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ABSTRACT  

Today's enterprises have large “server farms” running several computing clusters for their computational 

needs. Some of these farms occupy large tracts of floor space that it is rather impossible to add additional 

servers to meet the need of every growing computational demands. Traditionally, we have individual bare metal 

machine, that is, one machine – one operating system (OS).  To free up computing resources we employ 

techniques like data archiving and compression, However this further compounds the problem because it 

increases the Data Centre footprint by occupying additional floor space. In this paper endeavour i have 

considered “Virtualization” to demonstrate practically the reduction of Data Center footprint in a real world 

scenario. In Virtualization large number of servers can be consolidated onto a single hypervisor and each is 

known as a “Virtual Private Server” (VPS). Server resources like CPU, Memory, OS, and HDD can be shared 

across these VPS. This reduces the Data Center footprint of servers and thereby reduces the cost. 

Experimentally, a 4.4 version of xen virtualization was installed on a server grade hardware. Two operating 

systems, Ubuntu and Windows was installed on the virtualized hardware using preboot execution environment 

(PXE) boot. The network was a cat 5 cabled network using wireless routers. The host Internet Protocol (IP) 

address was pinged and their responses and latencies recorded to demonstrate that both operating systems was 

running concurrently. The result showed a good performance response and constant latencies due to 

virtualization technology. 

 

Keywords: Datacenter, Footprint, Hypervisor, Latency, Virtualization. 

 

I. INTRODUCTION. 

 

A Data Center is a facility that centralizes an organization’s IT operations and equipment which stores, manages, 

and disseminates its data. Data Centers house a network’s most critical systems that are vital to the continuity of 

the daily operations of the organization that owns and depends on it. Consequentially, the security and reliability 

of Data Centers and their information is a top priority for many organizations in the world today. 

Although Data Center designs are unique, they can generally be classified as Internet or Enterprise (or 

“Internal”) Data Centers. Internet-facing Data Centers usually support relatively few applications, and are 

typically browser-based, and have many users, typically unknown. In contrast, Enterprise Data Centers services 

fewer users, but host more applications that vary from off-the-shelf to custom applications. 

Data Center architectures and requirements can differ significantly. For example, a Data Center built for a cloud 

service provider like Amazon EC2 satisfies significantly different facility, infrastructural, and security 
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requirements than a completely private Data Center, such as one built for the Pentagon that is dedicated to 

securely maintaining classified data. Regardless of classification, an effective Data Center operation is achieved 

through a balanced investment in the facility and equipment housed. The elements of a Data Center breakdown 

includes but not limited to the following: 

 Facility – the location and “white space,” or usable space, that is available for IT equipment. Providing 

around the clock access to information makes Data Centers one of the most energy consuming facilities in 

the world. A high emphasis is placed on design to optimize white space and environmental control to keep 

equipment within manufacturer-specified temperature/humidity range. 

 Support infrastructure – equipment contributing to securely sustaining the highest level of availability 

possible. The Uptime Institute defined four tiers Data Centers can fall under with availability ranging from 

99.671% - 99.995%. Some components for supporting infrastructure include: 

 Uninterruptible Power Sources (UPS) – battery banks, generators, and redundant power sources. 

 Environmental Control – Computer Room Air Conditioners (CRAC), Heating, Ventilation, and Air 

Conditioning (HVAC) systems, and exhaust systems. 

 Physical security systems – biometrics and video surveillance systems. 

 IT equipment – actual equipment for IT operations and storage of the organization’s data. This includes 

servers, storage hardware, cables, and racks, as well as a variety of information security elements such as 

firewalls. 

 Operations staff – to monitor operations and maintain IT and infrastructural equipment around the clock. 

Data Centers have evolved significantly in recent years, adopting technologies such as virtualization to optimize 

resource utilization and increase IT flexibility. As enterprise IT needs continue to evolve toward on-demand 

services, many organizations are moving toward cloud-based services and infrastructure. A focus has also been 

placed on provisions to reduce the enormous energy consumption of Data Centers by incorporating more 

efficient technologies and practices in Data Center management to curtail environmental impact. Data Centers 

built to these standards have been coined “Green Data Centers” (GDCs). 

Virtualization is one the most Data Center technologies to evolve in recent years . Its benefits are easily realized 

in its deployment on servers, storage and I/O interconnects. Overall Data Center management is simplified from 

servicing new request for server resources to server provisioning tasks as a result of fewer physical servers. 

Virtualization accelerates application deployment and can dynamically scale compute resources to meet 

increasing application demand. Virtualization lowers operation expenses (OPEX) as it reduces the hardware 

footprint of servers and   other related hardware's which drives down requirements for power, space and cooling. 

Virtualization also enables high availability and disaster recovery solutions through the relative hardware of 

independence of virtual machines. Virtualization increases resources utilization, lowers costs, increase flexibility 

and provide the ability for IT to respond to an elastic demand for resources as IT transitions to a highly effective, 

service-oriented operation. 

Typically, the Data Center footprint is the actual size of the computer device or equipment it takes on the room 

or floor of the Data Center facility. Usually, the Data Center footprint is used by IT capacity planners and IT 

administrators  in evaluating the available physical space in the facility. It is known that the larger the device 

footprint, the more expensive its physical acquisition and maintenance. Data Center footprint is also helpful in 

identifying the footprint per device category. Some of the major devices / equipment that are evaluated for Data 
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Center footprint includes servers, routers, switches, work stations, storage devices and more. 

 

1.1 Why Virtualization? 

 Number of servers (server consolidation) 

 Real Estate floor space 

 Benefits including easy provisioning and cost 

 Management personnel 

 Quick build/destroy for test and prototypes 

 

1.2 Objectives 

 To centralize management of Data Center to improve efficiency and security 

 To help in identifying footprint per device category (square feet/meters of area) 

 To enhance application service delivery and responsiveness 

 To realize the full benefits of data footprint reduction 

 To ensure existing investments in real estate are realized because there are no 

               scope for reconfiguring existing real estate 

 To enable IT capacity planners and administrators in evaluating the available 

               physical space in the facility 

 

1.3 Scope of The Work 

Virtualization has been an integral part of IT planning for effective resource optimization, management 

simplification and isolation on Data Centers. Because Virtualization touches multiple layers in the Data Center, 

understanding the full scope of Virtualization technologies is required for effective planning, design and 

deployments. The effects are applicable to Classical Ethernet, Data Center Bridging, Unified IO, Unified 

Computing, Servers of multiple types, Hypervisors, Virtual Machines, Virtual Switches, Virtualized Adapters, 

Virtual Service Nodes, Storage, Fibre-Channel, services and transport environments which taken collectively 

require in-depth understanding for an end-to-end strategy. This project work approaches this by simply offering 

the opportunity to host and run different operating systems on a single bare metal thereby reducing the Data 

Center footprint using Virtualization. 

 

II. RELATED WORK 

 

During the course of these work the following discussed papers were reviewed for their technical importance 

and contributions relative to my work. I had drawn some inferences to assist in understanding the subject matter 

of my paper. 

In [1], Atefah et al observed that due to the increasing use of cloud computing services and the amount of energy 

used by Data Centers, there was a growing interest in reducing energy consumption and carbon footprint of Data 

Centers. They write that the Cloud Data Centers uses Virtualization technology to host multiple  virtual 

machines (VMs) on a single physical server. They confirmed that by applying VM placement algorithms, cloud 

providers were able to enhance energy efficiency and reduce carbon footprint. Since previous works was 

focused on reducing the used with a single or multiple Data Centers without considering their sources and 



 

163 | P a g e  

 

Power Usage Effectiveness (PUE). In contrast, their paper was a novel for VM placement algorithm to increase 

the environmental sustainability by taking into account distributed Data Centers with different carbon footprint 

rates and PUEs. Their simulation results show that the proposed algorithm reduces the CO2 emission and power 

consumption , while it maintained the same level of quality of service (QoS) compared to their competitive 

algorithms. Since there is problem in the use of VM placement to reduce cloud computing energy consumption 

and carbon footprint. They have propose a future work to study the impact of different user applications and VM 

holding times on the VM placement policies. And also to explore the effect of inter-data center network 

distances and data locality on the cloud computing system carbon footprint. 

In [2], Stutz et al concluded from a study in the research conducted in 2011 to determine the carbon footprint of 

the Dell PowerEdge R710, a typical high volume , 2U rack server that is representative of a range of similar 

server products. The total carbon footprint of the server was approximately 6 tons CO2eq when used in the US. 

The GHG emissions from use account for over 90 percent of the total life-cycle impact. They confirmed that the 

carbon footprint of a Data Center can be  massively reduced by virtualizing under-utilized servers into only a 

few highly-utilized ones. They saw that two scenarios looking at different refresh cycles and their impact on the 

carbon footprint to support their views that, an aggressive refresh cycles makes sense if the power use decreases 

by at least 10 percent generation over generation. This could be even clearer if the workload can be kept 

constant and the increased performance level enables the number of servers to be reduced at every refresh. 

In [3], Islam et al pin point that there was an increasing serious concerns about the IT carbon footprints through 

pushing Data Center operators to cap their energy consumption. They noted that naturally, achieving capping 

involves deciding on the energy usage over a long timescale (without foreseeing the far future) and hence, this 

calls for this process “energy budgeting”. The specific goal of their paper was to study energy budgeting for 

virtualized Data Centers from an algorithmic perspective to develop a provable-energy online algorithm, called 

eBud (energy budgeting), which determines server CPU speed and resource allocation to virtual machines for 

minimizing the Dtat Center operational cost while satisfying the long term energy capping constant in an online 

fashion. They rigorously prove that eBud achieves a close-to-minimum cost compared to the optional offline 

algorithm with future information, while bounding the potential violation of energy budget constant, in an 

almost arbitrarily random environment. They also perform a trace-based simulation study to complement the 

analysis. The simulation results were consistent with their theoretical analysis and show that eBud reduces the 

cost by more than 60 percent (compared to state-of-the-art prediction-based algorithm) while resulting in a zero 

energy budget deficit. 

In [4], Larm confirms that Information technology (IT) is at the heart of every successful modern business. He 

mentioned that It is so pervasive and that energy efficiency through the implementation of green IT has moved 

to a centre stage for many companies in their pursuit of helping make a difference for the environment. His 

paper provides an overview on the importance of implementing green IT,  the significance and growing role of 

IT and Data Centers in the world's consumption of electric energy and carbon footprint, and the significance of 

using “lessons learned” and best practice approaches for implementing green IT. He maintained that Green IT 

was an ideal way for most companies to make a significant step in the green direction. The paper further discuss 

power issues at Data Centers in South Africa based on his recent experience. The solutions to these power issues 

include virtualization of servers and data storage. He concluded that cloud computing has become the ultimate 

way to virtualize IT resources and to save energy. 
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In [5], these paper explores the effectiveness of content deduplication in a large (typically 100s of DB) host-side 

caches. They observed that previous deduplication studies focused on data mostly at rest in the backup and 

archive applications. Their study actually focused on cached data and dynamic workloads within the shared VM 

infrastructure. They analyse the I/O traces from six virtual desktop infrastructure (VDI) I/O storms and two 

long-term Common Internet File System (CIFS) studies and show that deduplication can reduce the data 

footprint inside host-side caches by as much as 67%. 

In [6], the paper proposes a Greenhead, a holistic resource management framework for embedding Virtual Data 

Centers (VDC) across geographically distributed Data Center connected through a backbone network. The goal 

of Greenhead was to maximize the cloud provider's revenue while ensuring that the infrastructure is as 

environment-friendly as possible. To evaluate the effectiveness of their proposal, they conducted an extensive 

simulation of four Data Centers connected through the National Science Foundation Network (NSFNet) 

topology. Their results showed that Greenhead improves a requests' acceptance ratio and revenue by up to 40% 

while ensuring high usage of renewable energy and minimal carbon footprint. 

In [7], Azun upholds that testing cloud -based software systems needs techniques and tools to deal with 

infrastructure-based quality concerns of clouds. These tools can be built on the cloud platform to take advantage 

of virtualized platforms and services as well as substantial resources and parallelized execution. He explores the 

concept of cloud computing, surveys various modelling and simulation techniques  and introduces cloud testing. 

The paper provides a review on cloud testing by discussing new requirements, issues, and challenges as well as 

conducting a survey of new benchmarks uniquely created for cloud computing. 

In [8], Prof. Ranbhise et al writes that there are different resources in cloud environment like Virtual Machines, 

CPU resources, Memory, Hard Disk space of server machines located in Data Centers. They said that the server 

machines are consuming energy to provide services to users in cloud computing. And so to analyzing the 

resources allocation in cloud computing environment which are scalable to some number of servers  we will 

require Cloud simulation and modelling tool which will take care of the cloud as per requirements. They 

analysed the simulation of cloud on CloudSim and Cloud report for better analysis of cloud environment. They 

concluded that CloudSim is a perfect solution for modelling the cloud against scaling in and scaling out of the 

infrastructure requirements and that Clouds reports is the perfect solution for costing of the infrastructure, 

resources utilization, power consumption of the customized environment. 

In [9], Michael et al observed that computing today is shifting from hosting services in servers owned by 

organizations to Data Centers providing resources to a number of other organizations on a shared infrastructure. 

They maintained that managing such Data Center will present a unique set of goals and challenges. Their paper 

suggested that through the use of virtualization, multiple users can run isolated virtual machines  on a single 

physical bare metal, allowing for a higher server utilization. They also believed that by consolidating virtual 

machines onto fewer physical hosts, infrastructure costs can be reduced in terms of the number of servers 

required, power consumption, and maintenance. They saw that to meet constantly changing workloads levels , 

running virtual machines may need to be migrated (moved) to another physical host. They mentioned that 

algorithms to perform dynamic virtual machine reallocation, as well as dynamic resource provisioning on a 

single a single host, are open research problems. Experimenting with such algorithms  on the Data Center scale 

is impractical. Thus, there is a need for simulation tools to allow rapid development and evaluation of Data 

Center management techniques. They presented DCSim, an extensible simulation framework for simulating a 
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Data Center hosting an Infrastructure as a Service (IaaS) cloud. They went ahead to evaluate the scalability of 

DCSim, and demonstrated its usefulness in evaluating virtual machine management techniques. This was shown 

through an experimental results which shows that DCSim is scalable to some large simulations (featuring 10000 

bare metals and 40000 virtual machines), and allowing evaluation of techniques at a speed and scale not 

possible with a traditional implementation. 

In [10], and [11], savvy industry veteran Greg Schulz provides real-world insight, addressing best practices, 

server, software, storage. Networking, and facilities issues concerning any current or next-generation virtual 

Data Center that relies on the underlying physical infrastructures. He pointed out that many current and 

emerging technologies can enable a green and efficient virtual Data Center to support and sustain business 

growth with a reasonable return on investment. These books present virtually all critical IT technologies and 

techniques to discuss the interdependencies that need to be supported to enable a dynamic, energy-efficient, 

economical, and environmentally-friendly green IT Data Center. This is a path that every organization must 

ultimately follow. 

 

III. METHODOLOGY 

 

A 4.4 version of Xen Virtualization was installed on a server grade hardware. Two operating systems (OS), 

Ubuntu and Windows were installed on the Virtualized hardware using Preboot Execution Environment (PXE) 

boot. The   network was a Cat 5 cabled network using wireless routers. 

The host Internet Protocol (IP) address was pinged and their responses and latencies  recorded to demonstrate 

that both  operating systems  were running concurrently. 

 

3.1 Architectural Over of the Test Setup (Cloud Architecture) 
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Fig. 1. N-Tier Architecture 

3.2 Measuring of Latency with the Ping Utility 

Apart from using latency to determine connectivity, it is also a good tool measure latency. Latency is the time it 

takes one packet to move from X to Y. This information is reported by ping itself. For each ping reply received, 

a round trip time (RTT) was reported in millisecond. It was evaluated by the local computer's clock (pinging 

computer), that is, from when the request left to when the reply arrived. Although there are some variations, as 

shown in (table 1) below. It actually took the range ( 0.033 – 0.045)  milliseconds to received back the reply 

packet from the same destination. 

The ping statistics ( for table !. ) shows that: 

 10 packets was transmitted 

 10 packets was received 

 there was 0% packet loss 

 time was 8997 milliseconds 

 minimum, average, maximum and mean deviation RTT = 0.033, 0.040, 0.045, 0.003 respectively 

This statistics was very useful to raise suspicion to any values outside the range. 

 

IV. RESULT AND DISCUSSIONS 

4.1 RESULTS 

Table 1 

Bytes  Host Name  I Cmp_Seq  TTL  T/ms 

64 Testsite.com                1   64  0.033 

64 Testsite.com                2   64  0.038 

64 Testsite.com                3   64  0.036 

64 Testsite.com                4   64  0.045 

64 Testsite.com                5   64  0.042 

64 Testsite.com                6   64  0.039 

64 Testsite.com                7   64  0.045 

64 Testsite.com                8   64  0.040 

64 Testsite.com                9   64  0.039 

64 Testsite.com               10   64  0.043 
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Table 2 

Bytes  Host Name  I Cmp_Seq  TTL  T/ms 

64 tripodlacal.com                1   64  0.032 

64 tripodlacal.com                2   64  0.039 

64 tripodlacal.com                3   64  0.041 

64 tripodlacal.com                4   64  0.040 

64 tripodlacal.com                5   64  0.045 

64 tripodlacal.com                6   64  0.043 

64 tripodlacal.com                7   64  0.037 

64 tripodlacal.com                8   64  0.042 

64 tripodlacal.com                9   64  0.038 

64 tripodlacal.com               10   64  0.040 

 

4.2 Discussions 

The ping results collaborates that both hosts are running concurrently and there are no deterioration in 

response times of the servers when they are virtualised. 

 

V. CONCLUSION 

 

IT organizations and its allies are desperately sourcing for virtualization technology to reduce it IT cost through 

increased efficiency, flexibility and responsiveness. As shown in my results and other previous work, it is crystal 

clear that virtualization infrastructure can address the challenges and complexities encountered by any Data 

Center through the reduction of the Data Center footprint. 

From the fore going, any organization willing to reduce it Data Center footprint using virtualization should be 

ready to witness and enjoy business support, ease of deployment, automation, performance, maturity, flexibility, 

manageability, maintainability, scalability, reliability, availability, serviceability and security. 
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ABSTRACT 

The liquefaction potential assessment in a soil deposit is an important aspect of earthquake engineering practice 

since its contribution to the safety of construction. The physical properties of sand soil that include grain size 

and density had known give effects to the liquefaction resistance. Those physical properties of sand soil 

associated to liquefaction resistance have been studied in laboratory. The new method as a results of that study 

is demonstrated here to assess the liquefaction potential. The example case is a real construction design of 

reclamation shore in order to develop a new port in Medan, Indonesia. Since the limitation of reclamation 

source material, it founds that the gradation of the ready use materials are suspect to liquefaction. Then, using 

the new methods, the solution to treat those material as part of the construction requirement. The treatment to 

be accomplished is compaction efforts to reach a certain relative density in order to avoid the possibility of 

liquefaction on site. 

 

Keywords: Liquefaction, Earthquake, Grain size, Relative density, Reclamation 

 

I. INTRODUCTION 

 

Liquefaction and related construction failures are commonly associated with earthquakes. Liquefaction usually 

refers to the loss of strength in saturated cohesionless soils due to the build-up of pore water pressures during 

dynamic loading. The propagation of shear waves during seismic loading causes the soil to loose internal 

contract and increases the water pore pressure in soil mass. The seismic shaking usually occurs in relative short 

time that resulting the soil performs an undrained material. In the liquefaction condition, the effective stress in 

soil mass is rapidly decreased and thus the shear strength of the soil dropped off to essentially zero. In this 

condition, the individual soil particles are released from any confinement [1].  

The liquefaction potential assessment in a soil deposit is an important aspect of geotechnical earthquake 

engineering practice since its correspondence to the construction stability and safety. A very famous method 

named "simplified method" was proposedin the past to assess the liquefaction potential of a natural soil deposit 

in certain site (Figure 1). That method was developed based on the liquefaction experience related to the field 

test data [2]. The use 'simplified method' has been presented to demonstrate the liquefaction potential 

assessment at the coast of Padang due to the M 7.6 West Sumatra earthquake in 2009 [3] [4] (Figure 2). 

However in practice the application of this method actually is not as simple as its name since it involves many 

parameter that rarely used in civil engineering such as earthquake magnitude and depth factor. To improve the 

procedure, many later researches based on a number of liquefaction histories around the world were conducted 
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continuously [5]. The application guidance by means of penetration-based methods has been discussed [6]. 

It has been recognized that the newly deposited loose sands under the shallow ground water are susceptible to 

liquefaction [7]. It has also been summarized a number factor of soil that effect the liquefaction potential such as 

liquefaction histories, geological processes, soil typesand sizes, relative density and effective stress. Besides  the 

earthquake properties such as applied peak acceleration, amax and duration of the motion, the soil properties that 

are needed to be evaluated related to the liquefaction potential are [8] [9]: 

 Relative density, Dr 

 Initial stress of the soil, i 

 Mean grain size of the soil, D50 

 Over consolidation ratio, OCR 

 Initial pore pressure, ui 

In spite of sands were historically considered to be the only type of soil that susceptible to liquefaction, but later 

observation showed that clayey soil also experienceto liquefaction. The clayey soils may have a tendency to 

liquefy under a vibration load if they satisfy at least the first three of the Chinese criteria [10] that are: 

 Fraction finer than 0.005 mm less than 15% 

 Liquid Limit, LL less than 35% 

 Natural water content more than 0.9 LL 

 Liquidity Index less than 0.75  
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Fig. 1 The ‘Simplified Method’ chart [2].   Fig. 2 Liquefaction Using ‘Simplified Method’ [3]. 

The distribution of liquefied soil particle in the past indicates that the liquefaction in soil has relation to their 

size distribution. Based on the Kocaeli earthquake 1999 in Turkey, the results of sieve analysis tests of soil from 

several location has been plotted in Figure 3 [11]. Then due to Padang earthquake 2009 [3] it also has been also 

reported the particle distribution of liquefied soil samples as shown in the same figure (shadowed). The 

distribution of liquefied soils in Padang compose fine sand more than 60% with the fine content less than 20%.  

Based on the liquefaction histories around the world, 78% of the mean grain size of liquefied soils happened for 

size of 0.1125 to 0.3375 [12]. For Padangliquefaction, the mean grain size D50 is about 0.15 to 0.35mm. This 

grain size value then become a parameter to be consider on this liquefaction study. 
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Fig. 3Grain Size Limit for Liquefaction [11] 

 

II. NEW ASSESSMENT METHOD 

 

To have a good estimation of the liquefaction problem in practice, a simple liquefaction potential assessment 

becomes essential. In this paper, a straightforward liquefaction potential assessment based on laboratory 

experiments and its application are presented. A series of laboratory testing has been done by placing soil 

samples in the round container. The considered factors in the laboratory experiments to develop the new method 

are: 

 Relative density, Dr 

 Mean grain size of the soil, D50 

 Applied peak acceleration, amax 

 Duration of the motion, t 

these tests the relative density Dr and the mean grain size D50 became variables. The reach the state of 

liquefaction, the soil samples are placed on the shaking table and vibrated for 0.3g and 0.6g accelerations. 

During the testing the acceleration and the settlement of the indicator bar that are place on the samples are 

recorded. 

The new criterion used in laboratory is the rate of settlement during shaking. The settlement rateof about 0.1 

cm/sec is taken as the separation criterion to distinguish between liquefied and non-liquefied soils in laboratory. 

The rate settlement more than 0.1 cm/sec indicated that liquefaction has happened in this saturated soil samples. 

The general results of the testsare the presented as a new chart as shown in Figure 4. The linear boundary line 

are made up for each acceleration 0.3g and 0.6g.This chart then is used to assess the liquefaction potential in 

later study case. 
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Fig.4 Liquefaction Chart Based on Dr– D50. 

An important variable of the samples in this experiment is the relative density Dr of the soil that essentially used 

in practice. Relative density of the sample is defined as the ratio of densities of sand in dry condition using the 

following equation: 

  

Where γd, γd, min and γd, max respectively are current, minimum and maximum dry unit weight of soil. The relative 

density is expected to describe the relationship between the initial densities with liquefaction potential using 

Figure 4.In general practice, a soil mass can be grouped according to its relative density value is shown in the 

Table 1: 

Table 1. Designation of Soil Based on Relative Density 

Relative density, 

Dr: 

Description 

10% very loose 

30% loose 

50% medium dense 

70% dense 

90% very dense 

 

III.LIQUEFACTION ASSESSMENT 

 

Medan Marine Port in North Sumatra Province of Indonesia, is under development to build the capacity for 

container transportation services in around Sumatra region. This development needs are clamation work to 

construct the container yardas well as ship dock. The material resources for reclamation work is required from 

the local area. 

Dr=  

γ

1

γ

1

γ

1
     

γ

1

max ,dmin d,

dmin d,
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3.1 Reclamation Material Requirements 

It was found that the available material has a very limited amount. The material also must meet several criteria 

that are included the volumetric unit and the gradation range as shown in Figure 5. In fact the available materials 

are fine sands that are have grain sizes about in the lowest requirement. Those granular materials are included in 

the category of fine sand. Since the reclaimed sands will be always below sea level then the saturated conditions 

will always be experienced on them. Then liquefaction potential assessment of the reclamation work become 

essential. 

In order to complete that aim, the sieve analysis of reclamation sands has been conducted. This analysis is 

purpose to investigate soil distribution as presented in Figure 5. To see whether the material is susceptible to 

liquefaction, in the same figure are plotted boundary area based on events Earthquake liquefaction ground 

Sumatra 2009 [3] and also boundary made up from Turkey liquefaction [11]. It is clearly seen that reclamation 

sands from available sources are susceptible to liquefaction since it is in exactly those boundaries. The D50 of 

those reclamation sands are between 0.12 to 0.30 mm in diameter. 

 

Fig.5 Particle Distribution of Reclamation Sand 

3.2 Indonesian Seismic Map 

To perform the analysis of liquefaction potential, the maximum required acceleration caused by the future 

earthquake that may occurat the site of the port must be estimated. The maximum acceleration values are taken 

from the Indonesian seismic map for the area around the planed port that is a max=0.3g(Figure 6). 

 

Fig.  6 Seismic Map for Medan Area. 
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3.3 Relative Density Requirement 

The test results ofunit weight of the original source reclamation material and the values of the maximum and 

minimum unit weight from compaction tests of the same material are shown in Table 2. 

Table 2. Relative Density of Sands 

  Parameter 

value 

(kN/m
3
) 

Dr 

(%) 

d,natural 12.0 30 

d,min 10.7 0 

 d,max 16.8 100 

Both value Relative density, Dr and Mean grain size, D50 as well as maximum acceleration amax are the plotted in 

the 'Liquefaction Chart' as shown in Figure 7. It shows that point initial points pair Dr and D0.5 of original 

material still under the line 0.3g which indicated that the material prone to liquefaction in case of earthquake. 

In Figure 7 then also plotted the required point in order to avoid liquefaction potential on chart. The required 

points have minimum relative density of 60%. In the real practice, the additional requirement make use of 

compaction effort must be done to have Relative density of 60% in the field.  

 

IV. CONCLUSIONS 

 

In this paper, a new method for liquefaction potential assessment of a soil deposit based on the relative density 

and the mean particle size has been presented. It shows that the method is practically essential to determine the 

liquefaction potential using physical properties of soil. Both relative density and mean particle size give unique 

relationship for the liquefaction resistance of soil against possible earthquake. 

Based on the analysis of the study case of reclamation work, the specification of relative density is required to 

prevent liquefaction in the future. The additional requirement should be included in the process of reclamation 

work in order to achieve relative density as prescribed. 

 

Fig.  7 Liquefaction Assessment for Medanport. 
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ABSTRACT  

In this paper we compare proposed technique based on SWT-SVD-DCT with 3D-DCT by applying various types 

of attacks on video by increasing payload of watermark in video. After applying SWT to frames of video, we 

apply SVD to each subband of red layer. Then we exchange singular values of the HH band with singular values 

of HH band of the watermark. On other two layers the block with higher S values are selected and apply DCT to 

the selected band and insert the watermark on each of the selected band. The best thing of the proposed 

technique is its robustness against most common attacks as compare to 3D-DCT. In order to check the 

robustness and imperceptibility in both techniques PSNR, SSIM and correlation parameters are used. Analysis 

and experimental results show higher performance and able to withstand various attacks of the proposed 

method in comparison to the 3D-DCT method.  

 

Keywords:  SWT, SVD, DCT, SSIM and Correlation. 

 

I. INTRODUCTION 

 

Video watermarking is inherited from image watermarking to provide copyright protection to the videos. The 

accelerated use of digital media made distribution of digital information much easier and faster. The ease of 

their reduplication has created a need for copyright compulsion schemes in order to protect the content of 

owners. The process of video watermarking is to embed the digital information in original video by using 

various methods of watermarking. The methods to embed the watermark in digital data depend on the particular 

space available in original video. Existing methods of digital watermarking mainly divided into two categories: 

1) Spatial domain and 2) Frequency domain. Spatial values which changes the intensity values (Luminance, 

Chrominance and color space) on overall video frames. Previously watermarking techniques were based on 

spatial domain example least significant bits (LSBs). This method is easy and simple however they are not 

robust against common digital signal processing operations such as video compression. Frequency domain 

technology embeds watermark in the transform of the signal. The main strength of frequency domain techniques 

is addressing the restrictions of spatial methods; the main drawback with frequency domain refers to high 

computational requirement.  
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Three techniques in frequency domain are namely Discrete Cosine Transform (DCT), Discrete Wavelet 

Transform (DWT), Discrete Fourier Transform (DFT), Singular value decomposition (SVD).The DWT domain 

is mathematical tool which decompose image into four sub bands which are low and high frequency bands. In 

order to avoid degradation of host video and make it invisible data is embed in high frequency sub bands 

because details like sharpness, edges etc of an image are present in high frequency sub bands but reduce the 

robustness. To improves the robustness and increases the capacity of embedding data, watermark is embedded 

into LH and HL sub bands.  

In recent years, the DWT is chosen as the transform domain by many watermark methods. But the DWT is only 

done once when embedding watermark in those methods. A Scaled wavelet DWT method is proposed with SVD 

and DCT. In scaled wavelet DWT we maintain the original size of image without losing any values required to 

embed the watermark. 

 

II. LITERATURE SURVEY 

 

Spread spectrum watermarking is a well known proposed scheme which embeds a set of randomly generated 

real numbers with Gaussian distribution into the most significant magnitude DCT coefficients [1]. But this 

method has limitation of using watermark. Singular value decomposition (SVD) is explored as a new transform 

technique for watermarking [2]. Watermarking using SVD works on a simple concept of finding the SVD of 

original image and then modifying the singular values to embed the watermark but these methods is not robust 

against geometrical attacks [3]. Further, a new hybrid technique is developed by combining SVD with other 

transforms such as DCT, DWT, etc [4]. In that they combine advantage of three techniques (DCT-DWT-

SVD).scheme is very robust for different kind of image processing attacks [5]. Embedding watermark in all 

subbands has advantage of increasing robustness against all attacks because the watermarks inserted in high 

frequencies are resistant to various attacks and also it is difficult to remove or destroy the watermark from all 

subband and also method has high capacity for watermarking [6]. 

SSIM is the best quality assessment method. SSIM is used to achieve better quality video as It extracts the 

image structural characteristics. SSIM based video coding using discrete wavelet transform provides better 

compression efficiency than Discrete Cosine Transform (DCT). This method can achieve significant gain at 

lower bit rate in terms of rate SSIM performance. Experimental results show that better video quality is 

achieved using DWT [7]. DWT-DCT-SVD based video watermarking gave good results in comparison of 

Hybrid DWT-SVD method with DCT and finds the PSNR and other values. In this DCT method is very time 

consuming though it offers better capacity and imperceptibility [8]. Each technique cannot fulfill the overall 

requirements of to get best watermarked video. two or more techniques which is also called hybrid techniques of 

watermarking to get high performance of watermarking. So First time SVD based algorithm using DWT was 

presented by Genic and Ahmet Eskicioglu(2004) [9].Wavelet techniques are more robust against various types 

of attacks as compare to DCT. But if we combine DCT with wavelet technique its also gives better results [10]. 

 

III. PROPOSED TECHNIQUE 

 

Proposed technique combines three different watermarking methods SWT, SVD, DCT. At first SWT is applied 

to original frames of video. To achieve imperceptibility SVD is applied to each subband of red layer and then 
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exchange the singular values of HH band with singular values of watermark. For remaining two layers apply 

SWT to get four subbands and apply SVD on all the subbands then apply DCT on the band with higher entropy 

value of S.  Inverse SVD, inverse DCT and inverse SWT is performed to get watermarked image. Block 

diagram of watermark embedding is in fig.1. The procedure for embedding and extracting the watermark is 

given below. 

 

3.1 Watermark Embedding 

1. Take the Original colored video to be watermarked and divided it into frames. 

2. Using SWT method, decompose the red layer of frame of video into 4 subbands: LL, HL, LH and HH. 

3. Apply SVD to all the obtained subbands of red layer of frame and compare all S values of obtained    

blocks. 

 

Where k denotes subbands of one layer of video and  is the singular values obtained from SVD and A denotes 

the number of layers. 

4. Exchange the singular values of HH band of red layer with the singular values of HH band of decomposed 

watermark image. Where   are the singular values of .Following equati on shows the 

singular values of HH band: 

 

 

Where  denote the new singular values of red layer and  denote the singular values of watermark image of 

HH band.  

5. Now select the other two layers and apply SWT on each layer and select the highest frequency band 

amongst the entire obtained band and apply SVD on it. 

6. The block with higher S values are selected and apply DCT to the selected band and insert the watermark 

on each of the selected band. 

7. Apply inverse transform on modified SWT values on all the layers. 

8. Apply inverse SVD to produce the watermarked layer of the frame then reconstruct the watermarked frame. 
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I. Fig.1 Block Diagram of Video Watermarking 

 

3.2 Watermark Extraction 

1. Apply the SWT to frames of watermarked video and decompose into four quadrants. 

2. Apply SVD to each frequency quadrants (LL, LH, HL, and HH) and to the watermark. 
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3. Modify the singular values in each quadrant in first layer, with the singular values of the visual watermark. 

4. Obtain the four sets of modified frequency quadrants of remaining two layers of frame. 

5. Apply the SWT to produce the Embedded Image. 

6. Apply SVD to each block and extract the singular values from each block k, where k =1, 2, 3, 4. 

7. Construct the four watermarks using the singular vectors. 

8. Apply DCT on these layers to get the watermark image. 

 

IV. EXPERIMENTAL ANALYSIS 

 

The proposed technique gives better results as compared to 3D-DCT video watermarking. Test is performed on 

‟Wildlife.avi‟ shown in fig.2(a) using watermark logo „Watermark.bmp‟ whose size is 128x128 (181KB) shown 

in fig.2(b).The proposed technique is trying to increase the payload selected to insert in our video for copyright 

protection in order to get more robustness and imperceptibility of video. As from literature survey we know that 

by increasing the payload of data the imperceptibility affected. This technique gives better results in after 

applying various types of attacks on video as compared to 3D-DCT. Table.1 show the images of watermark 

extracted after applying attack on video. Same size of watermark is tested for both of techniques and on the 

same video. The following results in tables 2 and 3 shows better results as compare to 3D-DCT technique. 

PSNR, SSIM, Correlation are the evaluation parameters used for evaluation. 

             

Fig. 2(a) Wildlife.avi                                       Fig. 2(b) Watermark 

(a) Mean Square Error: MSE is simply a method of obtaining estimates which measures the average of square 

of the errors. An error is simply the difference between estimator and what is to be estimated. MSE can be 

measured as 

 

Where  is the original image and  is the noisy image we get after watermarking that is  is known 

as squared error image and  is the total number of elements horizontally as well as vertically.MSE values 

approaches to zero which states that low values of MSE of an image has good quality.  

(b) Peak Signal to Noise Ratio: PSNR is byte by byte comparison of data. It is statistical expression to find the 

ratio between the maximum possible value of original signal and power of noisy signal that affects the quality of 

video PSNR is expressed in logarithmic decibel scale. PSNR can be measured as 
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 is the maximum value of matrix data of original image. The value of PSNR approaches to infinity i.e. 

large value of PSNR better the quality of image. We compared our technique with the existing technique  and 

PSNR obtained of proposed video is 31.02db.and of existing technique is 29.73db. 

(c)Structural Similarity Index: SSIM is sensitive to the distortion like blur of image, compression and noise of 

image [1]. This type of distortion breaks down natural spatial correlation of video. SSIM achieve three main 

properties which are Symmetry, Boundedness, Unique Maximum where Symmetry mean S(x, y) should be 

equal to S(y, x).In Boundedness S(x, y) should be less than 1.Maximum value should be 1 which can be 

achieved if and only if x=y. Suppose we have two images i.e. x is the Original image and y is the distorted 

image where 

*  

We compared our technique with the existing technique and find SSIM using equation (6). SSIM obtained of 

proposed video is 0.997.and of existing technique is 0.844. 

Correlation: Correlation peak value is 1 i.e. when original watermark and extracted watermark are identical and 

zero if the original watermark and extracted watermark are different from each other. Proposed technique has 

value near to 1.To check the robustness and imperceptibility of the algorithm; the watermarked video was 

attacked by applying rotation, cropping, median filtering, and noise. We find correlation values of both 

techniques after applying attacks on video using equation (7). The results of these attacks are shown in table1. 

 

Following graphs (i), (ii) and (iii) shows the PSNR, MSEM SSIM comparison of both techniques. Graphs (iv), 

(v), (vi), (vii) and (viii) shows the results of attacks of both the techniques.   

 

                                       (i)                                                                                                      (ii)  
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                                    (iii)                                                                                           (iv) 

 

                                           (v)                                                                                              (vi) 

    

                                               (vii)                                                                                       (viii) 

 

Table.1 Images of Watermark After Apply on Various Attacks 

Watermark extracted 

after attacks in Base 

Method 

Watermark extracted 

after attack in 

Proposed Method 

 

Cropping 

 

 

 

Median 

 

 

Mean 
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Watermark extracted 

after attacks in Base 

Method 

Watermark extracted 

after attack in 

Proposed Method 

 

       

 

Noise 

 

    

 

Rotation 

 

 

 

Table.2 Correlation Values After Apply of Various Attacks on Video Using 3D-DCT and SWT-

SVD-DCT Techniques 

Attacks Frame 10 Frame15 Frame 20 Frame 25 

3D-DCT SWT-

SVD-DCT 

3D-DCT SWT-

SVD-DCT 

3D-DCT SWT-

SVD-DCT 

3D-DCT SWT-

SVD-DCT 

Cropping  0.003 0.919  0.006 0.918  0.013 0.919  0.012 0.919 

Median  0.025 0.725  0.003 0.738  0.012 0.728  0.013 0.724 

Rotation  0.026 0.883  0.033 0.885  0.018 0.882  0.027 0.883 

Mean  0.015 0.879  0.006 0.878  0.011 0.876  0.019 0.878 

Noise  NaN 0.591  NaN 0.621  NaN 0.638  NaN 0.602 

 

Table.2 Quality Assessment Parameters After Apply of Various Attacks on Video Using 3D-

DCT and SWT-SVD-DCT Techniques 

Quality 

Assessment 

Parameters 

Frame 10 Frame 15 Frame 20 Frame 25 

3D-DCT SWT-

SVD-DCT 

3D-DCT SWT-

SVD-DCT 

3D-DCT SWT-

SVD-DCT 

3D-DCT SWT-

SVD-DCT 

PSNR  29.73 31.59  29.73 31.00  29.73 31.35  29.73 31.04 

MSE  60.03 24.06  69.03 24.06  69.03 25.05  69.03 24.05 

SSIM  0.844 0.997  0.846 0.997  0.845 0.997  0.848 0.996 

 

It can be seen from results, proposed method is better than 3D-DCT for all attacks. Also we can see the 

embedded watermark in HH for one layer and in all subband for other two layers is resistant to various attacks 

and watermark embedding in the HH subband makes it resistant to crop and noise attacks. Watermark 

embedding in LH subband makes it resistant to rotation attack. Since we can conclude that embedding 

watermark in all subbands can increase robustness against all attacks and also helps to increase the payload of 

watermark in digital media. 

Proposed technique has a tendency to conjointly demonstrate the good correlation between the embedded and 

also the extracted watermark with the assistance of experimental results. One among the main benefits of the 
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proposed scheme is the robustness of the technique on wide set of attacks. Experimental and analysis results 

show much improved performance of the proposed method in comparison with the 3D-DCT watermarking.  

 

V. CONCLUSION 

 

It can be seen from results, proposed method is better than 3D-DCT for all attacks. We embed watermark in HH 

for one layer and all subband for other two layers which are resistant to attacks and watermark embedding in the 

HH subband makes it resistant to crop and noise attacks. Watermark embedding in LH subband makes it 

resistant to rotation attack. So it concludes that embedding watermark in all subbands can increase robustness 

against all attacks. 
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ABSTRACT 

Glaciers are considered as the fresh source of  water that depicts non uniform change in their  area and volume 

either spatially or temporally. This paper focus on Accumulation Area Ratio (AAR) technique for monitoring 

changes in glacier mass balance with the help of Remote Sensing. This study establishes a mathematical model 

among the actual mass balance , total glacier extent and accumulation area collected in between 2002-2010  on 

Chhota Shigri Glacier, which result as a linear relationship.  

The various zones of glaciers for satellite images between 1997-2010 are mapped and  zone of accumulation 

calculated using NDSI and Band ratio techniques which  is used to calculate AAR and further mass balance of 

glaciers. The actual and satellite derived mass balance are comparable and shows good correlation. The value 

of AAR ranges between 0.29 to 0.72. The mass balance also ranges in between -1.38 m weq and 0.284 mweq. 

This study also compares the glacier mass balance generated through the regression model equation calculated 

over an individual glacier to the mass balance calculated through generalized equation over a large area. 

 

Keywords:  AAR, NDSI, GMB 

 

I. INTRODUCTION 

 

Glaciers are one of the major landforms which constitute the frozen form of water on earth. These glaciers are 

the main reservoirs of water usually found at high altitude, so any change in the shape and size of glaciers 

directly affects the hydrology of low lying areas. Glacier sensitivity is one of major parameter which establishes 

the relationship between change in climate, glacier volume and rise in sea level
[1]

. Change in glacier volumes 

results in the change in length of the glacier and its mass balance. As per the latest report published in 2011 by 

the International Centre for Integrated Mountain Development (ICIMOD), Glaciers of central and eastern 

Himalayas are appear to be shrinking due to loss in glacier extend and mass balance.The melt water of these 

glaciers and snowmelt from seasonal snow cover provides water to major rivers like Ganga, Indus and 

Brahmaputra, which meets the water requirement of the people for industries, agriculture and domestic purpose 

in hot, dry and summer season
[2]

. So, in order to maintain the sustainability of the glacier, which is a vulnerable 

source of fresh water and for the sake of water security of India, it is important to monitor and assess the health 

or state of the glacier periodically. Glacier mass balance is assumed to be one of best indicator that depicts the 

health of the glacier. It basically helps in estimation of the volumetric changes that occur over a period of time. 
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The mass balance of glaciers is estimated by Glaciological method which includes weekly measurement of 

ablation stakes and fixed date measurement of net accumulation
[3] 

.  But it has limitations that it seems to be 

very difficult to go to such a rough and mountainous region to collect information every time in difficult 

weather and terrain conditions. It also involves intense manual labour and there are difficulties in maintaining a 

well monitored network. The inaccessible terrains and the harsh climate prevailing in the Himalayas makes the 

task of data collection very difficult
[4]

. therefore, space based monitoring has been found to be feasible and 

useful alternative to study and understand the changes in the Himalayan snow and glacier covers which in turn 

help in studying long term change in mass balance of glaciers. LaChapelle 
[5] 

proposed the use of aerial 

photography as an index for the glacier mass budget, and the equilibrium-line altitude (ELA), a variable 

observable without direct access to the glacier, is recognized as a valuable climate proxy
[6]

. One of the satellite 

based approach to estimate the glacier mass balance is, Accumulation Area Ratio method (AAR). The 

Accumulation Area ratio is the ratio of the accumulation area to the total area of the glacier
[7]

.  

erAreaTotalGlaci

onAreaAccumulati
AAR                                                                           1 

Based on the studies till now it is found that with the increase in the AAR ratio there occurs changes in annual 

and net mass balance
[8]

.This relationship suggests that change in glacier mass balance can be measured only if 

the change in the accumulation area of a glacier is estimated. Kulkarni
[12]

 used field data for Tipra Bank, Gara, 

Gor-Garang and Neh-Nar Glaciers collected from various unpublished reports of the Geological Survey of India 

(GSI) and Raina and others (1977), for Kolahoi and Shishram Glaciers from Kaul (1986), and for Chhota Shigri 

Glacier from Kulkarni
[12] 

to estimate the common AAR value representing zero mass balance for western 

Himalayan glaciers. This work suggests an AAR value of 0.44 for these glaciers, corresponding to a zero mass 

balance.  

 

II. LITERATURE REVIEW:-AAR BASED GLACIER MASS BALANCE  

 

Bamber and Rivera
[9]

 classified remote sensing based GMB method under three classes namely component 

approach, proxy measures of mass balance and geodetic approach. The AAR method comes under proxy 

measures of mass balance. To estimate the glacier mass balance by AAR, accumulation and ablation area needs 

to be mapped. The accumulation and ablation zones of the glacier can be mapped by applying various 

techniques on optical remote sensing data. Remote sensing data in multi-spectral mode, can be used to 

determine the end of summer snowline by differentiation between (wet) snow and ice
[10]

 which in turn 

determinate accumulation and ablation area.  Excluding the influence of superimposed ice on the net m.b., the 

transient snowline altitude (SLA) at the end of the ablation season is a reasonable proxy for the ELA and can, 

therefore, be used to determine the AAR of the glacier
[9]

. 

Kulkarni
[12]

 has used field-based estimates of mass balance and AAR available from 1977-78 to 1982-83 and 

1976-77 to 1983-84 for Gara and Gor-Garang Glaciers, located in catchment of Sutlej River, to develop the 

regression analysis between specific mass balance and AAR. This suggests a high correlation coefficient, i.e. 

0.88 and 0.96 with AAR values of 0.47 and 0.43, representing zero mass balance for Gara and Gor-Garang 

Glaciers, respectively. The same relation was along with remote sensing based Landsat data to find AAR in 

Gara Glacier. For Gara Glacier, AAR values for 1986-87 and 1987-88 are 0.57 and 0.16 respectively
[12]

.  
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Kulkarni
[11]

 used AAR method for monitoring of glacial mass balance in the Baspa basin using relation of AAR 

and specific glacier mass balance of Gara and Gor-Garang Glaciers developed by Kulkarni
[12]

. However, the 

extrapolation of this AAR relation to other glaciers not sampled on the field is problematic because this 

relationship is different from one glacier to another and other uncertainties associated with this method of 

measuring glacier mass balance from space
[13]

.  

Based on the above discussion it is clear that AAR method has been extensively in many areas of world for 

GMB studies, but in case of India, the basic field observed relation of AAR is for Gara and Gor-Garang glaciers, 

which is used in many glaciers of India
[2]

. But in last decade there has been continuous field monitoring of 

Chhota Shigri glacier, which has given continuous observed data on GMB from 2004 onwards
[14]

. Therefore, the 

main objective of this work is to use the recent field observations along with time series of remote sensing data 

to find GMB of Chhota Shigri glacier by AAR method. This work also indents to quantify accuracy and errors 

of remote sensing based AAR method for study area. 

 

III. STUDY AREA 

 

The Glaciers of Western Himalayas contribute a large fraction of area to the total area of the glaciers found 

worldwide. Chotta Shigri glacier is one of long term monitored glacier. Most of the Scientists and Organisation 

have done lot of work on this glacier. In 2002 Commission of cryospheric science, previously named as 

International Commission of Snow and Ice selected this glacier as one of the benchmark in whole Hindu-Kush-

Himalayas
[15]

. Chotta Shigri glacier is a valley type glacier which extends over 32.19
0 

- 32.28
0
N latitude and 

77.48
0 

- 77.55
0
E longitude. The glacier is located in the Chandra River basin in Lahual and Spiti valley of 

Himachal Pradesh in western Himalayas. The length of glacier is about 9km which covers mainly with ice, 

debris, snow and debris covered with ice. The glacier covers around 15.8 km
2
 with height varying from appox. 

4050m – 6263m (m.a.s.l). The glacier is oriented roughly north-south in its ablation area and has a variety of 

orientations in accumulation area
[16]

.The snout position of glacier is found to be at 32
0 

16’ 13.5’’N and 77
0 

31
’
49.4

’’
E at an altitude of 4108meters (26 September, 2012). It is influenced by the Asian monsoon in the 

summer and mid latitude westerlies in winter
[16]

. The alternate variation in the climate makes this  glacier as one 

of main area of research. The annual cycle for this glacier is from October-April for accumulation and from 

May-September for ablation. The region show high melting during the month of July- September which is 

considered as right time to study the changes in shape, length, mass and volume of glacier.  
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Fig1.The Chhota Shigri Glacier in Lahual and Spiti district of Himachal Pradesh in the satellite 

image  of IRS-1C LISS-III (24 m) on 25Aug 2005. 

 

3.1 Data Used 

To study such changes there is need to generate a time series of glacier by collecting satellite scenes from 

different sensor passing over this region in the month of August. The main criteria needed to be fulfilled while 

selecting scene under study is that the images should be cloud free and area should not come under the shadow. 

In total 8 scenes are selected for our study from Satellite Landsat, Resourcesat-1, IRS-1C, IRS-1D. Two images 

of the study area as 17 August 1997 and 5 September 1998 were taken from sensor LISS-III under IRS-1C and 

one scene of 20 August 2008 from sensor LISS-III under IRS-1D. From Landsat TM, two scenes have been 

selected13 August 2009 and 16 August 2010. From Landsat ETM, only one scene for 25August 2000 have 

selected. These scenes are downloaded free from NASA website. From IRS –P6 (Resourcesat-1) two scenes of 

23 August 2005 and 18August 2006 under LISS-III have been taken for study. 
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Table1: Gives the Detailed Information About the Date, Satellite, Sensor and Data Source of the 

Dataset Used in the Study. 

DATE  SENSOR SATELLITE DATA SOURCE 

17 August 1997 LISS III IRS-1C NRSC 

05 September 1998 LISS III IRS-1C NRSC 

25 August 2000 ETM LANDSAT USGS 

23 August 2005 LISS-III IRS-P6 NRSC 

18 August 2006 LISS-III IRS-P6 NRSC 

20 August 2008 LISS-III IRS-1D NRSC 

13 August 2009 TM LANDSAT  USGS 

16 August 2010 TM LANDSAT  USGS 

 

3.2 Radiometric Calibration 

Digital sensor record intensity of electromagnetic radiation of Earth Surface as Digital number (DN value) 

which in turn depends on the radiometric resolution of sensor
[17]

. In general LISS III, TM, ETM has radiometric 

resolution of 7 bit so it can store DN values in the range of 0-255. But the spectral signature of the Earth surface 

is not measured by the DN values. As spectral signature of the surface depends mainly on location of sun, 

viewing geometry of the satellite at moment the image has taken, and earth to sun distance
[18]

. So it is necessary 

to convert all the DN values to radiance and reflectance.  

3.2.1 Conversion of DN (digital number) value to Radiance:-   

Digital numbers are converted into at sensor radiance with the help of respective sensor parameters present in 

the header file of the data. The general equation is as:- 

 

Where, 

Lsensor = Spectral radiance at sensor level [(W/m
2
/sr/µm)] 

Lmax =  maximum detected spectral radiance [(W/m
2
/sr/ µm)] 

Lmin =  minimum detected spectral radiance [(W/m
2
/sr/ µm)] 

Qcal =   digital number  for analysed scene 

Qcalmax = maximum possible DN value (for dataset used, It is 255)  

Qcalmin = minimum possible DN value (for dataset used, It is 0) 

The value for Lmin and Lmax  is different for different band for different satellite. These value are generally 

present in the header or leader file of the data.  

3.2.2  Conversion of At-Sensor Radiance to Reflectance:-  

The At-Sensor Radiance is further converted to Top of Atmospheric Reflectance which can be evaluated as per  

formula given as 

 

Where 
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TOA     =  Top of Atmospheric Reflectance [unitless] 

Lsensor = Spectral Radiance at Sensor Level [(W/m
2
/sr/µm)] 

d            = Earth sun distance[astronomical unit] 

Esun          =  Mean Exoatmospheric solar irradiance[(W/m
2
/ µm)] 

      = Solar zenith angle.(degrees) 

 The cosine of solar zenith angle is equal to sine of sun elevation angle which is always given  in the header file 

of the sensor.
[19] 

Another ancillary information obtained through their header files is tabulated in Table1. 

Table1: The Ancillary Information Present in the Header Files of the Data Used, Which Help in 

the Conversion from Radiance at Sensor to Reflectance.
[18][19] 

 

Date of 

Pass 

Satellite and 

Sensor 

Bands and wavelength 

in  micrometers 

Row/ 

Path 

Esun  in  

W/m
2
/sr 

 

Sun 

Elevatio

n Angle 

 

Julian 

Day 

Eath to 

Sun 

Distance 

17 Aug 

1997 

 

 

 

 

5 Sept 

1998 

 

IRS-1C 

(LISS-III) 

 

B2 (green) - 0.52-0.59 

B3 (Red)- 0.62-0.68 

B4 (NIR)- 0.77-0.86 

B5(SWIR) – 1.55- 

1.70 

 

 

 

95/48 

 

1851.1 

1583.8 

1102.5 

240.40 

 

65.23 

 

 

 

 

 

60.23 

 

229 

 

 

 

 

 

248 

 

1.0121 

 

 

 

 

 

1.007751 

 

28Aug 

2000 

 

LANDSAT 

(ETM) 

B1(blue)  0.45-0.51 

B2(green)  0.51-0.60 

B3(red) 0.61-0.69 

B4 (VNIR)  0.76-0.90 

B5 (SWIR) 1.55-1.75 

B6 (TIR) 10.40-12.5 

B7(SWIR) 2.09-2.35 

B8(PAN) 0.52-0.90 

 

 

 

147/38 

1969 

1840 

1551 

1044 

22.5 

------ 

82.07 

1368.0 

 

58.33 

 

241 

 

1.009475 

 

23 Aug 

2005 

 

 

 

18 Aug 

2006 

 

 

IRS-P6 

LISS-III 

 

B2 (green) - 0.52-0.59 

B3 (Red)- 0.62-0.68 

B4 (NIR)- 0.77-0.86 

B5(SWIR) – 1.55- 

1.70 

 

 

 

 

 

95/48 

 

1849.5 

1553 

1092 

240.40 

 

63.48 

 

 

 

 

64.57 

 

235 

 

 

 

 

230 

 

1.010401 

 

 

 

 

1.0119 
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20 Aug 

2008 

 

IRS-1D 

LISS-III 

B2 (green) - 0.52-0.59 

B3 (Red)- 0.62-0.68 

B4 (NIR)- 0.77-0.86 

B5(SWIR) – 1.55- 

1.70 

 

 

95/48 

1852.2 

1577.3 

1096.7 

240.60 

  

42.441 

  

233 

 

1.01128 

13 Aug 

2009 

 

 

 

 

 

16 Aug 

2010 

 

LANDSAT 

TM 

 

B1(blue)  0.45-0.51 

B2(green)  0.51-0.60 

B3(red) 0.61-0.69 

B4 (VNIR)  0.76-0.90 

B5 (SWIR) 1.55-1.75 

B6 (TIR) 10.40-12.5 

B7(SWIR) 2.09-2.35 

 

 

 

147/38 

 

1957 

1826 

1554 

1036 

215 

----- 

80.67 

 

 

60.94 

 

 

 

 

 

 

60.648 

 

225 

 

 

 

 

 

 

228 

 

1.01286 

 

 

 

 

 

 

1.01229 

 

IV. METHODOLOGY 

 

After radiometric calibration of the scene the next step is to find the extend of the glacier and corresponding 

indices which help in the distinguishing the zones of glaciers i.e. accumulation and ablation zone. The extend of 

glacier is marked with the help of digitising the boundary of glacier through mosaiced and georeferenced 

toposheets, consisting of toposheet numbers 52 H/7 , 52H/8, 52H/11 and 52H/12. The area approximately 

comes to be 15.8Km
2 

– 16Km
2
. This boundary now then used to subset area of study in the satellite images. 

Various kind of techniques like NDSI, TM, NDSTI have been applied on the radiometrically subsetted images 

which clearly mapped the different parts of glaciers when an appropriate threshold applied on it. After applying 

threshold accumulation area is estimated which results in the evaluation of Accumulation Area Ratio and finally 

annual mass balance. The overall methodology has been shown in the fig 2. given below 
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Fig. 2: Overall Methodology for Estimating the Mass Balance Using AAR Method 

 

V. MAPPING TECHNIQUES 

  

The major difficulties in monitoring and mapping the glaciers zones in the Himalayas region is mountain 

shadow and intense cloud cover in the visible and infrared region. Because of these reasons combination of 

digital and visual interpretation is needed
[20]

. But there are some automated techniques which overcome the 

effect of Shadowing and cloud covering. These papers generally focus on generally two techniques NDSI and 

TM Ratio. 

 

5.1   NDSI 

Normalized Difference Snow Index is found to be very effective in mapping of snow and   non snow cover area. 

This algorithm uses the reflectance values of snow. Generally the snow show very reflectance in visible region 

and appear white in colour while in SWIR region it has very low reflectance and generally appear black. Due to 

this notion, NDSI is proved to a useful index for discriminating snow and clouds as cloud show even high 

reflectance in SWIR region
[20]

. It also have been proved that NDSI values can be used to identify snow or non-
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snow pixels under mountain shadow region to some extend and under any orientation i.e. it is independent of 

illumination condition
[21]

. NDSI is generally estimated using the Equation.
[22] 

 

Generally value of  NDSI range from -1 to 1. Using corresponding bands in different sensors, NDSI value is 

determined. Based on the visual interpretation and their respective NDSI values appropriate threshold is applied 

which automatically delineate the accumulation and ablation zones of glaciers.  Since due to the topographic 

effect sometimes manual delineation need to be done on this automated techniques. The range of threshold 

applied on the dataset to discriminate zones is between 0.4 to 0.8. 

 

5.2   Band Ratio   

Band ratio is also one of the semi automated techniques used for glacier mapping. The ratio of NIR/SWIR have 

been shown to be effective in discriminating ice and snow faces particularly in shadow area
[23]

. Paul (2001) 

concluded that NIR/SWIR (TM4/TM5) ratio techniques are appropriate for clean ice glacier mapping. In case of 

LISS the band3 (NIR) and band4 (SWIR) is used while in case of Landsat TM and ETM band4 (NIR) and 

band5(SWIR) is used. This ratio was evaluated mostly on DN values and generally threshold of 1-2 is applied. 

But this study has evaluated the ratio based on reflectance of their respective band used. 

 

On applying appropriate range of threshold on band ratio, accumulation and ablation areas get separated. 

Selection of threshold value is one of crucial job because a small variation lead to under or over estimation of 

snow cover. Threshold may also varies from one satellite sensor to another 
[24][25]

. 

These mapping techniques give us time series of accumulation and ablation areas when applied on the available 

dataset. Once accumulation areas are determined, AAR can be calculated using eq.1 which help in the 

estimation of mass balance. 

 

VI. RELATIONSHIP BETWEEN AAR AND MASS BALANCE  

 

Based on the field investigation, specific mass balance between year 2002-2010 is estimated by 
[16]

; JNU-SAC, 

2008 ; JNU- IFCPAR, 2009,2010 which is reported in Himalayan Glaciology Technical Report as “STATUS 

REPORT ON CHHOTA SHIGRI GLACIER” (HIMACHAL PRADESH) is shown in table 2 
[14]

. The study 

uses this data and establish a mathematical model between Specific mass balance and AAR as a regression 

equation of 0.0386*AAR – 2.5000 with R
2
 =0.95 as in fig3. This mathematical model then use the AAR derived 

from the dataset used for the study. This model help in the validation of the remote sensing based derived AAR 

and  mass balance  with the ground data. 

           

 

 

 

     Table 2 shows the ground data e from period 

(2002-2010). 
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VII. RESULTS AND DISCUSSIONS  

 

This mathematical model is regional model. This model validates the AAR and mass balance over only Chhota 

Shigri glacier. The accumulation and ablation areas obtained from the mapping of satellite images using two 

different techniques of NDSI and BAND RATIO are approximately equal as that obtained from ground 

investigation. AAR also range from 0.3 to 0.7 which is also relatively similar to data obtained from field. The 

mass balance so evaluated from this method is comparable and shows good correlation with the mass balance 

calculated on ground. The mass balance of 2005, 2009 and 2010 showing positive mass balance while 1998, 

1997 2000, 2006, 2008 showing negative mass balance thus good result of using this mathematical model. As 

per the results year 2006 shows highest glacier mass balance loss of -1.384 m. weq, while studies depict glacier 

gain of mass balance in 2010 is 0.25 m. weq The  table 4 and table5 shows the results that come out of the study. 

The table 3 and 4 are obtained from two mapping techniques NDSI and band ratio. The threshold values of 

NDSI for separating accumulation and ablation zones are in the range of 0.4-0.8. And for band ratio, though 

sensors are different and their reflectance is also different so, range is variable. The average mass balance so 

calculated from 2005 to 2010 for given dataset is -0.354 m weq for field data. It is -0.40995 m weq with NDSI 

techniques and  -0.3898 m weq with band ratio. The percentage difference between the calculated mass balance 

and actual mass balance is ± 30 % which is a little more towards higher side. This percentage error is further 

being reduced if some more pixel based classification technique can be applied. The RMSE error for NDSI is 

    

S.NO 

 

YEARS 

 

AAR 

VALUE (%) 

 

MASS 

BALANCE 

(m weq) 

1  

2003 

 

31 

 

-1.4 

2  

2004 

 

31 

 

-1.2 

3  

2005 

 

74 

 

0.1 

4  

2006 

 

29 

 

-1.4 

5  

2007 

 

36 

 

-1.3 

 6  

2008 

 

37 

 

-0.93 

7  

2009 

 

63 

 

0.13 

8  

2010 

 

70 

 

0.33 

Fig3 Mathematical Model Derived from the 

Relationship Between Mass Balance and AAR with 

y=0.0386*x – 2.5007 with Coefficient of 

Correlation is 0.95. 
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found to be around 0.040 m weq while for Band Ratio it is found to be 0.060772 and found to be acceptable. 

The requirement of the model is based on availability of cloud free satellite image and field data. The main 

advantage of this method is that mathematical model of a specific glacier can be estimated and annual mass 

balance can be obtained without performing any field work over and over again.  

Table 3: Glacier Mass Balance Calculated through AAR Method by Applying Suitable 

Threshold on the Band Ratio Separating Accumulation and Ablation Areas 

 

Table 4: Mass Balance Calculated through AAR Method by Applying Suitable Threshold on 

NDSI Separating Accumulation and Ablation Areas 
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VIII. ADVANTAGES AND LIMITATIONS OF AAR METHOD 

 

Taking into consideration the remote areas, rugged topography, harsh climate of the glaciers, AAR method is 

proved to be better to do such mass balance studies with the help of remote sensing. If the field data for AAR 

and mass balance of glacier for few years are available, then mass balance for the subsequent years for same 

glacier can be calculated i.e continuous monitoring of the glacier without field visit. But if there is lack of field 

data, this technique may needs some other parameters like elevation (ELA), depth of the glacier, density along 

with the AAR to estimate glacier mass balance.  

The reliability of this technique also depends on the data availability. Optical data usually suffers from high 

cloud cover and shadows over such kind of snow covered topography. Since glacier study can be carried over a 

particular period of an year (mainly last week of August and 1
st
 week of September), only such satellite data can 

be prove to be useful which frequently passes through this region at that period of year. Medium to high 

resolution SAR data in high incidence angles can overcome limitation of cloud cover during this time period.  

 

 

 

 

 

Fig4.a. Separation of Accumulation and 

Ablation area of glacier by applying 

threshold of 4.7 on Band ratio map of 25 

Aug 2005 

Fig4.b. Separation of Accumulation and 

Ablation area of glacier by applying 

threshold of 0.6 on NDSI map of 25 Aug 2005 
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IX. CONCLUSIONS 

 

The mass balance estimation done by the AAR technique using remotely sensed data can directly estimate the 

total loss or total gain in the glacier. The positive value shows net annual gain in the mass balance while 

negative value shows the net loss in mass balance. It has been concluded from the relationship that the increase 

in the AAR ratio, causes increase in mass balance. Higher the value of AAR, more positive will be mass 

balance. Optical data because of their high resolution proved to useful to distinguish the accumulation and 

ablation zones of glacier by applying appropriate threshold value on NDSI and Band Ratio. Accumulation and 

ablation areas evaluated through both the techniques are almost equal showing that both technique of mapping is 

appropriate for such studies. But in visual interpretation band ratio clearly separate the snow accumulated areas 

and ablation areas. The mathematical model of  y = 0.0386 * x – 2.5007 for chhota shigri  can be considered to 

give better  result and can be further used for study. Similar kind of study can be carried out with other 

monitored glacier also so as to reduce the risk of staying such remote areas. 
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ABSTRACT 

During the present investigation the correlation between the hormones T3,T4 and TSH was done .T3(Tri-

iodothyronine) and T4(thyroxine) are the hormones secreted by the thyroid gland where as TSH(Thyroid 

stimulating hormone) is secreted by the anterior pituitary gland. The thyroid hormones function in the 

metabolism, growth, development, reproduction and various other physiological functions. The thyroid gland 

inturn is controlled by the TSH. Any change in the hormone levels can drastically alter the physiology of the 

patient. Therefore, a study involving the  thyroid patients’data of plasma T3,T4 and TSH, obtained from the 

local diagnostic centres was analysed statistically  using ANOVA and Regression- Correlation to check whether 

the results were significant. The purpose of using specific statistical tests for the comparision  was to find out if 

any auto-immune condition of the thyroid is implicated since the thyroid gland  can be stimulated by the auto-

antibodies in a way similar to that of the TSH to secrete T3 and T4. Based on CorrelationsT3 and T4 are 

Positively correlated, that is both increase or decrease in the same way, but T3, TSH and T4, TSH are 

negatively correlated, i.e., if T3 or T4 increase TSH decrease and vice versa. We observe that p value 

corresponding to TSH is 0.075 which is less than 0.5 therefore T4 is significant that is T4 is influenced by TSH. 

 

Keywords: Auto-Immunity, Correlation, Tri-Iodothyronine, Thyroid Stimulating Hormone, 

Thyroxine 

 

I.INTRODUCTION 

 

The thyroid gland is one of the important endocrine glands in the body regulating growth, reproduction, 

development etc by its hormones(T3 & T4).TSH secreted from the anterior pituitary stimulates the thyroid gland 

to produce the hormones T3 & T4   [1].The thyroid disorders are classified as hyperthyroid disorders and the 

hypothyroid disorders due to excess secretion or low secretion of the thyroid hormones  respectively due to 

various reasons including heredity and auto-immunity.[2] Hyperthyroidism in particular can be a cause of auto-

immune disease because of mimicking of the auto-antibodies as that of TSH[3].The auto-antibodies bind with 

the receptors on the thyroid gland and activate it in the same way as that of TSH. The gland produces excess of 

the hormones leading to thyroiditis,an auto-immune disease.The symptoms are the same as those caused in 

graves disease and or exophthalmic goitre due to over secretion of the hormones. Therfore,it is necessary to 

correlate the three hormones and also screen  the anti-body titres to know the exact cause. Hence,  the present 
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study was undertaken to see if any auto-immune aspect is involved in the patients with the thyroid disorders 

especially in hyperthyroid cases. 

 

II. MATERIAL AND METHODS 

 

During the present study the data pertaining to the thyroid patients’ plasma analyses of T3 & T4 and TSH was 

obtained from the local diagnostic centres.The age and the gender was noted as the thyroid diseases are more 

common in female patients than in the male patients but during the study the data was not divided according to 

the gender. About hundred patients randomly taken and the data was subjected to  statistical analysis  using 

regression/ correlation[4].The normal ranges of T3 is 86 to 187, T4 is 4.5 to 12.5,TSH is 0.2 to 5.1 

 

III. RESULTS AND DISCUSSION 

 

Based on Correlations and T3 are T4 positively correlated, that is both increase or decrease in the same way, but, 

T3, TSH and, T4, TSH are negatively correlated, i.e., if T3 or T4 increase, TSH decrease and vice versa(Table.1) 

The regression model for T3 depending on TSH is Y=134.8159-1.1159X, Where Y: , X T3: TSH.(Table.2) 

We observe that p value corresponding to TSH is 0.0227 which is less than 0.5 therefore T3is significant that is 

T3 is influenced by TSH. 

The regression model for T4 depending on TSH is Y=9.1867-0.0941X ,Where Y:, X: T4 TSH.(Table.3) 

We observe that p value corresponding to TSH is 0.075 which is less than 0.5 therefore T4is significant i.e., T4 is 

influenced by TSH. 

There is a direct correlation between the hormones T3 & T4    and TSH[5.]The thyroid gland has receptors for the 

binding of the TSH.In auto-immune thyroid disorder  the auto-antibodies bind with the receptors as TSH and 

activate the gland to produce excess hormones.[6]The disorder can lead to the destruction of the thyroid cells 

resulting in hypothyroid condition in some cases and hyperthyroidism in some other cases.Therefore,a thorough 

study  is needed for the correlation of all the three hormones in addition to the auto-antibody titres. 

 

IV. CONCLUSION 

 

From the values obtained it is inferred that the hormones, T3 & T4 are influenced by TSH and therefore,it is 

important to know if  immune aspect is involved by estimating the auto-antibody titres for confirmation to show 

that the thyroid disorder is auto-immune derived. 

TABLE.1 

Correlations for T3,T4,TSH 

 

T3 T4 TSH 

T3 1 - - 

T4 0.838014 1 - 

TSH -0.23487 

-

0.27397 1 
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TABLE 2 
  

 Regression of                               TSH On T3 and T4 
 Regression Statistics 

T3                                                                                                                     T4 

Multiple R               0.23487 

 

0.273966 

R Square               0.055164 

 

0.075058 

Adjusted R 

Square              0.044894  

 

0.065004 

Standard 

Error                37.10538 

 

2.65168 

 Observations         100                                                                 100 

 

TABLE 3 
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