstructured customer review texts. Figure 1. b) showsa 

general architecture of a generic sentiment analysis.  

Paper can be outlined into seven sections, section II comprises 

of definitions, tasks and terminologies related to aspect based 

opinion mining for customers reviews. Section III deals with 

challenges followed by approaches and current state of art in 

section IV and V respectively. Section VI deals with datasets 

and evaluation parameters. The paper is concluded in last 

concluding section.  

 

2. DEFINITIONS, TASKS, AND 

TERMINOLOGY 

Unfortunately, the relevant literature is quite inconsistent with 

regard to the use of terminology. By describing the most 

relevant subtasks in sentiment analysis, this section clarifies 

some important terms. The goal is to define a uniform 

terminology that we will use throughout the paper. 
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Figure: 1. a)Generating structured summaries by extracting product aspects and related sentiment expressions from unstructured 

customer review texts. b)A general architecture of a generic sentiment analysis 

Sentiment analysis is a field of study that addresses the 

application of NLP techniques to automatically identify and 

analyse subjective information in natural language texts. The 

goal (mentioned in Table 1) is to determine the author’s 

opinion about a specific target, or more abstract, about a 

specific topic. Subjective information may become manifest as 

a judgment or evaluation, the author’s affective state when 

writing, or the affective state the author wants to evoke in the 

reader. The author may express his attitude on different levels 

of granularity, e.g., within individual text passages or as the 

general tone of the document. Besides pure identification, 

sentiment expressions are typically associated with different 

types of semantic categories, e.g., polarity, strength, or type of 

emotion. 

 

Task  Goal  

Sentiment Polarity 
Classification 

Determine whether the general tone of the text is predominantly positive or 
negative. 

Subjectivity Classification separate subjective from objective information 
Emotion Classification classify a piece of text according to a predefined set of basic emotions 
Sentiment Source 
Detection 

identifying the person, the organization, or more general, the entity which is the 
source of subjective information 

Sentiment Target 
Detection 

Determine the subject of a sentiment expression. 

Table 1: Different tasks and goals of Sentiment analysis 

Task  Goal  

Review classification to determine the general tone of a review 
Aspect-oriented review mining and 
summarization 

analyse the reviewers’ sentiment with regard to individual product 
aspects 

Review identification: determine whether a given document is a review or not 
Review helpfulness prediction rate a review text according to its helpfulness and utility for other 

readers 
Review spam detection to counteract the proliferation of fake-reviews. 

Table2: Different tasks and goals of customer review mining 
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Among the diverse sources and types of online customer 

feedback (e.g., in the form of blog entries, comments in social 

networks, posts to message boards), online customer reviews 

naturally represent a very valuable resource. Applying 

sentiment analysis techniques to analyse and summarize this 

specific type of data is denoted as customer review mining. 

Table 2 represents different tasks and goals of customer 

review mining. There are two aspects of customer review 

mining as research area and field of application as follows 

1. Sources for Online Reviews: Review site, Online 

shopping site, Web log 

2. Formats of Online Reviews: review text, pros and 

cons, combination 

 

3. CHALLENGES 

Here are some of the challenges that are facing the text mining 

research area: 

3.1. Challenge 1: Entity ExtractionMost text analytics 

systems rely on accurate extraction of entities and relations 

from the documents. Since the systems should work in any 

domain they must be totally autonomous and require no 

human intervention.  

3.2. Challenge 2: Autonomous Text Analysis Text 

Analytics systems today are pretty much user guided, and they 

enable users to view various aspects of the corpus. We would 

like to have a text analytics system which is totally 

autonomous and will analyze huge corpuses and come up with 

truly interesting findings that are not captured by any single 

document in the corpus and are not known before. The system 

will get streams of documents from a variety of sources and 

send emails to relevant people if an "interesting" finding is 

detected. 

Some potential ideas for a grand challenge in data mining 

include: 

• Automatic tagging and classification of 1 billion digital 

photos on the web. A company called Riya (www.riya.com) is 

already working on a smaller scale project. 

• Identifying all genes and potential therapeutic targets for 

some specific types of cancer. 

• A text-mining and understanding system that can use the web 

to pass standard tests, e.g. SAT in World History. 

• Literature-based discovery of drug X side effects ([Swan86] 

is one of the earliest examples) 

• Fraud detection based on company financial statements – can 

we find another Enron before it collapses? 

 

4. APPROACHES 

Existing approaches to opinion mining and sentiment analysis 

can be grouped into four main categories: 

keyword spotting, in which text is classified according to the 

presence of fairly unambiguous affect words; lexical affinity, 

which assigns arbitrary words a probabilistic affinity for a 

particular emotion or opinion polarity; statistical methods, 

which calculate the valence of keywords and word co-

occurrence frequencies on the base of a large training corpus; 

finally sentic computing, which uses affective ontologies and 

common sense reasoning tools for a concept-level analysis of 

natural language text. 

In this paper, authors used a subsumption hierarchy to 

formally define different types of lexical features and their 

relationship to one another, both in terms of representational 

coverage and performance. They used the subsumption 

hierarchy in two ways: (1) as an analytic tool to automatically 

identify complex features that outperform simpler features, 

and (2) to reduce a feature set by removing unnecessary 

features. It was shown that reducing the feature set improves 

performance on three opinion classification tasks, especially 

when combined with traditional feature selection. the results 

showed that the subsumption process counteracted the 

negative effect of adding the more complex features. The best 

accuracy results were 99.0% on the OP data, 83.1% on the 

Polarity data, and 75.4% on the MPQA data. 

The major findings of our survey 

•  Lexicon-based approaches to product aspect detection 

show consistently good results in different settings. 

•  The application of variant aggregation techniques 

promises only minor improvements in recall. 

•  The candidate filtering techniques significantly increase 

the accuracy of the extracted lexicons. 

Product aspect extraction with a lexicon mainly suffers from 

the following problems: false positives, false negatives, and 

unrecognized part-of-speech patterns of aspects only play a 

minor role. 
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5. CURRENT STATE OF ART 

Most commercial sentiment analysis approaches seem to rely 

on simple lexicon-based approaches. They simply aggregate 

phrase level sentiment scores and ignore more complex 

linguistic constructs (e.g., sentiment shifters). Some other 

systems apply natural language parsing and provide a rule 

engine to model more complex constructs. Machine learning 

techniques for fine-grained sentiment analysis (e.g., sequence 

labelling methods such as CRF or HMM) seem to be rather 

uncommon. We presume that one reason is the cost involved 

with creating appropriate training datasets. Table 3presents a 

comprehensive overview of some exemplary systems. 

6. DATASETS AND EVALUATION 

PARAMETERS 

In this section we provide an overview of other, publicly 

available datasets that explicitly target or are closely related to 

the task of aspect-oriented sentiment analysis. We are 

particularly interested in gold standard corpora which may 

serve as reliable evaluation datasets. Following table 4 consists 

the list of dataset for restaurant, electronics and movie reviews 

only.

Product name  Type of analysis Approach 

Google Product Search  

 

aspect-oriented sentiment summary sentiment lexicon, fine &coarsegrained 

aspect dictionary, machinelearning 

Rapid-I RapidSentilyzer polarity classification classification model 

Repustate Sentiment 

Analysis API 

clause level polarity scores sentiment lexicon 

SAS Sentiment Analysis aspect-oriented sentiment summary, 

polarity classification 

sentiment lexicon, aspect taxonomy, 

rule engine 

Table 3: Overview of some commercial systems 

 

 

 

 

 

Table 4: Manually annotated corpora (in English) for aspect-oriented sentiment analysis 

 

The consistency of algorithms is validated using certain 

metrics. They are accuracy, sensitivity, specificity, positive 

predictive value, and negative predictive value and F measure. 

These metrics are computed as follows. 

i. Accuracy: For sentiment analysis, the accuracy is the 

proportion of true results (both true positive opinions 

and true negative opinions) generated from the 

algorithm implemented on the review database. To 

clear the context by the semantics, it is often referred 

to as the "Rand Accuracy". It is a parameter used for 

the test. 

Accuracy = TP + TN / (TP + TN + FP + FN)  

where TP - number of true positive instances in the 

test dataset, TN – number of true negative instances, 

FP - number of false positive instances, FN - number 

of false negatives, -, 

ii. Sensitivity = TP / (TP + FN) 

iii. Specificity = TN / (TN + FP) 

iv. Positive predictive value (PPV) 

PPV = TP / (TP + FP) 

v. Negative predictive value (NPV)  

NPV = TN / (TN + FN) 

vi. F-measure: A measure that combines precision and 

recall is the harmonic mean of precision and recall, 

the traditional F-measure or balanced F-score  

F Measure = 2PR / P+R 

Where, P - precision and R – Recall. 

Granularity Annotation Scheme  Domain 

Sentence sentiment target/expression tuples (as strings) attributed with polarity and intensity electronics 

Sentence topic, sentiment polarity restaurants 

sentence sentiment target/expression tuples (as strings) attributed with polarity movies 
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In information retrieval, recall is the fraction of the documents 

that are relevant to the query that are successfully retrieved. 

Precision: While retrieving any information, precision is the 

fraction of retrieved documents that are relevant to search. 

 

7. CONCLUSION 

With the emergence of the Internet as a social and interactive 

platform, an increasing share of public discourse and opinion 

making is taking place on the Web. Customer reviews 

represent a very prominent example where people share their 

opinions and experiences online. For companies and 

consumers such genuine customer voices represent extremely 

valuable information and they would like to have tools that 

automatically analyze and summarize this textual data. This 

paper can be used as reference for those who want to 

contribute in the field of customer review polling.  
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ABSTRACT 

 The importance of utilising biometrics to establish personal authenticity and to detect impostors is growing in the present scenario of 

global security concern. Development of a  biometric system for personal identification, which fulfils the requirements for access control  

of secured areas and other applications like identity validation for social welfare, crime  detection, ATM access, computer security,.. is 

felt to be the need of the day Several existing biometric systems gather ancillary information like gender, age, height, and eye color 

from the users during enrollment. However, only the primary biometric identifier (fingerprint, face, hand-geometry, .) is used for 

Person Recognition.Hence, the ancillary information is rarely utilized and they are not fully distinctive by themselves in face 

recognition tasks. However, this information can be explicitly fused with automatic recognition systems to improve the overall face-

recognition accuracy.  

 

Index Terms—Soft biometrics, labels, primary biometrics, face recognition, at a distance, on the move. 

 

1. INTRODUCTION 

Biometric systems recognize users based on their physiological 

and behavioral characteristics[1].Unimodal biometric systems 

make use of a single biometric trait for user recognition.It is 

difficult to achieve very high recognition rates using unimodal 

systems due to problems like noisy sensor data and non-

universality and/or lack of distinctiveness of the chosen 

biometric trait. Multimodal biometric systems address some of 

these problems by combining evidence obtained from multiple 

sources [2].A wide variety of biometric systems have been 

developed for automatic recognition of individuals based on 

their anatomical (e.g., fingerprint, face, and iris) and 

behavioral(e.g., signature and gait) characteristics [3]. Soft 

biometric traits are defined as characteristics that provide some 

information about the individual, but lack the distinctiveness and 

permanence to sufficiently differentiate any two individuals [4]. 

The use of soft biometric traits is expected to improve the face-

recognition performance when appropriately combined with a 

face matcher. 

 

2. FACE RECOGNITION TECHNIQUES 

2.1. Principal Component Analysis 

It is one of the popular methods used for feature extraction and 

data representation and not only reduces dimensionality of the 

image, but also retains some of the variations in image data [5]. 

Facial features are extracted by PCA method, which reduces the 

dimensionality of the original face images while preserving 

some discriminating features within training images. After 

performing the PCA structural information is acquired for each 

person from lower-dimensional training images. The key idea of 

the PCA method is to transform the face images into a small set 

of characteristics feature images, called eigenfaces, which are 

the principal components of the initial training set of the face 

images. The PCA method is used for dimension reduction for 

linear discriminate analysis (LDA), generating a new paradigm, 
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called fisherface. The fisherface approach is more insensitive to 

variations of lighting, illumination and facial expressions. 

However, this approach is more expensive than the PCA 

approach.  

 

2.2. Discrete Cosine Transform 

Data compression is essential for both biological and computer 

signal processing. It involves both face normalization and 

recognition. The basic idea in [7] here is to compute the DCT of 

the normalized face and retain a certain subset of the DCT 

coefficients as a feature vector describing this face. This feature 

vector contains the low-to-mid frequency DCT coefficients, as 

these are the ones having the highest variance. To recognize a 

particular input face, the system compares this face’s feature 

vectors to the feature vectors of the database faces using a 

Euclidean distance nearest-neighbor classifier. Number of 

Training Faces and Number of Testing Faces are used as 

parameter for DCT. DCT based recognition system is simple, 

but is not suitable for the conditions where there are large pose 

or illumination variations. 

 

2.3 Gabor wavelet 
The Gabor wavelet, which captures the properties of orientation 

selectivity, spatial localization and optimally localized in the 

space and frequency domains, has been extensively and 

successfully used in face recognition [8]. Gabor wavelets 

(filters) characteristics for frequency and orientation 

representations are quite similar to those of human visual 

system. These have been found appropriate for texture 

representation and discrimination. This Gabor-wavelet based 

extraction of features directly from the gray-level images is 

successful and widely been applied to texture segmentation, and 

fingerprint recognition. Wavelet based technique is working 

better than DCT based technique and PCA based technique even 

in large pose and illumination variations. 

 

2.4. Independent Component Analysis 

ICA minimizes both second-order and higher-order 

dependencies in the input. . ICA can be viewed as a 

generalization of PCA since it concerns not only second-order 

dependencies but also high-order dependencies between 

variables [11]. It is intimately related to the blind source 

separation (BSS) problem, where the goal is to decompose an 

observed signal into a linear combination of unknown 

independent signals. Provided two architectures of ICA[9] for 

face recognition task: Architecture I – statistically independent 

basis images and  Architecture II – factorial code representation. 

ICA is one method perhaps the most widely used, for performing 

blind source separation [10]. 

 

2.5. Linear Discriminant Analysis 

LDA suffer from the disadvantage that their optimality criteria 

are not directly related to the classification ability of the 

obtained feature representation.  Linear discriminant analysis 

(LDA) is powerful tools used for data reduction and feature 

extraction in the appearance-based approaches. LDA is based 

upon the concept of searching for a linear combination of 

variables (predictors) that best separates two classes (targets). 

LDA [13] is performed in the lower dimensional PCA subspace. 

However, it has been shown that the discarded null space may 

contain significant discriminatory information [14] [15]. 

          
Method   

        Category   Characteristics                                  
 

PCA [16] Holistic-based PCA for learning 
eigenfaces, unsupervised 

LDA [17] Holistic-based LDA for learning 
fisherfaces, supervised 

ICA [18] Holistic-based ICA for catch facial 
independent 
components,two 
architectures are proposed. 

Gabor and 
dynamic link 
architecture 
[19] 

Feature-based Gabor features extracted at 
facial feature locations, 
while  
performing one-by-one 
matching  

DCT[20] Holistic-based applied to each of these 
local  
features individually and 
also to the global features 

Table-1: The summary of face recognition techniques. 
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CONCLUSION 

In this paper, many face recognition techniques have been 

proposed to improve the accuracy for Person Recognition. We 

can conclude that though DCT based recognition system is 

simple, but is not suitable for the conditions where there are 

large pose or illumination variations. PCA based face 

recognition system is appropriate for both types of database, one 

having less variations and the other having large variations. But 

the problem is the complexity of the 

PCA based system. However, Wavelet based technique is 

working better than DCT based technique and PCA based 

technique even in large pose and illumination variations. 

Wavelets with PCA are a good choice, as representation by any 

of them is very good. So, we are getting good recognition rate. 

Overall, these techniques can provide better performance and 

high accuracy in person recognition. 

 

FUTURE WORKS 

•  We can use LDA for better representation of feature vectors 

of faces.  

•  For dimension reduction purpose IDA can be used.  

•  For searching the best sub-band in wavelet based face 

recognition, we can use PSO and Genetic Algorithm.  

•  For getting better result in pose and illumination variation 

conditions, Gabor wavelets can be used, also by using 

different fusion technique the recognition rate can be 

checked.  
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ABSTRACT 

According to Indian sculptures, all are representing a scene of its legend. In fact, this suit to relief styles than sculpture in round. 

Thus, the former stood as a storyboard though with single or a few frames, which enable to convey its concept in high style. The 

relief sculptures are oriented at the temple’s main structures as dēvakōshṭas, adhishṭānas, vimānas and superstructure of towers, 

etc. However, some crucial reliefs carved even some secondary important places such as staircase’s balustrade walls as if that 

could be a grand temple. Moreover, depicting a legend by a visual medium is a complicated one than performing art. Of dance 

which can eligible to detail a story that's going to be performed in nonstop rhythmic movements with high expressions. This is the 

full-fledged possibility of dance, but continue detailing by nonstop dancing will sometime bore to somebody this evidently seen 

from the audience. According to sculpture media, which is having capability to visualize in static in single frame depiction, but 

induce the motion to onlooker's mind. Since the space of the sculptures that continues to onlooker's mind is, the fine setup found 

indeed in Indian art.  As this kind, the topic of my paper, that on a relief sculpture of the imperial Cholas, found in the great 

temple of Thanjavur.  

Since the paper deals on the intellectuality of visualization, consists with amazing execution brilliance. Particularly a multi 

perspective attempt which showing pre scenes of the event by a style of layer deals. Regard this; what kind of technique that 

handled here is the Hypothesis behind to this paper, which one never told so far.   Hence, the paper, magnifying unviewed and not 

so far understood multi perspectives of a relief sculpture. 

 

Keywords - Dhaksha, Virabadhra, Yagakunda, Jatabhara. 

 

1. INTRODUCTION 

Usually relief sculptures are the rich ornaments to temple 

architecture.  Those all related to a particular God’s mythical 

legend. They also treated as a decorative motif according to 

architectural scale if grand.  Since, the big temple partakes to 

provide the elaborate scenes from myths. The Pallava handled 

these very innovatively at their Kailāsanātha temple at 

Kāñchipuram. Particularly on which familiarly known as 

Dēvakuḷikas those situated around the main shrine and 

defining the inner prakara. [1] In addition, those all are small 

temples consisting relief sculptures instead of usually 

Mūlabhēras of their womb chambers. From this point of view, 

the culmination of the relief sculptures by an evolution or 

transition, which explored in south East Asia, is a well known 

to the world, through Khmer architecture. Their gallery - 

representation on relief sculptures which is an execution, 

wonder, be parted around the stepped base of the Temple – 

mount yet in service. [2] Undoubtedly, this is an inspirational 

advancement evoked due to the dedicated Pallavas who they 

dominate Indian art history strongly by their myriad brand 

distinction. 

The origin of Mythography evidencing even prior to Guptas 

but the refinement of conceptual and technical executions 

certainly will go to Pallavas particularly on structural. We have 

an earlier example, before to Kailāsanātha of this kind, is the 

Shore temple of Mamallapuram, which contains squared 

panels on its adjacent prakāra walls. These sculptures were all 

deformed by saline air and sea waves though; still it has at 
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least the scares to view.  Hence, the study upon the relief of 

big temple could be a first of its kind, which, in fact, not yet 

even mentioned in very early attempts.  Perhaps may be some 

scholars have attempted a contemporary attempt on this relief 

sculpture, but am sure that could be as usual a descriptive or 

merely an attempt from aesthetic point of view. The study as 

follows: 

 

1.1. Orientation of the relief sculpture 

The piece of sculpture had been situated at the staircase of the 

northern aṅtarāḷa - entrance, namely known as anukkavāsal. 

[3] Indeed, a little difficult to see at a glance or at a visit due to 

its hidden location. One should search hardly to find to have a 

site or otherwise accidently can possible.  Since the unfamiliar 

location many bodies chanced to leave it without knowing.  

   Actually, the sculpture took position in the interior area of 

the staircase between the front eastern wall of the cella and the 

west facing back part of the staircase. The upapīṭa, now six 

feet high approximately from ground level serve as a platform 

to move and stand to watch there.  That the space is a narrow 

gap just having two and half feet width hence, the closer view 

is only possible. 

 

1.2. Composition of the relief 

By proportion, it is a landscape sized relief panel since; its 

breadth is greater than height.  Its exact size is as 28.5” x 20.5” 

(inches). Thus, in size is medium kind, but having continuity 

on both sides. Therefore, it has fully fledged in composition 

since the terminology of Sanskrit sort this as uthama sthāna.  

The main panel consisting four figures which all 

symmetrically balanced. The first headless figure is a male, 

seated before agniguṇḍa, appears in loss of balance due to his 

head severed is probably Daksha. Behind this figure, a woman 

seems with heavy fearful action that reflects her close 

relationship with Daksha, since she might be his wife. The 

central figure is the ugra form of Lord Siva seems with terrific 

action fries head of Daksha into a fire of yāgakuṇḍa. The next 

is a sage with moving action shows his acceptance of 

punishment on Daksha. 

 

2. ICONOGRAPHY OF THE SCULPTURE 

As above mentioned, a panel of the sculpture having four 

figures as follow 

1.  Daksha,   2.  Wife of Daksha,   3.  Virabadhra,   4.  Tadhisi 

Rishi  

 

2.1. Daksha  

The Daksha seems seated before yagakuṇḍa but in fallen 

position. In this position, one can easily understand that, as just 

before to this punishment, then he was very busy with yaga. 

He has two arms. The hands are not in action, being loose, but 

the right hand somewhat supports its body to avoid the full 

flatness. Adorn with yajñōpavīta, utharabaṅdha and other 

ornaments. In his loin the kaṭisūtra appearing evidently.  

 

2.2. Wife of Daksha 

The second figure of this composition is a woman; 

undoubtedly could be a wife of Daksha as said above. 

According to purāṇa she was namely known as Vēdavaḷḷi [4] 

has two arms. Both are in expressive mode. Her sthana 

(breast) of the right side is broken. Her heavier hairstyle seems 

with a different knot. Her body language opposing the 

punishment of her husband, but her facial expression reveals 

that the result of this incident which she knew already. 

 

2.3. Virabadhra 

 Virabadhra figured with the basis of canonical law. Though, 

there we can feel the freedom and the intellectual highness of 

the artist on execution, to visualize the concept to reach very 

easily to onlookers.  The figure carved only with four arms. 

However, the terrific tightness no lacks the terrible of the 

visual, due to the simplified four-arm presentation instead of 

eight or ten. As usual the profile - yānaka pose followed here, 

but the face appears towards to the onlooker.The frontal two 

arms having kadhga in right, cut - head of Daksha in left. The 

back-arms holding ghaṇṭā in right, showing viśmaya haśtha in 

left. The jaṭābhāra spread gradually formed a circle. Even 

though, losses of sharpness of sculpture the eyes of Virabadhra 

evidently seem with widely opened shows the terrible brand 

look of Virabhadhra. Adorn with kuṇḍala, yajñōpavīta and all 

other ornaments modeled rightly. [5] 

 

2.4.  A Sage 
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The sage seems with jaṭāmakuṭa who also in heavy movement, 

which shows that he, tries to leave from there. According to 

purāṇas, he might be Tadhisi maharishi who was an ardent 

devotee of Lord Siva. [6]  Having two arms, the right shows 

signs of warning or cautioning therefore, is with tharjini 

mudhra which could probably have been shown to Daksha. 

The left arm keeps somewhat a vessel like cup, not sure 

perhaps may be, simply modeled without any signifying 

mudhra. 
 

3. A BRIEF MYTHOLOGY OF DAKSHA 

SAMHARA 

The Virabadhra is an ugra aspect of Siva, especially to 

demolish the prestigious and proud full yaga of Daksha. 

Daksha who was a chief of Prajāpatis conducted a great 

sacrifice. Sati was (Umā) his daughter, her husband, Lord Siva 

was his son - in - law. Daksha invited all to the ceremony 

except Siva. Sati was most anxious to attend it, though Siva 

restricted her to avoid the function. At final, she has gone and 

met his father, but being insulted without priority, had 

disgraced. She threatens to abandon her corporeal form of her 

parent and gives up in to fire. When heard these, Siva who was 

greatly angered. Due to his uncontrollable anger, a demon of 

gigantic virabadhra arose from his headlock. [7]  He was 

commanded by Siva to destroy Daksha and his sacrifice. Thus, 

the Virabadhra accomplished that, what he received as a 

command of his creator. He cuts Daksha’s head and destroys 

the yaga.  

The gods, worried about the headless position of Daksha who 

was a head of prajāpatis. Regard to this they approached Siva 

to cool his anger, pray and proceed with offerings which 

already denied by Daksha. Daksha has reason to omit him, 

because of the undisciplined characters of Siva, that known as 

wanderer of the burial ground; smears the burial ashes; a naked 

barbarian; holding and wearing human skulls, further a relation 

with spirits and gaṇas. The attempt of pacification that results 

partly relents since Siva allowed Daksha to have goat head. 

Daksha then worshipped Siva. Uma who was re-born as 

Parvati and married lord Siva. [8]  

 

4. ANALYTICAL VIEW ON EXECUTION 

The figure arrangements of the sculpture show the skill of 

perfect balancing and harmonising. The figures equally 

distributed from its centre point. Nothing found wherein at any 

side with heavy load, if been shall disturb the onlooker’s 

vision abstractly even doesn’t knowing the actual reason. 

Since the left side (from onlookers view) having two figures as 

Daksha and his wife, but in the right a Rishi is being solo, 

though, doesn’t lacks the balance of the sculpture due to the 

support of agnikuṇḍa which placed between virabhadra and 

Maharishi. As well as, one can feel the both side figures which 

all having oblique composition besides designed perfectly in 

the manner of one point perspective.  

 

5. AN INTERPRETATION OF 

DESCRIPTIVE – PERSPECTIVE 

The mythical story of Daksha samhara here depicted widely 

along with two panels sorting as a triptych. Apart from the 

main panel, the other two are having the figures of 

participants, orderly placed in its right and left. Thus, the 

flanking two frames consisting with standing figures, 

producing a vertical uniformity to the central sculpture panel. 

The panel has carved with high brilliance depicting the 

incident at maximum level, tries to show the other two degrees 

through an executed single. Thus, this relief sculpture 

consisting three frames in a single visual is a unique feature of 

Indian art history. As the study follows-  

The first frame ought to be a frame of Daksha seated before to 

agnikuṇḍa was doing yāga. His wife has to be while in there. 

At the same time the other participant will be on the same 

panel was the Rishi who perhaps with sama or dvibaṅga poses. 

The Rishi purposefully was being in the first frame to warn 

Daksha the latter who did not invite Siva to his ceremony. The 

Rishi also remains there up to the final frame of the incident 

which can be understood through his body of action seems 

with two vary movements. 

The second frame ought to be a sudden appearance of 

Virabhadhra before Daksha who was a new entry; therefore, 

this could be a second visual, and cut the head of Daksha.  The 

second incident of action and expressions has shown partly in 

both figures regard this. Thus, the figure of Vēdavaḷḷi has two 

kinds of perspective, which evidently found from head to hip 

and hip to the legs. The action of head to hip, as frightening 
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mode, regards probably the second scene. Whereas, the hip to 

legs goes to first scene due to its firm standing posture, but had 

a little linked movement behalf of the scenes of second and 

third.  

Now coming to Virabadhra whose posture consisting three 

perspectives that significantly handled here without deforming 

or adding to its anatomical rhythm. As mentioned before, he 

entered into the second frame and faced Daksha to cut his 

head. Regard to this, can trace the perspective at Virabadhra 

from shoulder to hip, which seeming towards Daksha, but in 

slightly one third view, due to fit to the other perspective 

shown parts. In fact, the next action of Virabadhra ought to be 

after head cut, going to fry it in the fire suddenly. Since, he just 

turns quiet oppositely to agnikuṇḍa doing so. Furthermore, the 

perspective distinction evidently seen from hip to the legs, 

which positioned towards the yāgakuṇḍa, is a second 

perspective of the figure of Virabadhra. In addition, generally 

Virabadhra’s connection to this incident has needed to execute 

obviously by two frames suppose. However, instead of two, 

the artist only used a single frame, since he technically 

sandwiched the twos in one frame by a novel layer infusion. 

From without disturbing the proportioned figures, simply, just 

directing and twisting slightly of their bodies for three vary but 

related actions. These flexible and possibilities are a definite 

one of the medium of painting, but that was overwhelmed here 

in sculptural medium due to the artist’s accuracy of caliber. 

 

6. AESTHETIC FEATURES 

The total figuration of that sculptural composition has been 

scattered towards all cardinal and inter cardinal directions. Due 

to this, the all figures seeming with diagonal depictions than 

straights. Further, due to this animated depiction, each of its all 

elements converging at a central point. Since, the total 

composition of the sculpture based on one point perspective, of 

which, a vanishing point can find in the hip area of Lord Siva. 

The overall representation based on as so of one point, but, it 

was technically composed with multi perspective is an 

amazing attempt, depicted such a calculating way because 

even of its early period. 

Besides, indeed, the western world has taken steps to depict 

the visuals in perspective nature very lately. However, the 

sculptures of very early period in relief of them, shows little 

perspective attempts, though, works of the medieval period 

that before to mid Renaissance lacks somewhat that the reason 

does not know. Of western, particularly in 1000 to 1200 A.D. a 

very contemporary era to the Great Cholas, where then, 

majorly their relief sculptures were being on the tympanum 

sculptures of Portals of Churches.  Due to its curved top edge, 

the one point perspective was not suited to that composition. 

Also, some difficulties found in some attempts at the seating 

position of the central figure of Jesus, in frontal view. 

Particularly the foreshortening of his knees that does not 

attempted promptly. [9] However, in the seventh century, we 

have a perfect modelling of the same pose of Gajalakshmi 

figure seated in frontal view having a fine foreshortening of its 

knee and legs. This evidently found in theVaraha cave-temple 

of Mamallapuram of Tamilnadu.       

Thus, Filippo Brunelleschi a sculptor cum architect and Leon 

Battista Alberty a painter both they had made an initial attempt 

on this. [10]  In painting Giotto and Masaccio were the 

stalwarts were doing experiments on perspective-depictions. 

[11] Since the early Renaissance period, probably of early 

fifteenth century was the initiative period of perspective, 

knowledge indeed in the western world of art.  

 

7. THE JATABHARA 

 Moreover, as mentioned earlier on the posture of virabadhra 

who figured in two angles. Though his lower portion been with 

profile, but his head turns straightly towards the onlooker. The 

brand showing jaṭābharam of Virabadhra is the main element 

of this sculpture if not taken care on the hair-brand will lead 

the sculpture is as for which of myth behalf. Because 

according to Indian mythology, there is lot of events on 

performing yaga by different personalities. Definitely in most, 

maybe confusion could raise when at seeing it. In case, few 

can eligible to identify if Virabadhra carved entirely in profile 

view. If so, in profile the head, according to the perspective 

principle will sink in hair from the face never shows as who is 

he was. Hence, the artist believed and determined on the 

jaṭābhāra of Virabadhra to convert his work as ever a magnum 

opus. Choosing such a code element for the pictorial of tri-

frame task in one, but tackled simply in single attempt was a 

great victory to the artist. The victory is a special should 

always be celebrated. Thus, in my point of view, he equaled 
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the Lord Tripurāṅtaka who also destructed three different 

cities of asuras in a shot by a special alignment. Besides, we 

don’t know the creator of our topic sculpture, how he was 

being as black or white; handsome or ugly; tall or short; dumb 

or deaf or both. However, whatever nature, he had been 

physically by birth, one can feel his purity and mental beauty 

that the same casts the aesthetical beauty in his creation, which 

ensures the godliness. 

Coming to our sculpture, is a one more masterpiece of Indian 

art that possesses the multi perspective, wonder, which is a 

core which has evoked the western art movement explore with 

cubism but in  very lately. Moreover, we do not know the 

mythology of our sculpture that how far it retained its truth 

from its original happenings. However, regard to this 

established concept, how the execution, which, advanced from 

its earlier works, is now a needful view to portray, also and too 

on the go through of the artist who communicated the past 

world via his medium. There we can feel the artist’s 

involvement, and who has been also had a mind on income to 

survive in obvious that was next to him. Hence the prime thing 

was to him is the work and its execution. According to the 

psychology of the artists, the appreciation is their 

enlightenment. Award and wages is the other. Further, the 

visual perspective is a practically derivation through the 

realisation of mental perspective of the sculptor. Here I need to 

say on the mental perspective of the ones that enabling the 

creative excellence. The farseeing capability on infinite by 

closed eyes is the very core to Indian art and thoughts 

effectuate the aesthetical magnificence. [12] 

Moreover, in this piece of art a moral reflection on a 

sustainment  depicted through the hand balancing of Dakshsa 

reveals that he is going to regain his life by Siva, but with an 

alternative goat face [13]  instead of the loss head. Behind this 

legend, I feel that a valuable history hidden perhaps.  By this 

brilliance, the artist giving a continuation of the theme at a 

frame to on lookers’ mind-monitor is a perfect left by not 

showing. 

Daksha Samhara a relief sculpture situated at the back of 

balustrade of southern staircase a, b, c  

 

a 

 

b 

 

c 
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A descriptive figure of this sculpture has provided to have 

clear study follows: 

The figure shows its arrangements with one point perspective. 

Since the all elements of the composition are converging 

towards its vanishing point. In addition, the symmetrical 

arrangement shows the knowledge of equilibrium though the 

left side loaded little 

high but the right side balanced with yāgakuṇḍa. However, the 

open space between Lord Siva and Rishi that supporting 

viśmaya mudhra shown by the former that echoes in the space 

leads us towards an aesthetic space of expression  

 

8. CONCLUSION 

Rajarajesvaram built by the king Rajaraja the Great in 

Thanjavur is a worthy output in all categories. The temple 

always providing space and keeps it as a hypothesis too to 

find, to interpret on and on to its seekers. In addition, it has 

consisted possibilities for research in both visible and subtle to 

do further. Thus, might be more attempts had been attempted 

in prior by doyens probably this sculpture may be too in that 

list. However, the thing we need here is that the further 

findings even on the same should bring the aesthetic values 

rather than giving the name to them, mentioning orientation, 

explaining the myth and finally on iconography as of the 

previous researches. Hence, from this research, we tried to 

bring the inner zero dimensional abstraction workouts of an 

artist that executed in three dimensions which how reflect the 

theme of the legend is a perspective of this paper. 
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ABSTRACT 

In general, studies on scenic beauty assessment observed to flourish tremendously, due to the advance of knowledge in science, 

technology and socio-politics. Since then, many and new theories on the issue have been rigorously established in the West. 

Among these are the expert and perception based paradigms. Both paradigms received positive acceptance over the last century. 

Looking at this, it is unlikely to say, whether the expert is better than the perception or vice versa. The former is found to 

dominate the environmental management practice, while the latter is highly accepted among the researchers in the studies of 

landscape preference. The assessment’s procedure using the perception-based has solely relied on public’s participation, while the 

expert based requires the trained professionals from the disciplines of art and design, landscape architecture, planning, 

architecture, ecology, psychology, geography and many more. In principle, both authorities recognise the biophysical features of a 

landscape (e.g. greenery, water element, landform and etc.) as attributes to assess scenic beauty of nature based landscapes. The 

major difference between the two can be detected in the scenic beauty assessment’s procedures presented in the works of Clay and 

Daniel (2001) and Pierskalla &associates (2007). This paper describes the approach used in each paradigm having concentrated on 

the techniques of assessing scenic beauty of nature based landscapes. The insights provide a basic knowledge to young researchers 

with similar research interest and to the Malaysian authority that has concerned for preserving the natural beauty of its unique 

ecosystems.     

Keywords: Perception Based, Expert Based, Scenic Beauty Assessment and Nature Based Landscape. 

1. INTRODUCTION 

In order to better understand of nature based landscape, 

perhaps, one should have a sense of making good judgment on 

issues of scenic quality assessment. The scenic judgement can 

be determined using landscape attributes such as landform, 

types of water features or density of vegetation. Based on 

these, one is able to justify why certain landscapes are more 

beautiful than others. In many cases, landscape has become a 

source of interest to various disciplines (Kaplan and Kaplan, 

1989). Talking about scenic assessment, publics are the 

relevant observers, whose judgements provide information on 

the characteristics of landscapes that they prefer the most. 

Such insight is useful for the implementation of sound 

landscape management practices (LMPs) with high ecological 

value. Perhaps, conflict in deciding whether a landscape has 

high scenic value or not may be reduced through their 

judgements. This is true because the public are the users of the 

landscapes. Unsurprisingly, several reviews indicate that 

landscapes with natural settings are more preferable than the 

landscapes with human intervention (Kaplan and Kaplan, 
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1989; Berg, Vlek and Coeterier 1998; Vries, Groot and Boers, 

2012). Similar review explains that a landscape development 

that has concerned for natural elements received high 

preference as compared to over development landscape 

(Kearney et.al, 2008). Sullivan (1994) also indicates that a 

residential development with or adjacent to green areas and 

other open space receives high preference rates. This further 

explains that natural landscape features may also associate 

with monetary value. In the context of Malaysia, under the 

town and planning guidelines, it is mandatory for a residential 

development to provide at least 10% of the total built up area 

with open space. Policy alike is seen essential to provide better 

environment to the public. Similarly, more interventions from 

the authority observed may significantly help safeguarding the 

unique nature based landscapes in this country.     

Coming back to the scenic beauty assessment, Arriaza and 

associates (2004) verify the importance of natural features of a 

landscape for visual impact. Their study explores the scenic 

beauty preferences of an agricultural landscape in the Southern 

Spain. Finding shows that scenic value of this landscape has 

high correlation to visible vegetation, water elements, natural 

views, and mountains on the horizon. In addition, the finding 

also agrees that the landscape sceneries with the presence of 

man-made elements such as roads, industries, and electric 

power lines received low scenic preferences. In relation to 

natural environments, Jamilah, (2011) and Manohar, Ahmad, 

Azizi, & Jamilah, (2008) also state that scenic beauty of such 

environments can implicate tourists’ visitation. This explains 

the importance of a tourism industry to a country from the 

aspect of economy. It is further observed that among the 

challenges tasks of the professionals in the built environment 

of the 21st. century is to practise sustainable developments 

without compromising the visual value of the nature based 

landscapes. Again, support from the authorities may help 

realising the idea, since there have been increasing demands 

for scenic landscapes to be included in some landscape 

polices/acts, management and planning as well as landscape 

monitoring (Tress et al., 2001).   

Scenic landscape assessment that considers inventory and 

evaluation of visible attributes (e.g. mount, river, lake, and 

etc.) of nature based landscapes for the purposes of planning, 

management, design and etc. should be strongly considered in 

the making of some environmental policies. Here, the 

assessment should include the professionals. The assessment 

of scenic beauty preference must consider various means and 

approaches because beauty is a complicated subject to 

evaluate. Despite all that, studies on the issues have been 

rigorously conducted by various disciplines such as 

psychology, forestry, agriculture, geography, ecology, 

architecture, art and design, landscape architecture and many 

more. This is due to the advancement of knowledge in science, 

technology and socio-politics. Rigorous research may result to 

more and new concepts / theories been established in the 

issues of landscape preference. Among the theories, the 

objectivist (expert paradigm) and subjectivist (perception 

paradigm) authorities have become the most popular 

paradigms of the contemporary. Lothian (1999) provides 

comprehensive study on the approach of both paradigms. The 

objectivist postulates scenic beauty as inherent in the natural 

physical properties of the landscape observed, while the latter 

observes beauty as the product of a mind. Further, the 

objective paradigm is a long standing theory and found to be 

in existence since the classical era and has been widely 

accepted among the professionals from the art / design or 

ecological based background. In relation to that, this paper 

describes the method used to assess scenic beauty of nature 

based landscapes using the expert and perception based 

paradigms.  

2. BACKGROUND OF SCENIC BEAUTY 

PARADIGMS 

There has been a continuous contest between the expert and 

perception based paradigm. Under the expert paradigm, the 

assessment is based on the evaluation of a trained observer 

(e.g. expert in the disciplines of art and design, ecology and 

etc.). Scenic beauty is evaluated using landscape scenery 

qualities or attributes (Skrivanova and Kalivoda, 2010). These 

are tangible or intangible attributes that are presented as 

vegetation, water element, landform and etc. The attributes are 

variables that are defined in through shape, form, linearity, 

composition, structure, colour, scale, variety, unity, 

uniqueness, distinctness and etc. They are sometimes known 

as landscape properties, which evaluation requires the expert 

(Daniel, 2001). Importantly, the result of the assessment of the 
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expert paradigm is not necessarily relied from a collective 

group of observers. It is sometimes based on a single 

evaluation (Palmer and Hoffman, 2001), where the validity 

and reliability of the assessment can be questionable (Daniel, 

2001). It suggests that a single evaluation that falls under the 

objectivist authority (expert paradigm) can be bias, lack of 

accuracy or integrity. Perhaps, this rejection is due to small 

sample size. However, the approach to the authority may have 

several advantages, in terms of cost and time because less time 

and minimal numbers of observers are required for the 

assessment. Review states that the expert based is widely 

utilised by the researchers in the environmental management 

(Daniel, 2001) and planning of the wilderness or any other 

outstanding nature based landscape. Further, the outcomes of 

the assessment can be translated as planning and management 

tools in the preservation of high ecological landscapes.    

In contrast, the subjectivist authority (Perception based 

paradigm) has received high acceptance among the scenic 

beauty researchers. The technique has been around since the 

18th century and firstly established in Europe. A German 

aesthetician, Emanuel Kant was among the pioneers, whose 

ideas fall under the authority. Perhaps, many have already 

known that Kant was the founder of the concept of beauty as 

in the eye of the beholder. So, the assessment using the 

subjectivist requires public’s participation, whose knowledge 

in the art and design is not essential. In other words, they are 

untrained observers, unlike the objectivist. Interestingly, the 

results found believed to be more reliable because of the 

collective results; e.g. generalisation of results gathered from 

huge sample size considered more accurate. The authority 

defines scenic beauty in a landscape through various landscape 

attributes such as water elements, density of vegetation or 

types of landform, which is similar to the objectivist authority. 

Here, understanding on the basic theories of scenic assessment 

would not be complete, if the works of Ervin H. Zube failed to 

be discussed. Zube (1984) had contributed valuable 

knowledge on the foundation of scenic beauty assessment. His 

works inspire and gear many young researchers to clearer 

scenic theoretical framework. Significantly, he was among the 

prominent pioneers, whose works have become the impetus to 

the study of landscape preference. The author had suggested 

four major paradigms that have become the basis to the studies 

of scenic beauty of the contemporary. Two of his are very 

much related to the objectivist and subjectivist paradigms as 

comprehensively described in Lothian (1999); e.g. expert 

(objectivist) and psychophysical (subjectivist). Beside Zube, 

Daniel (2001) also provides comprehensive explanation on the 

techniques of the paradigms. In summary, both paradigms are 

found relevant and unique in their own way, style, approach 

and technique. The following describes the detail 

characteristics of the expert and perception paradigms, where 

in some cases the former is addressed as an objectivist, while 

the latter is a subjectivist.  

3. EXPERT BASED (OBJECTIVIST 

PARADIGM) 

Jessel (2006) agrees that the methods of assessing scenic 

beauty using the expert paradigm are partly based on the 

description of the landscape attributes or characteristics. The 

method requires the trained observers to systematically inspect 

and evaluate the landscape using the attributes identified 

together with any abstract design parameter thought relevant 

(Daniel, 2001). Here, the process of interaction between the 

biophysical features of a landscape and the perception of the 

observers is firstly established. Then follow by the prescribed 

rules and guidelines. For instance, the sceneries observed 

should be ranked from low to high visual quality using scenic 

classes such as water element, landform, greenery and etc. In a 

typical practice, the trained expert such as landscape architect, 

planner or forest manager may use the results of the 

assessment to design and/or make recommendations on the 

environmental management activity. At the higher level, 

which involves the national policy or act, the results can be 

used to defend the protection of scenic value through multiple 

- resource decisions.  Similarly, Jessel, (2006) suggests that 

the outcomes of the assessment can be in the forms of 

management and planning tools that emphasise the 

conservation of scenic areas or improvement of certain 

landscapes with low scenic beauty. The outcomes of the 

assessment can also be further refined and translated using 

tangible elements such as statements or scenic beauty maps.  

The expert based agrees that several landscape attributes have 

significant contribution to determine the uniqueness and 

legibility of certain landscape sceneries (Skrivanova and 
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Kalivoda, 2010). Skrivanova and associate also suggest that 

the observation of a monotonous landscape can result to 

mentally tiring or discomfort, while an observation of a unique 

memorable landscape shall result to interest, understanding 

and comfort. So, what sort of landscape attributes thought to 

provide good implications to observers? Here, the authors 

suggest that, the attributes should be dominant landscape 

elements such as unusual terrain formation, lake, silhouette of 

a city/castle, or even a typical way of farming. Other features 

suggested may be related to the spatial formation attributes 

that underline or create dominant landscape features; e.g. vivid 

features of symmetry, asymmetry, gradation, rhythm, contrast 

or unity (Skrivanova and Kalivoda, 2010). The followings are 

the summaries of several conventional scenic values 

considered to associate with some unique memorable 

landscapes as explained by both authors:  

•  visible parts of landscape with natural settings (e.g. 

an indented wood edge, a watercourse with meanders 

and attendant greenery, a body of water framed by 

woods);  

•  valuable ecosystems (e.g. littoral zones of ponds, 

rocky cliffs covered with grass and bushes);  

•  natural character of dominant landscape features and 

horizons that delimit spaces (rocky or woody 

horizons, the significant shape of a dominant terrain 

feature);  

•  natural environment with traditional farming (typical 

segmentation of fields, vineyards; padi field);  

•  well-balanced relation between relatively natural and 

agriculture areas;  

•  landscape with a high proportion of dispersed 

greenery (attendant and line greenery, solitary trees);  

•  small-scale landscape structure;  

•  integration of natural environment with man-made 

structures (a house on a steep mountain slope, a 

farmhouse among ponds);  

•  unity of natural environment and settlements (dispersed 

settlements on hillsides, solitary farmhouses and buildings, 

compact estates of rural villages amid garden greenery and 

with a mosque as the dominant feature)  

So, in short, the expert based, which assessment has concerned 

for the above spatial formation attributes can also be 

associated with the descriptive inventory technique. Further, it 

is observed that such attributes may have high contribution to 

the assessment of landscapes with high ecological 

implications. Secondly, the strength of the expert based 

paradigm is seen to lie on the relevant usage of these 

landscape attributes, which may lead to high validity and 

reliability results. Perhaps, this further clarifies the manner to 

establish the less subjective results, when assessing high 

ecological landscapes.   

3.1 Case Study 

This paper reviews the work of Clay and Daniel (2001) to 

further clarify the validity of engaging certain landscape 

attributes. The authors present the results of an assessed of 

scenic preferences of road corridor in the southern Utah, 

United States of America (U.S.A.) using the expert based 

paradigm. The landscape attributes recommended are; (1) 

depth of view, (2) proportion of road in view and (3) 

proportion of open meadow in view. The approach is an 

exemplar of the expert based with highly skilled of trained 

observers, who judged scenic beauty using the principles of 

art, design, ecology, and resource management. The outcome 

of the research was to generate a statement of the landscape 

quality of the area. The Reliability Test (Cronbach Alpha) was 

carried out to determine the level of internal consistency of the 

expert judgements based on the three attributes. Results 

indicate high levels of consistency among judgements with 

each of the coefficients exceeding 0.85. This shows that the 

attributes used have high reliability of measurement. Thus, the 

scenic beauty results can be accepted as having high internal 

consistency, since the value of alpha achieved the minimum 

measurement requirement of the conventional standard.     

3.1.1. Method of Assessment 

Clay and Daniel (2000) had adopted the approach of Brown 

and Daniel (1987), where images of landscape sceneries were 

shown to the experts using slide show. The experts consisted 
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of several professors from the departments of landscape 

architecture and architecture of California Polytechnic State 

University, U.S.A. A total of 36 slides were displayed to the 

experts for scenic judgements. Importantly, they were not 

informed on the nature of the assessment. In other words, not a 

single explanation was given to them, except for the 

instructions concerning the goals of the assessment and the 

scenic classification used. The experts had individually 

assessed each slides based on their knowledge and previous 

experience together with the landscape attributes mentioned.  

3.1.2. Result 

The result shows that the three landscape attributes (e.g. depth 

of view, proportion of meadow and road proportion) have 

significant correlation to landscape preferences, either 

individually or collectively. Thus, those are among the scenic 

variables suggested to be used to measure scenic beauty of a 

nature based landscape. Here, the expert judgement is 

essential, since the attributes have specifically focused on the 

subject of art and design, which requires high skilled 

observers.    

      

4. PERCEPTION BASED (SUBJECTIVIST 

PARADIGM) 

Review of Daniel (2001) justifies that the approach to the 

landscape assessment using perception -based paradigm has 

contested the expert based since the last half-century. The 

main difference between the two paradigms believed to be 

directed to the method of observing scenic beauty. The 

perception based has engaged the public to make scenic 

judgement, whose knowledge on the issues of art and design is 

zero. Secondly, the assessment represents the subjectivist 

authority and mostly utilised by the researchers in the 

disciplines of environmental perception and landscape 

assessment. On the other hand, the environmental practitioners 

and large management agencies are more interested in the 

expert based. Under the premise of the perception based, an 

observer shall perceive and assess the landscape using his/her 

feelings, needs and imagination. This may implicate good 

relationship between him and the landscape observed. Due to 

the nature of the observation, which includes emotion (psycho) 

and landscape attributes (physical), the perception based is 

also recognised as a psychophysical based. The assessment’s 

instruments are a set of photographs shown to the public for 

ranking or rating of scenic beauty together with questionnaire 

survey.  

Daniel (2001) believes that the perception-based approach 

produces high reliability of measurement. Perhaps, this is 

influenced by large sample size in judging the landscape 

quality, in which generalisation of results is considered valid. 

Furthermore, the significant difference between the perception 

based and the expert based can be explained through the 

manner of observing a landscape and who the observers are. 

Brown, Richards, Daniel, and King, (1988) state that the 

perception based observes scenic beauty by reflecting the 

aesthetics philosophy of the subjectivist view, while the latter 

observes beauty through certain artistic principles. In 

summary, the perception based caters the publics’ scenic 

preferences for various landscape sceneries and the outcomes 

of the research can be the preservation or improvement of 

scenic landscapes. Similarly, the perception-based assessments 

have also met the conventional standards of measurement 

systems (Daniel, 2001; Skrivanova and Kalivoda, 2010). 

Importantly, this approach suggests that the scenic beauty in a 

landscape is objectively and quantitatively measured.  

4.1 Case Study 

This paper has specifically taken the work of Pierskalla, 

Saunders, McGill, & Smaldone (2007) to further investigate 

the validity of using certain landscape attributes for perception 

based approach. Pierskalla and his associates conducted a pilot 

test to identify, whether there was a correlation between scenic 

beauty preference and pre-experience education. Both 

experiment and test were responded to the work of Leopold 

(1949).  He suggested that ecological aesthetics would link 

natural landscape to scenic beauty. Coming back to Pierskalla 

and associates, they hypothesised that some outdoor recreation 

students who had undergone nature educational programs 

would respond better during the assessment activity. This true, 

if one’s knowledge and awareness about nature were 

enhanced; e.g. understanding on landscape of forest, wetland, 

mountain and so forth. 

4.1.1. Method of Assessing Nature Based Landscape  
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The pilot test was conducted at the West Virginia University 

Recreation, Parks and Tourism. The method had engaged with 

several training sessions, in which 32 numbers of students 

were asked to participate. They were systematically formed 

into four groups. The levels of “pre-experience” education on 

forest ecological matters among these groups were enhanced 

through several training sessions. Different levels of 

knowledge were delivered to three groups of students using six 

video clips. This was intentionally done for the evaluation 

purpose. The following lists four groups of students with 

several training levels. Only three groups (experimental 

groups) were exposed to the training sessions (experimental 

factors). On the other hand, one group was left with zero 

training. 

•  Group 1 - No Training given 

•  Group 2 - Training with lecture  

•  Group 3 - Training with lecture and video tape 

show 

•  Group 4 - Training with Lecture, video tape show, 

and a walk in the woods 

4.1.2. Result 

Result indicates that Group 4 (lecture, video tape, and walk in 

the woods) scored the highest scenic beauty ratings. Findings 

of pilot test also shows that Group 2 with an educational pre-

experience had influenced the results of the perception of 

scenic beauty. Programs that included a walk in the wood had 

the greatest positive effect on perceptions with one exception; 

when zooming in on invasive species during video 5, Group 4 

had earned very low scores (Pierskalla et.al, 2007). In 

conclusion, the result shows that there is high correlation 

between preference and knowledge/experience when assessing 

a natural landscape of high ecological value. In addition, 

Gobster (1999) also suggests that the assessment of high 

ecological landscape would be better, if the assessment was 

done in situ. In other words, the consistency of visualisation 

can be high, if the observers are able to assess the scenic 

beauty in landscape on site. Secondly, the public can always 

be exposed to nature walks and other demonstration programs, 

if this may lead to better understanding of sustainability. 

Importantly, ecological knowledge helps the public 

understanding the ecological processes of certain ecosystems 

and how the sustainable management practices works 

(Pierskalla et.al, 2007). In conclusion, the work of Pierskalla 

and associates can be accepted as significant for researchers, 

who are keen for saving endangered environment.     

5. CONCLUSIONS 

Currently, the most common approaches used to assess scenic 

beauty of high ecological landscapes are the Expert and 

Perception based paradigms. The basic description of each 

application/techniques is explained using case studies as 

practiced by some prominent researchers and pioneers of 

scenic beauty studies. Each approach carries its own weight 

and merit and thus, choice of selection must best fit to the 

theoretical framework of a research. The scenic beauty 

assessment methods suggest here are specifically concerned 

for nature based landscapes. Literature review also shows the 

importance of conducting a pre – testing or pilot test. Perhaps, 

this should be considered in all the studies of scenic beauty 

assessment of nature based landscapes. This explains that the 

results of the test can further improve and guide ones’ research 

instrument for establishing valid and reliability results. Several 

landscape attributes that associated with the nature based 

landscape assessment were highlighted in both paradigms. 

Importantly, the examples of attributes provided in the reviews 

show high correlation to the study of landscape preference 

with natural settings. 

Most of the landscape attributes mentioned in the review have 

strongly required the experts from the disciplines of art and 

design or ecological background to assess the landscape with 

high ecological value. However, the public may also 

participate in the exercise. Interestingly, a case study suggests 

that the public with good ecological knowledge or education 

on the subject assessed would positively influence the result of 

assessing the nature based landscape. It is found that their 

preferences for natural environment received high scenic 

judgements. Nature walk is perhaps, a practical educational 

exposure, since the practice provides in situ environmental 

knowledge to observers with zero professional background. As 

the result they are able to assess nature based landscape as 

efficient as to those with trained background. Secondly, it is 
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evidenced that preference for natural beauty has significant 

correlation to the levels of environmental knowledge. Further, 

selection of relevant landscape attributes is also essential. 

Thus, future landscape preference research shall introduce 

more relevant attributes that can be associated with the 

preservation of scenic beauty of nature based landscapes in the 

context of Malaysia’s ecosystems. Under the tropical rain 

forest climate, the country has plenty of unique ecological 

landscapes that require urgent protection from the authorities. 

In conclusion, rigorous studies on scenic beauty of sensitive 

ecosystems may protect these valuable landscapes through the 

establishment of environmental act or policy with relevant 

enforcement.  
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ABSTRACT 

In today’s world according to a mechanical engineer, the greatest boom is in the automotive industry. Here technical experts and 

scientists are researching on concepts to make vehicles to automate with increased efficiency. What we are going to see here is 

how a vehicle’s cruise control can be completely automated with the concept of electromagnetic induction.  So, now let us discuss 

in detail about the above mentioned concept. 

 

Keywords — Four-Wheelers, Automated Cruise Control, Electro-Magnetic Induction. 

 

1. INTRODUCTION 

According to passenger in a vehicle (be it a four-wheeler or 

any other heavy vehicle used to transport people) cruise 

control in driving of a vehicle may seem a luxury but when it 

comes to the drivers’ point of view it becomes a need than a 

want. A known fact about a majority of road accidents taking 

place anywhere in the world is due to the uneasiness or the 

difficulty (big or small) faced by the driver during the drive. 

So, it is very necessary to make the driver stay very 

comfortable by letting the engine of the vehicle give its best 

during the drive so that they enjoy the drive. During a drive if 

the engine fails due to technical reasons, it means the engine is 

efficient in certain aspects. So, an engine’s efficiency is 

determined by it smoothness of its functioning, effectively. So, 

the engine has to be maintained in a very good manner to get 

the best out of it. Hence, it is necessary to not only 

maintaining the vehicle but also take care of it that it is being 

drove in the best manner for such conditions of the engine 

certain features like cruise-control are needed.  

 

2. CRUISE-CONTROL 

Cruise control (sometimes known as speed control or auto 

cruise, or tempo mat in some countries) is a system that 

automatically controls the speed of a motor vehicle. The 

system takes over the throttle of the car to maintain a steady 

speed as set by the driver. Some modern vehicles 

have adaptive cruise control (ACC) systems, which is a 

general term meaning improved cruise control. These 

improvements can be automatic braking or dynamic set-speed 

type controls: 

2.1 Automatic Braking Type:  

The automatic braking type use either 

a radar or laser setup to allow the vehicle to keep pace 

with the car it is following, slow when closing in on the 

vehicle in front and accelerating again to the preset speed 

when traffic allows. Some systems also feature forward 

collision warning systems, which warns the driver if a 

vehicle in front—given the speed of both vehicles—gets 

too close (within the preset headway or braking 

distance).[1] 

 

2.2 Dynamic Set Speed Type:  

The dynamic set speed uses the GPS position of speed 

limit signs, from a database. Some are modifiable by the 

driver. [1] 
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Cruise control is an invaluable feature on American cars. 

Without cruise control, long road trips would be more tiring, 

for the driver at least, and those of us suffering from lead-foot 

syndrome would probably get a lot more speeding tickets. 

Cruise control is far more common on American cars than 

European cars, because the roads in America are generally 

bigger and straighter, and destinations are farther apart. With 

traffic continually increasing, basic cruise control is becoming 

less useful, but instead of becoming obsolete, cruise control 

systems are adapting to this new reality -- soon, cars will be 

equipped with adaptive cruise control, which will allow your -

car to follow the car in front of it while continually adjusting 

speed to maintain a safe distance.[2] 

 

3. CRUISE CONTROL DEVICES 

To have a cruise control system in a vehicle, we need some 

essential devices for the system to be installed effectively and 

efficiently in any vehicle. Some of the components are: 

•  Radar or Lidar.  

•  Longitudinal controller. 

 

3.1 LIDAR:  

Laser-based ACC systems do not detect and track vehicles 

in neither adverse weather conditions nor do they reliably 

track extremely dirty (non-reflective) vehicles. Laser-based 

sensors must be exposed, the sensor (a fairly large black 

box) is typically found in the lower grille offset to one side 

of the vehicle. [3] 

 

3.2 RADAR:  

Radar-based sensors can be hidden behind plastic fascias; 

however, the fascias may look different from a vehicle 

without the feature. For example, Mercedes packages the 

radar behind the upper grille in the center, and behind a 

solid plastic panel that has painted slats to simulate to the 

look of the rest of the grille. [3] 

 

4. THE CONCEPT 

In this concept we are introducing three magnets placed in such 

a way that the magnets are facing each other at a angle of 60˚. 

This system is installed in the 4 wheels of the car. Initially the 

car starts with petrol and keeps going burning the fuel and 

when it reaches a speed of 80 kmph, this system gets switched 

on wherein the auxiliary power (from the battery) is used to 

drive this system. In this system the shaft of the system 

connected to axle rod is mounted with three electromagnetic 

coils whose poles are reversed with a very high frequency so 

that they get attracted and repelled from the magnets which in 

turn will cause rotary movement of the wheels. The engine 

power is resumed from ACC only when the brakes or the 

clutch of the vehicle is operated manually. Also when the 

brakes are applied the electromagnets are tend to get attracted 

towards the magnets which are mounted externally.  

 

5. CALCULATIONS 

Taking into consideration the following specification for the 

battery: The 24 kWh battery pack consists of 48 modules and 

each module contains four cells, a total of 192 cells, and is 

assembled by Automotive Energy Supply Corporation 

(AESC).[4]      

Weight of each car = 1400 kg                                              

Force exerted by car in the accelerated direction  

                        = (1400 × (22.22÷60))                        (kg × m/s2) 

                        = (518.466÷9.81)                                            (kg) 

                        = 52.8507                                                        (kg) 

Therefore, weight, W1 = 1400 kg 

                               W2 = 52.8507 kg 

Calculating the resultant = √ (14002) + (52.85072) 

                                        = 1400.997 kg 

This load cannot be driven by a battery as suggested earlier. So, 

what we intend to do here is to reduce the engine speed and 

give some auxiliary power from the battery and some power(by 

burning of petrol)  to retain its inertia of movement. 

 

6. DIAGRAMS 

 

 Fig-1: Concept impemented on the tyres 
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Fig-2: Structure of the system[5] 

 

7. ABBREVIATIONS 

•  ACC: Autonomous Cruise Control 

 

8. DEFINITIONS 

8.1 Adaptive cruise control: Adaptive Cruise Control takes 

the technology further. A car equipped with this system 

will maintain a constant speed. When a car comes within a 

certain proximity of your car with the cruise control on 

your car will slow down automatically and maintain a 

constant distance from the car in front. If the car in front 

comes to a halt so will yours.[6] 

8.2 Automatic braking type (ACC): The automatic braking 

type use either a radar or laser setup to allow the vehicle to 

keep pace with the car it is following, slow when closing 

in on the vehicle in front and accelerating again to the 

preset speed when traffic allows. Some systems also 

feature forward collision warning systems, which warns 

the driver if a vehicle in front—given the speed of both 

vehicles—gets too close (within the preset headway or 

braking distance).[7] 

8.3 Brakes: A brake is a mechanical device which inhibits 

motion, slowing or stopping a moving object or preventing 

its motion. The rest of this article is dedicated to various 

types of vehicular brakes.[8] 

8.4 Clutch: A clutch is a mechanical device that engages and 

disengages the power transmission, especially from driving 

shaft to driven shaft. Clutches are used whenever the 

transmission of power or motion must be controlled either 

in amount or over time (e.g., electric screwdrivers limit 

how much torque is transmitted through use of a clutch; 

clutches control whether automobiles transmit engine 

power to the wheels).[9] 

8.5 Dynamic set speed type (ACC): The dynamic set speed 

uses the GPS position of speed limit signs, from a 

database. Some are modifiable by the driver.[10] 

8.6 Electromagnets: An electromagnet is a type of magnet in 

which the magnetic field is produced by electric current. 

The magnetic field disappears when the current is turned 

off. Electromagnets consist of a large number of closely 

spaced windings of wire, very often wound around 

a magnetic core, a piece 

of ferromagnetic or ferromagnetic material such as iron, as 

this concentrates the magnetic flux.[11] 

8.7 Field magnets: Field magnet refers to a magnet used to 

produce a magnetic field in a device. It may be a 

permanent magnet or an electromagnet.[12] 

8.8 Lidar: Lidar (also written LIDAR or LiDAR) is a remote 

sensing technology that measures distance by illuminating 

a target with a laser and analyzing the reflected light. 

Although thought by some to be an acronym of Light 

Detection And Ranging, the term lidar was actually created 

as a portmanteau of "light" and "radar."[13] 

8.9 Radar: Radar is an object-detection system that uses radio 

waves to determine the range, altitude, direction, or speed 

of objects. It can be used to detect aircraft, 

ships, spacecraft, guided missiles, motor vehicles, weather 

formations, and terrain. The radar dish or antenna transmits 

pulses of radio waves or microwaves that bounce off any 

object in their path. The object returns a tiny part of the 

wave's energy to a dish or antenna that is usually located at 

the same site as the transmitter.[14] 

 

9. CONCLUSION 

Thus we have come across a new concept in the adaptive cruise 

control system, which may prove a breakthrough in the field of 

automation that is booming at a very rapid rate. We hope to 

give more in this concept in the near future as we are 

researching on the concept very keenly. 
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10. ADVANTAGES OF THIS SYSTEM 

In this system we find that the significant advantage is that the 

vehicles’ engine goes at an economy speed while vehicle goes 

at a higher speed. Literally speaking, delivering high speed 

with increased fuel efficiency partially using the power of 

batteries and magnets effectively also allowing the driver to 

resume control of the vehicle when needed just by operating 

the clutch or the brakes thereby interrupting the system and 

disengaging it. 
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ABSTRACT 

In this paper, we give some results on cartesian product of fuzzy prime and fuzzy semiprime ideals of ordered semigroups.  
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1. INTRODUCTION 

The concept of a fuzzy set was introduced initially by Zadeh 

[9]. Rosenfeld [5] considered the concept of fuzzy subgroups. 

Kuroki [2] studied fuzzy ideals of semigroups. Kehayopulu 

and Tsingelis in [3] introduced fuzzy sets in ordered 

semigroups/ordered groupoids. They also studied fuzzy bi-

ideals and fuzzy quasi-ideals in ordered semigroups [4]. In [1], 

Ersoy, Tepecik and Demir discussed cartesian product of 

fuzzy prime ideals of rings. Samit Kumar Majumder and Sujit 

Kumar Surdar [6] have studied cartesian product of fuzzy 

prime and fuzzy semiprime ideals of semigroups. In this paper, 

we study the cartesian product of fuzzy ideals, fuzzy prime 

ideals and fuzzy semiprime ideals of ordered semigroups and 

the characterizations of the above fuzzy ideals are also given. 

 

2. PRELIMINARIES 

Definition 2.1 By an ordered semigroup (po-semigroup), we 

mean an ordered set (S, ≤) at the same time a semigroup 

satisfying the following conditions: 

a ≤ b ⇒  xa ≤ xb and ax ≤ bx ∀  a, b, x ∈ S. 

 

Definition 2.2 Let (S, ., ≤) be an ordered semigroup and 

SA ⊆≠φ . A is called a left (resp. right) ideal of S if it 

satisfies: 

•  ASA ⊆  (resp. AAS ⊆ ). 

•  If a ∈ A, S ∋ b ≤  a, then b ∈ A. 

A is called an ideal of S if it is both a left and a right 

ideal of S. 

 

Definition 2.3 Let (S, ., ≤) be an ordered semigroup and 

ST ⊆≠φ . Then T is called prime if xy ∈ T ⇒  x ∈ T or 

y ∈ T for all  x, y ∈ S. 

Let T be an ideal of S. If T is prime subset of S, then T 

is called a prime ideal. 

 

Definition 2.4 Let (S, ., ≤) be an ordered semigroup and 

ST ⊆≠φ . Then T is called semiprime if a2 ∈ T ⇒  a ∈ T 

for all  a ∈ S. 

Let T be an ideal of S. If T is semiprime subset of S, 

then T is called a semiprime ideal. 

 

Definition 2.5 Let (S, ., ≤) be an ordered semigroup. By a 

fuzzy subset µ  of S, we mean a mapping µ: S → [0, 1]. 

 

Definition 2.6 Let µ  be any fuzzy subset of an ordered 

semigroup (S, ., ≤). The set µ t = { }txSx ≥∈ )(/ µ , where  

t ∈  [0, 1] is called a level subset of S. 

 

Definition 2.7 Let (S, ., ≤) be an ordered semigroup. A non-

empty subset µ of S is called a fuzzy left (resp. right) ideal of S 

if  

•  x ≤ y ⇒  µ(x) ≥ µ(y) 
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•  µ(xy) ≥ µ(y) (resp. µ(xy) ≥ µ(x)) for all x, y ∈ S. 

If µ  is both a fuzzy left and a fuzzy right ideal of S, 

then µ  is called a fuzzy ideal (fuzzy two-sided ideal) of S. 

Equivalently, µ  is called a fuzzy ideal of S if 

•  x ≤ y ⇒  µ(x) ≥ µ(y) 

•  µ(xy) ≥  max{µ(x), µ(y)}  for all x, y ∈ S. 

 

Definition 2.8 Let (S, ., ≤) be an ordered semigroup. A non-

empty fuzzy subset µ of S is called prime if µ(xy) = max{ µ(x), 

µ(y)} for all x, y ∈ S. 

A fuzzy ideal µ  of S is called a fuzzy prime ideal of S 

if µ  is a prime fuzzy subset of S. 

 

Definition 2.9 Let (S, ., ≤) be an ordered semigroup. A non-

empty fuzzy subset µ of S is called semiprime if µ(x) ≥ µ(x2), 

for all x ∈ S. 

A fuzzy ideal µ  of S is called a fuzzy semiprime ideal 

of S if µ  is a semiprime fuzzy subset of S. 

 

Theorem 2.10 [3] Let (S, ., ≤) be an ordered semigroup and µ  

be a fuzzy subset of S. Then µ  is a fuzzy ideal of S if and only 

if for every t ∈  [0, 1] µ t ( ≠ φ ) is an ideal of S. 

 

Theorem 2.11 [8] Let (S, ., ≤) be an ordered semigroup and µ  

be a non-empty fuzzy subset of S. Then µ  is a fuzzy prime  

ideal of S if and only if for every t ∈  [0, 1] µ t ( ≠ φ ) is a 

prime ideal of S. 

 

Theorem 2.12 [8] Let (S, ., ≤) be an ordered semigroup and µ  

be a non-empty fuzzy subset of S. Then µ  is a fuzzy semiprime 

ideal of S if and only if for every t ∈  [0, 1] µ t ( ≠ φ ) is a 

semiprime ideal of S. 

 

3. CARTESIAN PRODUCT OF FUZZY 

PRIME AND FUZZY SEMIPRIME IDEALS 

Result 3.1 [7] Let (S1, ., ≤) and (S2, ., ≤)  be two ordered 

semigroups. Under the co-ordinatewise multiplication, the 

cartesian product S1×S2 of S1 and S2 forms a semigroup. Define 

a partial order ≤  on  S1×S2  by (a, b) ≤  (c, d)  if and only if a 

≤S1 c and b ≤S2 d for all (a, b), (c, d) ∈  S1×S2. Then S1×S2 is an 

ordered semigroup. 

 

Definition 3.2 [1] Let µ  and σ be two fuzzy subsets of X. Then 

the cartesian product of µ  and σ is defined by (µ×σ )(x, y) = 

min{µ (x), σ (x)} for all x, y ∈  X. 

 

Definition 3.3 [6] Let µ  and σ be two fuzzy subsets of X and 

t ∈  [0, 1] . Then (µ×σ )t = µ t× σt.  

 

Proposition 3.4 Let µ  and σ be two fuzzy left ideals (fuzzy 

right ideals, fuzzy ideals) of an ordered semigroup S. Then     

µ×σ is a fuzzy left ideal (resp. fuzzy right ideal, fuzzy ideal) of 

an ordered semigroup S×S. 

Proof. Let µ  and σ be two fuzzy left ideals of an ordered 

semigroup S and (a, b), (c, d) ∈  S×S. If  (a, b) ≤ (c, d), then 

(µ×σ)(a, b) = min{µ(a), σ(b)} ≥ min{µ(c), σ(d)} (since µ  and σ 

are fuzzy left ideals of S and a ≤ c, b ≤ d) = (µ×σ)(c, d), which 

implies that (µ×σ)(a, b)  ≥  (µ×σ)(c, d). Now (µ×σ) 

{(a, b)(c, d)} = (µ×σ)(ac, bd) = min{µ(ac), σ(bd)} ≥ min{µ(c), 

σ(d)} (since µ and σ are fuzzy left ideals of S) = (µ×σ)(c, d), 

which implies that (µ×σ){(a, b)(c, d)} ≥ (µ×σ)(c, d). Hence  

µ×σ is a fuzzy left ideal of S×S. In a similar way, we can 

prove the other cases also. 

 

Proposition 3.5 Let µ  and σ be two fuzzy prime ideals of an 

ordered semigroup S. Then µ×σ  is a fuzzy prime ideal of an 

ordered semigroup S×S. 

Proof. Let µ  and σ be two fuzzy prime ideals of an ordered 

semigroup S. Then µ  and σ are fuzzy ideals of S. By 

Proposition 3.4, µ×σ is a fuzzy ideal of S×S. We need to show 

that (µ×σ){(a, b)(c, d)} = max{(µ×σ)(a, b), (µ×σ)(c, d)} for all 

(a, b), (c, d) ∈  S×S. Let (a, b), (c, d) ∈  S×S. Then (µ×σ){(a, 

b)(c, d)} = (µ×σ)(ac, bd) = min{µ(ac), σ(bd)} = 

min{max{µ(a), µ(c)}, max{σ(b), σ(d)}} (since µ  and σ are 

fuzzy prime ideals of S) = max{min{µ(a), σ(b)}, min{µ(c), 

σ(d)}} = max{(µ×σ))(a, b),(µ×σ))(c, d)}. Thus (µ×σ){(a, b)(c, 

d)} = max{( µ×σ)(a, b), (µ×σ) (c, d)}. It follows that µ×σ is 

prime. 

 

Proposition 3.6 Let µ  and σ be two fuzzy semiprime ideals of 

an ordered semigroup S. Then µ×σ is a fuzzy semiprime ideal 

of an ordered semigroup S×S. 
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Proof. Let µ  and σ be two fuzzy semiprime ideals of an 

ordered semigroup S. Then µ  and σ are fuzzy ideals of S. By 

Proposition 3.4, µ×σ is a fuzzy ideal of S×S. It is enough to 

show that for all (a, b) ∈  S×S, µ×σ is semiprime. Let (a, b) ∈  

S×S. Then (µ×σ )(a, b) =  min{µ(a), σ(b)} ≥ min{µ(a2), σ(b2)} 

(since µ  and σ are fuzzy semiprime ideals of S) = (µ×σ)(a2, b2) 

= (µ×σ)(a, b)2, which implies that (µ×σ)(a, b) ≥( µ×σ)(a, b)2. 

Hence µ×σ is a fuzzy semiprime ideal of S×S. 

 

Proposition 3.7 Let S be an an ordered semigroup and let µ  

and σ be two fuzzy ideals of S. Then µ×σ is a fuzzy ideal of 

S×S if and only if for all t ∈ [0, 1] (µ×σ)t(≠ φ ) is an ideal of 

S×S. 

Proof. Let µ×σ be a fuzzy ideal of S×S. For any t ∈ [0, 1] with 

(µ×σ)t(≠ φ ), we must show that the level sets (µ×σ)t are ideals 

of S×S. i). Let (a, b) ∈  (µ×σ)t and (c, d) ∈  S×S. Then 

(µ×σ)(a, b) ≥ t. Since µ×σ  is a fuzzy ideal of S×S, we have    

(µ×σ){(a, b)(c, d)} ≥ max{(µ×σ)(a, b), (µ×σ)(c, d)} ≥ (µ×σ)(a, 

b) ≥ t, which implies that (µ×σ){(a, b)(c, d)} ≥ t. Thus (a, b)(c, 

d) ∈  (µ×σ)t. Similarly we can prove (c, d)(a, b) ∈  (µ×σ)t. ii). 

Let (a, b) ∈  (µ×σ)t, S×S ∋ (c, d) ≤ (a, b). Then (µ×σ)(a, b) ≥ 

t. Since µ×σ  is a fuzzy ideal of S×S and (c, d) ≤ (a, b), we 

have (µ×σ)(c, d) ≥ (µ×σ)(a, b) ≥ t. That is (c, d) ∈  (µ×σ)t. 

Therefore (µ×σ)t is an ideal of S×S.  

Conversely, assume that for all t ∈ [0, 1] such that (µ×σ)t ≠ φ , 

the set (µ×σ)t is an ideal of S×S. We need to prove that µ×σ is 

a fuzzy ideal of S×S. Let (a, b), (c, d) ∈  S×S. i). If (a, b) ≤   

(c, d), then (µ×σ)(a, b) ≤ (µ×σ)(c, d). In fact: Let t1 =              

(µ×σ)(c, d). Then (c, d) ∈  (µ×σ)t1. Since (µ×σ)t1 is an ideal of 

S×S, (c, d) ∈  (µ×σ)t1, (a, b) ∈  S×S and (a, b) ≤ (c, d), we 

have (a, b) ∈  (µ×σ)t1. Then (µ×σ)(a, b ) ≥ t1 = ( µ×σ)(c, d). 

Therefore condition i) is true. Now we have to prove the 

second condition, that is, (µ×σ){(a, b)(c, d)} ≥ max{(µ×σ)(a, 

b), (µ×σ)(c, d)}. If (a, b), (c, d) ∈  S×S, then (µ×σ){(a, b)(c, 

d)} ≥ max{(µ×σ)(a, b), (µ×σ)(c, d)}. In fact, if (µ×σ){(a, b)(c, 

d)} < max{(µ×σ)(a, b), (µ×σ)(c, d)}, then there exists t ∈  

[0,1] such that (µ×σ){(a, b)(c, d)} < t <  max{(µ×σ)(a, b), 

(µ×σ)(c, d)} and so (µ×σ)(a, b) > t or (µ×σ)(c, d) > t. Then  

(a, b) ∈  (µ×σ)t  or (c, d) ∈  (µ×σ)t. By hypothesis, (a, b)(c, d) 

∈  (µ×σ)t. Then (µ×σ){(a, b)(c, d)} ≥ t, impossible. It follows 

that (µ×σ){(a, b)(c, d)} ≥ max{(µ×σ)(a, b), (µ×σ)(c, d)}. 

Therefore, µ×σ  is a fuzzy ideal of S×S. 

 

Proposition 3.8 Let µ  and σ be two fuzzy prime ideals of an 

ordered semigroup S. Then the level subset (µ×σ)t, t ∈ [0, 1] is 

a prime ideal of an ordered semigroup S×S. 

Proof. Let µ  and σ be two fuzzy prime ideals of an ordered 

semigroup S. Then by Proposition 3.5, µ×σ  is a fuzzy prime 

ideal of an ordered semigroup S×S. This implies that µ×σ  is a 

fuzzy ideal of S×S. Hence by Theorem 3.7, for all t ∈ [0, 1]     

(µ×σ)t (≠ φ ) is an ideal of S×S. So we must show that the 

level ideals are prime. Suppose that (a, b), (c, d) ∈  S×S is 

such that (a, b)(c, d) ∈  (µ×σ)t. Then (µ×σ){(a, b)(c, d)} ≥ t. 

Since µ×σ  is a fuzzy prime ideal of S×S, we have 

max{(µ×σ)(a, b), (µ×σ)(c, d)} = (µ×σ){(a, b)(c, d)} ≥ t. Then 

(µ×σ)(a, b) ≥ t or (µ×σ)(c, d) ≥ t, that is, (a, b) ∈  (µ×σ)t or  

(c, d) ∈  (µ×σ)t. Therefore, (µ×σ)t is prime. 

 

Proposition 3.9 If the level subset (µ×σ)t, t ∈  [0, 1] of µ×σ is 

a prime ideal of an ordered semigroup S×S, then µ×σ is a 

fuzzy prime ideal of an ordered semigroup S×S.  

Proof. Let (µ×σ)t (≠ φ ) be a prime ideal of an ordered 

semigroup S×S for any t ∈  [0, 1]. Then by Theorem 3.7 and 

hypothesis, µ×σ is a fuzzy ideal of S×S. So we need to prove 

that µ×σ is prime. Let (a, b), (c, d) ∈  S×S and (µ×σ){(a, b)(c, 

d)} = t. Since ( µ×σ)t (≠ φ ) is a prime ideal of S×S and         

(a, b)(c, d) ∈  (µ×σ)t, we have (a, b) ∈  (µ×σ)t or (c, d) ∈  

(µ×σ)t, which implies that (µ×σ)(a, b) ≥ t or (µ×σ)(c, d) ≥ t. 

Then max{(µ×σ)(a, b), (µ×σ)(c, d)} ≥ t = (µ×σ){(a, b)(c, d)} ≥ 

max{(µ×σ)(a, b), (µ×σ)(c, d)}. Thus (µ×σ){(a, b)(c, d)} = 

max{(µ×σ)(a, b), (µ×σ)(c, d)}. It follows that µ×σ is prime. 

 

Proposition 3.10 Let µ  and σ be two fuzzy semiprime ideals 

of an ordered semigroup S. Then the level subset (µ×σ)t, t ∈  

[0, 1] is a semiprime ideal of an ordered semigroup S×S. 

Proof. Let µ  and σ be two fuzzy semiprime ideals of an 

ordered semigroup S. Then by Proposition 3.6, µ×σ is a fuzzy 

semiprime ideal of an ordered semigroup S×S. This implies 

that µ×σ is a fuzzy ideal of S×S. Hence by Theorem 3.7, for 

all t ∈  [0, 1] (µ×σ)t (≠ φ ) is an ideal of S×S. So it is enough to 

show that the level ideals are semiprime. Let (a, b) ∈  S×S 
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such that (a, b)2 ∈  (µ×σ)t. Then (µ×σ){(a, b)2} ≥ t. Since  µ×σ  

is a fuzzy semiprime ideal of S×S, we have (µ×σ)(a, b) ≥         

(µ×σ){(a, b)2} ≥ t. Then (a, b) ∈  (µ×σ)t. Thus, (µ×σ)t is 

semiprime. 

Proposition 3.11 If the level subset (µ×σ)t, t ∈  [0, 1] of µ×σ 

is a semiprime ideal of an ordered semigroup S×S, then µ×σ is 

a fuzzy semiprime ideal of an ordered semigroup S×S. 

Proof. Let (µ×σ)t (≠ φ ) be a semiprime ideal of an ordered 

semigroup S×S  for any t ∈ [0, 1]. Then by Theorem 3.7 and 

hypothesis, µ×σ is a fuzzy ideal of S×S. So we need to prove 

that µ×σ is semiprime. Let (a, b) ∈  S×S and (µ×σ){(a, b)2} = 

t. Since (µ×σ)t (≠ φ ) is a semiprime ideal of S×S and            

(a, b)2 ∈  (µ×σ)t, we have (a, b) ∈  (µ×σ)t , which implies that                

(µ×σ)(a, b) ≥ t = (µ×σ)\{(a, b)2}. Then µ×σ is semiprime. 
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ABSTRACT 

The increasingly complex system that integrated into the modern city have always being the headache for the planner to 

understand and plan for their territory. With the development of advanced technology, the three-dimensional visualization 

technology has been developed and being improved day-to-day to help the urban planning fields especially in the decision 

making. Therefore, this research is an attempt to identify the application of 3D modelling in managing the planning control as well 

as improving the efficiency of public participation. This 3D modelling has been developed using CityEngine, The objectives have 

been formulated  identifying the application of 3D modeling in planning control in term of development density and plot ratio and 

To analyze the criteria can be used in modeling the development scenarios. The method for this application is using the CGA rules 

which were applied to the GIS data that imported for ArcGIS software. The finding illustrates how the GIS layer generated into 

three-dimensional buildings, which have some features that can be used to control the urban planning. In addition, the 3D model 

has been exported to be visualizing using Web Scene interface that enable the user to view the scenarios in side-by-side viewport. 

Thus, it is recommended that this system would be implemented in the local authorities to improve the urban planning system.  

 

Keywords — Geographical Information System (GIS), 3D Modelling, Planning Control, Plot Ratio  

 

1. INTRODUCTION 

This research is conducted to examine the application of 3D 

modeling and mathematical function as a tool for development 

control in the planning process as comfortably in the public 

participation. It will discuss on what extent these technologies 

can goes beyond in urban planning in society to help the 

planner, decision makers and public towards a more 

transparent planning system. 

It is commonly known that the urban areas are the key player 

for a competitive economy whereby in a place, which contain 

many professional people as well as a space for creating 

prosperity. Urban Development refers to increase the diverse 

types of potential, which include the social, economic, 

environment, cultural towns, as well as the urban fields 

(Didulescu, 2010). This urban development wills involves 

some mechanism to ensure it can be successful which are the 

good public policy making as well as the integration of 

multidisciplinary field of knowledge (Klosterman & Brail, 

2001).  

For the last forty years, Geographic Information Systems 

(GIS) have been applied in many planning applications from a 

simple daily administrative system with strategic planning 

functions such as to evaluate the socioeconomic data in land 

use allocation tasks. It is a very useful device to help planners, 

decision makers as well as the community in order to 

efficiently reply to with the challenges faces, to plan for a 

successful future and improve the service delivery 

arrangement. 

GIS will still act as the core of these systems in which it will 

be the main component and it must be updated frequently and 

well organized for spatial information planning. Most of the 

geoinformation community are two-dimensional or 2.5D based 
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in which it is no longer adequate as the world now is changing 

and the vast advanced technology available in the market thus 

increasing the demand for the community to upgrade the 

system by integrating it with the virtual reality, either 3D or 

4D (Abdul Rahman et al., 2006).  

 

2. PROBLEM STATEMENT 

The current two-dimensional plan could not give a clear view 

for both parties especially the key stakeholder. Most of the 

data are still in two-dimensional view and it need to be 

transform using the 3D modelling especially for the 

registration of high-rise building (Hassan & Rahman, 2011). 

Even today most of the design works in urban planning and 

design are done in conventional media such as 2D mapping, 

sketches, photographs and such drawings, but these 

conventional media did not do much and enabling the 

developing ideas and improving proposals for either for the 

local authorities or other related parties (Koramaz & Gulersoy, 

2009). 

Surveyors, planners, developers and architects have used paper 

drawings and plans to document the land registration process. 

This system is inefficient and costly, without a clear and 

effective description or visualization of the third dimension. 

Multiple page 2D plans cannot be easily understood or 

visualized by people who are not familiar with the related 

fields.  Apart from that, through an observation in the Kuala 

Lumpur area, there is some lacking in term of the guideline 

that emphasized on the aspect of skyline conservation as well 

as the building facade conservation. In addition to that, the 

involvement of the community in the decision making process 

is very important and in this situation, one of the main 

problem in gaining the involvement of them for public 

participation is because they could not understand or have a 

clear view on what will take place (Jamaluddin, 2012). 

 

3. LITERATURE REVIEW 

3.1. Geographical Information System (GIS) and 3D 

Modeling 

Geographical Information System (GIS) refers to any location 

on the world's surface such as the location of the railways 

which make up the transportation network. Abdullah (2005) 

discussed that GIS is one of the effective tools in improving 

the management and decision making process for urban 

planning. 3D city model are growing rapidly as it involves 

many fields in the world. Chen (2011) in his article stated that, 

the application of 3D city model does not emphasize on urban 

planning only, but it also includes many other fields such as 

disaster management system, tourism purposes, navigation 

especially in visualizing and facilitating  localization for 

indoor and outdoor navigation, as well as in the field of 

telecommunication. 

Human is living in a real world that are so called three-

dimensional earth, which consist of x, y, and z-coordinate 

(Abdul-Rahman, Zlatanova, & Coors, 2006). Dimensional 

model offers multiple opportunities to work: height 

adjustments, connection of elements that goes into it, creating 

a new product from the basics. Easy handling and 

completeness of the information provided can facilitates the 

design process. Finally, data can be integrated and exported 

into other programs, specialized in a certain field of activity, 

such as: design, urban planning, tourism, real estate property, 

police and security, etc. Depending on the technologies used 

for 3D modeling, the 3D replica can be constructed as a 

physical model or as a computer model. 

CityEngine has established itself very well within the gaming 

industry since its very first commercial release in 2008. The 

software has been used extensively to create a highly detailed 

3d model of fictional cities and urban landscapes (CityEngine, 

2012). The main concept of the CityEngine is the "procedural" 

approach towards modelling efficiently. The computer is given 

a code based "procedure" which represents a series of 

commands - in this context, geometric modelling commands - 

which then will be executed. 

The commands which are provided in the CityEngine's CGA 

shape grammar, such as "extrude", "split" or "texture" are 

widely known commands in most 3d applications and thus any 

user can adapt them easily and create complex architectural 

forms in a short period of time. The software has many 

advanced functionalities running under the surface while the 

user interface is relatively user friendly. 

Planning control is an important tool or mechanism to control 

all types of activities in a particular place on earth, which 

comes under the jurisdiction of any related authorities. It is a 

complex process and tedious procedures (Che' Man et al., 

2006). Planning control is basically an activity carried out by 
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the local authorities which involves the policies, as a guideline 

in which it needs to be taken into consideration in the 

decision-making process. 

 

4. STUDY AREA 

The study area is selected within the city center with a 

proposed redevelopment area. The study area should 

emphasize on the mixed use of development in which it might 

comprise of different use class order. The study area is located 

near a few major roads which are Jalan Imbi, Jalan Pudu and 

Jalan Traverse. With an approximately 210m2, the study area 

is located near to Golden Triangle of Kuala Lumpur. The 

reason why this area has been chosen as the study area for this 

research is due to its location which is located at one of the 

main commercial areas in Kuala Lumpur or so called Golden 

Triangle Area. Another factor of the study is being chosen as it 

was gazette as one of the Urban Redevelopment sites as well 

as the Urban Regeneration site. This area has the potential to 

be developed as it is one of the areas which have a large 

concentration of the businesses to take place. 

 

5. METHODOLOGY 

Research methodology plays a vital role in shaping this 

research as it refers to how the researcher structures the 

research from the beginning until the end of the study. Stage 1 

includes the preliminary research for this study in which it 

includes the goal, objectives, problem statement and so on. 

Stage 2 explains on the literature review about the 3D 

modelling, planning control, and public participation. Stage 3 

and 4 involve the data collection and main processing in 

CityEngine. In addition, Stage 5 involves the stage of analysis 

and findings in which this stage illustrates how the data being 

analyzed and what are the findings from the analysis. Last but 

not least, the recommendations were made based on the 

analysis and findings. 

 

Fig-1: Study Area 

.5.1 Main Processing in ESRI CityEngine 

This stage will be the core stage for this research. The data that 

has been prepared using ArcGIS 10.1 will be used in 

processing and generating the model. CityEngine work on a 

various type of files in which for this research, the (.shp) data 

will be imported into the CityEngine Application as the 

polygon that later will be assigned with the rules which is one 

of the main features in the software.  

 

Fig-2: Main Processing in CityEngine 

As what has been mentioned from the literature review, 

CityEngine application operate and run based on CGA rules. 

Thus, in this stage, two types of rules will be used, which are 

the Zoning Rules and Building Construction Rules and Floor 

Area Space rules. This stage is being conducted to achieved 

the first objective which is to identify the application of 3D 

modelling in managing the planning control in term of its 

density and plot ratio. The first rules is the Zoning rules. As 

can be seen in Figure 3, the inspector console is how the layer 

that have been imported from ArcGIS being connected with 

the attribute data that exist in each of the polygon layer. It also 
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allows the users to differentiate the multiple uses of usage in a 

multi-storey building.  

 

         

Fig-3: Zoning Rules Inspectors 

 

  

Fig-4: Building Construction Inspectors 

Meanwhile, the next rules is building construction rules. This 

second rules is used to generate the 3D model of the building 

in the study area. This rules enables the user to user to 

generates the building footprint into the 3D model building 

based on the floor count attribute exist in the GIS data layer. In 

addition, this rules also allows used to demonstrate the 

building facade of the study area.  

 

Fig-5: Floor Area Ratio Inspector (Scenario 1) 

 

 Fig-6: Floor Area Ratio Inspector (Scenario 2) 

The third stages is conducted for the second of the research 

objective which is to analyse the criteria that can be used in 

modelling the scenarios. As the research objective, this 

Planning Support System will help the planner to deal with 

development plot ratio especially for the commercial basis 

land uses. As can be seen in above figure, it is the inspector 

whereby it can control the Gross Floor Area (GFA) based on 

the Floor Area Ratio (FAR) given. For this research, two 

scenarios were created based on different plot ratio and plinth 

area. 

The last stage in CityEngine is conducted regarding on the 

third research objective which is to visualise the output using 

application features in improving the efficiency of public 

participation. After all the data being constructed and 

analyzed, the application has the features that allow user to 

publish the output of the three-dimensional virtual city. 

 

 

6. ANALYSIS AND FINDING 

6.1 Applying Land Use Zoning Rules 

                                           

Fig-7: Thematic Land Use Map with Building Land Use 
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Fig-8: Different Use Class Order for Building Footprint 

It can be seen that the CityEngine generates the land use 

attribute and visualized it in aerial view form. In relation to 

Figure 7 also illustrated the ability of this modeling in 

visualizing the 3D dimension of the selected area. The rough 

illustration of the physical form of the study area, including 

the building height information, was generated through the 

information attribute in the GIS data. In addition, the zoning 

rule allows differentiation for different type of use class order 

in a building. For example, for a parcel that has been 

constructed with a mixed use commercial, zoning rules would 

be able to show the vertical use of development as what can be 

seen in Figure 5.4. This figure indicated that the different use 

of development in each floor can be represented through 

different colors for different level of the building.  

 

 

6.2 Applying Building Construction Rules 

Figure 9 shows the building skyline of some part in Kuala 

Lumpur which include the study area in Bukit Bintang. These 

rules allow a great visualization of an existing view of the 

surrounding proposed development. It is most effective in   

controlling the building height and skyline of the proposed 

development and its surrounding area. This 3D modeling 

allows a more realistic monitoring of the urban skyline rather 

than observation of its use through two-dimensional building 

footprint plan. Figure 10 shows the capability of this Planning 

Support System to demonstrate the building facade at the area 

desired. Building façade is one of the important criteria that 

need to be considered in managing the urban design. Building 

façade rules allows a general visualization of the desired 

building facade regulation, and enables to monitor the building 

facade of a newly proposed development in ensuring its 

suitability with the proposed of the Design Guideline and at 

the same time preserves the identity of a particular area. 

 

 Fig-9: Generated Model from Building Footprint 

                                                           

Fig-10: Generated Building Facade Using Building 

Construction Rules 

6.3 Applying Plot Ratio Rules 

 

Fig-11: Visualisation for Scenario 1 

It can be seen the two proposed development which represent 

scenario 1 for this research. Basically the buildings do not 

represent the real building design in the future, but it shows 

how the building footprint would be based on the Floor Area 

Ratio in which it will automatically construct as the picture 

above. It can be seen from Figure 5.9 that the built area for the 

proposed development is quite big compare to the rest area of 

the site. In addition, the building height for the two proposed 

site is not high as compared to other surrounding building due 
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to the plinth area that has been set up in the methodology 

stage. 

 

Parcel 
Parcel Size 

(M2) 

Plot 

Ratio 

Gross Floor 

Area (M2) 

Number of 

Floor 

A 88128  1:7 632447.27 12 

B 136674.73  1:6 897673.46 11 

Total 224802.73 - 1530121.73 - 

Table 1: Statistic Gross Floor Area Band on Plot Ratio 

 

Fig-12: Visualisation for Scenario 2 

It can be seen that the building structure for both sites is quite 

high compared to the building height from Scenario 2. One of 

the factors that contribute to this result is that the plot ratio 

used for both proposed site are 1:10 in which it allow more 

number of floors can be added, in relation to an additional 

number of Gross Floor Area (GFA). 

Table 3 shows the statistic data on the relationship of the Plot 

Ratio with the Gross Floor Area and Number of Floor allowed 

for this proposed development. As far as it is concern, the 

mean allowable Plot Ratio for this study area is generally 1:5 

to 1:7 in which this scenario being created to see what will 

happen if the maximum plot ratio being implemented in this 

study area.  It can be seen from both proposed sites in which 

the allowable Gross Floor Area is almost ten times bigger 

from the actual parcel size.  

 

Parcel 
Parcel Size 

(M2) 

Plot 

Ratio 

Gross Floor 

Area (M2) 

Number of 

Floor 

A 88,128  1:10 911,105.92 26 

B 136,674.73  1:10 1,378,709.66 25 

Total 224,802.73 - 2,289,815.58 - 

 

Table 2: Statistic Gross Floor Area Band on Plot Ratio 

 

6.4 Web Scene Interface 

After applying the related rules, that entire model of the study 

area can be viewed by using CityEngine Web Scene. This 

Web Scene can either be viewed offline (using local host) or 

being uploaded to ESRI CityEngine website. As can be seen 

from Figure 5.11 there are five main layers that have been use 

in developing the model for the study area by using 

CityEngine application. The ‘eye’ icon indicates that the 

visibility of the particular layer. In the layer ‘Different Plot 

Ratio’, the presence of another sub-layer that represents the 

different scenario which can be viewed side by side. 

 

Fig-13: Webscene Interface 

 

Fig-14: Two Different Scenarios Comparison 

 

This layer can be chosen to display or to compare side by side 

with two other sub layers. In order to compare the two sub 

layer, the Split View button needs to hover and thus it will 

open the Comparison Mode Layer Pane. Figure above shows 

the different scenarios that have been created based on the plot 

ratio that has been set before. In this figure, different plot ratio 

scenario is viewed side by side, with plot ratio 6 at the left and 

plot ratio 1:12 on the right. 
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Fig-15: Model Information 

Other feature of the CityEngine Web Scene is that it allows 

users to gain information of a particular polygon that exist in 

the model. The example is illustrated in Figure 13, as it shows 

the attribute of Monorail Station at Bukit Bintang once the 

mouse was clicked on it. The green panel indicates the 

attribute data of the selected polygon based on the attribute in 

the GIS data. In addition, the elevation of the polygon on the 

earth's surface is also visualized in this web scene. 

 

7. RECOMMENDATION AND FUTURE 

OUTLOOKS 

This study has demonstrated the function that 3D modelling 

provided in its application in managing the planning control 

and improving the efficiency of the public participation. 

Planning control and public participation are widely used in 

urban planning discipline, in which it deal with the 

development that already exist or future development that are 

going to take place. 

In general, the following points recommended in 

implementing the 3D modelling in managing the planning 

control and public participation: 

i. The planning exercise need to continuously being 

controlled and the data should be captured in a 

manageable database. Computer-generated databases 

which consist of 3D modelling of the urban areas 

should be developed to support the planners in 

managing the planning control. 

ii. The new technique to improve the public involvement 

should be introduced to ensure that the communities 

have the access to the planning. An application that 

user-friendly should be establish to encourage the 

community to get involved in the planning to ensure 

any circumstances can be reduced in the future once the 

policy or guideline being implemented. 

 

Meanwhile, in term of the limitation and what improvement 

needs to be made base in using the Planning Support System 

are as below: 

i. Development Of The Scenarios 

The first constraint in conducting this research is to develop 

the scenarios for the study area in Bukit Bintang. Even 

though both two parcels has been gazette by Kuala Lumpur 

City Hall as one of the redevelopment area for Kuala 

Lumpur, but the detail of the proposed development for that 

particular areas were not sufficient in order to conduct this 

research. The use of plot ratio as the indicator to 

differentiate the scenarios were not enough as it just give a 

general scenario on what is going on in the future based on 

the relation of the plot ratio and gross floor area. Instead, the 

scenarios need is not accurate, as it was just using the 

assumption based on the Draft KL City Plan 2020-Volume 

2.  

ii. Writing CGA Rules 

As the City Engine is the core-processing tool for this 

research, there are some difficulties in developing the model 

in that Planning Support System application. Basically, the 

application was run by using CGA Rules in which the users 

need to create the rules by their own in order to run the 

system. Even there are a lot of rules that already been 

created and can be use once it have been downloaded, but 

somehow there will be some lacking in using it and those 

who want to alter the rules, need to understand the method 

of writing the script rules for this application.  

In practicing the application of 3D modeling in urban 

planning, the Planning Support System must be more urban 

planner -friendly in which most of the planners are not 

computer-engineering based as they are not familiar in 

writing the scripting for the rules. It is recommended that the 

Planning Support System should be able to allow the 

planner to create the rules by their own desire based on the 

criteria needed without having difficulties to prepare with 

some other material to develop the model.  

iii. High end hardware and Software 
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Most of the Planning Support System needs very powerful 

and updated computer hardware in order to run that 

application. The computer hardware must have the 

capabilities to run the application especially when applying 

the CGA rules if it involves generating a large scale of 

model in the CityEngine.  

  

8. CONCLUSION 

Briefly, this study is being conducted to identify the use of 3D 

modelling in managing the planning control and in improving 

the efficiency of public participation. A Planning Support 

System was used in this research in developing and generating 

the three-dimensional model of the study area in Bukit Bintang 

in order to identify the effectiveness of this method in urban 

planning field. The proposed (Che’Man, Yaakup, & Johar, 

2006) model gives a clear view in understanding some 

mechanism that can be used to visualize the study area in term 

of its land use distribution in multidimensional perspective, 

building skyline pattern as well as its facade, and the impact of 

using the plot ratio control for a development that will take 

place.  
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ABSTRACT 

In this paper, a security technique is proposed for the enhancement of protection system for secret data transmission by 

concealment of encrypted data in ECG signals. The proposed technique encrypts the secret data by using chaos encryption 

method. This method does not replace cryptography but makes easier to be realized. After encryption, the secret data is concealed 

into ECG signal co-efficient which makes the secret message into unreadable form and inaccessible to any intruder having random 

method. Also, DWT decomposition is performed on ECG signal resulting into different frequency sub-bands in which the data is 

embedded using LSB replacement technique. To get the original information, extracted data will be decrypted using decryption 

key. Thus, this scheme provides a better encryption and data hiding based on image and data recovery. 

 

Keywords — ECG signal, DWT, Chaos Encryption, Watermarking, Confidentiality. 

 

1. INTRODUCTION 

The number of patients suffering from cardiac diseases is 

increasing dramatically, so it is necessary to provide 

immediate and appropriate action by means of Point-of-care 

(PoC) technologies which have become popular. The use of 

PoC technology not only reduces the medical labor cost but 

also provide more reliability in emergency services. These 

technological improvements in medical systems enhance the 

quality of services provided to the patients. A computer based 

emergency health-care systems are expanding in order to 

support large geographical areas and the Internet represents 

the main communication channel used to exchange 

information. As internet plays the major role in sending 

important data through communication channel it introduces 

security & privacy threats as well as data integration issues. 

According to the Health Insurance Portability & 

Accountability Act (HIPPA), information send through the 

internet should be protected & secured .Also, patient’s privacy 

& confidentiality should be protected. Thus, it is of crucial 

importance to implement a security protocol for powerful 

communication & storage security of private data. Various 

techniques have been proposed to protect data confidentiality 

and privacy that are based on encryption & cryptographic 

algorithm. 

In this paper, a new security technique is proposed to 

guarantee secure transmission of patient’s confidential 

information along with patient’s physiological readings. 

Steganography technique is used to hide patient confidential 

data inside patient biomedical signal. The proposed method 

uses chaos encryption method to allow only authorized person 

to extract hidden data. 

2. RELATED WORK 

There are many ways to secure patient sensitive data [2], [5], 

[6], [7]. Steganography technique is one of the approach [1], 

[3], [4], [9] used to secure data by means of hiding information 

inside medical images/signals. The challenges faced in these 
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techniques are how much data is stored and to what extend the 

method is protected. Also what will be the resultant distortion 

on the original medical images or signal K.Zheng and X.Qian 

[9] proposed a reversible data hiding for ECG based on 

wavelet transforms. This method is based on applying B-spline 

wavelet transform on original ECG signal to detect QRS 

complex. Also, Haar lifting wavelet transform is applied on 

the original ECG signal after R waves is detected. Then by 

applying index subscript mapping, the non-QRS high 

frequency wavelet coefficients are selected and are shifted one 

bit to the left and watermark is embedded. Before applying 

water marking, Arnold transform is applied for watermark 

scrambling. Only one bit can be stored for each ECG sample 

value, hence this method has low capacity.  Also security in 

this algorithm relies on algorithm itself, and it does not use a 

user defined key. Finally, this algorithm is based on normal 

ECG signals and for abnormal signals; this algorithm will not 

perform well because detecting QRS complex in such signals 

is not possible. 

H.Golpira and H.Danyali [4] proposed a reversible blind 

watermarking for medical images based on wavelet histogram 

shifting. In their paper, MRI (medical image) is the host 

signal. On this image, a two dimensional wavelet transform is 

applied. Then, the histogram of high frequency sub- bands is 

determined. Next, to insert binary watermarking data, the 

locations of thresholds and zero points are required. To obtain 

them, two thresholds are selected, first in the beginning and 

other in the last portion of histogram. Now, for each threshold, 

a zero point is generated by shifting left histogram part of first 

threshold to the left and shifting right histogram part of second 

threshold to the right. This algorithm performs well for MRI 

images but not for ECG signals. Also no encryption is 

involved in its watermarking process and the capacity is also 

low for this algorithm. 

W.Lee and Chien-Ding Lee proposed A cryptographic Key 

management solution for HIPPA privacy regulations. In their 

proposed scheme, to protect the data integrity of the patient 

health information, symmetric cryptosystem and cryptographic 

checksum are combined. Also smart cards equipment are used 

to store important key data, identification data, and so on. The 

patients need to understand the rules of their protected health 

information (PHI) and sign the consent in the registration 

phase. This way the PHI is encrypted to ensure confidentiality. 

However, there is a restriction on dependence on the smart 

card as it requires a well-established card application 

environment. 

3. PROBLEM DEFINITION 

3.1 Existing Method 

3.1.1. RSA Encryption Algorithm:  

In this system, encryption key is public and differs from 

decryption key which is kept secret. This method has 

limitations such as factoring problem, it can be attacked 

easily, and is deterministic encryption algorithm (does not 

have random component). 

3.1.2. Bit Modification Technique:  

This is a conventional technique and vulnerable to 

steganalysis. The data is hidden in least significant bits only. 

Thus, one can easily trace the information and can change 

the values. So, we can’t get the original information that we 

hided. 

3.1.3. Data Embedding using Pixel Difference Expansion:  

In this method, DE technique discovers extra storage space 

by exploring redundancy in image content and reversibly 

embeds a payload into digital images .During data 

embedding, modification of all changeable difference values, 

by either adding a new LSB or modifying its LSB .It has low 

computational capacity. 

 

4.  PROPOSED METHODOLOGY 

 Privacy Protection system for Confidential data transmission 

is based on ,Secret data concealment within ECG signal 

using Chaotic map based on text encryption ,Wavelet filters, 

Adaptive Least Significant Bit Replacement technique. Data 

recovery by decryption, Parameter Analysis (MSE, PSNR, 

Correlation, Elapsed time). The proposed scheme is shown 

in fig.1 and fig.2 

 

4.1. Proposed Block Diagram 

      4.1.1. Embedding 
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       Figure.1. Block diagram of data embedding 

4.1.2 Extraction 

 

Figure.2. Block diagram of data extraction 

4.1.3. Lifting Wavelet Transform:  

LWT decomposes the signal into different sub band 

coefficients, L and H for embedding the messages in the 

approximation and detailed coefficients of sub bands. Lifting 

scheme is a technique to convert DWT coefficients   to Integer 

coefficients without losing information. L sub band contains 

the significant part of the spatial domain signal. High-

frequency sub band contains the detailed with noisy 

information of signal. These coefficients are selected as 

reserved space for hiding the text data. The secret text data is 

embedded into the wavelet coefficients of high frequency sub 

bands because it is non-sensitive to human visual system.  

Wavelet Decomposition 

      Decomposition 

     Input Signal  cA  

          N x M    

  cD 

                                        N xM/2 

Where,  

  cA- Approximation coefficients ,  cD – Detailed coefficients 

  L – Low Pass Filter ,  H – High Pass Filter 

4.1.4 Chaos Encryption:  

This method is one of the advanced encryption standard to 

encrypt the privacy data for secure transmission. It encrypts 

the original text data’s with encryption key value generated 

from chaotic sequence with threshold function by bit xor 

operation .Here logistic map is used for generation of chaotic 

map sequence. It is very useful to transmit the secret data 

through unsecure channel securely which prevents data 

hacking.  

4.1.5 LSB Embedding:  

A  detailed coefficients obtained from wavelet domain are 

used here for concealment process and a secret message 

consisting of k bits .The first bit of message is embedded 

into the LSB of the first bit selected coefficient and the 

second bit of message is embedded into the second bit 

location and so on. The resultant watermarked signal which 

holds the secret message with original form and difference 

between the input signal and the watermarked signal is not 

visually perceptible. The quality of the signal however 

degrades with the increase in number of LSBs. This hiding 

process will introduce the error between input and output 

signal and it is determined by mean square error and Peak 

signal to noise ratio determines the signal quality. 

4.1.6 Parameter Evaluation:  

Percentage Residual Difference (PRD): It is used to measure 

the difference between original ECG signal and watermarked 

signal and it is expressed by, 

            PRD = sqrt (sum ((x – y) ^2)/sum(x)) 

 Where, 

x – Original signal 

y – Watermarked signal   

5. EXPECTED RESULT 

L 

H 

Even+(

H/2) 

Even-
odd 
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6. CONCLUSION 

The project proposes the secret data protection of patients 

through steganalysis approach for telemedicine application. 

Here, the text message is concealed in ECG signal and is 

concentrated on preserving signal quality .The Chaos 

encryption scheme is used to encrypt the text before hiding 

into signal. Through simulations of result we will regenerate 

watermarked signal with least error and measures the PRD. 

Thus this scheme is suitable for data protection in hospitals. 
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ABSTRACT 

An Arithmetic logic unit (ALU) is a major component of the central processing unit of a computer system. It does all process 

related to arithmetic and logic operations that need to be done on instruction words. As the operations become more complex the 

ALU also become more complex, more expensive and takes up more space in the CPU hence power consumption is a major issue. 

In this paper a 32 bit ALU is designed using VHDL. Lower power consumption is achieved using clock gating and the results are 

compared with 32 bit ALU without clock gating. The design is then implemented in Xilinx Spartan 3E FPGA. 

Keywords — ALU, Clock Gating, FPGA, Spartan 3E, FPGA, CMOS, VHDL. 

 

1. INTRODUCTION 

With advancement in technology, the number of transistor 

count on a single CPU has increased. Integrating these 

transistors for power enhancement will also have an impact on 

power consumption because adding more and more transistor 

will give rise in the heat dissipated in the device [3]. Since 

most of the portable devices are battery driven the power 

consumption of these devices must be low so the battery life 

improves, reliability improves etc. Because of these reasons 

power management has become an important design 

constraints for most the computationally intensive and 

sophisticated applications. ALU is one of the most important 

units in a microprocessor and it performs most of the 

computational operation in a CPU and hence power 

consumption is an important issue in an ALU.  

Two main types of power dissipations occurring in CMOS 

circuit are: 

Static power is caused due to leakage current. Dynamic power 

is caused due to charging and discharging of capacitance or 

due to switching activities of circuit. Dynamic power is 

represented by an equation P = nfCLVdd2 where f is switching 

frequency, CL is the load capacitance, Vdd is supply voltage, 

n is the probability of switching [1]. Dynamic switching power 

is dissipated every time the logic state of the gate changes. 

2. CLOCK GATING 

Clock power is a major component of dynamic power 

dissipation [2].  In a synchronous circuit several modules are 

clocked at the same time. However, at any particular instant 

only single module may be functional. Hence the unnecessary 

clocking of the other modules lead to a lot of power 

dissipation. In a clock gating clock is selectively stopped for a 

portion of circuit which is not performing any active 

computation. Hence the unnecessary charging and discharging 

of the unused circuit that do not perform any active 

computation is avoided. There are various methods of clock 

gating techniques such as Gate based clock gating, Flip-flop 

based clock gating and Latch based clock gating [4]. 

3. 32 BIT ALU 

32 bit ALU consists of an arithmetic unit, a logic unit, a shift 

unit, clock gating unit and an output multiplexer. 

3.1. 32 Bit Arithmetic Unit  

The Arithmetic unit performs 7 operations such as addition, 

addition with carry, subtraction, subtraction with borrow, 
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increment, decrement, transfer. The circuit consists of a 32 bit 

parallel adder and thirty two numbers of single bits 4:1 

multiplexer. A and B is a 32 bit input and the output is 33 bit  

 

result, there is 2 common selection lines S0 and S1, C_in is 

carry input of the parallel adder and the carry out is Cout. 

S1 S0 C_in Result Activation 

0 0 0 A+B Addition 

0 0 1 A+B+1 Addition with 

carry 

0 1 0 A+(not B) Subtraction 

0 1 1 A+(not B)+1 Subtraction with 

borrow 

1 0 0 A-1 Decrement 

1 0 1 A Transfer 

1 1 0 A Transfer 

1 1 1 A+1 Increment 

 

Table-1: Operation performed on Arithmetic Unit 

Fig-1: 32 Bit Arithmetic Unit 

 

3.2. 32 Bit Logic Unit 

The Logic unit does the following tasks logical AND, logical 

OR, logical XOR, logical NOT and complement operation. 

The logic unit consists of four gates and a 4:1 multiplexer. The 

output of the gates is applied to the data inputs of the 

multiplexer. Using selection lines S0 and S1 one the data 

inputs of the multiplexer is selected as the output. 

S0 S1 Result Operation 

0 0 A.B AND 

0 1 A+B OR 

1 0 B XOR 

1 1 Not A Complement A 

 

Table-2: Operation performed on Logic Unit 

Fig-2: 32 Bit Logic Unit 

3.3. 32 Bit Shift Unit 

Shift unit is used to perform logical shift operations. Shift left 

shifts one bit to the left gives result which is original number 

multiplied by two similarly shifting n times to the left gives 

result which is equivalent to the original number multiplied by 

2n and Shift Right shifts one bit to the right gives result which 

is original number multiplied by two similarly n times to the 

right gives result which is equivalent to original number divide 

by 2n. 

S Operation 

0 Right Shift A 

1 Left Shift A 

 

Table-3: Operation performed on Shift Unit 

Fig-3: 32 Bit Shift Unit 

 

3.4 Clock Gating 

In clock gating clock is selectively stopped for a portion of the 

circuit which is not performing any active computation. The 

clock gating circuit takes in the clock input and generates a 
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gated clock based on signal S2 and S3. When control signal 

input S2 is 0 and S3 is 0, clock is gated through first AND gate 

to the Arithmetic unit. When S2 is 1 and S3 is 0, clock is gated 

through second AND gate to Logic unit. When S2 is 0 and S3  

 

is 1, clock is gated through first AND gate to Shift unit. Table 

I shows signal S2 and S3 activating different units of ALU. 

S2 S3 Activation 

0 0 Arithmetic Unit 

1 0 Logic Unit 

0 1 Shift Unit 

Table-4: Signal S2 and S3 activating different units of ALU 

 

Fig-4: AND Based Clock Gating. 

3.5 Output Multiplexer 

When gated clock CLK_AU is active the computed output is 

from arithmetic unit is fed into 4:1 output multiplexer. Same is 

the case in logic unit gated clock is CLK_LU; shift unit gated 

clock is CLK_SU. Thus at a time only one gated clock output 

is active and the computed outputs from arithmetic, logic, shift 

units are fed into 4:1 output multiplexer. The proper output is 

selected based on control signal S3. 

 

Fig-5: 32 Bit ALU with clock gating and output multiplexer 

 

4. SIMULATIONS AND IMPLEMENTATION 

The 32 Bit ALU with clock gating is designed in VHDL using 

Xilinx ISE 12.4 design suite. The simulation is done using 

ISim Simulator with a clock period of 1 us. After the design is 

synthesized on a Spartan 3E device the design is implemented. 

The simulated results for implemented logic are as shown 

below.  

4.1 Simulation Waveforms 

 

Fig-5: Simulated Waveform for Arithmetic Unit 

 

 

Fig-6: Simulated Waveform for Logic Unit 

 

 

Fig-7: Simulated Waveform for Shift Unit 
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4.2 RTL Schematic 

 

Fig-8: Register Transfer Level of 32 Bit ALU 

 

4.3 Technology Schematic 

The technology schematic exhibits the design based on the 

logic elements of the target technology, in this case the FPGA 

The circuit is represented using Lookup tables, multiplexers 

and flip-flops [2]. The input and output pins are driven through 

input/output buffers and the clock is driven through a clock 

buffer.  

 

Fig-9: Technology Schematic View of 32 Bit ALU 

 

4.6 Experimental Results 

After synthesis, the design is implemented in Spartan 3E 

FPGA, which converts the logical design into a physical file 

format. Design Implementation comprises following steps: 

Translate - merges the incoming net lists and constraints into 

a Xilinx® design file. 

Map - fits the design into the available resources on the target 

device, and   optionally, places the design. 

Place and Route - Places and routes the design to the timing 

constraints. The device summary of the implemented 32 Bit 

ALU with clock gating is shown in Table-5 shown below. 

 Used Availability Utilization 

No of Slice Latches 68 29,504 1% 

No of 4 input LUTs 509 29,504 1% 

No of occupied Slices 321 14,752 2% 

No of bounded IOBs 108 250 43% 

No of BUFGMUXs 2 24 8% 

No of Slices 

containing related 

logic 

 

321 

 

321 100% 

Table-5: Device Summary for the implemented ALU 

 

4.5. Power Analysis  

Xilinx Xpower Analyzer is used to analyze the power 

consumed by a 32 Bit ALU with clock gating and ALU 

without clock gating. 

 
DYNAMIC 

POWER (W) 

QUIESCENT 

POWER (W) 

32 BIT ALU 

WITHOUT CLOCK 

GATING 

0.038 0.204 

32 BIT ALU WITH 

CLOCK GATING 
0.028 0.204 

 

Table-6: Power Consumption of 32 Bit ALU with and without 

clock gating 

 

4. CONCLUSION 

ALU is the most frequently accessed module in a CPU. Hence 

power consumption is a major concern in ALU. Clock gating 

is a well-known method to reduce power consumption. It is 

observed that clock gating reduces dynamic power 

consumption by 10 percent compared to the power consumed 

by a 32 bit ALU without clock gating. The designed ALU is 

capable of performing 7 arithmetic operations, 4 logical 

operations and 2 shift operations (multiplication and division). 
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Design & Development of Nursery Fertilizer Mixer 

Energized by Human Powered Flywheel Motor 

H S Bhatkulkar1 and J P Modak2 

 

ABSTRACT 

A concept in which a human being spins a flywheel by system similar to bicycle, the rotational kinetic energy is stored in the 

flywheel. Such energy source is conceptualized as Human Powered Flywheel Motor ( HPFM).In this paper an attempt is made to 

develop and experimentally validate a human powered mixing machine to mix  nursery fertilizer in proper proportion . This 

mixture is then used as a fertilizer for plantation in small size farming. Here this machine performs this mixing operation not by 

electric power but by human power. The evolved machine system comprises of three subsystems namely (1) Energy Unit : 

Comprising of a suitable peddling mechanism, speed rise gear pair and Flywheel conceptualized as Human Powered Flywheel 

Motor (HPFM) (2) Suitable torsionally flexible clutch and torque amplification gear pair and (3) a process unit (Nursery fertilizer 

mixer). The functional feasibility and economic viability of Human Powered nursery fertilizer mixer to mix nursery fertilizer  is 

established in this paper The machine so developed is economically viable, can be used by unskilled workers and it save time. 

With the present work design data for low to medium capacity nursery fertilizer mixer energized by human powered fly wheel 

motor can be established with the help of which the specific unit for a low to medium capacity mixer can be designed.  

 

Keywords: Flywheel, Spiral Jaw Clutch, Nursery Fertilizer Mixer. 

1. INTRODUCTION 

Dr Modak and his associates [1 to 12] have developed many 

human powered process machines which can energize process 

unites needing 3 to 7 hp .This includes such for brick making 

[1, 6, 7] wood turning [8]. Alge formation machine [9] wood 

strips cutter and smiths hammer [10] and electricity generation 

[11]. This machine system comprise of three subsystems (1) 

energy unit (2) mechanical power transmition system (3) 

process unit. Energy unit comprise of an arrangement similar 

to a bicycle, a speed raising gear pair and a flywheel. The 

flywheel size is one meter rim diameter, 10 cm rim width and 

2 cm rim thickness. A flywheel is with 6 armed constructions 

each arm is with elliptical cross section. Mechanical 

transmission comprises of spiral jaw clutch or other clutches 

[4,5] and torque amplification gear pair. A rider through a 

bicycle mechanism and a speed increasing gear pair G’ 

energizes a flywheel up to 500 r.p.m speed in about a minute 

time. Peddling is then stopped and the stored kinetic energy in 

the flywheel is made available to a process unit (PU) (in this 

case Nursery fertilizer mixer), through a suitable torsionally 

flexible clutch (TFC) and a torque amplification gear pair G. 

The stored energy in the flywheel is consumed in overcoming 

the process resistance of the process unit PU in 15 to 25 

seconds depending on the process resistance. This amounts to 

energizing of a process unit in the range 3 to 12 hp. which 

could be of intermittent nature.  

Dr Modak and his research scholars have also established 

functional feasibility and economic viability of such human 

powered machine for many rural based applications. In view 

of this, fertilizer mixture using human powered flywheel 

motor as an energy source is developed. It’s approximate 

generalized experimental data based model is evolved which is 

detailed in this paper. This model is evolved applying 

methodology of experimentation proposed by H.Schanck, Jr 

[03]. 

1. NEED FOR DEVELOPING HUMAN 

POWERED FERTILIZER MIXER 

The main objective to design and develop a machine, which 

uses the human powered flywheel motor as an energy source 
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(Modak J and Bapat A, 1987) is to make use of non-

conventional energy as source. Developing countries of world 

like India are India is facing problems of Power storage due to 

rapid industrialization, non availability of power in rural areas 

and unemployment among semi-skilled workers. In the 

context of the present condition in India and the world 

countries with the Power shortage , exhaustion of coal reserves 

and unemployment, it is felt that “Manually energized Nursery 

Fertilizer mixer machine” for mixing nursery fertilizers is very 

necessary. This machine is environment friendly i.e. non 

pollutant. Development of such an energy source which has 

tremendous utility in energizing many rural based process 

machines in places where reliability of availability of electric 

energy is much low, will bring innovation & mechanization in 

agricultural engineering with the use of such machines. 

Unskilled men/women may also get employment. 

 

2. OPERATION OF THE HUMAN POWERD 

NURSERY FERTILIZETR MIXER 

3.1. Concept  

The average work rate of a man working continuously is 

equivalent to 0.13 h.p. Therefore only continuous manufacturing 

process requiring less than 0.13 h.p. can be man powered. Any 

manufacturing process requiring more than 0.13 h.p. and 

which can be operated intermittently without affecting end 

product can also be man  powered [6,8]. Such man powered 

manufacturing process can be based on the following 

concept.Here a flywheel is used as a source of power. 

Manpower is used to energize the flywheel at an energy input 

rate, which is convenient for a man. After maximum possible 

energy is stored in flywheel it is supplied through suitable 

clutch and gearing system to a shaft, which operates process 

unit (in this case Nursery Fertilizer mixer) [Modak and 

Moghe, 1997]; the flywheel will decelerate at a rate dependent 

on load torque. Larger the resisting torque larger will be the 

deceleration. Thus theoretical a load torque of even infinite 

magnitude could be overturn by this man-flywheel system. 

Manually driven nursery fertilizer mixer machine operates on 

the basis of above principle.  

3.2 Operation 

Essentially, the machine consists of three sub-systems: (1) the 

energy unit (2) transmission mechanism (3) the process unit. 

The energy unit consists of a conventional bicycle mechanism, 

the transmission unit consists of a drive train; a chain drive 

mechanism running over a pair of speed-increasing gears and 

the process unit. schematic arrangement  of a Nursery 

Fertilizer mixer machine is shown in Figure-1.  

 

Figure-1: Schematic arrangement of a Nursery Fertilizer mixer 

machine. 

The ingredients of the fertilizer viz Soil, Sand, and Cow dung 

in required proportion by weight is admitted in the drum 

through the opening provide in the drum. Then operator seats 

on the seat(S) and peddles the bicycle mechanism. The rider 

accelerates the flywheel to a desired speed in about one 

minute, through a chain and a pair of gears .The chain drive is 

utilized for first stage transmission because the drive is 

required to be irreversible, this is achieved by conventional 

bicycle chain drive with a free wheel . A free wheel is used 

between pedals  and the flywheel to prevent the back flow of 

energy from flywheel to pedals. Initially the operator has to 

put in somewhat more driving torque to over come the inertia 

during initial acceleration phase of the motion. Once the 

steady speed of the motion is reached, the torque input gets 

reduced. This torque now just balances all the resistances such 

as frictional resistance and comparatively smaller inertia 

resistance time process resistance is offered by the mixing 

blades with the ingredients of the mixture. When flywheel 

attains desired speed, pedaling is stopped and it is connected to 

the process unit though torque amplification gears by engaging 

a two jaw spiral clutch. A special jaw clutch is used in this 

machine in place of conventional friction clutch as friction 

clutch consumes more energy for its own operation.[12].The 

energy stored in flywheel is supplied at the required rate to 

nursery fertilizer mixer for mixing ingredients .There is a 

provision of operating the system at five different speeds by 

properly choosing the gear ratio of a torque amplification gear 

pair G3 provided on the shaft of the drum. 
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3. PHYSICAL DESIGN OF AN 

EXPERIMENTAL SETUP 

It is necessary to evolve physical design of an experimental set 

up having provision of setting test points, adjusting test 

sequence, executing proposed experimental plan, provision for 

necessary instrumentation for noting down the responses and 

independent variables. From these provisions one can reduce 

the dependent and independent pi-terms of the dimensional 

equation. The experimental set up is designed considering 

various physical aspects of its elements. For example if it 

involves a gear, then it has to be designed applying the 

procedure of the gear design. In this experimentation there is a 

scope for design as far as fertilizer mixer is concerned from 

the strength considerations. Actually the fertilizer mixer is 

designed from the consideration of the dimensions having 

influence on user’s fatigue from ergonomic considerations. 

The other dimensions of the fertilizer mixture are designed 

using previous mechanical design experience and practice.  

Experimental set up can be designed for the above stated 

criteria so that the general ranges can be set properly within 

the test envelope proposed in the experimental plan. 

4.1 Dimensional Analysis 

Dimensional analysis is the method of dimensions.[14].It is a 

mathematical technique used in research work for design and 

for conducting model tests. It deals with the dimensions of the 

physical quantities involved in the phenomenon. All physical 

values are measured by comparison, which is made fixed to an 

arbitrarily fixed value. Dimensional analysis can be used 

primarily as experimental tool to combine many experimental 

variables into one. The main purpose of this technique  is 

making experimentation shorter without the loss of control. 

Applying Buckingham ���	method the, dimensional equation for 

response variable time of mixing and resistive torque are 

formulated.[14]. The various independent and dependent 

variables of this machine process with their symbols and 

dimensional formulae are given in Table 1. 

Sr.

No. 

Description of 

variables 

Types of 

Variables 

Sym

bols 

Dimensi

ons 

1 Weight of Sand Independent  Ws M 

2 Weight of Soil Independent Wso M 

3 Weight of cow-

dung 

Independent Wcd  M 

4 Weight of water  Independent Ww M 

5 Quantity of 

Mixture  

Independent W M 

6 Diameter of Blade 

tip 

Independent Dt L 

7 Blade pitch Independent P L 

8 Length of drum Independent L L 

9 Shaft diameter  Independent d L 

10 Diameter of Drum Independent D L 

11 Input energy to 

the machine  

Independent E ML2 θ -2 

12 Acceleration  due 

to gravity  

Independent g Lθ -2 

13 Gear ratio of 

torque 

amplification  

Independent G Dimensi

on less 

14 Time of mixing Dependent tm θ  

15 Instantaneous 

Torque on shaft 

Dependent Tr ML2 θ -2 

16 Flywheel 

speeding up time 

Independent Tf θ  

Table-1: Variables, Symbols, Dimensional formula. 

M, L and T are the symbols for mass, length and time 

respectively. Applying Buckingham ���	method the, 

dimensional equation for response variable time of mixing and 

resistive torque are formulated [14]. 

Sr. 

No. 

Description of 

π - term 

Equation of π - term 

01 π - term relating π
1
 =[w

s
/w, w

so
/w, w

cd
/w, 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-1, ISSUE-5, OCTOBER-2014                                              E-ISSN: 2349-7610 

VOLUME-1, ISSUE-5, OCTOBER-2014                                COPYRIGHT © 2014 IJREST, ALL RIGHT RESERVED                                                                                                  72 

 

to mixing of 

ingredients 

w
w
/w] 

02 π - term relating 

to geometric 

variables of 

fertilizer mixer 

π
2
 =[D

t
/D, d/D, P/D, L/D] 

03 π - term relating 

to initial energy 

given to 

Flywheel 

π
3
 =[E / W.g.D] 

04 π - term relating 

to Gear ratio 

π
4
 =[G] 

05 π - term relating 

to time taken for 

speeding up the 

flywheel 

π
5
 =[√(g / D)T

f
] 

Table-2: Reduction of variables (Independent) through 

dimensional Analysis. 

Sr. 

No. 

Description of π - 

term 

Equation of π - term 

01 π - term relating to 

response variable 

Time of mixing 

π
01

 =[√(g / D) t
m

] 

02 π - term relating to 

response variable 

Instantaneous torque 

on Mixer shaft 

π
02

 =[T 
r

/ WgD] 

Table-3: Reduction of variables (dependent) through 

dimensional   Analysis 

4.2 Dimensional Equation for Response Variable for 

Time of Mixing & instantaneous torque on mixer 

shaft (Resistive torque) 

 4.2.1 Time of Mixing 

( )(( )( )( )( )( )( )( )( )( ) )gWs Wso Wcd Ww Dt dP L E
m W W W W D D D D WgD DG Tf

g
t f

D
 =
   

4.2.2 Resistive torque 

( )(( )( )( )( )( )( )( )( )( ) )gr Ws Wso Wcd Ww Dt dP L E
W W W W D D D D WgD DG Tf

T
f

WgD
 =
 

 

 

5. RESULT AND DISCUSSIONS 

Empirical models to predict the performance of the manually 

driven nursery fertilizer mixer to mix various ingredients of 

nursery fertilizer were established and optimum values of 

various parameters were arrived at on the basis of 

experiments. A new theory of mixing of nursery fertilizer from 

the manually driven nursery fertilizer mixer is proposed. This 

hypothesis states that on engagement of the clutch, the speed 

of flywheel suddenly falls indicating energy loss. A part of this 

energy loss is due to developing pressure due to mixing 

resistance offered by the ingredients when this pressure in the 

ingredients crosses yield stress, mixing commences. It is 

further hypothesized that the mixing time is a function of 

available energy for mixing, resisting torque and average 

angular speed of the mixer shaft. In designing the Human 

energized mixer, the main objective was on cost and 

ergonomic designed, readily-available materials and we 

proposed a simplistic design that can deliver productive, 

efficient, and reliable mixer for rural area. This equipment can 

adequately replace electric motor-driven fertilizer mixer in 

rural areas where there is no or limited supply of electricity. 
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ABSTRACT 

Human Resource Management is a process which binds the organizations and people together so that the goals of each other are 

met. Currently, skill and knowledge are demanded by the jobs, which call for future Skill Mapping through HRM initiatives. This 

research paper recommends a set of training need after the evaluation done with the help of Skill Mapping through six sigma. 

This paper draws attention to a fact that while mapping the specific skills of the operators in Turbo Gears India Pvt. Ltd., there 

was a gap between the actual and required performance. This was the barrier affecting the individual development of the 

employees. From the analysis done through six sigma, it was easier to identify the areas of low performance. These problems can 

be solved by providing proper training and mentoring the operators, which in return will help them to increase their skill and 

efficiency. In order to increase their growth graph, the operators skills were analysed and key competencies were identified. 

Questionnaire and tests can be conducted to decrease the degree of biasness, which will help to create s similar opportunity for 

every operator. Training programs can be arranged with defined periodicity to ensure that the limitations don’t increase and later 

help the operators to work effectively and efficiently. 

Keywords - Skill Mapping, Competency Mapping, Six Sigma.  

1. INTRODUCTION 

1.1 Importance of Skill Mapping  

Earlier days the organizational success depended on physical 

and financial assists, but today the success solely relies on its 

intangible resource, which is the human capital. Employee 

competency is acting as a catalyst in order to attain 

sustainability in today’s competitive market. Skill Mapping is 

defined as a standardized requirement or a technique utilized 

to study and analyses the skills possessed by the person or 

employee for their effective and efficient development.  

Now a days, Indian organizations are also witnessing the need 

for skilled labour due to changes in the systems. It highlights 

training needs for the most important resource, i.e., its 

employees. Every industry in the present scenario is trying to 

achieve high efficiency and effectiveness in order to survive in 

the cutthroat competition. Skill and Competency therefore 

become a focal point in the industries growth. Every well 

managed organisation should have well defined roles and list 

of competencies required to perform each role effectively. 

Scanning and analysing the external environment for 

opportunities and threats is not enough to provide an 

organization a competitive advantage. Therefore, Human 

Resource Management emphasis on looking with corporation 

itself to identify its internal skilled factors. A core competency 

can be easily enhanced by adopting its transparency, 

transferability, reliability. It is easy to identify and analyse the 

competency but challenge is in using it effectively and 

enhancing it at regular intervals. 

1.2 About the Automobile and Auto Component 

Industry  
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The liberalisation of the Indian industry saw a significant 

growth in the Indian Automotive Industry. With its strong 

influence on the country’s economic and industrial 

development it is indeed one of the major drivers of our 

economy contributing nearly 5% of the country’s GDP. It is 

estimated that this sector provides direct and indirect 

employment to over 13 million people. With the de-licensing 

of the automotive sector in 1993, several global players 

entered the market as a consequence of which the market 

grew, leading to stiffer competition and a large variety of 

products for the customers to choose from- currently, the 

Indian customer has over 30 Auto Original Equipment 

Manufacturers (OEM’s) to choose two wheelers, passenger 

vehicles and commercial vehicles from; and this is only 

expected to grow in future. 

The 3 major automobile and auto components production 

clusters across the country are; 

� Western Region (Mumbai-Pune-Nasik-Aurangabad) 

� Southern Region (Chennai-Bangalore-Hour) 

� Northern Region (Delhi-Gurgaon-Faridabad) 

 

1.3 Industry Size and Growth of the Automobile and 

Auto Components Sector: 

This paper talks about the auto component sector, which forms 

a huge portion of the auto industry. 

Out of the total, about 77% of the production (by value) of 

Auto Components is by players in the organized sector while 

remaining 23% is by the SSI sector. 

 
Figure 1: Size of Auto Industry 

Size of Auto Component Sector: 

SSI Sector- 23% 

Organized Sector- 77% 

 

1.4 Skill Requirement in the automobile and Auto 

Component Sector 

The Automotive Industry, by its very nature, has considerable 

forward and backward linkage and thus employees a 

significant number of personnel. The society of Indian 

Automobile Manufacturers (SIAM) has estimated that the 

Indian Automotive Industry provides direct and indirect 

employment to over 13 million people. In this research paper 

we deal with the auto component manufacturers, where 30 to 

40% of employment is direct. 

One of the key areas at the industry level where the significant 

gap exists today is the availability of skilled manpower and the 

problem is not so much in terms of quantity, but more in terms 

of quality of manpower available. In order to provide for 

comprehensive growth, it will become imperative to track the 

enablers of market and industry and at the same time capture 

and react to the changing skill requirements. 

 

2. COMMON SKILL REQUIREMENTS AND SKILL GAPS: FUNCTION MANUFACTURING 

2.1 Level: Head of Department 

No Skills Required No Skill Gaps 

1 Ability to clearly communicate and ensure co-

ordination between various production lines and 

departments. 

1 Tendency to be inflexible and not accept that vehicle 

production defects may be due to errors committed in 

the particular shop. 

2 In-depth knowledge about automobile and auto 

components, their subsystems and functions of 

important parts. 

2 Insufficient understanding of automobiles, their sub-

systems and functions of important parts. 

3 In-depth knowledge about the manufacturing 

processes within the company. 

3 Tending to be narrow minded and resists changes 

required in the particular shop. 

4 Ability to map business requirements into production 

specifications. 

4 Inadequate ability to liaison with various production 

lines and departments. 
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2.2 Level: Supervisor 

No. Skills Required No. Skill Gaps 

1 Understanding of latest production techniques, 

such as lean manufacturing. 

1 Inadequate interpersonal skills, leading to inadequate 

ability to resolve conflicts that may arise between 

workmen- this causes disruption in smooth production 

and leads to loss of time, increased cost and inadeqate 

quality. 

2 Ability to ensure that daily production line targets 

are met. 

2 Tendency to be hand-in-hand with the workmen, this 

reduces discipline. 

3 Good knowledge of automobiles, their sub-

systems and functions of important parts. 

3 Inadequate understanding of end to end processes- 

supervisors generally tend to know the details only of 

the productin line they are handling. 

4 Ability to understand differences in product lines 

and platforms and the corresponding ability to 

direct the workmen accordingly. 

4 Inadequate business knowledge/understanding of the 

commercial implication of wastage. 

5 Ability to manage available resources- workmen, 

raw materials, consumables etc. 

5 Availabilty of experienced petrson in this cadre is a 

concern. 

6 Knowledge of concepts such as Six Sigma, 

Kaizen, TQM, JIT, 5-S is important. 

6 Inadequate understanding of quality concepts like Six 

Sigma, Kaizen, TQM, JIT, 5-S. 

7 Ability to allocate suitable work to workmen 

based on the skill levels of workmen working with 

them. 

7 Inadequate ability to work with or give instructions to 

workmrn who are more older/have more experience. 

8 Ability to resolve conflicts that may arise among 

the workmen/operators. 

8 Inadequate knowledge of product and processes. 

9 Ability to ensure productivity by employing   

5 Ability to clearly communicate and give instructions 

related to production requirements to supervisors. 

5 Inadequate knowledge across all facets of the 

company’s business. 

6 To ensure that production levels are met. 6 Inadequate understanding of financial/commercial 

impact of their decisions related with the particular 

shop. 

7 The ability to guide supervisors/workmen on 

product/process related queries. 

  

8 Ability to supervise optimum allocation of resources.   

9 Ability to understand the training needs of workmen 

and supervisors and help design training programs 

accordingly. 

  

10 Ability to effectively communicate with vendors for 

component/system related issues. 

  

11 Basic clarity of financial/commercial effect of 

production methods. 
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efficient processes and maintaing co-ordination on 

line. 

10 Ability to ensure quality by following inspection 

procedures. 

  

11 Ability to solve issues of workmen without 

escalating them. 

  

12 Orientation towards wastage minimization, cost 

reduction and quality workmenship. 

  

13 Strong problem solving, Logical and Analytical 

skills. 

  

14 Ability to plan and shedule activities.   

15 Ability to ensure safety and environmental 

compliance. 

  

 

2.3 Level: Workmen/ Operator 

No. Skills Required No. Skill Gaps 

1 Should have basic literacy, analytical ability and the 

ability to understand and follow shop floor functions. 

1 Tendency to consider only the current activity 

performed, no understanding of where it fits into the 

big picture. 

2 Should have relevant knowledge of working of systems. 2 Inadequate trade knowledge and its poor application. 

3 Ability to operate and/ or maintain both general and 

special machines. 

3 Inadequate desire for learning new skills- working 

on new machines. 

4 Ability to adhere to standard operating procedures 

(SOP) for all variants/versions on a single 

platform/across platforms. 

4 Availability of drivers, painters and operators for 

high-tech machines (such as super finishing grinding 

machines and CNC controlled machines) is a 

concern. 

5 Ability to carry out basic troubleshooting of machines in 

case of breakdown. 

5 Insufficient ability to communicate the problems 

face during daily routine. 

6 Ability to perform operations requiring multi-skills. 6 Tendency to form unions and disrupt regular 

workings. 

7 Ability to minimize wastage of raw materials and 

consumables, maximize production and understand the 

impact on cost, quality and time. 

7 Insufficient understanding of discipline, industrial 

rules and work related procedures. 

8 Ability to highlight aberrations in daily production 

process. 

8 Absenteeism is a concern in this cadre. 

9 Adherence to required quality levels of production. 9 Lack of skill standardization across educational 

institutes. 

10 Ability to follow instruction from supervisors, 

departmental heads. 

  

11 Ability to understand and conform to basic shop floor 

safety practices, such as wearing gloves, being aware of 

  



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-1, ISSUE-5, OCTOBER-2014                                    E-ISSN: 2349-7610 

VOLUME-1, ISSUE-5, OCTOBER-2014                                COPYRIGHT © 2014 IJREST, ALL RIGHT RESERVED                                                                                            78 

 

dangers of interfering with machine/equipment. 

12 Knowledge of assembly line operations, quality 

management techniques, fabrication techniques, 

welding techniques, cutting, machining etc. 

  

13 Understanding of drawings, knowledge of usage of 

instruments, measurement techniques and maintaining 

tolerances. 

  

14 Knowledge of principles of manufacturing, managing 

safety at work, Kaizen, Overall Equipment Efficiency 

(OEE). 

  

15 Be adept in a particular trade.   

16 Ability to confirm to work schedules and complete 

assigned work on time. 

  

17 Maintain discipline, punctuality.   

2.4 Introduction: Turbo Gears India Pvt Ltd. 

The Euro Carraro Group from Italy has a new venture, Turbo 

Gears India Pvt Ltd near Pune to start commercial production 

of gears and components for the automotive industry with an 

investment of 20 million Euros. Turbo Gears India Pvt Ltd 

expects the turnover to reach 30 million Euros or Rs 165 crore 

with over 450 employees on the staff. Current products 

manufactured are Satellite gears, ring gears, wheel carriers, 

PTO shafts, secondary gears, forward reverse gears, secondary 

shafts, covering gears, long shaft ground gears, ground 

satellite, double gear, lay shaft gear, timing gear etc. 

The company included various departments such as 

production, heat treatment, quality assurance, met lab, 

logistics, maintenance and tool room. 

Skill Mapping in Turbo Gears was done for the operators, their 

levels were decided on the following skills: 

•  Knowledge about the operation. 

•  Knows the quality policy and quality norms. 

•  Reports deviations and takes corrective measures. 

•  Knows the safety policy of the company when on the 

shop floor. 

•  Is able to identify the problem. 

•  Ability to train other operators. 

2.5 Skills Mapped in the Process 

•  Knowledge about the operation 

•  Can analyse the problem 

•  Can independently solve the problem 

•  Can suggest corrective measures 

•  Can train other operators 

 

3. ANALYSIS OF DIFFERENT SKILL OF THE 

EMPLOYEE WORKING IN DIFFERENT 

DEPARTMENT BY USING SIX SIGMA 

(P CHART) 

The skill mapping is done for the employee working in seven 

different department using six sigma tool of identifying the 

defectives (“P” chart) the sample size is 50 worker from 

different department working on different operations of the 

company the analysis is shown department wise. To calculate 

the performance of the employee the performance of the 

employee is rated in the scale of “0” to “5” the average is 

calculated for each activity for each worker and then the 

average is taken of every activity to identify the defectives in 

the each process of the department.  

n = average of total sample size 

p = Total no. of dissatisfied 
     Total sample size 

3.1 Heat Treatment Department 
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Operation 
Furnace 

Monitoring 
Induction 
Hardening 

Straightening 
Nit riding 
Furnace 

Monitoring 

Shot 
blasting 

Shot peening 
Magnaflux 
Machine 

Sample size 20 25 30 9 42 23 23 

No of non-
performers 

5 12 8 0 0 0 7 

n=25 

 
Figure: - 1  

Note: - Number of non-performers in induction hardening department are on very high calls for future investigation 

3.2 Production Department 

Sr. 

No  
Operation 

Sample 

Size 

No of Non-

performers 

Sr. No  
Operation 

Sample 

Size 

No of Non-

performers 

1 ID Grinding 53 18 10 VMC 16 0 

2 Reischauer 7 0 11 Chamfering 114 6 

3 Washing 5 0 12 Shaping 108 9 

4 Turning 29 9 13 Samputensili 13 0 

5 Gun Drilling 17 0 14 Assembly 5 0 

6 Roll Testing 8 0 15 Roofing & Rounding 21 5 

7 OD Grinding 38 19 16 Drilling 20 2 

8 Broaching 10 2 17 Hobbimg 121 6 

9 Reaming 10 0 18 Shaving 109 14 

        n =39 

 
Figure: - 2  

Note:- Number of non-performers in production department are on very  high call for future investigation 

3.3 Met Lab Department 

Operation Metlab 

Sample Size 7 

No. Of Dissatisfied 1 

        n=7 
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Figure: - 3 

3.4 Tool Room Department 

Operation Shaver Hobbing Shaper 

Sample Size 5 6 6 

No of Dissatisfied 0 0 0 

      n=6 

 
Figure: - 4 

3.5 Maintenance Department 

Operation Electrical Maintenance Mechanical Maintenance 

Sample Size 4 6 

No of Dissatisfied 0 0 

                   n=5 

 
Figure: - 5 

3.6 Logistics, PDI/QA 

Operation Logistics PDI/QA 

Sample Size 5 18 

No of Dissatisfied 0 0 

             n=11 

 
Figure: 6 

Note: - Figure 3, 4, 5, 6 have a stable condition and require no future investigation 
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4. CONCLUSION 

The Skill Matrix process helped to analyse the gap between 

the actual and required skills for a particular area of operation. 

The ratings obtained has helped to deploy an employee to a 

particular level in the concerned operation. It has also be 

beneficial for taking corrective actions to enhance the skills of 

the employees and thus leading them to a higher level. This in 

short will lead to an increase in the number of skilled labour.  

The NP chart obtained by Six Sigma helps to reduce the level 

of defectively and make the process error free. There has been 

lot of initiatives taken up at TGL towards Human Resource 

Management. The Competency Mapping Process is for Shop 

floor employees to increase their efficiency and effectiveness 

to perform particular work. Six Sigma thus helped to analyse 

and identify the drawbacks in the skills required. 

Further based on the data obtained for Training Need 

Identification, Head of the departments and the supervisors 

should consult to the HR for training on selected fields of 

operations. Thus this entire process helps to enhance personal 

growth of the employee along with its organization. 
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ABSTRACT 

Studying consumers buying motives becomes more important because they make their buying decisions in each and every aspects 

of life. All promotional activities are basically dependent on consumption pattern of the consumers which is directly or indirectly 

affects the sales of the products and services. The framed objectives of the paper, to study buying motives of agricultural 

equipments and to evaluate the most important factors like products brand, availability of products, financial subsidy, product 

capacity, after sales services etc considered for the buying of any agricultural equipments. Descriptive research design has been 

used in this study. The study was carried out in districts of Vidarbha region in Maharashtra. Research paper has used to primary as 

well as secondary data. The researcher has been collected the primary data from the equipments owners who had bought their 

equipments for services to the dealer points during the study period in districts of Vidarbha region.  Factor analysis was used to 

find out the most influencing factors considered by the respondents while making the buying decision of agricultural equipments. 

It is found as per the ranking given by the respondents subsidy is ranked first and followed by sources consulted, horse power, 

after sales service, price and brand name respectively are considered for buying of agricultural equipments.  

 

Keywords - Consumer Buying Behavior, Agricultural Equipments, Promotion and Marketing. 

 

1. INTRODUCTION 

Studying consumers buying motives becomes more important 

because they make their buying decisions in each and every 

aspects of life. All promotional activities are basically 

dependent on consumption pattern of the consumers which is 

directly or indirectly affects the sales of the products and 

services. Traditional consumer behaviour shopping has its own 

model, which the buying process starts from the problem 

recognition, information search, evaluation of alternatives, 

then purchase, and at last post-purchase behaviour (Crawford, 

1997). During these serials actions, the perspectives on 

consumer behaviour could be divided into two parts: Macro 

perspective and Micro perspective. Macro perspective mainly 

influences by modes of thought and deploy form of enquiry. 

Micro perspectives mainly include the decision theories 

(Malcolm). The influences on consumer behaviour are often 

made between external and internal factors. External factors 

are come from the environmental conditions, and internal 

factors are usually from the consumer’s mind there are many 

factors could influence consumer’s behaviours. According to 

Warner, the external influences could divide into five sectors: 

Demographics, socio-economics, technology and public 

policy; culture; sub-culture; reference groups; and marketing. 

The internal influences are verity of psychological process, 

which included attitude, learning, perception, motivation, self 

image, and semiotics (Malcom). In addition to these, Shrth 

(1983) also suggested that the consumers have two types of 

motive while shopping, which are factional and non-

functional; the functional motives are mostly about the time, 

shopping place and consumer’s needs, which could be like 

one-stop shopping to save time, the environmental of shopping 

place such as free parking place, lower cost of products and 

available to choose from widely range of products. The non-
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functional motives are more related with culture or social 

values, such as the brand name. 

In other way, this research deals with what they buy, how 

often they use it when they by it, why they buy it where they 

buy and how they camper it after purchase. Understanding the 

consumer buying process is critical to a marketer so as to 

design the promotional and marketing activities effectively. 

1.1 Buying Decision Process  

Consumers engage in a decision process to deal with the 

marketing environment and make purchases. The consumer 

goes through a series of logical stages to arrive at a decision 

when he faces a problem that could be resolved through a 

purchase. A typical buying process consists of the following 

five stages: 

 
Fig-1: Belch et al. (2012) Consumer decision-making model 

 

The above said consumer decision making process is 

influenced by many factors like personal, psychological, 

social, economic and marketing factors. 

 

2. OBJECTIVES OF THE STUDY 

The following objectives were framed for the paper:  

2.1 To study the motives of the buying of agricultural 

equipments.  

2.2 To evaluate the most important factors like products 

brand, availability of products, financial subsidy, 

product capacity, after sales services etc considered for 

the buying of any agricultural equipments.  

 

3. LIMITATIONS OF THE STUDY 

Like any other social research, this research also has the 

following inherent limitations:  

3.1 This study is restricted to districts of Vidarbha region 

(Maharashtra) only.  

3.2 This study is confined only to the agricultural 

equipments (like Tractors and supporting 

equipments) owners alone. They may not be 

generalized to other type of equipments consumers.  

 

 

 

 

4. RESEARCH METHODOLOGY 

Research Design  

Descriptive research design has been used in this study. The 

objective of a descriptive study is to answer the “What, 

Where, Who, and How” of the subject under investigation.  

 

5. TYPE OF DATA COLLECTED 

The researcher has used both primary and secondary data for 

his research. The researcher has collected primary data from 

the tractor owners who had brought their tractor for service to 

the dealer point during the study period in districts of 

Vidarbha region (Maharashtra).  

 

6. METHODS OF DATA COLLECTION 

For the descriptive type of researches, the best - suited 

research approach is survey method. The researcher has used 

interview schedule for the purpose of collecting primary data 

from the farm agricultural equipments owners for the study. 

 

6.1 Sampling Unit  

The researcher has chosen the agricultural equipments 

consumers belonging to districts of Vidarbha region 

(Maharashtra) as the sample unit.  

 

6.2 Sample Size  

The sample size for the study is determined as 180. 

 6.2.1 Sample Methodology  

The sampling method used by the researcher in this study is 

non-probability sampling and the method used is convenient 

sampling method. This method has been chosen because the 

respondents belong to farming community and they should be 

willing to spend sometime to collect data.

7. ANALYSIS AND INTERPRETATION  



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-1, ISSUE-5, OCTOBER-2014                                    E-ISSN: 2349-7610 

VOLUME-1, ISSUE-5, OCTOBER-2014                                COPYRIGHT © 2014 IJREST, ALL RIGHT RESERVED                                                                       84 

 

Factor 1 2 3 4 5 6 7 
Total 

source 
Average 
Source 

Rank 

Price of the Product  09 19 21 08 04 - 29 335 3.95 7 
Financial Support 53 24 12 1 - - - 576 6.4 1 
Product Brand Name  37 31 17 5 - - - 550 6.11 2 
Product Capacity 29 41 15 5 - - - 549 6.10 3 
Maintenance cost  21 20 36 5 4 3 1 486 5.4 4 
After Sales Services 13 19 23 31 3 1 - 455 5.05 5 
Resale Value  07 11 16 21 33 2 - 382 4.24 6 

          Table – 1: Ranking of factors considered for buying tractor by the respondents 

7.1 Interpretation 

From the above table it is very clear that Financial Support 

factor is ranked as first in influencing the buying of 

agricultural equipment, followed by product brand name, 

product capacity, Maintenance cost of the product, after sales 

service (ASS), and resale value (RSV) respectively. 

 

7.2 Factor Analysis 

The objective of factor analysis is to summarise a large 

number of variables into a small number of synthetic variable. 

Extraction method used is principal computer analysis, 

rotation method varimax with karsir normalization and 

rotation concluded in 14 iterations. The following is the table 

showing the variables and their description 

 

Factors Variable Description of variables Communality 

Factor 1 -  
Product 

VAR05 Product Capacity  0.7056 
VAR07 Strength & Look of the product 0.6910 
VAR09 Performance of the Product 0.4811 
VAR10 Technology  0.6351 
VAR12 Companies Products Range 0.7737 
VAR17 Durability of the products  0.7235 
VAR18 User Friendly  0.2480 

Factor2 – 
 Place 

VAR01 Availability of the Products / Spare Parts 0.8824 

VAR02 Maintenance cost of the products  0.7715 

Factor 3 – 
Price 

VAR11 Marketing Shames and Promotional Offers  0.6230 
VAR13 Resale value  0.6624 
VAR14 Customers Support System  0.5581 
VAR15 Finance Supporting Services  0.6761 

Factor 4 - Perception 
VAR04 Brand & Products Image  0.6450 
VAR06 Dealer's reputation  0.6084 

Factor 5 – 
References 

VAR03 Services Center Reputation 0.7849 
VAR08 References  0.5243 

Table – 2 Factors Grouping and there descriptions

Hence the above mentioned factors are the most influencing 

factors which make the consumer to prefer buying agricultural 

equipment. 

 

7.3 Friedman Test 

Friedman test is used for identifying whether there is any 

significant difference in the ranks given by respondents about 

various factors considered for buying agricultural equipment’s. 

Ho: There exists no significant difference in the ranks given 

for various factors considered for buying agricultural 

equipment. 

Factors Considered for Buying Agricultural Equipment Mean Rank Assigned Value 

Price of the Product   4.83 5 

Financial Support 1.19 1 

Product Brand Name  5.55 7 

Product Capacity  3.52 3 

Maintenance cost  5.18 6 

After Sales Services 4.68 4 
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Resale Value  3.04 2 

N 90  

Chi-Square 277.542  

df 6  

Asymp. Sig. P Value .000  

 P<0.05 Significant 

Reject Ho 

 

Table 3

Inference it is found from the above table as per the ranking 

given by the respondents subsidy is ranked first and followed 

by sources consulted, horse power, after sales service, price 

and brand name respectively. According to the Friedman test 

results, the respondents ranking with regard to the factors 

considered for purchase of tractors are significantly different 

at 5 percent level of significance. 

 

8. FINDINGS FROM FACTOR ANALYSIS 

Factor analysis was used to find out the most influencing 

factors considered by the respondents while making the 

purchase decision of tractor. The researcher has grouped the 

factors into various heading as mentioned below.  

 

8.1 Factor 1  

Factor 1 is titled on "product" consisting of variables like 

Product capacity, Strength & look of the products, 

Performance of the products, Technology, company’s range of 

the products, Durability of the products and user friendly.  

 

8.2 Factor 2  

Factor is clubbed under the title "place" which includes 

availability of the products/spares part, maintenance cost of 

the products easy reparability and service backing.  

 

8.3 Factor 3  

Factor 3 is titled “Price” and consists of marketing schemes 

and promotional offers, resale value, Customer support 

systems and finance supporting services.  

 

8.4 Factor 4  

Factor 4 consists of Brand & products image and dealers’ 

reputation it has been titled as "Perception".  

 

8.5 Factor 5  

Factor 5 is titled as reference consists of variables like service 

center reputation and references by relatives, already users and 

friends.  

Hence these are the factors considered mainly by the 

consumers while buying of Agricultural equipments in district 

of  Vidarbha region. 

 

 

 

Friedman Test Found  

It is found as per the ranking given by the respondents subsidy 

is ranked first and followed by sources consulted, horse power, 

after sales service, price of the product and product brand 

name respectively are considered for buying of agricultural 

equipments. According to the Friedman test results, the 

respondents ranking with regard to the factors considered for 

buying of agricultural equipments are significantly different at 

5 percent level of significance.  

 

9. CONCLUSION 

The research work has given lot of inputs to the researcher 

with regard to consumer behaviour and the various factors 

which influence their purchase decision. The researcher has 

tried his level best to describe the facts that are prevailing in 

the market. The research output may help the manufacturer, 

and dealers of agricultural equipments an insight about the 

consumers’ attitude / perception and it will further help them 

in promoting their product in a more effective way through 

understanding the consuming patterns and process of the 

customers. 
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ABSTRACT 

This paper presents the effects of refrigeration system parameters namely, evaporating temperature (Teva), condensing temperature 

(Tcon) and mass of the refrigerant charge used (m), on the performance of the system using theoretical models. The direct effect of 

the system variables on the performance was calculated and plotted graphically for the hydrocarbon refrigerants R290/R600, 

R290/R600a and LPG. The graphs plotted with the help of mathematical models provide satisfactory explanations about the effect 

of system variables on the performance of a vapour compression refrigeration system. 

Keyword: Refrigeration System Parameters, Theoretical Models, Hydrocarbon Refrigerants 

 

1. INTRODUCTION 

Refrigerators are one of the major energy consuming 

appliances in household environment [1]. R134a is the most 

widely used refrigerant in domestic refrigerators, due to its 

good thermodynamic and thermophysical properties. In India, 

about 80% of the domestic refrigerators use R134a as 

refrigerant [2]. But its GWP (Global Warming Potential) effect 

is 1300. The Kyoto Protocol of the United Nations Framework 

Convention on Climate Change (UNFCCC) asked for 

reduction in emission of six categories of greenhouse gases, 

including R134a, used as refrigerant in domestic refrigerators 

to prevent global warming [3]. Therefore, according to Kyoto 

protocol the consumption of R134a must be seriously reduced 

[4]. Halogenated refrigerants used in vapor compression based 

refrigeration, air conditioning and heat pump systems cause 

greenhouse gas emissions which, in turn, contribute 

significantly to the global warming. One effective solution to 

reduce this type of greenhouse gas emissions is using 

environment friendly and energy efficient refrigerants [5].  

It is reported that, there is no single refrigerant or mixture 

available to satisfy both the Ozone Depletion Potential (ODP) 

and Global Warming Potential (GWP) issues. The use of 

mixtures of refrigerant has proved to be an excellent substitute 

for the menacing refrigerant R134a.  

Theoretical modelling is one of the most widely accepted 

practices to study the performance of vapour compression 

refrigeration system with environmental friendly refrigerants. 

This paper deals with the theoretical study and prediction of 

performance of the vapour compression refrigeration system 

with R134a and the selected hydrocarbon refrigerants 

R290/R600, R290/R600a and LPG. 

 

2. THEORETICAL STUDY 

The theoretical model used to compare the performance of the 

refrigerants is based on a one stage simple vapour compression 

refrigeration cycle consisting of compressor, condenser, 

expansion device and evaporator. The schematic line diagram 

of the vapour compression refrigeration cycle and 

corresponding P-h diagram are shown in Figure 1. 
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In this theoretical vapour compression cycle, the refrigerant 

enters the compressor at state 1 at low pressure, low 

temperature and saturated vapour state. From state 1 to 2, the 

refrigerant is compressed by the compressor and is discharged 

at state 2 as high pressure, high temperature and superheated 

vapour refrigerant. At the superheated state 2, it enters the 

condenser and releases heat to the environment. The 

superheated refrigerant vapour is cooled to saturation 

temperature (state 2).During condensation the refrigerant 

temperature decreases for mixtures (gliding temperature 

effect) while it remains constant for pure refrigerants if 

pressure drop is not considered. The refrigerant leaves the 

condenser at state 3 at high pressure and saturated liquid state. 

From state 3, the refrigerant enters the expansion valve where 

its pressure is reduced in a throttling process from high 

pressure (condenser pressure) to low pressure (evaporator 

pressure). After this it enters the evaporator (state 4) where it 

absorbs heat from the conditioned space and it leaves the 

evaporator at low pressure, low temperature and saturated 

vapour state. During evaporation the refrigerant temperature 

increases for mixtures while it remains constant for pure 

refrigerants if pressure drop is not considered. In the 

theoretical cycle, it is also assumed that there is no 

superheating in the suction line, no sub cooling in the liquid 

line and no pressure drop throughout the cycle. 

 

Fig.1 (a) Schematic Diagram of Vapour Compression 

refrigeration Cycle 

It is also assumed that steady state and uniform flow 

conditions exist throughout the components of this simple 

vapour refrigeration cycle and changes in kinetic, potential 

energies and heat loss from the compressor are neglected. 

Therefore, specific compressor work wcomp can be written as 

  Wcomp = h2- h1    

Where h1 and h2 are the specific enthalpies of refrigerant at the 

compressor inlet and exit respectively. 

During the throttling process in the expansion valve, it is 

assumed that there is no heat transfer to the environment, 

which results in  

h3 = h4   

 

Fig.1 (b) Pressure – enthalpy ( P-h) diagram of Vapour 

Compression refrigeration  cycle. 

The refrigerating effect of the cycle calculated from the rate of 

enthalpy change in the evaporator is 

qref = ( h1-h4)    

Where qref is the refrigerating effect of the refrigeration cycle. 

The coefficient of performance (COP) of the theoretical 

refrigeration cycle is then calculated by 

COPth = 
����

����	
  

The parameters such as pressure ratio, refrigerating effect, 

compressor work and coefficient of performance are studied 

for the refrigerants R134a, R290/R600, R290/R600a and LPG. 

 

3. STUDIES ON THE PERFORMANCE 

PARAMETERS 

The system performance parameters such as pressure ratio, 

refrigerating effect, compressor work and coefficient of 

performance are calculated with evaporating temperature 

varying from 248 K to 288K and condensing temperature of 

308 K using the following correlations. 

1) Pressure ratio ,  

PR = Pcon /Peva     

2) Refrigerating effect, 

 qref =  h1-h4     

3) Compressor work,  

Wcomp =  h2-h1       
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4) Coefficient of performance, COP th = q ref / Wcomp 

   

3.1 Pressure Ratio 

Figure 2 shows the variation of Pressure Ratio (PR) with 

varying evaporating temperature. The pressure ratio values of 

hydrocarbon (HC) refrigerant mixtures are lower than that of 

R134a. LPG mixture has the lowest pressure ratio values 

among the HC mixtures. At the rating conditions, the 

descending order of pressure ratios for the selected refrigerants 

are R134a, R290/R600a, R290/R600 and LPG. 

 

Fig.2 Variation of Pressure Ratio (PR) with varying 

Evaporating Temperature. 

 

3.2 Refrigerating Effect 

Figure 3 shows the variation of Refrigerating effect (RE) with 

varying evaporating temperature. From the figure it is 

observed that the hydrocarbon (HC) refrigerant mixtures have 

higher refrigerating effect than that of R134a. This is due to 

higher enthalpy values of the saturated vapour of HC mixtures 

with higher evaporating temperatures. The refrigerant mixtures 

R290/R600a, R290/R600 and LPG have  higher refrigerating 

effect than that of R134a in the ascending order of 

refrigerating effect. 

 

Fig.3 Variation of Refrigerating effect (RE) with varying 

Evaporating Temperature. 

 

3.3 Compressor Work 

Figure 4 shows the variation of compressor work with varying 

evaporating temperature. The compressor work of all the 

refrigerants increases, with decreasing evaporator temperature. 

This is due to constant entropy of refrigerants in the 

superheated region. All the hydrocarbon refrigerant mixtures 

require more compressor work than R134a. The descending 

order of compressor work for the selected refrigerant is 

R290/R600, R290/R600a and LPG.  

 

Fig.3 Variation of Compressor Work (WC) with varying 

Evaporating Temperature 

 

3.4 Coefficient of Performance 

Figure 4.4 shows the Coefficient of Performance (COP) for 

R134a and selected hydrocarbon refrigerant mixtures for 

varying evaporating temperature. The COP of HC refrigerant 

mixtures is higher than that of R134a.LPG refrigerant has the 

highest COP. R290/R600a and R290/R600 has a higher COP 

than that of R134a for a range of temperatures taken for this 

study. The descending order of the selected refrigerants for 

COP is LPG, R290/R600 and R290/R600a 
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Fig.4 Variation of Coefficient of Performance (COP) with 

varying evaporating temperature 

4. CONCLUSION 

The characteristics and behavior of the selected hydrocarbon 

refrigerant mixtures are analyzed theoretically by considering 

various parameters like pressure ratio, refrigerating capacity, 

compressor work and COP. From the theoretical analysis the 

following conclusions are made: 

1. The pressure ratios of the hydrocarbon mixtures are lower 

than that of R134a. 

2. The refrigerating effect of the selected refrigerant mixtures 

of R290/R600, R290/R600a and LPG are higher than that of 

R134a. 

3.  The compressor work of all the selected HC refrigerant 

mixtures is higher than that of R134a. The compressor work of 

all the refrigerants increases with the decreasing evaporating 

temperature. 

4.  The coefficient of performance of the hydrocarbon 

mixtures is higher than that of R134a due to higher 

refrigerating capacity. 

5.  The hydrocarbon refrigerant mixtures of R290/R600, 

R290/R600a and LPG have been identified as suitable 

alternatives toR134a. 
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ABSTRACT 

In this present work, the possibility of using R441a, a hydrocarbon refrigerant which is a blend of R290, R170, R600a, and R600, 

as alternatives to R134a in domestic refrigerators has been assessed theoretically. The refrigerants are assessed over wider range 

of condensing and evaporator temperatures. The assessment was done with standard parameters such as Pressure Ratio, 

Volumetric Cooling Capacity (VCC), Coefficient of Performance (COP) and compressor input power. The results obtained 

showed that the hydrocarbon refrigerant blend is suitable to be used as alternatives to R134a as there is no mismatch in VCC. 

R441a has approximately the same VCC with about 5.2% higher COP at lower values of evaporator temperatures. The 

compressor input power is also considerably reduced while using R441a. The reported results proved that R441a is an energy-

efficient and environment friendly alternative to phase out R134a in domestic refrigerators. 

Keywords - Domestic Refrigerators, Hydrocarbon Refrigerants, Environment-Friendly Alternative. 

 

1. INTRODUCTION 

In various surveys conducted in households across the country, 

domestic refrigerators have been found to be the major energy 

consuming domestic appliance. The rapid depletion of ozone 

layer forced the nations to sign the Montreal Protocol in 1987, 

which has virtually put a ban on the use of CFCs and its 

substitute HCFCs as refrigerants. This has played a major role 

in saving the ozone layer. The potential candidate that 

automatically came to the spotlight as replacement for CFCs 

and HCFCs was HFCs. HFCs are ‘ozone-friendly’ 

refrigerants. R134a was identified and recognized by 

American Household Appliances Manufacturers (AHAM) to 

be used in domestic refrigerants as Refrigerant [1]. R134a 

being non-toxic, was considered as an environmentally safe 

refrigerant [2] but its GWP (Global Warming Potential) effect 

is very high. Hence, ‘The Kyoto Protocol’ of the United 

Nations Framework Convention on Climate Change 

(UNFCCC) asked for reduction in emission of various 

greenhouse gases, which also included R134a [3]. Therefore, it 

is a matter of urgency and of great importance that a better 

substitute for HFC refrigerant needs to be identified [4]. 

The use of hydrocarbons and other natural refrigerants in the 

refrigeration industry has been investigated for the past two 

decades. It has been cited and reported that hydrocarbon 

mixtures were found to be an alternate environment friendly 

refrigerants [5,6]. Hydrocarbons have an advantage of higher 

latent heat than that of R134a. This would significantly reduce 

the amount of refrigerant that needs to be charged. The next 

parameter to be investigated was power consumption. 

Investigations suggest that by using hydrocarbon refrigerant, 

around 20% energy consumption could be reduced compared 

to R12 and R134a. In an investigation conducted by Mohanraj 

et al. [7] hydrocarbon mixtures consisting of propane and 

isobutene with a ratio of 45.2:54.8 by weight was used in a 

domestic refrigerator. The results indicate that the 

hydrocarbon mixture leads to a reduction in the compressor 
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energy consumption and pull down time by 11.1% and 11.6% 

respectively. The mixture was the best substitute for R134a. 

Ghodbane [8] theoretically studied R152a as a possible 

alternative for R134a in automobile air conditioning systems. 

Later Lee and Yoo [9] experimentally studied the performance 

of R152a as alternative to R134a in the automobile air 

conditioning. In the light of the theoretical and experimental 

investigation, it has been concluded that R152a has less GWP 

and higher coefficient of performance (COP) than R134a. 

Mao-Gang et al. [10] investigated both theoretically and 

experimentally the HFC mixture composed of R152a/R125 at 

different mass percentages of 80/20, 85/15 and 90/10 as 

alternatives to R12 in domestic refrigerator. It has been 

reported that the discharge temperature (for 85/15 percentage 

by mass) is slightly higher than R12 with 2.8–3.2% higher 

COP. It has also been found out that the energy consumption 

of the refrigerator with this mixture at 97 g is 1.156 kWh. 

Mohanraj et al. [11] reviewed substitutes for halogenated 

refrigerants and reported that natural refrigerants (hydrocarbon 

refrigerants) are found to be the best promising alternatives for 

halogenated refrigerants in domestic refrigerators, deep 

freezers etc. Aprea and Renno [12] studied experimentally the 

performance of a commercial vapor compression refrigeration 

plant using substitute R417A as refrigerant. They reported that 

the substitute refrigerant (R417A) could serve as a long term 

replacement for R22; it can be used in new and existing direct 

expansion R22 systems using traditional R22 lubricants. 

The literatures revealed that a lot of research has been done in 

the field of hydrocarbon refrigerant to be used as a long term 

replacement for R134a. But no research work has yet been 

published by using R441a as a possible alternative. Refrigerant 

R441a is a hydrocarbon blend of Ethane, Propane, Butane and 

iso-Butane ( 3.1, 54.8, 36.1, 6 percentage by weight 

respectively). Since no work has yet be published in this 

regard, theoretical performance analysis of the refrigerant is 

done. A computer program has been developed in which the 

input data are the evaporator temperature, condensing 

temperature, and compressor specifications and properties of 

various refrigerants considered for investigation. The program 

outputs are the performance characteristics of the system such 

as pressure ratio, COP, refrigerant mass flow rate, volumetric 

cooling capacity (VCC), amount of heat rejected in condenser, 

compressor input power, and compressor discharge 

temperature. 

 

2. CYCLE ANALYSIS 

A performance analysis of the vapour compression 

refrigeration cycle used in the domestic refrigerators is 

depicted. The system consists of a hermetically sealed 

compressor, wire mesh natural convection air-cooled 

condenser, capillary tube expansion device and an evaporator. 

In the Vapour Compression Refrigeration system considered, 

the refrigerant is assumed to undergo sub-cooling and 

superheating. The following assumptions were made to study 

the performance of the refrigerant R441a used as alternative: 

(1) steady-state processes; (2) no pressure losses along the 

pipe and in the valves (changes only in compressor and 

capillary tube); (3) isentropic efficiency of the 

compressor,75%; (4) speed of the compressor, 2,800 and (5) 

2°C sub-cooling and 3°C superheating. The parameters that 

are considered important for selecting an alternative are 

operating pressure, VCC, COP and power consumption. 

Standard equations were used calculating the performance of 

the system. 

 

3. RESULTS AND DISCUSSION 

The operating conditions considered in the present study for 

R134a and R441a, it are :  

The condensation temperatures are varied between 35°C to 

60°C in steps of 5°C keeping evaporator temperature constant 

at −15°C.  

 

2.1 Effect of Condensing Temperature 

The COP of the investigated refrigerant R441a compared 

against R134a at various condensing temperatures is shown in 

Fig. 1. The COP of R441a is higher than that of R134a. COP 

being the basic parameter to evaluate the performance of the 

refrigerator and hence the refrigerant used, indicates that 

R441a, has better performance than R134a. COP of R441a 

was found to be 6% more than that of R134a. 
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Fig. 1 COP vs Condensing Temperature 

Fig. 2 shows the VCC of the investigated refrigerants with 

reference to condensing temperature. The VCC of R441a is 

close to that of R134a for condensing temperature between 

45°C and 50°C. The VCC of the refrigerant investigated 

matches with VCC of R134a. Hence, the refrigerant can be 

used as drop in substitute to R134a. 

 

 

Fig. 2 VCC vs Condensing Temperature 

 

Fig. 3 shows the variation of Compressor input power with 

various condensing temperatures. It is observed that as 

condensing temperature increases, the power input also 

increases. Also, comparing to R134a, the power input to the 

compressor is less in case of the newly investigated refrigerant 

R441a.  

 

Fig. 3 Compressor Power Input vs Condensing Temperature 

 

4. CONCLUSION 

A comparative performance analysis was performed 

theoretically with R134a and its alternative, R441a, in a 

domestic refrigerator and the following conclusions are drawn.  

•  R441a has approximately the same VCC. 

•  R441a will reduce energy consumption due to lower heat 

rejection and lower compressor power input. 

•  The COP obtained by R441a is greater than that of R134a. 

 

The result proved that R441a is the best environment-friendly, 

energy efficient and promising ‘drop-in’ substitute (without 

modification in the existing refrigeration system) for R134a in 

domestic refrigerators. 
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