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ABSTRACT Engagement at work was conceptualized as the ‗harnessing of organizational members‘ selves to their work roles. In engagement, people employ and express themselves physically, cognitively, and emotionally during role performances. The second related construct to engagement in organizational behavior is the notions of the ‗holistic sensation‘ that, people feel when they act with total involvement. Flow is the state in which there is little distinction between the self and environment. When individuals are in Flow State little conscious control is necessary for their actions. Employee engagement is the thus the level of commitment and involvement an employee has towards their organization and its values. An engaged employee is aware of business context, and works with colleagues to improve performance within the job for the benefit of the organization. The organization must work to develop and nurture engagement, which requires a two-way relationship between employer and employee.‘ Thus Employee engagement is a barometer that determines the association of a person with the organization.
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CHAPTER-1 THEORETICAL FRAMEWORK
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Introduction to Employee Engagement: Engagement is most closely associated with the existing construction of job involvement defined as ‗the degree to which the job situation is central to the person and his or her identity and that the job involvement is a ‗Cognitive or belief state of Psychological identification. Job involvement is thought to depend on both need saliency and the potential of a job to satisfy these needs. Thus job involvement results form a cognitive judgment about the needs satisfying abilities of the job. Jobs in this view are tied to one‘s self image. Engagement differs from job in as it is concerned more with how the individual employees his/her self during the performance of his/her job. Furthermore engagement entails the active use of emotions. Finally engagement may be thought of as an antecedent to job involvement in that individuals who experience deep engagement in their roles should come to identify with their jobs. When Kahn talked about employee engagement he has given important to all three aspects physically, cognitively and emotionally. Whereas in job satisfaction importance has been given more to a cognitive side. HR practitioners believe that the engagement challenge has a lot to do with how employee feels about the about work experience and how he or she is treated in the organization. It has a lot to do with emotions which are fundamentally related to drive bottom line success in a company. There will always be people who never give their best efforts no matter how hard HR and line managers try to engage them. ―But for the most part employees want to commit to companies because doing so satisfies a powerful and a basic need in connect with and contribute to something significant‖.
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DRIVERS OF EMPLOYEE ENGAGEMENT



10 HOW ENGAGED ARE EMPLOYEES?



Aspects of Employee Engagement Three basic aspects of employee engagement according to the global studies are: The employees and their own unique psychological makeup and experience  The employers and their ability to create the conditions that promote employee engagement  Interaction between employees at all levels. Thus it is largely the organization‘s responsibility to create an environment and culture conducive to this partnership, and a win-win equation.



Categories of Employee Engagement According to the Gallup the Consulting organization there are there are different types of people:-



11 ENGAGED: Engaged employees are builders. They want to know the desired expectations for their role so they can meet and exceed them. They're naturally curious about their company and their place in it. They perform at consistently high levels. They want to use their talents and strengths at work every day. They work with passion and they drive innovation and move their organization forward. NOT ENGAGED: Not-engaged employees tend to concentrate on tasks rather than the goals and outcomes they are expected to accomplish. They want to be told what to do just so they can do it and say they have finished. They focus on accomplishing tasks vs. achieving an outcome. Employees who are not-engaged tend to feel their contributions are being overlooked, and their potential is not being tapped. They often feel this way because they don't have productive relationships with their managers or with their coworkers. ACTIVELY DISENGAGED: The ―actively disengaged‖ employees are the ―cave dwellers." They are ―Consistently against Virtually Everything." They're not just happy at work; they're busy acting out their unhappiness. They sow seeds of negativity at every opportunity. Every day, actively disengaged workers undermine what their engaged coworkers accomplish. As workers increasingly rely on each other to generate products and services, the problems and tensions that are fostered by actively disengaged workers can cause great damage to an organization's functioning. IMPORTANCE OF ENGAGEMENT : Engagement is important for managers to cultivate given that disengagement or alienation is central to the problem of workers‘ lack of commitment and motivation . Meaningless work is often associated with apathy and detachment from ones works. In such conditions, individuals are thought to be estranged from their selves .Other Research using a different resource of engagement (involvement and enthusiasm) has linked it to such variables as employee turnover, customer satisfaction – loyalty, safety and to a lesser degree, productivity and profitability criteria . A highly engaged employee will consistently deliver beyond expectations. In the workplace research on employee engagement have repeatedly asked employees ‗whether they have the opportunity to do what they do best everyday‘. While one in five employees strongly agree with this statement. Those work units scoring higher on this perception have substantially higher performance. Thus employee engagement is critical to any organization that seeks to retain valued employees. Consulting companies has been proved that there is an intrinsic link between employee engagement, customer loyalty, and profitability. As organizations globalize and become more dependent on technology in a virtual working environment, there is a greater need to connect and engage with employees to provide them with an organizational ‗identity.‘
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THEORITICAL FRAME WORK TOPIC RELATED CONCEPTS 1. Title: The evolution of the employee engagement concept: communication implications Author(s): Mary Welch, (Lancashire Business School, University of Central Lancashire, Preston, UK) The purpose of this paper is to make a contribution to corporate communication theory by considering the evolution of employee engagement and the role of communication in enhancing employee engagement. Surprisingly, corporate communication literature has not yet adequately considered the concept. This may be due to confusion concerning the concept, and to concerns about overlaps with other constructs such as commitment. This paper tackles the gap in the literature with a proposed model of the role of internal corporate communication in enhancing employee engagement.



2. Title: Antecedents and effects of engaged frontline employees Author(s):Terje Slåtten, (Lillehammer University College, Lillehammer, Norway), Mehmet Mehmetoglu, (Lillehammer University College, Lillehammer, Norway) The aim of this study is to examine factors related to employee engagement in frontline jobs in service firms. The findings show that employee engagement is closely linked to employees' innovative behavior. Accordingly, the study clearly reveals the value of having an engaged frontline workforce. Moreover, the results show that perceptions of role benefit, job autonomy, and strategic attention were all significantly related to greater employee engagement.



3. Title: Exploring employee engagement from the employee perspective: implications for HRD Author(s): M. Brad Shuck, (University of Louisville, Louisville, Kentucky, USA), Tonette S. Rocco, (Florida International University, Miami, Florida, USA), Carlos A. Albornoz, (School of Business, Universidad del Desarrollo, Santiago, Chile) The purpose of this paper is to examine an employee's unique experience of being engaged in their work. Post analysis, three themes emerged: relationship development and attachment to co-workers, workplace climate and opportunities for learning. Findings highlighted the development of relationships in the workplace, the importance of an employee's direct manager and their role in shaping organizational culture and the critical role of learning in an engaged employee's interpretation of their work. Scaffolding and discussion of an emergent model is provided.
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LITERATURE REVIEW 1. Title: How to generate and maintain employee engagement: The crucial role of internal communications, training and recruitment Source: Human Resource Management International Digest, Vol. 16 Issue: 3 Purpose – Reviews the latest management developments across the globe and pinpoints practical implications from cutting-edge research and case studies. Findings – Much has been written about the importance of employee engagement and its positive links with performance. But what should organizations and managers do to generate and, more importantly, maintain engagement in their employees?



2. Title: What is happening on the inside? : The business case for promoting employee wellbeing Source: Human Resource Management International Digest, Vol. 16 Issue: 3 Purpose – Reviews the latest management developments across the globe and pinpoints practical implications from cutting-edge research and case studies. Findings – Businesses are starting to come to terms with the reality that employee engagement is not the same as employee satisfaction; satisfaction is the minimum required, engagement brings a person to life, unleashing their talents and delivering measurably improved performance. What once might have been considered ―fluffy‖ or ―out there‖ has become much more main stream. Research conducted by Towers Perrin-ISR for Human Resources magazine of 50 financial services companies has put the cost for just these firms at $1 billion per year in lost productivity. It is an eye-catching number, and one that can be multiplied many, many times if it was to be scaled up for the global economy.



3. Title: Making HR count: How to validate a “soft” function through employee-engagement strategy Source: Human Resource Management International Digest, Vol. 16 Issue: 3 Purpose – Reviews the latest management developments across the globe and pinpoints practical implications from cutting-edge research and case studies. Design/methodology/approach – This briefing is prepared by an independent writer who adds their own impartial comments and places the articles in context.



14 Findings – Kate Feather is an HR professional at People Metrics, Philadelphia. In her article, ―Helping HR to measure up: arming the ‗soft‘ function with hard metrics‖, she establishes how HR, typically viewed as a discipline which does not operate within traditional business practices of measurement and corporate strategy, can and should be embraced as an asset in holistic business management.
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SECTION – 2 ORGANIZATION PROFILE
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SECTION-2(A) INDUSTRY PROFILE The software industry includes businesses for development, maintenance and publication of software that are using any business model. The industry also includes software services, such as training, documentation, and consulting. HISTORY: The word "software" had been coined as a prank by at least 1953, but did not appear in print until the 1960s. Before this time, computers were programmed either by customers, or the few commercial computer vendors of the time, such as UNIVAC and IBM. The first company founded to provide software products and services was Computer Usage Company in 1955. The software industry expanded in the early 1960s, almost immediately after computers were first sold in mass-produced quantities. Universities, government, and business customers created a demand for software. Many of these programs were written in-house by full-time staff programmers. Some were distributed freely between users of a particular machine for no charge. Others were done on a commercial basis, and other firms such as Computer Sciences Corporation (founded in 1959) started to grow. The computer-makers started bundling operating systems software and programming environments with their machines. When Digital Equipment Corporation brought a relatively low-priced micro-computer to market, it brought computing within reach of many more companies and universities worldwide, and it spawned great innovation in terms of new, powerful programming languages and methodologies. New software was built for micro-computers, and others, including IBM, followed DECs example quickly, resulting in the IBM AS400 amongst others. The industry expanded greatly with the rise of the personal computer in the mid-1970s, which brought computing to the desktop of the office worker. In subsequent years, it also created a growing market for games, applications, and utilities. DOS, Microsoft's first operating system product, was the dominant operating system at the time. In the early years of the 21st century, another successful business model has arisen for hosted software, called software as a service, or SaaS; this was at least the third time this model had been attempted. SaaS reduces the concerns about software piracy, since it can only be accessed through the Web, and by definition no client software is loaded onto the end user's PC. SOFTWARE INDUSTRY: There are several types of businesses in the software industry. Infrastructure software, including operating systems, middleware and databases, is made by companies and organizations such as Linux, Google, Microsoft, IBM, Sybase, EMC, Oracle and VMWare. Enterprise software, the software that



17 automates business processes in finance, production, logistics, sales and marketing, is made by Oracle, SAP AG, Sage and Infor. Security software is made by the likes of Symantec, Trend Micro and Kaspersky. Several industry-specific software makers are also among the largest software companies in the world: SunGard, making software for banks, Blackboard making software for schools, and companies like Qualcomm or Cyber Vision making software for telecom companies. Other companies do contract programming to develop unique software for one particular client company, or focus on configuring and customizing suites from large vendors such as SAP or Oracle. LEADING COMPANIES- MINDSHARE & MARKET SHARE In terms of technology leadership, the software industry has long been led by IBM. However, Microsoft became the dominant PC operating system supplier. Other companies that had substantial mindshare (not: market share) in the software industry are SUN Microsystems, the developer of the Java platform (purchased by Oracle in 2009). However in terms of revenues coming from software sales, the software industry is clearly dominated by Microsoft, since inception. Microsoft products are still sold in largest number across the globe. SIZE OF THE INDUSTRY According to market researcher Data Monitor, the size of the worldwide software industry in 2008 was US$ 303.8 billion, an increase of 6.5% compared to 2007. Americas account for 42.6% of the global software market's value. Data Monitor forecasts that in 2013, the global software market will have a value of US$ 457 billion, an increase of 50.5% since 2008. MERGERS & ACQUISITIONS The software industry has been subject to a high degree of consolidation over the past couple of decades. From 1988 to 2010, 41,136 mergers and acquisitions have been announced with a total known value of $1,451 bn USD. The highest number and value of deals was set in 2000 during the high times of the internet bubble with 6,757 transactions valued at $447 bn USD. In 2010, 1,628 deals were announced valued at $49 bn USD. BUSINESS MODEL OF THE SOFTWARE INDUSTRY Business models of software companies have been widely discussed. Network effects in software ecosystems networks of companies and their customers are an important element in the strategy of software companies.



18 A GEOGRAPHIC INFORMATION SYSTEM is a system designed to capture, store, manipulate, analyze, manage, and present all types of geographical data. The acronym GIS is sometimes used for geographical information science or geospatial information studies to refer to the academic discipline or career of working with geographic information systems. In the simplest terms, GIS is the merging of cartography, statistical analysis, and database technology. A GIS can be thought of as a system it digitally creates and "manipulates" spatial areas that may be jurisdictional, purpose, or application-oriented. Generally, a GIS is custom-designed for an organization. Hence, a GIS developed for an application, jurisdiction, enterprise, or purpose may not be necessarily interoperable or compatible with a GIS that has been developed for some other application, jurisdiction, enterprise, or purpose. What goes beyond a GIS is a spatial data infrastructure (SDI), a concept that has no such restrictive boundaries. In a general sense, the term describes any information system that integrates stores, edits, analyzes, shares, and displays geographic information for informing decision making. The term GIS-Centric, however, has been specifically defined as the use of the Esri ArcGIS geo database as the asset/feature data repository central to computerized maintenance management system (CMMS) as a part of enterprise asset management and analytical software systems. GIS-centric certification criteria have been specifically defined by the National Association of GIS-Centric Solutions (NAGCS). GIS applications are tools that allow users to create interactive queries (user-created searches), analyze spatial information, edit data in maps, and present the results of all these operations. Geographic information science is the science underlying geographic concepts, applications, and systems. APPLICATION GIS is a relatively broad term that can refer to a number of technologies and processes, so it is attached to many operations, in engineering, planning, management, and analysis. HISTORY & DEVELOPMENT One of the first applications of spatial analysis in epidemiology is the 1832 "Rapport sur la marche et les effets du choléra dans Paris et le department de la Seine. The French geographer Charles Picquet represented the 48 districts of the city of Paris by halftone color gradient according to the percentage of deaths by cholera per 1000 inhabitants. In 1854, John Snow depicted a cholera outbreak in London using points to represent the locations of some individual cases, possibly the earliest use of the geographic method.His study of the distribution of cholera led to the source of the disease, a contaminated water pump (the Broad Street Pump, whose handle he had disconnected, thus terminating the outbreak) within the heart of the cholera outbreak.



19 E. W. Gilbert's version (1958) of John Snow's 1855 map of the Soho cholera outbreak showing the clusters of cholera cases in the London epidemic of 1854 While the basic elements of topography and theme existed previously in cartography, the John Snow map was unique, using cartographic methods not only to depict but also to analyze clusters of geographically-dependent phenomena. The early 20th century saw the development of photo zincography, which allowed maps to be split into layers, for example one layer for vegetation and another for water. This was particularly used for printing contours – drawing these was a labour intensive task but having them on a separate layer meant they could be worked on without the other layers to confuse the draughtsman. This work was originally drawn on glass plates but later, plastic film was introduced, with the advantages of being lighter, using less storage space and being less brittle, among others. When all the layers were finished, they were combined into one image using a large process camera. Once colour printing came in, the layers idea was also used for creating separate printing plates for each colour. While the use of layers much later became one of the main typical features of a contemporary GIS, the photographic process just described is not considered to be a GIS in itself as the maps were just images with no database to link them to. Computer hardware development spurred by nuclear weapon research led to general-purpose computer 'mapping' applications by the early 1960s. The year 1960 saw the development of the world's first true operational GIS in Ottawa, Ontario, Canada by the federal Department of Forestry and Rural Development. Developed by Dr. Roger Tomlinson, it was called the Canada Geographic Information System (CGIS) and was used to store, analyze, and manipulate data collected for the Canada Land Inventory (CLI) an effort to determine the land capability for rural Canada by mapping information about soils, agriculture, recreation, wildlife, waterfowl, forestry and land use at a scale of 1:50,000. A rating classification factor was also added to permit analysis. CGIS was an improvement over 'computer mapping' applications as it provided capabilities for overlay, measurement and digitizing/scanning. It supported a national coordinate system that spanned the continent, coded lines as arcs [disambiguation needed] having a true embedded topology and it stored the attribute and locational information in separate files. As a result of this, Tomlinson has become known as the 'father of GIS', particularly for his use of overlays in promoting the spatial analysis of convergent geographic data. CGIS lasted into the 1990s and built a large digital land resource database in Canada. It was developed as a mainframe-based system in support of federal and provincial resource planning and management. Its strength was continent-wide analysis of complex datasets. The CGIS was never available in a commercial form. In 1964, Howard T. Fisher formed the Laboratory for Computer Graphics and Spatial Analysis at the Harvard Graduate School of Design (LCGSA 1965–1991), where a number of important theoretical



20 concepts in spatial data handling were developed, and which by the 1970s had distributed seminal software code and systems, such as 'SYMAP', 'GRID' and 'ODYSSEY' that served as sources for subsequent commercial development to universities, research centers and corporations worldwide. By the early 1980s, M&S Computing (later Intergraph) along with Bentley Systems Incorporated for the CAD platform, Environmental Systems Research Institute (ESRI), CARIS (Computer Aided Resource Information System) and ERDAS (Earth Resource Data Analysis System) emerged as commercial vendors of GIS software, successfully incorporating many of the CGIS features, combining the first generation approach to separation of spatial and attribute information with a second generation approach to organizing attribute data into database structures. In parallel, the development of two public domain systems (MOSS and GRASS GIS) began in the late 1970s and early 1980s. By the end of the 20th century, the rapid growth in various systems had been consolidated and standardized on relatively few platforms and users were beginning to explore the concept of viewing GIS data over the Internet, requiring data format and transfer standards. More recently, a growing number of free, open-source GIS packages run on a range of operating systems and can be customized to perform specific tasks. Increasingly geospatial data and mapping applications are being made available via the World Wide Web. Several authoritative articles on the history of GIS have been published. GIS TECHNIQUES & TECHNOLOGY Modern GIS technologies use digital information, for which various digitized data creation methods are used. The most common method of data creation is digitization, where a hard copy map or survey plan is transferred into a digital medium through the use of a computer-aided design (CAD) program, and georeferencing capabilities. With the wide availability of ortho-rectified imagery (both from satellite and aerial sources), heads-up digitizing is becoming the main avenue through which geographic data is extracted. Heads-up digitizing involves the tracing of geographic data directly on top of the aerial imagery instead of by the traditional method of tracing the geographic form on a separate digitizing tablet (heads-down digitizing). RELATING INFORMATION FROM DIFFERENT SOURCES GIS uses spatio-temporal (space-time) location as the key index variable for all other information. Just as a relational database containing text or numbers can relate many different tables using common key index variables, GIS can relate otherwise unrelated information by using location as the key index variable. The key is the location and/or extent in space-time. Any variable that can be located spatially, and increasingly also temporally, can be referenced using a GIS. Locations or extents in Earth space–time may be recorded as dates/times of occurrence, and x, y, and z coordinates representing, longitude, latitude, and elevation, respectively. These GIS coordinates may represent other quantified systems of temporo-spatial reference (for example, film frame number,



21 stream gage station, highway mile-marker, surveyor benchmark, building address, street intersection, entrance gate, water depth sounding, POS or CAD drawing origin/units). Units applied to recorded temporal-spatial data can vary widely (even when using exactly the same data, see map projections), but all Earth-based spatial–temporal location and extent references should, ideally, be relatable to one another and ultimately to a "real" physical location or extent in space time. Related by accurate spatial information, an incredible variety of real-world and projected past or future data can be analyzed, interpreted and represented to facilitate education and decision making. This key characteristic of GIS has begun to open new avenues of scientific inquiry into behaviors and patterns of previously considered unrelated real-world information. GIS UNCERTAINITIES GIS accuracy depends upon source data, and how it is encoded to be data referenced. Land surveyors have been able to provide a high level of positional accuracy utilizing the GPS derived positions. the high-resolution digital terrain and aerial imagery, the powerful computers, Web technology, are changing the quality, utility, and expectations of GIS to serve society on a grand scale, but nevertheless there are other source data that has an impact on the overall GIS accuracy like paper maps that are not found to be very suitable to achieve the desired accuracy since the aging of maps affects their dimensional stability. In developing a digital topographic data base for a GIS, topographical maps are the main source of data. Aerial photography and satellite images are extra sources for collecting data and identifying attributes which can be mapped in layers over a location facsimile of scale. The scale of a map and geographical rendering area representation type are very important aspects since the information content depends mainly on the scale set and resulting locatability of the map's representations. In order to digitize a map, the map has to be checked within theoretical dimensions, and then scanned into a raster format, and resulting raster data has to be given a theoretical dimension by a rubber sheeting/warping technology process. A quantitative analysis of maps brings accuracy issues into focus. The electronic and other equipment used to make measurements for GIS is far more precise than the machines of conventional map analysis. All geographical data are inherently inaccurate, and these inaccuracies will propagate through GIS operations in ways that are difficult to predict. DATA REPRESENTATION GIS data represents real objects (such as roads, land use, elevation, trees, waterways, etc.) with digital data determining the mix. Real objects can be divided into two abstractions: discrete objects (e.g., a house) and continuous fields (such as rainfall amount, or elevations). Traditionally, there are two broad methods used to store data in a GIS for both kinds of abstractions mapping references: raster images and vector. Points, lines, and polygons are the stuff of mapped location attribute references. A new hybrid method of storing data is that of identifying point clouds, which combine three-dimensional points with



22 RGB information at each point, returning a "3D color image". GIS Thematic maps then are becoming more and more realistically visually descriptive of what they set out to show or determine. DATA CAPTURE Example of hardware for mapping (GPS and laser rangefinder) and data collection (rugged computer). The current trend for GIS is that accurate mapping and data analysis are completed while in the field. Depicted hardware (field-map technology) is used mainly for forest inventories, monitoring and mapping. Data capture entering information into the system consumes much of the time of GIS practitioners. There are a variety of methods used to enter data into a GIS where it is stored in a digital format. Existing data printed on paper or PET film maps can be digitized or scanned to produce digital data. A digitizer produces vector data as an operator traces points, lines, and polygon boundaries from a map. Scanning a map results in raster data that could be further processed to produce vector data. Survey data can be directly entered into a GIS from digital data collection systems on survey instruments using a technique called coordinate geometry (COGO). Positions from a global navigation satellite system (GNSS) like Global Positioning System (GPS), another survey tool, can also be collected and then imported into a GIS. A current trend in data collection gives users the ability to utilize field computers with the ability to edit live data using wireless connections or disconnected editing sessions. This has been enhanced by the availability of low cost mapping grade GPS units with decimeter accuracy in real time. This eliminates the need to post process, import, and update the data in the office after fieldwork has been collected. This includes the ability to incorporate positions collected using a laser rangefinder. New technologies also allow users to create maps as well as analysis directly in the field, making projects more efficient and mapping more accurate. Remotely sensed data also plays an important role in data collection and consist of sensors attached to a platform. Sensors include cameras, digital scanners and LIDAR, while platforms usually consist of aircraft and satellites. Recently with the development of Miniature UAVs, aerial data collection is becoming possible at much lower costs, and on a more frequent basis. For example, the Aeryon Scout was used to map a 50 acre area with a Ground sample distance of 1 inch (2.54 cm) in only 12 minutes. The majority of digital data currently comes from photo interpretation of aerial photographs. Soft-copy workstations are used to digitize features directly from stereo pairs of digital photographs. These systems allow data to be captured in two and three dimensions, with elevations measured directly from a stereo pair using principles of photogrammetry. Analog aerial photos must be scanned before being entered into a soft-copy system, for high quality digital cameras step is skipped. Satellite remote sensing provides another important source of spatial data. Here satellites use different sensor packages to passively measure the reflectance from parts of the electromagnetic spectrum or radio waves that were sent out from an active sensor such as radar. Remote sensing collects raster data



23 that can be further processed using different bands to identify objects and classes of interest, such as land cover. When data is captured, the user should consider if the data should be captured with either a relative accuracy or absolute accuracy, since this could not only influence how information will be interpreted but also the cost of data capture. After entering data into a GIS, the data usually requires editing, to remove errors, or further processing. For vector data it must be made "topologically correct" before it can be used for some advanced analysis. For example, in a road network, lines must connect with nodes at an intersection. Errors such as undershoots and overshoots must also be removed. For scanned maps, blemishes on the source map may need to be removed from the resulting raster. For example, a fleck of dirt might connect two lines that should not be connected. RASTER-TO-VECTOR TRANSLATION Data restructuring can be performed by a GIS to convert data into different formats. For example, a GIS may be used to convert a satellite image map to a vector structure by generating lines around all cells with the same classification, while determining the cell spatial relationships, such as adjacency or inclusion. More advanced data processing can occur with image processing, a technique developed in the late 1960s by NASA and the private sector to provide contrast enhancement, false colour rendering and a variety of other techniques including use of two dimensional Fourier transforms. Since digital data is collected and stored in various ways, the two data sources may not be entirely compatible. So a GIS must be able to convert geographic data from one structure to another. PROJECTIONSCOORDINATE SYSTEMS & REGISTRATION The earth can be represented by various models, each of which may provide a different set of coordinates (e.g., latitude, longitude, elevation) for any given point on the Earth's surface. The simplest model is to assume the earth is a perfect sphere. As more measurements of the earth have accumulated, the models of the earth have become more sophisticated and more accurate. In fact, there are models called datums that apply to different areas of the earth to provide increased accuracy, like NAD27 for US measurements, and the World Geodetic System for worldwide measurements. SPATIAL ANALYSIS WITH GIS GIS spatial analysis is a rapidly changing field, and GIS packages are increasingly including analytical tools as standard built-in facilities, as optional toolsets, as add-ins or 'analysts'. In many instances these are provided by the original software suppliers (commercial vendors or collaborative non commercial development teams), whilst in other cases facilities have been developed and are provided by third parties. Furthermore, many products offer software development kits (SDKs), programming languages



24 and language support, scripting facilities and/or special interfaces for developing one's own analytical tools or variants. The website Geospatial Analysis and associated book/eBook attempt to provide a reasonably comprehensive guide to the subject. The increased availability has created a new dimension to business intelligence termed "spatial intelligence" which, when openly delivered via intranet, democratizes access to geographic and social network data. GIS spatial analysis has also become a key element for security intelligence GEOINT. SLOPE & ASPECT Slope, aspect and surface curvature in terrain analysis are all derived from neighborhood operations using elevation values of a cell's adjacent neighbours. Authors such as Skidmore, Jones, Zhou and Liu have compared techniques for calculating slope and aspect. Slope is a function of resolution, and the spatial resolution used to calculate slope and aspect should always be specified The elevation at a point will have perpendicular tangents (slope) passing through the point, in an eastwest and north-south direction. These two tangents give two components, ∂z/∂x and ∂z/∂y, which then be used to determine the overall direction of slope, and the aspect of the slope. The gradient is defined as a vector quantity with components equal to the partial derivatives of the surface in the x and y directions. The calculation of the overall 3x3 grid slope and aspect for methods that determine east-west and northsouth component use the following formulas respectively:



Zhou and Liu describe another algorithm for calculating aspect, as follows:



DATA ANALYSIS It is difficult to relate wetlands maps to rainfall amounts recorded at different points such as airports, television stations, and high schools. A GIS, however, can be used to depict two- and three-dimensional characteristics of the Earth's surface, subsurface, and atmosphere from information points. For example, a GIS can quickly generate a map with isopleth or contour lines that indicate differing amounts of rainfall.



25 Such a map can be thought of as a rainfall contour map. Many sophisticated methods can estimate the characteristics of surfaces from a limited number of point measurements. A two-dimensional contour map created from the surface modeling of rainfall point measurements may be overlaid and analyzed with any other map in a GIS covering the same area. Additionally, from a series of three-dimensional points, or digital elevation model, isopleth lines representing elevation contours can be generated, along with slope analysis, shaded relief, and other elevation products. Watersheds can be easily defined for any given reach, by computing all of the areas contiguous and uphill from any given point of interest. Similarly, an expected thalweg of where surface water would want to travel in intermittent and permanent streams can be computed from elevation data in the GIS. TOPOLOGICAL MODELLING A GIS can recognize and analyze the spatial relationships that exist within digitally stored spatial data. These topological relationships allow complex spatial modeling and analysis to be performed. Topological relationships between geometric entities traditionally include adjacency (what adjoins what), containment (what encloses what), and proximity (how close something is to something else). GEOMETRIC NETWORKS Geometric networks are linear networks of objects that can be used to represent interconnected features, and to perform special spatial analysis on them. A geometric network is composed of edges, which are connected at junction points, similar to graphs in mathematics and computer science. Just like graphs, networks can have weight and flow assigned to its edges, which can be used to represent various interconnected features more accurately. Geometric networks are often used to model road networks and public utility networks, such as electric, gas, and water networks. Network modeling is also commonly employed in transportation planning, hydrology modeling, and infrastructure modeling. HYDROLOGICAL MODEL GIS hydrological models can provide a spatial element that other hydrological models lack, with the analysis of variables such as slope, aspect and watershed or catchment area. Terrain analysis is fundamental to hydrology, since water always flows down a slope. As basic terrain analysis of a digital elevation model (DEM) involves calculation of slope and aspect, DEMs are very useful for hydrological analysis. Slope and aspect can then be used to determine direction of surface runoff, and hence flow accumulation for the formation of streams, rivers and lakes. Areas of divergent flow can also give a clear indication of the boundaries of a catchment. Once a flow direction and accumulation matrix has been created, queries can be performed that show contributing or dispersal areas at a certain point. More detail can be added to the model, such as terrain roughness, vegetation types and soil types, which can influence infiltration and evapotranspiration rates, and hence influencing surface flow. One of the main uses of hydrological modeling is in environmental contamination research.



26 CARTOGRAPHIC MODEL An example of use of layers in a GIS application. In this example, the forest cover layer (light green) is at the bottom, with the topographic layer over it. Next up is the stream layer, then the boundary layer, then the road layer. The order is very important in order to properly display the final result. Note that the pond layer was located just below the stream layer, so that a stream line can be seen overlying one of the ponds. The term "cartographic modeling" was probably coined by Dana Tomlin in his PhD dissertation and later in his book which has the term in the title. Cartographic modeling refers to a process where several thematic layers of the same area are produced, processed, and analyzed. Tomlin used raster layers, but the overlay method (see below) can be used more generally. Operations on map layers can be combined into algorithms, and eventually into simulation or optimization models. MAP OVERLAY The combination of several spatial datasets (points, lines or polygons) creates a new output vector dataset, visually similar to stacking several maps of the same region. These overlays are similar to mathematical Venn diagram overlays. A union overlay combines the geographic features and attribute tables of both inputs into a single new output. An intersect overlay defines the area where both inputs overlap and retains a set of attribute fields for each. A symmetric difference overlay defines an output area that includes the total area of both inputs except for the overlapping area. Data extraction is a GIS process similar to vector overlay, though it can be used in either vector or raster data analysis. Rather than combining the properties and features of both datasets, data extraction involves using a "clip" or "mask" to extract the features of one data set that fall within the spatial extent of another dataset. In raster data analysis, the overlay of datasets is accomplished through a process known as "local operation on multiple rasters" or "map algebra," through a function that combines the values of each raster's matrix. This function may weigh some inputs more than others through use of an "index model" that reflects the influence of various factors upon a geographic phenomenon. GEOSTATICS Geostatistics is a point-pattern analysis that produces field predictions from data points. It is a way of looking at the statistical properties of those special data. It is different from general applications of statistics because it employs the use of graph theory and matrix algebra to reduce the number of parameters in the data. Only the second-order properties of the GIS data are analyzed. When phenomena are measured, the observation methods dictate the accuracy of any subsequent analysis. Due to the nature of the data (e.g. traffic patterns in an urban environment; weather patterns over the Pacific Ocean), a constant or dynamic degree of precision is always lost in the measurement. This loss of precision is determined from the scale and distribution of the data collection.



27 To determine the statistical relevance of the analysis, an average is determined so that points (gradients) outside of any immediate measurement can be included to determine their predicted behavior. This is due to the limitations of the applied statistic and data collection methods, and interpolation is required to predict the behavior of particles, points, and locations that are not directly measurable. Hillshade model derived from a Digital Elevation Model (DEM) of the Valestra area in the northern Apennines (Italy) Interpolation is the process by which a surface is created, usually a raster dataset, through the input of data collected at a number of sample points. There are several forms of interpolation, each which treats the data differently, depending on the properties of the data set. In comparing interpolation methods, the first consideration should be whether or not the source data will change (exact or approximate). Next is whether the method is subjective, a human interpretation, or objective. Then there is the nature of transitions between points: are they abrupt or gradual. Finally, there is whether a method is global (it uses the entire data set to form the model), or local where an algorithm is repeated for a small section of terrain. Interpolation is a justified measurement because of a spatial autocorrelation principle that recognizes that data collected at any position will have a great similarity to, or influence of those locations within its immediate vicinity. Digital elevation models (DEM), triangulated irregular networks (TIN), edge finding algorithms, Thiessen polygons, Fourier analysis, (weighted) moving averages, inverse distance weighting, kriging, spline, and trend surface analysis are all mathematical methods to produce interpolative data. ADDRESS GEOCODING Geocoding is interpolating spatial locations (X, Y coordinates) from street addresses or any other spatially referenced data such as ZIP Codes, parcel lots and address locations. A reference theme is required to geocode individual addresses, such as a road centerline file with address ranges. The individual address locations have historically been interpolated, or estimated, by examining address ranges along a road segment. These are usually provided in the form of a table or database. The software will then place a dot approximately where that address belongs along the segment of centerline. For example, an address point of 500 will be at the midpoint of a line segment that starts with address 1 and ends with address 1000. Geocoding can also be applied against actual parcel data, typically from municipal tax maps. In this case, the result of the geocoding will be an actually positioned space as opposed to an interpolated point. This approach is being increasingly used to provide more precise location information.



28 REVERSE GEOCODING Reverse geocoding is the process of returning an estimated street address number as it relates to a given coordinate. For example, a user can click on a road centerline theme (thus providing a coordinate) and have information returned that reflects the estimated house number. This house number is interpolated from a range assigned to that road segment. If the user clicks at the midpoint of a segment that starts with address 1 and ends with 100, the returned value will be somewhere near 50. Note that reverse geocoding does not return actual addresses, only estimates of what should be there based on the predetermined range. DATA OUTPUT & CARTOGRAPHY Cartography is the design and production of maps, or visual representations of spatial data. The vast majority of modern cartography is done with the help of computers, usually using a GIS but production quality cartography is also achieved by importing layers into a design program to refine it. Most GIS software gives the user substantial control over the appearance of the data. CARTOGRAPHIC WORK SERVES TWO MAJOR FUCTIONS First, it produces graphics on the screen or on paper that convey the results of analysis to the people who make decisions about resources. Wall maps and other graphics can be generated, allowing the viewer to visualize and thereby understand the results of analyses or simulations of potential events. Web Map Servers facilitate distribution of generated maps through web browsers using various implementations of web-based application programming interfaces (AJAX, Java, Flash, etc.). Second, other database information can be generated for further analysis or use. An example would be a list of all addresses within one mile (1.6 km) of a toxic spill. GRAPHIC DISPLAY TECHNIQUES Traditional maps are abstractions of the real world, a sampling of important elements portrayed on a sheet of paper with symbols to represent physical objects. People who use maps must interpret these symbols. Topographic maps show the shape of land surface with contour lines or with shaded relief. Today, graphic display techniques such as shading based on altitude in a GIS can make relationships among map elements visible, heightening one's ability to extract and analyze information. For example, two types of data were combined in a GIS to produce a perspective view of a portion of San Mateo County, California. The digital elevation model, consisting of surface elevations recorded on a 30-meter horizontal grid, shows high elevations as white and low elevation as black. The accompanying Landsat Thematic Mapper image shows a false-color infrared image looking down at the same area in 30-meter pixels, or picture elements, for the same coordinate points, pixel by pixel, as the elevation information.



29 A GIS was used to register and combine the two images to render the three-dimensional perspective view looking down the San Andreas Fault, using the Thematic Mapper image pixels, but shaded using the elevation of the landforms. The GIS display depends on the viewing point of the observer and time of day of the display, to properly render the shadows created by the sun's rays at that latitude, longitude, and time of day. An archeochrome is a new way of displaying spatial data. It is a thematic on a 3D map that is applied to a specific building or a part of a building. It is suited to the visual display of heat loss data. SPATIAL ETL Spatial ETL tools provide the data processing functionality of traditional Extract, Transform, Load (ETL) software, but with a primary focus on the ability to manage spatial data. They provide GIS users with the ability to translate data between different standards and proprietary formats, whilst geometrically transforming the data en-route. GIS DATA MINING GIS or spatial data mining is the application of data mining methods to spatial data. Data mining, which is the partially automated search for hidden patterns in large databases, offers great potential benefits for applied GIS-based decision-making. Typical applications including environmental monitoring. A characteristic of such applications is that spatial correlation between data measurements requires the use of specialized algorithms for more efficient data analysis. GIS DEVELOPMENTS Many disciplines can benefit from GIS technology. An active GIS market has resulted in lower costs and continual improvements in the hardware and software components of GIS. These developments will, in turn, result in a much wider use of the technology throughout science, government, business, and industry, with applications including real estate, public health, crime mapping, national defense, sustainable development, natural resources, landscape architecture, archaeology, regional and community planning, transportation and logistics. GIS is also diverging into location-based services (LBS). LBS allows GPS enabled mobile devices to display their location in relation to fixed assets (nearest restaurant, gas station, fire hydrant), mobile assets (friends, children, police car) or to relay their position back to a central server for display or other processing. These services continue to develop with the increased integration of GPS functionality with increasingly powerful mobile electronics (cell phones, PDAs, laptops). OGC STANDARDS The Open Geospatial Consortium (OGC) is an international industry consortium of 384 companies, government agencies, universities and individuals participating in a consensus process to develop publicly available geoprocessing specifications. Open interfaces and protocols defined by OpenGIS Specifications support interoperable solutions that "geo-enable" the Web, wireless and location-based



30 services, and mainstream IT, and empower technology developers to make complex spatial information and services accessible and useful with all kinds of applications. Open Geospatial Consortium (OGC) protocols include Web Map Service (WMS) and Web Feature Service (WFS). GIS products are broken down by the OGC into two categories, based on how completely and accurately the software follows the OGC specifications. OGC STANDARDS HELP GIS TOOLS COMMUNICATE. Compliant Products are software products that comply with OGC's OpenGIS Specifications. When a product has been tested and certified as compliant through the OGC Testing Program, the product is automatically registered as "compliant" on this site. Implementing Products are software products that implement OpenGIS Specifications but have not yet passed a compliance test. Compliance tests are not available for all specifications. Developers can register their products as implementing draft or approved specifications, though OGC reserves the right to review and verify each entry. WEB MAPPING In recent years there has been an explosion of mapping applications on the web such as Google Maps and Bing Maps. These websites give the public access to huge amounts of geographic data. Some of them, like Google Maps and OpenLayers, expose an API that enables users to create custom applications. These toolkits commonly offer street maps, aerial/satellite imagery, geocoding, searches, and routing functionality. Other applications for publishing geographic information on the web include Cadcorp's GeognoSIS, ESRI's ArcIMS Server, Google Earth, Google Fusion Tables, and the open source alternatives of MapServer, Mapnik, and GeoServer. GLOBAL CLIMATE CHANGE, CLIMATE HISTORY PROGRAM & PREDICTION OF ITS IMPACT Maps have traditionally been used to explore the Earth and to exploit its resources. GIS technology, as an expansion of cartographic science, has enhanced the efficiency and analytic power of traditional mapping. Now, as the scientific community recognizes the environmental consequences of anthropogenic activities influencing climate change, GIS technology is becoming an essential tool to understand the impacts of this change over time. GIS enables the combination of various sources of data with existing maps and up-to-date information from earth observation satellites along with the outputs of climate change models. This can help in understanding the effects of climate change on complex natural systems. One of the classic examples of this is the study of Arctic Ice Melting.



31 The outputs from a GIS in the form of maps combined with satellite imagery allow researchers to view their subjects in ways that literally never have been seen before. The images are also invaluable for conveying the effects of climate change to non-scientists. ADDING THE DIMENSION OF TIME The condition of the Earth's surface, atmosphere, and subsurface can be examined by feeding satellite data into a GIS. GIS technology gives researchers the ability to examine the variations in Earth processes over days, months, and years. As an example, the changes in vegetation vigor through a growing season can be animated to determine when drought was most extensive in a particular region. The resulting graphic, known as a normalized vegetation index, represents a rough measure of plant health. Working with two variables over time would then allow researchers to detect regional differences in the lag between a decline in rainfall and its effect on vegetation. GIS technology and the availability of digital data on regional and global scales enable such analyses. The satellite sensor output used to generate a vegetation graphic is produced for example by the Advanced Very High Resolution Radiometer (AVHRR). This sensor system detects the amounts of energy reflected from the Earth's surface across various bands of the spectrum for surface areas of about 1 square kilometer. The satellite sensor produces images of a particular location on the Earth twice a day. AVHRR and more recently the Moderate-Resolution Imaging Spectroradiometer (MODIS) are only two of many sensor systems used for Earth surface analysis. More sensors will follow, generating ever greater amounts of data. In addition to the integration of time in environmental studies, GIS is also being explored for its ability to track and model the progress of humans throughout their daily routines. A concrete example of progress in this area is the recent release of time-specific population data by the US Census. In this data set, the populations of cities are shown for daytime and evening hours highlighting the pattern of concentration and dispersion generated by North American commuting patterns. The manipulation and generation of data required to produce this data would not have been possible without GIS. Using models to project the data held by a GIS forward in time have enabled planners to test policy decisions using Spatial Decision Support Systems. SEMANTICS Tools and technologies emerging from the W3C's Semantic Web Activity are proving useful for data integration problems in information systems. Correspondingly, such technologies have been proposed as a means to facilitate interoperability and data reuse among GIS applications and also to enable new analysis mechanisms. Ontologies are a key component of this semantic approach as they allow a formal, machine-readable specification of the concepts and relationships in a given domain. This in turn allows a GIS to focus on



32 the intended meaning of data rather than its syntax or structure. For example, reasoning that a land cover type classified as deciduous needleleaf trees in one dataset is a specialization or subset of land cover type forest in another more roughly classified dataset can help a GIS automatically merge the two datasets under the more general land cover classification. Tentative ontologies have been developed in areas related to GIS applications, for example the hydrology ontology developed by the Ordnance Survey in the United Kingdom and the SWEET ontologies developed by NASA's Jet Propulsion Laboratory. Also, simpler ontologies and semantic metadata standards are being proposed by the W3C Geo Incubator Group to represent geospatial data on the web. Recent research results in this area can be seen in the International Conference on Geospatial Semantics and the Terra Cognita – Directions to the Geospatial Semantic Web workshop at the International Semantic Web Conference. SOCIETY With the popularization of GIS in decision making, scholars have begun to scrutinize the social implications of GIS. It has been argued [by whom?] that the production, distribution, utilization, and representation of geographic information are largely related with the social context. Other related topics include discussion on copyright, privacy, and censorship. A more optimistic social approach to GIS adoption is to use it as a tool for public participation.



GLOBAL POSITIONING SYSTEM The GLOBAL POSITIONING SYSTEM (GPS) is a space-based satellite navigation system that provides location and time information in all weather, anywhere on or near the Earth, where there is an unobstructed line of sight to four or more GPS satellites. It is maintained by the United States government and is freely accessible to anyone with a GPS receiver. The GPS program provides critical capabilities to military, civil and commercial users around the world. In addition, GPS is the backbone for modernizing the global air traffic system. The GPS project was developed in 1973 to overcome the limitations of previous navigation systems,[1] integrating ideas from several predecessors, including a number of classified engineering design studies from the 1960s. GPS was created and realized by the U.S. Department of Defense (DoD) and was originally run with 24 satellites. It became fully operational in 1994. Advances in technology and new demands on the existing system have now led to efforts to modernize the GPS system and implement the next generation of GPS III satellites and Next Generation Operational Control System (OCX).[2] Announcements from the Vice President and the White House in 1998 initiated these changes. In 2000, U.S. Congress authorized the modernization effort, referred to as GPS III. In addition to GPS, other systems are in use or under development. The Russian GLObal NAvigation Satellite System (GLONASS) was in use by only the Russian military, until it was made fully available



33 to civilians in 2007. There are also the planned European Union Galileo positioning system, Chinese Compass navigation system, and Indian Regional Navigational Satellite System. HISTORY The design of GPS is based partly on similar ground-based radio-navigation systems, such as LORAN and the Decca Navigator developed in the early 1940s, and used during World War II. In 1956, Friedwardt Winterberg proposed a test of general relativity (for time slowing in a strong gravitational field) using accurate atomic clocks placed in orbit inside artificial satellites. (To achieve accuracy requirements, GPS uses principles of general relativity to correct the satellites' atomic clocks.) Additional inspiration for GPS came when the Soviet Union launched the first man-made satellite, Sputnik in 1957. Two American physicists, William Guier and George Weiffenbach, at Johns Hopkins's Applied Physics Laboratory (APL), decided on their own to monitor Sputnik's radio transmissions. Within hours they realized that, because of the Doppler effect, they could pinpoint where the satellite was along its orbit from the Doppler shift. The Director of the APL gave them access to their UNIVAC to do the heavy calculations required. When they released the orbit of Sputnik to the media, the Russians were dumbfounded to learn how powerful American computers had become, as they would not have been able to calculate the orbit themselves. The following spring, Frank McClure, the deputy director of the APL, asked Guier and Weiffenbach to look at the inverse problem where you know the location of the satellite and you want to find your own location. (The Navy was developing the submarine-launched Polaris missile, which required them to know the submarine's location.) This led them and APL to develop the Transit system. The first satellite navigation system, Transit (satellite), used by the United States Navy, was first successfully tested in 1960. It used a constellation of five satellites and could provide a navigational fix approximately once per hour. In 1967, the U.S. Navy developed the Timation satellite that proved the ability to place accurate clocks in space, a technology required by GPS. In the 1970s, the ground-based Omega Navigation System, based on phase comparison of signal transmission from pairs of stations, became the first worldwide radio navigation system. Limitations of these systems drove the need for a more universal navigation solution with greater accuracy. While there were wide needs for accurate navigation in military and civilian sectors, almost none of those were seen as justification for the billions of dollars it would cost in research, development, deployment, and operation for a constellation of navigation satellites. During the Cold War arms race, the nuclear threat to the existence of the United States was the one need that did justify this cost in the view of the United States Congress. This deterrent effect is why GPS was funded. It is also the reason for the ultra secrecy at that time. The nuclear triad consisted of the United States Navy's submarinelaunched ballistic missiles (SLBMs) along with United States Air Force (USAF) strategic bombers and intercontinental ballistic missiles (ICBMs). Considered vital to the nuclear deterrence posture, accurate determination of the SLBM launch position was a force multiplier.



34 Precise navigation would enable United States submarines to get an accurate fix of their positions prior to launching their SLBMs. The USAF with two-thirds of the nuclear triad also had requirements for a more accurate and reliable navigation system. The Navy and Air Force were developing their own technologies in parallel to solve what was essentially the same problem. To increase the survivability of ICBMs, there was a proposal to use mobile launch platforms (such as Russian SS-24 and SS-25) and so the need to fix the launch position had similarity to the SLBM situation. In 1960, the Air Force proposed a radio-navigation system called MOSAIC (MObile System for Accurate ICBM Control) that was essentially a 3-D LORAN. A follow-on study called Project 57 was worked in 1963 and it was "in this study that the GPS concept was born." That same year the concept was pursued as Project 621B, which had "many of the attributes that you now see in GPS" and promised increased accuracy for Air Force bombers as well as ICBMs. Updates from the Navy Transit system were too slow for the high speeds of Air Force operation. The Navy Research Laboratory continued advancements with their Timation (Time Navigation) satellites, first launched in 1967, and with the third one in 1974 carrying the first atomic clock into orbit. With these parallel developments in the 1960s, it was realized that a superior system could be developed by synthesizing the best technologies from 621B, Transit, Timation, and SECOR in a multi-service program. During Labor Day weekend in 1973, a meeting of about 12 military officers at the Pentagon discussed the creation of a Defense Navigation Satellite System (DNSS). It was at this meeting that "the real synthesis that became GPS was created." Later that year, the DNSS program was named Navstar. With the individual satellites being associated with the name Navstar (as with the predecessors Transit and Timation), a more fully encompassing name was used to identify the constellation of Navstar satellites, Navstar-GPS, which was later shortened simply to GPS. After Korean Air Lines Flight 007, carrying 269 people, was shot down in 1983 after straying into the USSR's prohibited airspace, in the vicinity of Sakhalin and Moneron Islands, President Ronald Reagan issued a directive making GPS freely available for civilian use, once it was sufficiently developed, as a common good. The first satellite was launched in 1989, and the 24th satellite was launched in 1994. Initially, the highest quality signal was reserved for military use, and the signal available for civilian use was intentionally degraded (Selective Availability). This changed with President Bill Clinton ordering Selective Availability to be turned off at midnight May 1, 2000, improving the precision of civilian GPS from 100 meters (330 ft) to 20 meters (66 ft). The executive order signed in 1996 to turn off Selective Availability in 2000 was proposed by the US Secretary of Defense, William Perry, because of the widespread growth of differential GPS services to improve civilian accuracy and eliminate the US military advantage. Moreover, the US military was actively developing technologies to deny GPS service to potential adversaries on a regional basis.



35 Over the last decade, the U.S. has implemented several improvements to the GPS service, including new signals for civil use and increased accuracy and integrity for all users, all while maintaining compatibility with existing GPS equipment. GPS modernization has now become an ongoing initiative to upgrade the Global Positioning System with new capabilities to meet growing military, civil, and commercial needs. The program is being implemented through a series of satellite acquisitions, including GPS Block III and the Next Generation Operational Control System (OCX). The U.S. Government continues to improve the GPS space and ground segments to increase performance and accuracy. GPS is owned and operated by the United States Government as a national resource. Department of Defense (DoD) is the steward of GPS. Interagency GPS Executive Board (IGEB) oversaw GPS policy matters from 1996 to 2004. After that the National Space-Based Positioning, Navigation and Timing Executive Committee was established by presidential directive in 2004 to advise and coordinate federal departments and agencies on matters concerning the GPS and related systems. The executive committee is chaired jointly by the deputy secretaries of defense and transportation. Its membership includes equivalent-level officials from the departments of state, commerce, and homeland security, the Joint Chiefs of Staff, and NASA. Components of the executive office of the president participate as observers to the executive committee, and the FCC chairman participates as a liaison. The DoD is required by law to "maintain a Standard Positioning Service (as defined in the federal radio navigation plan and the standard positioning service signal specification) that will be available on a continuous, worldwide basis," and "develop measures to prevent hostile use of GPS and its augmentations without unduly disrupting or degrading civilian uses." BASIC CONCEPTS OF GPS A GPS receiver calculates its position by precisely timing the signals sent by GPS satellites high above the Earth. Each satellite continually transmits messages that include the time the message was transmitted satellite position at time of message transmission. The receiver uses the messages it receives to determine the transit time of each message and computes the distance to each satellite. These distances along with the satellites' locations are used with the possible aid of trilateration, depending on which algorithm is used, to compute the position of the receiver. This position is then displayed, perhaps with a moving map display or latitude and longitude; elevation information may be included. Many GPS units show derived information such as direction and speed, calculated from position changes. Three satellites might seem enough to solve for position since space has three dimensions and a position near the Earth's surface can be assumed. However, even a very small clock error multiplied by the very large speed of light the speed at which satellite signals propagate results in a large positional error. Therefore receivers use four or more satellites to solve for both the receiver's location and time. The very accurately computed time is effectively hidden by most GPS applications, which use only the



36 location. A few specialized GPS applications do however use the time; these include time transfer, traffic signal timing, and synchronization of cell phone base stations. Although four satellites are required for normal operation, fewer apply in special cases. If one variable is already known, a receiver can determine its position using only three satellites. For example, a ship or aircraft may have known elevation. Some GPS receivers may use additional clues or assumptions such as reusing the last known altitude, dead reckoning, inertial navigation, or including information from the vehicle computer, to give a less degraded position when fewer than four satellites are visible. POSITION CALCULATION INTRODUCTION To provide an introductory description of how a GPS receiver works, error effects are deferred to a later section. Using messages received from a minimum of four visible satellites, a GPS receiver is able to determine the times sent and then the satellite positions corresponding to these times sent. The x, y, and z components of position, and the time sent, are designated as where the subscript it has the value 1, 2, 3, or 4. Knowing the indicated time the message was received, the GPS receiver computes the transit time of the message as dot (.). A pseudorange is computed as an approximation of the distance from satellite to GPS receiver. A satellite's position and pseudorange define a sphere, centered on the satellite, with radius equal to the pseudorange. The position of the receiver is somewhere on the surface of this sphere. Thus with four satellites, the indicated position of the GPS receiver is at or near the intersection of the surfaces of four spheres. In the ideal case of no errors, the GPS receiver would be at a precise intersection of the four surfaces. If the surfaces of two spheres intersect at more than one point, they intersect in a circle. The article trilateration shows this mathematically. A figure, Two Sphere Surfaces Intersecting in a Circle, is shown below. Two points where the surfaces of the spheres intersect are clearly shown in the figure. The distance between these two points is the diameter of the circle of intersection. The intersection of a third spherical surface with the first two will be its intersection with that circle; in most cases of practical interest, this means they intersect at two points. Another figure, Surface of Sphere Intersecting a Circle (not a solid disk) at Two Points, illustrates the intersection. The two intersections are marked with dots. Again the article trilateration clearly shows this mathematically. For automobiles and other near-earth vehicles, the correct position of the GPS receiver is the intersection closest to the Earth's surface. For space vehicles, the intersection farthest from Earth may be the correct one.



37 The correct position for the GPS receiver is also on the intersection with the surface of the sphere corresponding to the fourth satellite.



Two sphere surfaces intersecting in a circle



Surface of sphere intersecting a circle at two points



CORRECTING A GPS RECEIVER‘S CLOCK One of the most significant error sources is the GPS receiver's clock. Because of the very large value of the speed of light, c, the estimated distances from the GPS receiver to the satellites, the pseudorange, are very sensitive to errors in the GPS receiver clock; for example an error of one microsecond (0.000 001 second) corresponds to an error of 300 meters (980 ft). This suggests that an extremely accurate and expensive clock is required for the GPS receiver to work; however, manufacturers prefer to build inexpensive GPS receivers for mass markets. This dilemma is resolved by taking advantage of the fact that there are four pseudoranges. It is likely that the surfaces of the three spheres intersect, because the circle of intersection of the first two spheres is normally quite large, and thus the third sphere surface is likely to intersect this large circle. If the clock is wrong, it is very unlikely that the surface of the sphere corresponding to the fourth satellite will initially intersect either of the two points of intersection of the first three, because any clock error could cause it to miss intersecting a point. On the other hand if a solution has been found such that all four sphere surfaces at least approximately intersect with a small deviation from a perfect intersection then it is quite likely that an accurate estimation of receiver position will have been found and that the clock is quite accurate. Methods of solution are discussed in the navigation equations section of this article.



38 STRUCTURE The current GPS consists of three major segments. These are the space segment (SS), a control segment (CS), and a user segment (US). The U.S. Air Force develops, maintains, and operates the space and control segments. GPS satellites broadcast signals from space, and each GPS receiver uses these signals to calculate its three-dimensional location (latitude, longitude, and altitude) and the current time. The space segment is composed of 24 to 32 satellites in medium Earth orbit and also includes the payload adapters to the boosters required to launch them into orbit. The control segment is composed of a master control station, an alternate master control station, and a host of dedicated and shared ground antennas and monitor stations. The user segment is composed of hundreds of thousands of U.S. and allied military users of the secure GPS Precise Positioning Service and tens of millions of civil, commercial, and scientific users of the Standard Positioning Service (see GPS navigation devices). SPACE SEGMENT The space segment (SS) is composed of the orbiting GPS satellites or Space Vehicles (SV) in GPS parlance. The GPS design originally called for 24 SVs, eight each in three approximately circular orbits, but this was modified to six orbital planes with four satellites each. The orbits are centered on the Earth, not rotating with the Earth, but instead fixed with respect to the distant stars. The six orbit planes have approximately 55° inclination (tilt relative to Earth's equator) and are separated by 60° right ascension of the ascending node (angle along the equator from a reference point to the orbit's intersection).The orbital period is one-half a sidereal day, i.e. 11 hours and 58 minutes. The orbits are arranged so that at least six satellites are always within line of sight from almost everywhere on Earth's surface. The result of this objective is that the four satellites are not evenly spaced (90 degrees) apart within each orbit. In general terms, the angular difference between satellites in each orbit is 30, 105, 120, and 105 degrees apart which, of course, sum to 360 degrees. Orbiting at an altitude of approximately 20,200 km (12,600 mi); orbital radius of approximately 26,600 km (16,500 mi), each SV makes two complete orbits each sidereal day, repeating the same ground track each day. This was very helpful during development because even with only four satellites, correct alignment means all four are visible from one spot for a few hours each day. For military operations, the ground track repeat can be used to ensure good coverage in combat zones. As of March 2008, there are 31 actively broadcasting satellites in the GPS constellation, and two older, retired from active service satellites kept in the constellation as orbital spares. The additional satellites improve the precision of GPS receiver calculations by providing redundant measurements. With the increased number of satellites, the constellation was changed to a non uniform arrangement. Such an arrangement was shown to improve reliability and availability of the system, relative to a uniform system, when multiple satellites fail. About nine satellites are visible from any point on the ground at any one time (see animation at right), ensuring considerable redundancy over the minimum four satellites needed for a position.
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UNLAUNCHED GPS BLOCK II-A SATELLITE ON DISPLAY AT THE SAN DIEGO AIR & SPACE MEUSEUM



A VISUAL EXAMPLE OF THE GPS COSTELLATION IN MOTION WITH EARTH ROTATING. CONTROL SEGMENT The control segment is composed of a master control station (MCS), an alternate master control station, four dedicated ground antennas and six dedicated monitor stations. The MCS can also access U.S. Air Force Satellite Control Network (AFSCN) ground antennas (for additional command and control capability) and NGA (National Geospatial-Intelligence Agency) monitor stations. The flight paths of the satellites are tracked by dedicated U.S. Air Force monitoring stations in Hawaii, Kwajalein, Ascension Island, Diego Garcia, Colorado Springs, Colorado and Cape Canaveral, along with shared NGA monitor stations operated in England, Argentina, Ecuador, Bahrain, Australia and Washington DC. The tracking information is sent to the Air Force Space Command's MCS at Schriever Air Force Base 25 km (16 mi) ESE of Colorado Springs, which is operated by the 2nd Space Operations Squadron (2 SOPS) of the U.S. Air Force. Then 2 SOPS contacts each GPS satellite regularly with a navigational update using dedicated or shared (AFSCN) ground antennas (GPS dedicated ground antennas are located at Kwajalein, Ascension Island, Diego Garcia, and Cape Canaveral). These updates synchronize the atomic clocks on board the satellites to within a few nanoseconds of each other, and adjust the ephemeris of each satellite's internal orbital model. The



40 updates are created by a Kalman filter that uses inputs from the ground monitoring stations, space weather information, and various other inputs. Satellite maneuvers are not precise by GPS standards. So to change the orbit of a satellite, the satellite must be marked unhealthy, so receivers will not use it in their calculation. Then the maneuver can be carried out, and the resulting orbit tracked from the ground. Then the new ephemeris is uploaded and the satellite marked healthy again. The Operation Control Segment (OCS) currently serves as the control segment of record. It provides the operational capability that supports global GPS users and keeps the GPS system operational and performing within specification. OCS successfully replaced the legacy 1970‘s-era mainframe computer at Schriever Air Force Base in September 2007. After installation, the system helped enable upgrades and provide a foundation for a new security architecture that supported the U.S. armed forces. OCS will continue to be the ground control system of record until the new segment, Next Generation GPS Operation Control System (OCX), is fully developed and functional. The new capabilities provided by OCX will be the cornerstone for revolutionizing GPS‘s mission capabilities, and enabling Air Force Space Command to greatly enhance GPS operational services to U.S. combat forces, civil partners and myriad of domestic and international users. The GPS OCX program also will reduce cost, schedule and technical risk. It is designed to provide 50% sustainment cost savings through efficient software architecture and Performance-Based Logistics. In addition, GPS OCX expected to cost millions less than the cost to upgrade OCS while providing four times the capability. The GPS OCX program represents a critical part of GPS modernization and provides significant information assurance improvements over the current GPS OCS program.  



  







OCX will have the ability to control and manage GPS legacy satellites as well as the next generation of GPS III satellites, while enabling the full array of military signals. Built on a flexible architecture that can rapidly adapt to the changing needs of today‘s and future GPS users allowing immediate access to GPS data and constellations status through secure, accurate and reliable information. Empowers the warfighter with more secure, actionable and predictive information to enhance situational awareness. Enables new modernized signals (L1C, L2C, and L5) and has M-code capability, which the legacy system is unable to do. Provides significant information assurance improvements over the current program including detecting and preventing cyber attacks, while isolating, containing and operating during such attacks. Supports higher volume near real-time command and control capability.



41 On September 14, 2011, the U.S. Air Force announced the completion of GPS OCX Preliminary Design Review and confirmed that the OCX program is ready for the next phase of development. The GPS OCX program has achieved major milestones and is on track to support the GPS IIIA launch in May 2014. USER SEGMENT The user segment is composed of hundreds of thousands of U.S. and allied military users of the secure GPS Precise Positioning Service, and tens of millions of civil, commercial and scientific users of the Standard Positioning Service. In general, GPS receivers are composed of an antenna, tuned to the frequencies transmitted by the satellites, receiver-processors, and a highly stable clock (often a crystal oscillator). They may also include a display for providing location and speed information to the user. A receiver is often described by its number of channels: this signifies how many satellites it can monitor simultaneously. Originally limited to four or five, this has progressively increased over the years so that, as of 2007, receivers typically have between 12 and 20 channels. A typical OEM GPS receiver module measuring 15×17 mm. GPS receivers may include an input for differential corrections, using the RTCM SC-104 format. This is typically in the form of an RS-232 port at 4,800 bit/s speed. Data is actually sent at a much lower rate, which limits the accuracy of the signal sent using RTCM[citation needed]. Receivers with internal DGPS receivers can outperform those using external RTCM data[citation needed]. As of 2006, even low-cost units commonly include Wide Area Augmentation System (WAAS) receivers. A typical GPS receiver with integrated antenna. Many GPS receivers can relay position data to a PC or other device using the NMEA 0183 protocol. Although this protocol is officially defined by the National Marine Electronics Association (NMEA), references to this protocol have been compiled from public records, allowing open source tools like gpsd to read the protocol without violating intellectual property laws. Other proprietary protocols exist as well, such as the SiRF and MTK protocols. Receivers can interface with other devices using methods including a serial connection, USB, or Bluetooth. APPLICATION While originally a military project, GPS is considered a dual-use technology, meaning it has significant military and civilian applications.GPS has become a widely deployed and useful tool for commerce, scientific uses, tracking, and surveillance. GPS's accurate time facilitates everyday activities such as banking, mobile phone operations, and even the control of power grids by allowing well synchronized hand-off switching.
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A typical GPS receiver with integrated antenna. DEMODULATION & DECODING Because all of the satellite signals are modulated onto the same L1 carrier frequency, the signals must be separated after demodulation. This is done by assigning each satellite a unique binary sequence known as a Gold code. The signals are decoded after demodulation using addition of the Gold codes corresponding to the satellites monitored by the receiver. If the almanac information has previously been acquired, the receiver picks the satellites to listen for by their PRNs, unique numbers in the range 1 through 32. If the almanac information is not in memory, the receiver enters a search mode until a lock is obtained on one of the satellites. To obtain a lock, it is necessary that there be an unobstructed line of sight from the receiver to the satellite. The receiver can then acquire the almanac and determine the satellites it should listen for. As it detects each satellite's signal, it identifies it by its distinct C/A code pattern. There can be a delay of up to 30 seconds before the first estimate of position because of the need to read the ephemeris data. Processing of the navigation message enables the determination of the time of transmission and the satellite position at this time. For more information see Demodulation and Decoding, Advanced.



Demodulating and Decoding GPS Satellite Signals using the Coarse/Acquisition Gold code.



43 NAVIGATION EQUATIONS The receiver uses messages received from satellites to determine the satellite positions and time sent. The x, y, and z components of satellite position and the time sent are designated as [xi, yi, zi, ti] where the subscript i denotes the satellite and has the value 1, 2, ...,n, where When the time of message reception indicated by the on-board clock is , the message's transit time is where is clock bias. Assuming the message traveled at the speed of light (c) the distance traveled is (tr + b − ti)c. Knowing the distance from receiver to satellite and the satellite's position implies that the receiver is on the surface of a sphere centered at the satellite's position. Thus the receiver is at or near the intersection of the surfaces of the spheres. In the ideal case of no errors, the receiver is at the intersection of the surfaces of the spheres. The clock error or bias, b, is the amount that the receiver's clock is off. The receiver has four unknowns, the three components of GPS receiver position and the clock bias [x, y, z, b]. The equations of the sphere surfaces are given by:



or in terms of pseudorange,



, as .



These equations can be solved by algebraic or numerical methods. AUGMENTATION Integrating external information into the calculation process can materially improve accuracy. Such augmentation systems are generally named or described based on how the information arrives. Some systems transmit additional error information (such as clock drift, ephemera, or ionospheric delay), others characterize prior errors, while a third group provides additional navigational or vehicle information. Examples of augmentation systems include the Wide Area Augmentation System (WAAS), European Geostationary Navigation Overlay Service (EGNOS), Differential GPS, Inertial Navigation Systems (INS) and Assisted GPS. PRECISE MONITORING Accuracy can be improved through precise monitoring and measurement of existing GPS signals in additional or alternate ways. The largest remaining error is usually the unpredictable delay through the ionosphere. The spacecraft broadcast ionospheric model parameters, but errors remain. This is one reason GPS spacecraft transmit



44 on at least two frequencies, L1 and L2. Ionospheric delay is a well-defined function of frequency and the total electron content (TEC) along the path, so measuring the arrival time difference between the frequencies determines TEC and thus the precise ionospheric delay at each frequency. Military receivers can decode the P(Y)-code transmitted on both L1 and L2. Without decryption keys, it is still possible to use acodeless technique to compare the P(Y) codes on L1 and L2 to gain much of the same error information. However, this technique is slow, so it is currently available only on specialized surveying equipment. In the future, additional civilian codes are expected to be transmitted on the L2 and L5 frequencies (see GPS modernization). Then all users will be able to perform dual-frequency measurements and directly compute ionospheric delay errors. A second form of precise monitoring is called Carrier-Phase Enhancement (CPGPS). This corrects the error that arises because the pulse transition of the PRN is not instantaneous, and thus the correlation (satellite-receiver sequence matching) operation is imperfect. CPGPS uses the L1 carrier wave, which has a period of



, which is about one-



thousandth of the C/A Gold code bit period of , to act as an additional clock signal and resolve the uncertainty. The phase difference error in the normal GPS amounts to 2–3 metres (6.6–9.8 ft) of ambiguity. CPGPS working to within 1% of perfect transition reduces this error to 3 centimetres (1.2 in) of ambiguity. By eliminating this error source, CPGPS coupled with DGPS normally realizes between 20–30 centimetres (7.9–12 in) of absolute accuracy. Relative Kinematic Positioning (RKP) is a third alternative for a precise GPS-based positioning system. In this approach, determination of range signal can be resolved to a precision of less than 10 centimetres (3.9 in). This is done by resolving the number of cycles that the signal is transmitted and received by the receiver by using a combination of differential GPS (DGPS) correction data, transmitting GPS signal phase information and ambiguity resolution techniques via statistical tests—possibly with processing in real-time (real-time kinematic positioning, RTK). TIME KEEPING While most clocks are synchronized to Coordinated Universal Time (UTC), the atomic clocks on the satellites are set to GPS time (GPST; see the page of United States Naval Observatory). The difference is that GPS time is not corrected to match the rotation of the Earth, so it does not contain leap seconds or other corrections that are periodically added to UTC. GPS time was set to match Coordinated (UTC) in 1980, but has since diverged. The lack of corrections means that GPS time remains at a constant offset with International Atomic Time (TAI) (TAI – GPS = 19 seconds). Periodic corrections are performed on the on-board clocks to keep them synchronized with ground clocks. The GPS navigation message includes the difference between GPS time and UTC. As of 2011, GPS time is 15 seconds ahead of UTC because of the leap second added to UTC December 31, 2008.



45 Receivers subtract this offset from GPS time to calculate UTC and specific timezone values. New GPS units may not show the correct UTC time until after receiving the UTC offset message. The GPS-UTC offset field can accommodate 255 leap seconds (eight bits) that, given the current period of the Earth's rotation (with one leap second introduced approximately every 18 months), should be sufficient to last until approximately the year 2300. TIMEKEEPING ACCURACY GPS time is accurate to about 14 nanoseconds. TIMEKEEPING FORMAT As opposed to the year, month, and day format of the Gregorian calendar, the GPS date is expressed as a week number and a seconds-into-week number. The week number is transmitted as a ten-bit field in the C/A and P(Y) navigation messages, and so it becomes zero again every 1,024 weeks (19.6 years). GPS week zero started at 00:00:00 UTC (00:00:19 TAI) on January 6, 1980, and the week number became zero again for the first time at 23:59:47 UTC on August 21, 1999 (00:00:19 TAI on August 22, 1999). To determine the current Gregorian date, a GPS receiver must be provided with the approximate date (to within 3,584 days) to correctly translate the GPS date signal. To address this concern the modernized GPS navigation message uses a 13-bit field that only repeats every 8,192 weeks (157 years), thus lasting until the year 2137 (157 years after GPS week zero). CARRIER PHASE TRACKING Another method that is used in surveying applications is carrier phase tracking. The period of the carrier frequency multiplied by the speed of light gives the wavelength, which is about 0.19 meters for the L1 carrier. Accuracy within 1% of wavelength in detecting the leading edge reduces this component of pseudorange error to as little as 2 millimeters. This compares to 3 meters for the C/A code and 0.3 meters for the P code. However, 2 millimeter accuracy requires measuring the total phase—the number of waves multiplied by the wavelength plus the fractional wavelength, which requires specially equipped receivers. This method has many surveying applications. Triple differencing followed by numerical root finding, and a mathematical technique called least squares can estimate the position of one receiver given the position of another. First, compute the difference between satellites, then between receivers, and finally between epochs. Other orders of taking differences are equally valid. Detailed discussion of the errors is omitted. The satellite carrier total phase can be measured with ambiguity as to the number of cycles. Let denote the phase of the carrier of satellite j measured by receiver i at time . This notation shows the meaning of the subscripts i, j, and k. The receiver (r), satellite (s), and time (t) come in alphabetical order as arguments of



and to balance readability and conciseness,
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let be a concise abbreviation. Also we define three functions, : , which return differences between receivers, satellites, and time points, respectively. Each function has variables with three subscripts as its arguments. These three functions are defined below. If is a function of the three integer arguments, i, j, and k then it is a valid argument for the functions, : , with the values defined as , , and . Also if then



are valid arguments for the three functions and a and b are constants is a valid argument with values defined as , , and .



Receiver clock errors can be approximately eliminated by differencing the phases measured from satellite 1 with that from satellite 2 at the same epoch. This difference is designated as Double differencing computes the difference of receiver 1's satellite difference from that of receiver 2. This approximately eliminates satellite clock errors. This double difference is:



Triple differencing subtracts the receiver difference from time 1 from that of time 2. This eliminates the ambiguity associated with the integral number of wavelengths in carrier phase provided this ambiguity does not change with time. Thus the triple difference result eliminates practically all clock bias errors and the integer ambiguity. Atmospheric delay and satellite ephemeris errors have been significantly reduced. This triple difference is:



Triple difference results can be used to estimate unknown variables. For example if the position of receiver 1 is known but the position of receiver 2 unknown, it may be possible to estimate the position of receiver 2 using numerical root finding and least squares. Triple difference results for three independent



47 time pairs quite possibly will be sufficient to solve for receiver 2's three position components. This may require the use of a numerical procedure. An approximation of receiver 2's position is required to use such a numerical method. This initial value can probably be provided from the navigation message and the intersection of sphere surfaces. Such a reasonable estimate can be key to successful multidimensional root finding. Iterating from three time pairs and a fairly good initial value produces one observed triple difference result for receiver 2's position. Processing additional time pairs can improve accuracy, overdetermining the answer with multiple solutions. Least squares can estimate an overdetermined system. Least squares determines the position of receiver 2 which best fits the observed triple difference results for receiver 2 positions under the criterion of minimizing the sum of the squares. REGULATORY SPECTRUM ISSUES CONCERNING GPS RECIEVERS In the United States, GPS receivers are regulated under the Federal Communications Commission's (FCC) Part 15 rules. As indicated in the manuals of GPS-enabled devices sold in the United States, as a Part 15 device, it "must accept any interference received, including interference that may cause undesired operation." With respect to GPS devices in particular, the FCC states that GPS receiver manufacturers, "must use receivers that reasonably discriminate against reception of signals outside their allocated spectrum." The spectrum allocated for GPS L1 use by the FCC is 1559 to 1610 MHz. Since 1996, the FCC has authorized licensed use of the spectrum neighboring the GPS band of 1525 to 1559 MHz to the Virginia company LightSquared. On March 1, 2001, the FCC received an application from LightSquared's predecessor, Motient Services to use their allocated frequencies for an integrated satellite-terrestrial service. In 2002, the U.S. GPS Industry Council came to an out-of-band-emissions (OOBE) agreement with LightSquared to prevent transmissions from LightSquared's ground-based stations from emitting transmissions into the neighboring GPS band of 1559 to 1610 MHz. In 2004, the FCC adopted the OOBE agreement in its authorization for LightSquared to deploy a ground-based network that used its allocated frequencies of 1525 to 1559 MHz. This authorization was reviewed and approved by the U.S. Interdepartment Radio Advisory Committee, which includes the U.S. Departments of Agriculture, Air Force, Army, Coast Guard, Federal Aviation Administration, National Aeronautics and Space Administration, Interior, and Transportation.



48 Marine spatial planning (MSP) is a tool that brings together multiple users of the ocean including energy, industry, government, conservation and recreation to make informed and coordinated decisions about how to use marine resources sustainably. MSP uses maps to create a more comprehensive picture of a marine area identifying where and how an ocean area is being used and what natural resources and habitat exist Through the planning and mapping process of a marine ecosystem, planners can consider the cumulative effect of maritime industries on our seas, seek to make industries more sustainable and proactively minimize conflicts between industries seeking to utilise the same sea area. The intended result of MSP is a more coordinated and sustainable approach to how our oceans are used ensuring that the seas marine resources and services are utilised, but within clear environmental limits to ensure marine ecosystems remain healthy and biodiversity is conserved.



EXAMPLE OF MSP OF USA



DEFINITON & CONCEPT There are a number of definitions for marine spatial planning. According to the United Nations Educational, Scientific, and Cultural Organization, marine spatial planning is a public process of analyzing and allocating the spatial and temporal distribution of human activities in marine areas to achieve ecological, economic, and social objectives that usually have been specified through a political process. Essentially, marine spatial planning is a planning tool that enables integrated, forward-looking and consistent decision-making on the use of the sea. Numerous countries around the globe are embracing this tool to combat crowded usage of their territorial sea waters. The United Kingdom's Department of Environment, Food and Rural Affairs has developed a commonly used definition:―strategic, forward-looking planning for regulating, managing and protecting the marine environment, including through allocation of space, that addresses the multiple, cumulative, and potentially conflicting uses of the sea‖ (DEFRA, 2004,3) The main elements of marine spatial planning include an interlinked system of plans, policies and regulations; the components of environmental management systems (e.g. setting objectives, initial assessment, implementation, monitoring, audit and review); and some of the many tools that are already used for land use planning. Whatever the building blocks, the essential consideration is that they need to



49 work across sectors and give a geographic context in which to make decisions about the use of resources, development, conservation and the management of activities in the marine environment (JMPMU 55, 2007). Effective marine spatial planning has essential attributes:   



Multi-objective: Marine spatial planning should balance ecological, social, economic, and governance objectives, but the overriding objective should be increased sustainability. Spatially focused: The ocean area to be managed must be clearly defined, ideally at the ecosystem level certainly being large enough to incorporate relevant ecosystem processes. Integrated: The planning process should address the interrelationships and interdependence of each component within the defined management area, including natural processes, activities, and authorities.



The Marine and Coastal Access Act 2009 defined arrangements for a new system of marine management, including the introduction of marine spatial planning, across the UK. Although the new system comprises the principles of marine spatial planning as articulated by the European Commission, it is commonly referred to in the UK simply as 'marine planning'. Among the Government's stated aims for the new marine planning system is to ensure that coastal areas, the activities within them and the problems they face are managed in an integrated and holistic way. This will require close interaction with town and country planning regimes and, in England and Wales, the new regime for Nationally Significant Infrastructure Projects (NSIPs) in key sectors, such as energy and transport. MARINE POLICY STATEMENT The cornerstone of the UK marine planning system is the Marine Policy Statement (MPS). It sets out the sectoral/activity specific policy objectives that the UK Government, Scottish Government, Welsh Assembly Government and Northern Ireland Executive are seeking to achieve in the marine area in securing the UK vision of 'clean, healthy, safe, productive and biologically diverse oceans and seas.' The MPS is the framework for preparing Marine Plans and taking decisions that affect the marine environment in England, Scotland, Wales and Northern Ireland. It will also set the direction for new marine licensing and other authorization systems in each administration. It is proposed that the draft MPS, which was subject to consultation in 2010, will be formally adopted as Government policy in 2011.



50 MSP PLANNING



A nautical chart is a graphic representation of a maritime area and adjacent coastal regions. Depending on the scale of the chart, it may show depths of water and heights of land (topographic map), natural features of the seabed, details of the coastline, navigational hazards, locations of natural and humanmade aids to navigation, information on tides and currents, local details of the Earth's magnetic field, and human-made structures such as harbors, buildings, and bridges. Nautical charts are essential tools for marine navigation; many countries require vessels, especially commercial ships, to carry them. Nautical charting may take the form of charts printed on paper or computerized electronic navigational charts. Recent technologies have made available paper charts which are printed "on demand" with cartographic data that has been downloaded to the commercial printing company as recently as the night before printing. With each daily download, critical data such as Local Notice to Mariners is added to the on-demand chart files so that these charts will be 100% up to date at the time of printing. SOURCES & PUBLICATIONS OF NAUTICAL CHARTS Nautical charts are based on hydrographic surveys. As surveying is laborious and time-consuming, hydrographic data for many areas of sea may be dated and not always reliable. Depths are measured in a variety of ways. Historically the sounding line was used. In modern times, echo sounding is used for measuring the seabed in the open sea. When measuring the safe depth of water over an entire obstruction, such as a shipwreck, the minimum depth is checked by sweeping the area with a length of



51 horizontal wire. This ensures that difficult to find projections, such as masts, do not present a danger to vessels navigating over the obstruction. Nautical charts are issued by the national hydrographic offices in many countries. These charts are considered "official" in contrast to those made by commercial publishers. Many hydrographic offices provide regular, sometimes weekly, manual updates of their charts through their sales agents. Individual hydrographic offices produce national chart series and international chart series. Coordinated by the International Hydrographic Organization, the international chart series is a worldwide system of charts ("INT" chart series), which is being developed with the goal of unifying as many chart systems as possible. There are also commercially published charts, some of which may carry additional information of particular interest, e.g. for yacht skippers.



A 1976 United States NOAA chart of part of Puerto Rico FREE NAUTICAL CHARTS BlooSee is a worldwide ocean mapping site, a mobile app, and a social network for sea lovers, offering free NOAA/United States, New Zealand/Pacific Ocean and Brazil charts. BlooSee leverages the power of the community to complement official nautical chart data with content generated by sailors, surfers, divers, kayakers, fisherman, NGO's, merchants, and other ocean communities. BlooSee's charts and data are layered over the satellite imagery of Google Maps/Google Earth. Marine GeoGarage is the first nautical chart web portal in the Cloud. The website allows to freely viewing seamless georeferenced nautical raster chart layers issued from different international Hydrographic Offices (NOAA US, Linz NZ, DNH Brazil, SHN Argentina, SOHMA Uruguay, BSH Germany, NLHO Netherlands and WPL Bahamas) upon Google Maps imagery.



52 Additional free features are available for the user (voyage planning, waypoint and route monitoring with transfer to GPS, bearing and distance calculations). OpenSeaMap.org is a free nautical chart. It's a worldwide Wiki-project and part of OpenStreetMap. Everybody can contribute their nautical knowledge about estuary, harbors and Marina, as geografic chart information and as text data in a linked Wiki-port pilot book. OpenSeaMap covers worldwide all seas and the inland waterways, made for Sailors, divers, canoeists and other watersport enthusiasts. The chart shows lights, buoys, harbor information and a lot of other nautical geo-data. The chart displays also weather information like wind, air pressure, wave hight on a detailed worldwide weather chart including a weather forecast for three days. Users can switch from the chart to an aerial photo display. OpenSeaMap provides a free worldwide nautical chart for iPad, iPhone and iPod, and a vector chart for Garmin ship plotters. The chart is also available by Internet browsers. TeamSurv creates charts using crowd sourced data. Boats log GPS and depth sounder information (plus compass heading and sea surface temperature when available) as they go about their normal activities, and upload the data to the server where the data undergoes quality checks and is corrected for tide height, speed of sound and other factors before being used to create a chart. Data can be collected using a hardware logger or through a number of software packages, and is open to all. Processed data can be viewed at the teamsurv.eu web site, overlaid on top of Google Maps. The US National Oceanic and Atmospheric Administration is now offering complete detailed nautical charts for free download for home printing for the entire US coast. The charts are continuously updated. This should improve the safety at sea, while reducing costs for mariners. Note, however, that these printat-home charts will typically not offer the detail that "full size" NOAA charts do. The UK Hydrographic Office (UKHO) is widely recognized as the leading authority and publishes the series of British Admiralty charts and supplies 70% of the chart market, electronic and paper.



OpenSeaMap - the free nautical chart



53 CHART CORRECTION The nature of a waterway depicted by a chart may change, and artificial aids to navigation may be altered at short notice. Therefore, old or uncorrected charts should never be used for navigation. Every producer of nautical charts also provides a system to inform mariners of changes that affect the chart. In the United States, chart corrections and notifications of new editions are provided by various governmental agencies by way of Notice to Mariners, Local Notice to Mariners, Summary of Corrections, and Broadcast Notice to Mariners. In the U.S., NOAA also has a printing partner who prints the "POD" (print on demand) NOAA charts, and they contain the very latest corrections and notifications at the time of printing. Radio broadcasts give advance notice of urgent corrections. A good way to keep track of corrections is with a Chart and Publication Correction Record Card system. Using this system, the navigator does not immediately update every chart in the portfolio when a new Notice to Mariners arrives, instead creating a card for every chart and noting the correction on this card. When the time comes to use the chart, he pulls the chart and chart's card, and makes the indicated corrections on the chart. This system ensures that every chart is properly corrected prior to use. A prudent mariner should obtain a new chart if he or she has not kept track of corrections and his chart is more than several months old. Various Digital Notices to Mariners systems are available on the market such as Digitrace, Voyager, ChartCo to correct British Admiralty charts as well as NOAA charts. These systems provide only vessels relevant corrections via e-mail or web downloads reducing time needed to sort our correction for each chart. Also, tracings to assist corrections are provided at the same time. The Canadian Coast Guard also produces the Notice to Mariners publication which informs mariners of important navigational safety matters affecting Canadian Waters. This electronic publication is published on a monthly basis and can be downloaded from the Notices to Mariners (NOTMAR) Web site. The information in the Notice to Mariners is formatted to simplify the correction of paper charts and navigational publications. Various and diverse methods exist for the correction of electronic navigational charts. LIMITATIONS In 1973 the cargo ship MV Muirfield (a merchant vessel named after Muirfield, Scotland) struck an unknown object in waters charted at a depth of greater than 5,000 metres (16,404 ft), resulting in extensive damage to her keel. In 1983, HMAS Moresby, a Royal Australian Navy survey ship, surveyed the area where Muirfield was damaged, and charted in detail this previously unsuspected hazard to navigation, the Muirfield Seamount. The dramatic accidental discovery of the Muirfield Seamount is often cited as an example of limitations in the vertical datum accuracy of some offshore areas as represented on nautical charts, especially on small-scale charts. A similar incident involving a passenger ship occurred in 1992 when the Cunard liner



54 RMS Queen Elizabeth 2 struck a submerged rock off Block Island in the Atlantic Ocean. More recently, in 2005 the submarine USS San Francisco (SSN-711) ran into an uncharted seamount about 560 kilometers (350 statute miles) south of Guam at a speed of 35 knots (40.3 mph; 64.8 km/h), sustaining serious damage and killing one seaman. On the 8th September 2006 the jack-up barge Octopus ran aground on an uncharted seamount within the Orkney Islands (United Kingdom) whilst being towed by the Harold tug. £1M worth of damage was caused to the barge and delayed work on the installation of a tidal energy generator prototype. As stated in the Mariners Handbook and subsequent accident report "No chart is infallible. Every chart is liable to be incomplete". MAP PROJECTION, POSITIONS & BEARINGS The Mercator projection is almost universally used in nautical charts. There are however some exceptions for very large or small scales where projections such as the gnomonic projection may be used. Since the Mercator projection is conformal, that is, bearings in the chart are identical to the corresponding angles in nature, bearings may be measured from the chart to be used at sea or plotted on the chart from measurements taken at sea. Positions of places shown on the chart can be measured from the longitude and latitude scales on the borders of the chart, relative to a map datum such as WGS 84. A bearing is the angle between the line joining the two points of interest and the line from one of the points to the north, such as a ship‘s course or a compass reading to a landmark. On nautical charts, the top of the chart is always true north, rather than magnetic north, towards which a magnetic compass points. Most charts include a compass rose depicting the variation between magnetic and true north.



A pre-Mercator nautical chart of 1571, from Portuguese cartographer Fernão Vaz Dourado (c. 1520-c.1580). It belongs to the so-called plane chart model, where observed latitudes and magnetic directions are plotted directly into the plane, with a constant scale, as if the Earth's surface were a flat plane



55 ELECTRONIC & PAPER CHARTS Conventional nautical charts are printed on large sheets of paper at a variety of scales. Mariners will generally carry many charts to provide sufficient detail for the areas they might need to visit. Electronic navigational charts, which use computer software and electronic databases to provide navigation information, can augment or in some cases replace paper charts, though many mariners carry paper charts as a backup in case the electronic charting system fails.



Portion of an electronic chart of the Bering Strait LABELLING NAUTICAL CHARTS Nautical charts must be labeled with navigational and depth information. There are a few software solutions in the market that do label placement automatically for any kind of map or chart. For more information visit the Wikipedia article on Automatic label placement.



Automatically labeled nautical chart DETAILS OF NAUTICAL CHARTS PILOTAGE INFORMATION The chart uses symbols to provide pilotage information about the nature and position of features useful to navigators, such as sea bed information, sea marks and landmarks. Some symbols describe the sea



56 bed with information such as its depth, materials as well as possible hazards such as shipwrecks. Other symbols show the position and characteristics of buoys, lights, lighthouses, coastal and land features and structures that are useful for position fixing. Colours distinguish between man-made features, dry land, sea bed that dries with the tide and seabed that is permanently underwater and indicate water depth.



Detail of a United States NOAA chart, showing a harbor area



DEPTH & HEIGHTS Depths which have been measured are indicated by the numbers shown on the chart. Depths on charts published in most parts of the world use metres. Older charts, as well as those published by the United States government, may use feet or fathoms. Depth contour lines show the shape of underwater relief. Coloured areas of the sea emphasise shallow water and dangerous underwater obstructions. Depths are measured from the chart datum, which is related to the local sea level. The chart datum varies according to the standard used by each National Hydrographic Office. In general, the move is towards using Lowest Astronomical Tide (LAT), the lowest tide predicted in the full tidal cycle, but in non-tidal areas and some tidal areas Mean Sea Level (MSL) is used. Heights e.g. a lighthouse, are generally given relative to Mean High Water Springs,(MHWS). Vertical clearances e.g. below a bridge or cable are given relative to Highest Astronomical Tide (HAT). The chart will indicate what datum is in use. The use of HAT for heights, and LAT for depths, means that the mariner can quickly look at the chart to ensure that they have sufficient clearance to pass any obstruction, though they may have to calculate height of tide to ensure their safety.
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Use of colour in British Admiralty charts TIDAL INFORMATION Tidal races and other strong currents have special chart symbols. Tidal flow information may be shown on charts using tidal diamonds, indicating the speed and bearing of the tidal flow during each hour of the tidal cycle.
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SECTION-2(B) COMPANY PROFILE



MISSION To serve the information needs of all who enjoy navigating beyond the roads. VISION To become $100 million Company by being the leader in consumer and specialty OBJECTIVES  



To hire the best talent for NAVIONICS TECHNOLOGIES at right speed from diverse fields to achieve company‘s vision and mission To ensure that the company continuously upgrade through adequate Technical & Non-Technical support to meet the ultimate need of the organization



Everybody is familiar with GPS as used in cars and airline displays that show the progress of flight. Not everybody is aware that Navionics is the one that pioneered it all. Simply stated, Navionics changed the way people navigate when in 1984 it brought to market the first electronic chart device, called the Geonav. Until then, several others had belabored on the concept, but nobody was able to turn the idea into a viable product, that truly worked and could be bought off a shelf. It is no surprise that some compared the revolution brought by Navionics to the revolution brought by the magnetic compass. Navionics quickly established an early lead in marine cartography followed by a series of technological innovations, and continues to be a leader in quality, coverage and value. The benefits of electronic charting to the ease and safety of navigation have created a large and enthusiastic market that continues to grow each year, while Navionics continues to lead in technology and innovation, besides quality and service. Navionics Today We have grown from a two-man show started in 1984 to a diverse team operating in all continents and countless countries that puts real pride and passion in developing products for safer and easier navigation. Today Navionics employs over 500 enthusiastic persons, mainly located in USA, Italy and India, but with sales and service all over the world.



59 The engineering team, a unique mix of long experienced people as well young brains still in school, is responsible for developing technologies that are constantly a few years ahead of the competition, but at the same time are easy and enjoyable to use by any outdoors person. The production team is a highly skilled group of people who know the importance of using technology wherever possible to increase quality and productivity, but also recognizing the superiority of the human factor and the passion that makes the difference between a product and a good product. But above all what makes the difference is the fact that we all are avid boaters, skiers and outdoors people, we all are our own customers, we all use and test our products for our own hobbies, which means the difference between products designed by engineers for the use by engineers, and products made by users for the benefit of everyday people.



PLATINUM CHARTS 2007 Navionics has the world‘s largest database of marine and lake charts, covering the salt waters of the entire planet as well as tens of thousands of lakes and rivers. Many of these charts have been developed by way of Navionics‘ proprietary surveys done both in the field and with remote sensing such as satellite imagery and airborne laser scanners. While nautical charts remain the historical core of Navionics products, today Navionics is also the owner of the largest database of ski trails in the world covering well over 95% of ski-days in Europe, North America and Australasia. Navionics has also a very extensive database of outdoor trails for hiking, mountain biking, and any other outdoor sports, hence the motto ―we start where the road ends‖. Navionics nautical charts are supported by the largest number of marine plotters, made by most popular manufacturers like Humminbird, Navico, Raymarine and many others, but they have also become the foundation of a new breed of geolocated services available on mobile devices such as iPhone, iPad and Android, social networking, searching, planning, weather forecasting, snow reporting, and even magazine reading, all have reference to a location, and all take advantage of Navionics charts and maps.
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MOBILE CHARTS 2008 The most recent innovation introduced by Navionics in its specific markets is the empowerment of users to edit their own maps: with an investment of few dollars, less than the cost of a traditional paper map plus a pencil, users can edit their electronic maps worldwide, make corrections and additions, and share them in real time with the community. It is the principle of Wikipedia brought to the world of nautical charts and outdoor maps, but with the difference that the percentage of users that edit Navionics products is 200 times higher than Wikipedia itself, resulting in the absolute best cartography that is possible today. For over 25 years, Navionics has developed and manufactured Electronic Navigation charts and systems for  



Marine Coastal Areas Inland Lakes and Rivers



61 Their corporate office is at Massarosa, Italy and they operate sales and manufacturing facilities in seven countries- Italy, U.S., UK, Africa, Australia, France and Asia and also manage the R&D and production facilities globally    



Conducting Research & Development Operations Production Marketing and Distribution



There are totally about 288 employees who work in different departments like Personnel, Quality, Production, Operations, IT, R&D etc. They are a whole sum of skilled workers who work on contract basis and also with AMC i.e. Annual Maintenance Contract basing on the requirement of the company.
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SECTION – 3 THE PRESENT STUDY/METHODOLOGY



63 “The difference between a happening workplace and an uninspiring workplace depends on the levels of employee engagement. The success of an organization revolves around the percentage of engaged employees.”



NEED/SIGNIFICANCE OF THE STUDY ‗Employee engagement‘ has of late been the buzzword in HR corridors. And rightfully so, as organizations are realizing that nothing can be more damaging for any workplace than disgruntled or disengaged employees and hence, the increased stress on employee engagement. ―The term ‗employee engagement‘ is an evolved version of ‗employee satisfaction‘. While satisfaction refers to ‗contentment‘, engagement refers to ‗commitment‘ and the drive to go beyond the call of duty to work towards organizational goals.‖ The performance of an organization has a strong correlation with employee engagement. More enhanced the engagement levels of employees, better the organization‘s performance, in terms of revenues, profits, productivity, retention and customer satisfaction. Secondly, an engaged employee‘s word of mouth creates a positive image of the organization, thus attracting quality talent to the organization. Employees in almost every workplace can be bifurcated into four categories: highly engaged, engaged, disengaged and actively disengaged. While engaged employees contribute to the optimum, the disengaged ones just follow the routine – and those who are actively disengaged, go to the extent of disrupting the normal functioning. Here we believe that the focus should be on classifying issues that impact employee engagement. OBJECTIVES OF STUDY The objective for employee engagement is     



To boost morale, Increase productivity and efficiency, Gain a competitive advantage, Engage and involve everyone in the work force, Monitoring of the work force profile.



More over it effects the engagement of employee in productivity, retention, and recruitment.



64 SCOPE OF STUDY  



Employee engagement drives the employee toward cognitive & emotional commitment to the organization. Engaged employee understands what the Company is trying to achieve & helps it make happen.



Employee engagement influences   



Employee Performance Retention Discretionary Effect



RESEARCH DESIGN This research paper is EXPLORATORY TYPE RESEARCH METHODOLOGY The data collection methods include both primary and secondary collection methods.  PRIMARY METHOD: This method includes the data collected from the personal interview through questionnaire with authorized members of NAVIONICS TECHNOLOGIES.  SECONDARY METHOD: The brochures and material provided by NAVIONICS TECHNOLOGIES. LIMITATIONS OF STUDY   



Time was a very big constraint, due to the lack of time the study could be more effective. If the Sample size would be large then the study would be more effective and clear Study was restricted only to Hyderabad Branch
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CHAPTER-4 ANALYSIS OF THE STUDY
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Age TABLE No.1 Description



No. of Respondents



Percentage



20-25 years



43



43



26-30 years



26



26



31-35 years



15



15



36-40 years



12



12



Above 40 years



4



4



CHART No.1



Chart Title 20-25



26-30



12%



31-35



36-40



abv 40



4% 43%



15% 26%



INFERENCE In this firm there are employees of all age groups, but employees aged between 20-25 years are more in number than the other age groups i.e. 43%. It is so because the company hires fresh and energetic talent every year that help in the company‘s growth and establishment.
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Department TABLE No2 Description



No. Of Respondents



Percentage



HR



0



0%



Production



52



52%



IT/Operations



21



21%



Quality



20



20%



R&D



7



7%



100



100%



Total



CHART2



Chart Title HR



Production



IT/Operations



Quality



R&D



0% 7% 20% 52% 21%



INFERENCE In my sample size, the maximum respondents were of Production department this is because the company requires more of people into Production that fits their company profile of producing Electronic Maps (marine)



68 Marital Status TABLE No 3 Description



No. Of Respondents



Percentage



Single



57



57%



Married



43



43%



Total



100



100%



CHART 3



Chart Title Single



Married



43% 57%



INFERENCE Since maximum of employees are between the age of 20-25 years and so the percentage of unmarried people is also higher.



69 Educational Qualification TABLE No 4 Description



No. Of Respondents



Percentage



1-5th



0



0%



6-10th



0



0%



HSC/ITI



0



0%



Diploma



59



59%



UG/PG



41



41%



100



100%



Total



CHART 4



Chart Title 1-5th



6-10th



HSC/ITI



Diploma



UG/PG



0% 0% 0% 41% 59%



INFERENCE The requirement of the company is a minimum of a graduate degree and so people who are graduated(Diploma) are more in number than the people who are post graduated.



70 Experience TABLE No 5 Description



No. Of Respondents



Percentage



0-5 years



53



53%



6-10 years



41



41%



10-15 years



6



6%



16-20 years



0



0%



Abv 20 years



0



0%



100



100%



Total



CHART 5



Chart Title 0-5 years



6-10 years



10-15 years 0%



16-20 years



more than 20 years



0%



6% 41%



53%



INFERENCE Employees having a work experience of 0-5 % are about 53% and others with a few %ages.



71 I get a strong sense of personal satisfaction from my job. TABLE No.6 Description



No. Of Respondents



Percentage



Strongly Agree



39



39%



Agree



52



52%



Neither Agree Nor Disagree Disagree



9



9%



0



0%



100



100%



Total



CHART 6



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 9% 39%



52%



INFERENCE Employees who have a very strong sense of personal satisfaction from their job are 52%



72 I understand how our Division/Department contributes to Navionics success TABLE No.7 Description



No. Of Respondents



Percentage



Strongly Agree



45



45%



Agree



32



32%



Neither Agree Nor Disagree Disagree



23



23%



0



0%



Total



100



100%



CHART 7



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 23% 45%



32%



INFERENCE The survey says that 45% of people understand how their Division/Department contributes to the company‘s success. It is believed that the more you understand your work the more efficient that you work and thus it helps for the development of the company.



73 Recognition given by our management is purely based on my performance TABLE No.8 Description



No. Of Respondents



Percentage



Strongly Agree



29



29%



Agree



53



53%



Neither Agree Nor Disagree Disagree



18



18%



0



0%



Total



100



100%



CHART 8 Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 18%



29%



53%



INFERENCE 53% of employees feel that the recognition given to them by their organization is purely based on their performance. It is that because the company has introduced a new system of performance appraisal (online) which evaluates the performance of the employees on fair means immediately after each assigned task.



74 Our Superiors/Managers help raising the standard for ethical performance TABLE No.9 Description



No. Of Respondents



Percentage



Strongly Agree



35



35%



Agree



47



47%



Neither Agree Nor Disagree Disagree



18



18%



0



0%



Total



100



100%



CHART 9



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 18%



35%



47%



INFERENCE In every organization it is important that the superiors help in building the ethical standards of the company by establishing good relations and maintaining good conduct and instruct their juniors also to do the same. This survey shows that there are about 47% who agree that it is because of their superiors‘ that their company is ethically responsible and enjoys the fruit of success.



75 My suggestions are being considered during the job and decision making TABLE No. 10 Description



No. Of Respondents



Percentage



Strongly Agree



28



28%



Agree



51



51%



Neither Agree Nor Disagree Disagree



21



21%



0



0%



Total



100



100%



CHART 10



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 21%



28%



51%



INFERENCE 51% of the employees feel that their suggestions are being accepted at the time of critical decision making that helps to increase the company‘s efficiency.



76 In my opinion, my Organization is mission and purpose oriented TABLE No.11 Description



No. Of Respondents



Percentage



Strongly Agree



25



25%



Agree



48



48%



Neither Agree Nor Disagree Disagree



27



27%



0



0%



Total



100



100%



CHART 11



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 25%



27%



48%



INFERENCE 48% of employees feel that their company actually works to fulfill its mission and vision set and they work to reach their standards on this basis to achieve their goals.



77 I have a clear understanding of how my work relates to goals and objectives TABLE No 12 Description



No. Of Respondents



Percentage



Strongly Agree



35



35%



Agree



52



52%



Neither Agree Nor Disagree Disagree



12



12%



1



1%



Total



100



100%



CHART 12



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



1% 12% 35%



52%



INFERENCE It is very important that every employee in an organization must understand how does his/her job relates and contributes to achieve the goals and the objectives. Survey tells that 52% agree that they understand their job relation with company‘s goals.



78 I‘m provided with enough opportunities to improve my skill and job knowledge TABLE No13 Description



No. Of Respondents



Percentage



Strongly Agree



42



42%



Agree



56



56%



Neither Agree Nor Disagree Disagree



2



2%



0



0%



100



100%



Total CHART 13



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



2% 0%



42% 56%



INFERENCE For any employee there must be an extra qualification that helps to increase their skill and knowledge to work more efficiently. Thus if the organization helps the employees in such case it would not only help the employee learn and establish their knowledge but in indirectly also helps the company‘s development. This survey tells that 56% employees agree that they get new opportunities‘ to improve their skills and job knowledge.



79 The stress relief programs conducted in my organization are good TABLE No14 Description



No. Of Respondents



Percentage



Strongly Agree



56



56%



Agree



38



38%



Neither Agree Nor Disagree Disagree



6



6%



0



0%



100



100%



Total



CHART 14



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 6% 38% 56%



INFERENCE 56% of employees strongly agree that the stress relief programs conducted in the company are good.



80 The training I have received has adequately prepared me for the work TABLLE No15 Description



No. Of Respondents



Percentage



Strongly Agree



52



52%



Agree



32



32%



Neither Agree Nor Disagree Disagree



16



16%



0



0%



Total



100



100%



CHART 15



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 16% 52% 32%



INFERENCE 52% of employees feel that the training offered by the company was sufficient enough for their work.



81 I get proper field to execute my ideas TABLE No16



Description



No. Of Respondents



Percentage



Strongly Agree



34



34%



Agree



39



39%



Neither Agree Nor Disagree Disagree



27



27%



0



0%



Total



100



100%



CHART 16



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 27%



34%



39%



INFERENCE 73% (34% strongly agree & 39% agree) employees feel that they get a proper field to execute their ideas.



82 The members of my team are focused on doing the best job we can TABLE No 17 Description



No. Of Respondents



Percentage



Strongly Agree



45



45%



Agree



52



52%



Neither Agree Nor Disagree Disagree



3



3%



0



0%



100



100%



Total



CHART 17



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



3% 0%



45% 52%



INFERENCE 52% of employees feel that their team members much focused towards their work execution.



83 There is effective sharing of information within and Across the Departments TABLE No18 Description



No. Of Respondents



Percentage



Strongly Agree



41



41%



Agree



52



52%



Neither Agree Nor Disagree Disagree



6



6%



1



1%



100



100%



Total



CHART 18



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



1% 6% 41%



52%



INFERENCE 52% of employees think that there is an effective sharing of information between the departments. Since for production based company this relation between departments is at most necessary.



84 In My opinion, employees who are new to my department receive adequate induction/orientation training for their jobs TABLE No19 Description



No. Of Respondents



Percentage



Strongly Agree



56



56%



Agree



40



40%



Neither Agree Nor Disagree Disagree



4



4%



0



0%



100



100%



Total



CHART 19



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



4% 0%



40% 56%



INFERENCE 56% agree that freshers require adequate training and they receive the same.



85 Safety rules are carefully observed, even if it means work is slowed down TABLE No20



Description



No. Of Respondents



Percentage



Strongly Agree



41



41%



Agree



53



53%



Neither Agree Nor Disagree Disagree



6



6%



0



0%



100



100%



Total



CHART20



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 6% 41%



53%



INFERENCE 53% employees agree that the safety rules in their company are followed strictly.



86 Out management keeps us engaged with work all the time TABLE No 21 Description



No. Of Respondents



Percentage



Strongly Agree



36



36%



Agree



59



59%



Neither Agree Nor Disagree Disagree



5



5%



0



0%



100



100%



Total



CHART 21



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



5% 0% 36%



59%



INFERENCE 59% employees feel that they are kept engaged with work all the time to avoid disengagement in work.



87 Different modules make you more engage in your work TABLE No 22 Description



No. Of Respondents



Percentage



Strongly Agree



39



39%



Agree



51



51%



Neither Agree Nor Disagree Disagree



10



10%



0



0%



Total



100



100%



CHART 22



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 10% 39%



51%



INFERENCE 51% agree that different modules make them more engaged in work. As learning new modules helps increasing knowledge as well as help in more involvement of the employees towards work.



88 We be leisured after completion of our project deliveries and will be idle for a longer duration TABLE No23 Description



No. Of Respondents



Percentage



Strongly Agree



0



0%



Agree



0



0%



Neither Agree Nor Disagree Disagree



42



42%



58



58%



Total



100



100%



CHART 23



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 0% 42% 58%



INFERENCE



58% Employees strongly disagree that they be idle when lack of work and after the completion of their project deliveries



89 I feel appreciated for the work that I do TABLE No 24 Description



No. Of Respondents



Percentage



Strongly Agree



28



28%



Agree



59



59%



Neither Agree Nor Disagree Disagree



13



13%



0



0%



Total



100



100%



CHART 24



Chart Title Strongly Agree



Agree



Neither Agree nor Disagree



Disagree



0% 13%



28%



59%



INFERENCE 59% employees strongly agree that they feel appreciated for the work they do.



90 SUMMARY This survey on EMPLOYEE ENGAGEMENT helped me to draw certain conclusions that gave a picture of how engaged would an employee be with the organization and on what basis and how can this be measured. From this survey, it can be seen that the employees are well engaged to the company. Here Personal Satisfaction of the employees from their job is analyzed. It is states that employees require a proper association with the company and their work to stay engaged. An employee‘s engagement towards the company would be due to several reasons like their association with their superiors which is very important. If the company is mission and vision oriented and if the employees are also goal oriented with the support of the superiors who help in raising the standards of ethical performance. This survey also tells us that when the employees get a proper field to execute their ideas, when they get good members who support them in providing opportunities in improving their skill and job knowledge. This analysis says that the more is the employee involved in work and learning new things and new modules, the more are they engaged with the organization. This is proved from the survey and results stated above.
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CHAPTER 5 FINDINGS & SUGGESTIONS



92 FINDINGS     



Maximum of the employees are getting a strong satisfaction from their work The more the employees get opportunities to work the more they get engaged to the organization Employees get to carry on with their work more efficiently and responsibly when their ideas are considered while making decisions. Effective sharing of information between departments help not only in efficient functioning but also in developing and interpersonal relations Employees feel appreciated for the work they do when their work pays of and they are appreciated by their superiors and management.



SUGGESTIONS/RECOMMENDATIONS   



Introducing more of any recreational and stress relief programs would be even better for the employees to relieve their stress. Many people don‘t know what Navionics is all about so a little more publicity and let people know about the company. Most of the employees feel that it is better to have an opportunity to learn new modules to enhance their knowledge and improve their skills.



93 LIST OF TABLES Description Table No. 1 Table No 2 Table No 3 Table No 4 Table No 5 Table No 6 Table No 7 Table No 8 Table No 9 Table No 10 Table No 11 Table No 12 Table No 13 Table No 14 Table No 15 Table No 16 Table No 17 Table No 18 Table No 19 Table No 20 Table No 21 Table No 22 Table No 23 Table No 24



Page Num 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89
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96 ANNEXURE EMPLOYEES ENGAGEMENT- A Study DEMOGRAPHIC DETAILS: (Personal Data) Age: A) 20-25 year B) 26-30 year C) 31-35 yea D) 36-40 year E) Above 40 years Department: A) HR



B) Production C) IT/Operations



D) Quality



E) R&D



Marital Status: A) Single B) Married Education Qualification: A) 1-5th B) 6-10th



C) HSC/ITI



D) Diploma



E) UG /PG



Experience A) 0-5 years B) 6-10 years C) 10-15 years D) 16-20years E) More than 20 year ORGANIZATIONAL DETAILS: 1. I get a strong sense of personal satisfaction from my job. A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 2. I understand how our Division/Department contributes to Navionics success A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 3. Recognition given by our management is purely based on my performance A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 4. Our Superiors/Managers help raising the standard for ethical performance A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 5. My suggestions are being considered during the job and decision making A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 6. In my opinion, my Organization is mission and purpose oriented A) Strongly Agree B) Agree C) Neither Agree nor Disagree



D) Disagree



7. I have a clear understanding of how my work relates to goals and objectives A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 8. I‘m provided with enough opportunities to improve your skill and job knowledge A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 9. The stress relief programs conducted in my organization are good



97 A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 10. The training I have received has adequately prepared me for the work A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 11. I get proper field to execute my ideas A) Strongly Agree B) Agree C) Neither Agree nor Disagree



D) Disagree



12. The members of my team are focused on doing the best job we can A) Strongly Agree B) Agree C) Neither Agree nor Disagree



D) Disagree



13. There is effective sharing of information within and Across the Departments A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 14. In My opinion, employees who are new to my department receive adequate induction/orientation training for their jobs A) Strongly Agree



B) Agree



C) Neither Agree nor Disagree



D) Disagree



15. Safety rules are carefully observed, even if it means work is slowed down A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 16. Out management keeps us engaged with work all the time A) Strongly Agree B) Agree C) Neither Agree nor Disagree



D) Disagree



17. My work schedule allows sufficient flexibility to meet my personal/family needs A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 18. Different modules make you more engage in my work A) Strongly Agree B) Agree C) Neither Agree nor Disagree



D) Disagree



19. We be leisured after completion of our project deliveries and will be idle for a longer duration A) Strongly Agree B) Agree C) Neither Agree nor Disagree D) Disagree 20. I feel appreciated for the work that I do A) Strongly Agree B) Agree C) Neither Agree nor Disagree



D) Disagree



21. Kindly mention your suggestion to develop the employees‘ relationship with the job and the organization ____________________________________________________________________________________ ____________________________________________________________________________________
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