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Abstract
This presentation will explore the use of raster and vector data in moving map displays. The government is realizing the huge cost savings of being able to implement COTS technology in support of government programs. By taking advantage of core functionality in commercial software, integrators and program managers can look to implement more advanced functionality rather than focusing on how to build the more mundane controls and tools. Issues such as real time vs. near real time, commercial operating systems, data suitability and client/server concepts will all be touched on.

1.0
Introduction

Charts are critically important to the conduct of naval operations.  Their use is essential for all aspects of naval warfare from safe and accurate navigation to the development of situational awareness.

Early explorers devoted considerable time and energy in mapping new discoveries and as the extent of the mapped world expanded, specialist hydrographic branches evolved.  Since the merchant and military navies shared the oceans and thus had common needs for accurate charts, common standards quickly evolved and became accepted internationally.  Today, the International Hydrographic Office (IHO) defines standards for the production and use of charts worldwide.

Updating of charts is an ongoing task that will never be completed.  As underwater features change, dredging operations are conducted and navigational aids are updated, so the charts must be updated.  Undertaking this work and disseminating the results to mariners is a major undertaking.

Military needs for charting have always differed from those of civilian shipping lines.  Today, many of those differences are becoming more acute as ever more complex naval systems are demanding the integration of digital charts with other sources of digital information ranging from radar to track management.  The increasingly Joint nature of naval operations demands integration with air and land force digital systems to develop true battlespace visualization and analysis systems.

Geographic Information Systems (GIS) are playing an increasingly important role in naval systems in three key respects:

· The use of GIS in database-centric production systems affords producers real efficiencies in timeliness, costs and product range options.

· The updating of charts can be made considerably more efficient by adopting GIS technology.  The subsequent promulgation of updates can then be conducted either as database-to-database transactions, file transfer or by generation of hardcopy Notice to Mariners (NTM).  The safety implications of this cannot be overemphasized.

· The GIS is the critical component technology in the integration and exploitation of digital chart and other spatial information.

This paper will describe the role of GIS in each of these areas and illustrate how Commercial-Off-The-Shelf (COTS) technology is enabling considerable benefits to be realized at surprisingly low risk and cost. 

2.0
Data Production

The production of charts is a hugely expensive undertaking that has to involve burden sharing amongst many nations.  This has always involved strong standards: with hardcopy charts, those standards have focused on cartographic symbology; with digital charts, standards have to embrace both formats and symbology.

Chart Production is a highly specialized activity that is evolving from a manual cartographic process to a database generation process.  Early digital production systems automated the manual cartographic process using an ‘AutoCarto’ approach.  Now, database-centric production systems are offering new levels of efficiency with multiple products being generated from a common database.

Chart production systems are becoming very similar to those used for topographic map production, especially in terms of product generation.  Indeed modern COTS production systems use exactly the same flow lines for chart and topographic map, hardcopy and digital production.  The advantages in terms of procurement cost, maintenance and training are considerable.  The only difference is in the finishing components of the production systems that are designed to produce the desired output.   

One specific difference for chart production involves database creation from soundings sources where specific software routines are required to ingest the various formats involved.  Since a key design aim of modern production systems is the ability to accept ‘any source’ to produce ‘any product’, this does not present any insurmountable challenges.  Problems can occur however if the ingestion of soundings data is used as the basis of the whole system.  The result can be an inefficient and inflexible production environment.

The other major difference is the nature of the main IHO vector data product ‘S57’.  This object-oriented data structure differs fundamentally from the data structures mandated for digital topographic data under the NATO Digital Exchange Standard (DIGEST).  Indeed, it is difficult to image two less compatible data structures than the object-oriented s57 versus DIGEST’s relational Vector Product Format (VPF).

2.1
Chart Production

Paper charts are not going to be replaced by digital charts for the foreseeable future.  They will continue to be used in parallel with digital systems and must therefore be considered an integral part of any production system.  The key is that the same production system must be capable of outputting both hardcopy and digital products.

As mentioned above, early autocarto systems demonstrated that computer technology could dramatically cut production costs by reducing time spent on manual cartographic drafting.  Their problem was that in merely automating manual processes and thus focusing on the processes rather than the creation and maintenance of databases, the opportunity to generate digital data easily was lost.

Modern systems focus on the database at the heart of a GIS.  The same database can be used to generate both hardcopy and digital products and these product generation processes are becoming more and more automated.

2.2
Digital Chart Production

The two most important types of digital geographic data from a hydrographic perspective are vector and raster.  

Vector data represents the real world using geometric primitives of points, lines and polygons with location stored as co-ordinate pairs (or triplets for 3D or even triplets with measure for 3D + time).  Attributes define the representation and the concept of topology (connectivity) can be added.  Object behavior (rules defining how objects interact with one another) can also be modeled, either by using an underlying Object Oriented Database or by building object behaviors onto the more tried and tested relational database management systems.

Vector data, particularly if topologically structured, is an inherently ‘intelligent’ data structure that can support powerful display, query and analysis functionality.  All components of a vector chart can be queried and their connectivity or relationship with other features determined.  It is for this reason that a vector chart format is preferred.  That said, the processing is typically more complex than for an equivalent raster chart. 

Production costs for vector data are considerably higher than for raster and the coverage of vector data is therefore more limited.

Raster data is an inherently simpler data structure that models the real world by breaking features into a regular grid of pixels.  These pixels (typically rectangular) can represent almost any characteristic such as reflectivity of light (or any other electromagnetic radiation), pollution measures, color or temperature.  The key discriminator between a raster picture and a raster geographic dataset is that the pixel in the former only represents an x,y count from one corner whereas in the latter it represents a real world location.  This introduces the complexities that a GIS is required to resolve since the rectangular pixels are representing locations on a (near) spherical world.

Raster data is typically a more voluminous data structure than an equivalent vector data set and doesn’t support the same range of query functionality.  Although extremely sophisticated analysis can be conducted on remotely sensed, multi-spectral raster imagery, the same is not the case for scanned raster charts.  The amount of functionality is extremely limited: largely confined to display only.

The most commonly encountered digital vector hydrographic products are S57 and DNC.  HCRF and the NOAA format are the most commonly encountered raster formats.

2.3
S57 Data

The IHO Special Publication 57 – Transfer Standard for Digital Hydrographic Data (usually called S-57) is the technical specification for data standards to be used with ECDIS.  As with most technical specifications, it goes through constant revision and is currently on version 3.0.

The S-57 data structure is based on an object data model.  This is a complex data structure that handles real world features as objects where all characteristics and behaviors are handled as a single data representation.  This differs from DNC which separates geometric, topological and attribute components into related tables that must be handled using a Relational Data Base Management System (RDBMS).

The S-57 standard alone is merely a transfer standard that defines how data should be transferred from system.   In order for the data to be displayed in an unambiguous way in any ECDIS system, the IHO Special Publication 52 Specifications for Chart Content and Display Aspects of ECDIS (IHO 1996b) (S-52) was created.  It defines updating, presentation and content for ECDIS in order that the electronic chart can be clearly displayed on the computer display.

This presentation standard is not simple since the ECDIS allows for a much more complex display environment than the paper chart.  The ECDIS allows for a de-cluttered display that is queried to provide relevant information.  As an example, it simply isn’t necessary to display all bathymetric information – only the safe depth contour needs to be displayed.  Also, colors can be optimized for night or day operations.

2.4
DNC Data

NIMA has defined a different standard for electronic charting in US defense systems The Digital Nautical Chart (DNC) standard is a defense format that covers both the transfer of data between systems and its subsequent exploitation.  It does not cover the performance and display issues.  That said, NIMA’s GEOSYM work that is nearing completion will define display issues and when used in conjunction with DNC will provide a complete symbology solution as well.

DNC is based on Digital Geographic Information Working Group (DGIWIG – pronounced ‘Digeewig’) defined the DIGEST (Digital Geographic Information Exchange) format, a broad set of standards introduced to streamline the exchange of data between producing nations.  Specifically, DNC is a product built on the Vector Product Format (VPF).  Since VPF is also the building block for most land-based defense vector data, there is good compatibility between different Service systems, an important consideration for littoral warfare.

The IHO does not recognize the DNC format as a valid alternative to paper charts and thus it is sometimes assumed that it will not be significant outside the defense market.  This ignores the enormous production capacity of NIMA and the fact that NIMA alone is probably capable of exceeding the remainder of the world’s capacity for S-57.  NIMA has produced a considerable volume of DNC data and this may make it an attractive alternative for commercial users.  NIMA do plan to release DNC to the public and have plans to issue weekly Notice to Mariners updates.  

There are moves to harmonize the DNC and S-57 standards.  The fundamental differences in the underlying data formats mean that the best that is realistically achievable is the use of the S-52 display standard for the presentation of DNC.  

2.5
HRCF Data
The Hydrographic Raster Chart Format (HCRF) product (sometimes misnamed ‘ARCS’ but actually derived from the Admiralty Raster Chart Standard (ARCS) program) is a raster data format.  This is much simpler to handle than the vector-based 557 data but it’s uses are considerable more restricted.  

The product was defined by the UK Hydrographic Office and adopted in 1995.  It fully supports the Notice to mariners with CD-ROM updates released on a regular basis that automatically update the charts.  One aspect of this product is that metadata (information about the data) defines the transformations necessary to convert from the non-standard datum used on the original chart.  This is unnecessary for vector charts that use the standard WGS 84 datum.

2.6
NOAA Data

The US National Oceanographic and Atmospheric Administration (NOAA) produces data in its own raster format.  This has gained little support from defense users and so is not covered further, other than to note that it seems only sensible that systems should be able to ingest as wide a range of data formats as possible.

2.7
End-to-End Production Systems

Modern production systems use a single source capture mechanism to generate a database.  It is this database that is then used to derive a range of products including hardcopy, raster data and vector data.  This offers real efficiencies from the single product production flows of the past.  Another significant advantage of this database-centric approach is that the production database can be stored and used to generate chart updates.

These modern GIS-based systems are also similar to the topographic production systems used for the production of land maps and digital geographic information.  The key differences lie in the source data ingestion, the need for more rigorous update mechanisms and some of the output formats.  The key principle of generating a database from which a range of products is generated remains the same.

3.0
Data Update

Charts are only a reflection of the real world.  Since the world changes, and specifically the maritime environment changes, so the chart or digital data must be updated.  Since it would be prohibitively expensive to reprint an entire chart every time a change occurs, changes have traditionally involved a text-based ‘Notice To Mariners’ published as required and made available to ships in port.  An essential part of a navigators duty is to transfer the updates onto the hardcopy chart.

The compilation of this update information is a meticulous and costly process.  Dissemination is still more costly.  GIS-centric production and GIS employment on-ship offer real opportunities to speed up this process and reduce the scope for error.

3.1
Maintaining Charts

The traditional method of updating paper charts is by the receipt of paper Notice to Mariners, which are then transferred to the paper chart manually.  Clearly, this process is time consuming and prone to error.  

Issuing CD-ROM updates, which contain new raster patches where updates are necessary, is the mechanism for raster chart update with the HCRF format.  The design of HCRF systems allows this process to be automated.

Vector updates are more complex since individual features have to be inserted into the data structure.  The object design of S-57 offers some theoretical advantages in this process but in reality, the more robust, industrial strength RDBMS technologies are capable of managing updates with the DNC format just as reliably.  A significant advantage of the vector update is that the updates are considerably less voluminous and it becomes feasible to issue updates over the constrained bandwidths of wireless communications.

3.2
Database to Database Transactions – An Enterprise Solution

Production systems, as indicated above, are becoming more database-centric.  Ship’s systems are also becoming reliant on database technologies for storing chart and operational data.  There are significant advantages in designing systems that use database-to-database transactions for maintaining chart (and other) data.  Data can be more reliably tracked, volumes of change data drop dramatically and updates can be more efficiently squeezed into available bandwidth.  Most importantly, mission-or safety- critical changes can be sent to ships immediately without the delay of transferring CD-ROM media.

The technology to permit database-to-database transactions is commercially available today.  Naval developers face huge challenges in adopting this commercial technology since the pace of change in the commercial world continues to outstrip defense’s ability to adopt it!

4.0
Data Exploitation

Once data has been produced and delivered to the command environment it must be exploited.  Whilst IHO rules are extremely explicit for the exploitation of data in ECDIS, the integration of other spatial data types is barely covered.  Whilst there is talk of expanding IHO mandates to cover full integration displays, the pace of change is such that it will inevitably take time for standards to catch up. 

4.1
Integrating Data Sources

Perhaps the most significant challenge to date has been the integration of different data types into common display environments.  An increasing number of sensors are collecting data from on-board systems, aerial and space systems.  Each data type is useful in its own right but when combined into a single display environment the value is much greater than the sum of parts.  The element that links the various data types is the spatial component.  The technology that integrates the spatial component is the geographic information system

A significant change has occurred over the last 5 years as commercial-off-the-shelf (COTS) Information Technology (IT) has become capable of taking its place in naval systems.  This is significant for a number of reasons.  Firstly, the costs of implementing complex software solutions is dropping significantly as the system integrators start making use of substantial pieces of COTS software.  The significant costs and risks of software development are dramatically dropped as the costs are shared amongst a large civilian user community.  Naval developers can now focus their efforts on the integration and customization of existing modules, a considerably lower risk.  Note that this does not reduce the need for careful system design and competent requirement analysis.  

Modern GIS operating on a desktop computer are perfectly capable of integrating a wide range of spatial data and conducting complex analysis and presenting the results in a 3D visualization.  These are core capabilities that are common to a wide range of civilian markets.  One of the problems that civilian GIS vendors now face is that the prices for this technology are so low that it is difficult to get naval system designers to appreciate that these are as capable as the multi-million dollar customized software packages of old.

It is necessary to emphasize that these are only the core capabilities.  As mentioned above, naval designers still need to plan and implement the implementation of these capabilities into the navigation or command and control systems on board ship.  Some of the requirements will be unique and demanding but it is considerably easier to build these from COTS building blocks than to start coding from nothing.

4.2
Littoral Warfare

Littoral warfare involves the transition from sea to land and thus from hydrographic data sources to topographic data sources.  This exacerbates the data integration problems highlighted above since the area of ambiguity – between high water mark and low water mark is precisely the area that really matters to amphibious operations.

There has been much talk of a 1:5000 scale littoral warfare dataset in vector format that can be used to plan amphibious operations.  The Littoral Warfare Dataset (LWD) was designed by DMA (now NIMA) to support validated US Marine Corps, Navy and special operations requirements in support of amphibious and special operations, and mine warfare.  It was intended that C4I and geographic information system applications, simulators, training devices, and tactical weapons systems would use LWD. It was an interesting product definition since it allowed for the addition of information by the LWD user.  This was a reflection of the need to reflect extremely high-resolution changes that could only be collected by the troops on the ground.

This dataset will likely prove extremely costly to produce and even more costly to maintain.  It is anticipated that data will only be created to meet specific operational needs and will thus be produced on warning of an operation.  There will also be a need to densify the data during the course of an operation to add finer detail and additional attribution.  This process of densification will demand terrain specialists to collect the data and place it into the database.   At present, organizations are unwilling to add additional resources to undertake this type of activity – there is a ‘chicken-and-egg’ problem here in that without a valuable system, the resources will not be committed and withour the resource, there will not be a valuable system!  This puts the future of LWD in some doubt.

The ability of GIS to integrate spatial data sources now allows topographic and naval charts to be integrated into a single display environment.  Other timely sensor sources such as bathymetric LIDAR can be added to provide invaluable decision support for amphibious and mine-warfare commanders.   The integration of these remotely gathered data sources that require no ground control provides a valid alternative to expensive vector data sets.  The visualization of a high-resolution bathymetric dataset into a high-performance 3D-visualization environment provides amphibious commanders with a powerful decision support tool.   The fact that this technology continues to plummet in price and is now available on a cheap, rugged Pentium™ class notebook should permit a widespread deployment of this technology.

4.3
Analysis versus Visualization

The various data sources are being exploited to support decision-making processes.  This includes every aspect of naval activities from navigation through threat assessment to war-fighting.  Traditionally, commanders have relied on hardcopy charting augmented by other sources such as visual, radar, sonar and over-the-horizon assets.    The commander or his specialized staff has done the integration of all of this information.  It is the ability to assimilate this wide range of information into an accurate picture of the battle that has defined truly great naval commanders.

The phrase ‘accurate picture of the battle’ is key here.  Whatever integration and analysis is conducted it must be presented to the commander (or his staff) in an easily interpretable way.  

With a limited set of information, cartographic symbolization is the key to ensuring unambiguous interpretation and the International Hydrographic Office has striven with a great deal of success to impose widely agreed standards for the display of chart information.  

As more and more information is integrated into a single display environment, it becomes necessary to strip away peripheral data to allow focus on mission-critical information.  A computer is still not good at deciding what is mission-critical versus peripheral – that is all part of the decision making process and will vary considerably from situation to situation.

One way of overcoming this is to present information as a 3D visualization with scale-dependant display.  This is a very natural way of exploring a battlespace and permits rapid transition from overview to detail.  The technology to permit battlespace visualization is now eminently affordable.  It should be noted however that this is not an alternative to GIS technology; it is merely a different way of displaying information that must still be handled in a professional GIS environment. 

Littoral warfare involves considerably more detailed data, both in terms of scale and attribution.  This imposes additional challenges for analysis since the issue of error must be considered.  Where analysis is being conducted on a variety of datasets (including for example bathymetric, bottom characteristics, obstacles and weather), the result is dependent on the data, the quality of the data and the processes.  Few systems allow the impact of data quality to be understood by users.

Whilst most digital charts are now produced in geographical coordinates using WGS 84 as the datum, topographic maps are not as standardized.  The need to integrate digital data that might be on a completely different coordinate system presents particular demands on the GIS software.  This is a critically important issue for amphibious systems.

4.4
Command and Control

Command and control applications typically use chart data to provide context with a variety of other sensors providing the operational overlay.  Thus operational staff need to understand the current operational picture derived from radar, sonar and track sources.  The chart is primarily used as a context background although in littoral warfare environments the chart may be an absolutely critical operational component.  Increasingly, naval commanders are fighting in a 3D joint battlespace environment and the spatial integration needs are correspondingly greater.  

The GIS component of a C3I system is a critical foundation and yet the costs are a tiny proportion of the overall system.  This imbalance causes a variety of problems.  Firstly, project attention tends to be directed at high cost rather than high importance issues.  It is easy to ignore the GIS and allow a substandard GIS software to be deployed.  This might just meet the stated requirements but fail to allow system evolution or the addition of later functionality.   More typically, the developers will allow a GIS to be built from scratch because they can’t believe that COTS GIS are capable of meeting requirements and certainly not at the tiny cost quoted!

Modern COTS GIS are becoming embeddable using commercial standards for component libraries.  This allows GIS functionality to be readily embedded into applications.  The advantage of this approach is the integrated nature of the resulting application and the wide developer expertise in the open programming environments such as Visual Basic, Visual C++ and Delphi.  Support for cross platform programming environments such as Java and CORBA is growing and can be supported in emerging distributed GIS technologies.

Another key technology direction is the Internet enabling of GIS technologies.  Internet Map Server technology allows browsers to access GIS capabilities.  Thus a single GIS server can serve a large number of extremely then clients.  This dramatically reduces the overall infrastructure costs of deploying spatial information throughout an organization.   In naval terms it offers the opportunity to disseminate operational pictures and thus situational awareness throughout the ship.  Whether this is organizationally an advantage or not is a separate issue!

5.0
Conclusions

It is easy to neglect the importance of GIS technology during the implementation of naval systems.  Given the critical role of spatial data for naval decision support, this is a mistake.  GIS should be regarded as a critical foundation for naval system development.  Modern, commercial GIS technology is now more than capable of providing naval developers with the capabilities that are required.
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