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Abstract

Wetlands are one of the most important ecosystems in the world. Understanding the dynamics of the hydrological phenomena associated to wetlands requires analyzing models built upon remotely gathered data, such as satellite images or digital elevation maps. The long term goal of this project is to develop a framework which will allow building more powerful visualization tools to complement the analysis of hydrological models for the study of wetlands. This document will present background information related to the project, the system design, and documentation related to the implementation of a prototype application.
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Background
Wetlands

Wetland is a geographic area with characteristics of both dry land and bodies of water. Wetlands typically occur in low-lying areas that receive fresh water at the edges of lakes, ponds, streams, and rivers, or salt water from tides in coastal areas protected from waves. In wetlands, the surface of the water, called the water table, is usually at, above, or just below the land surface for enough time to restrict the growth of plants to those that are adapted to wet conditions and promote the development of soils characteristic of a wet environment.

Wetlands are one of the most important ecosystems on the Earth. They stabilize water supplies, clean polluted water, provide wild life habitat, preserve many of the fossil fuels on which we now depend and make a another things that are very important. Wetlands have disappeared at alarming rates and for this reason wetlands protection and preservation is the norm on many different parts of the world. Prior to the mid 1970’s the drainage and destruction of wetlands were accepted practices in the US.        

Principal causes of wetlands loss:

· Urban  development

· Agricultural activities

· Mining

· Natural threats

· Wetland Degradation

Consequences of wetlands loss:

· Flooding 

· Loss of wildlife habitat

· Declining water quality

Some examples of the consequences or problem that came with the wetland loss are: China’s Yangtze River 1998 flood, the “Great Flood” of 1993 in the upper Mississippi river basin and maybe in the future New Orleans tragedy.


Wetland science and wetland ecology are the names for the specialized studies of wetlands. These studies began to appear just in the last two decades of the 20th century and thanks to these studies we can know the importance of wetlands in our world. Wetlands cover an area of 7 to 9 km2 or about 4 to 6 percent of the land surface of the Earth. Almost the 56 percent of this estimated total of wetlands are is found in tropical and subtropical regions. 

Terrain Modeling

Terrain modeling is the study of ground-surface relief and pattern by numerical methods. This discipline is also known variously as geomorphometry, terrain analysis, and quantitative geomorphology. It continues to grow through myriad applications to hydrology, geo-hazards mapping, tectonics, sea-floor and planetary exploration, and other fields. The classic geography was revolutionized late in the 20th Century by the computer manipulation of spatial arrays of terrain heights, or digital elevation maps (DEMs), which can quantify and portray ground-surface form over large areas. Morphometric procedures are implemented routinely by commercial geographic information systems (GIS) as well as specialized software. The use of DEMs in science and technology continues to accelerate and diversify

To create or use a DTM we need to follow 5 different procedures or task:

· generation

· manipulation

· interpretation 

· visualization

· application

Just to create these digital models we need to namely the measurement and digitization of the original terrain observations. The visualization can take two forms:

· Interactive visualization for exploring the model, calibrating and refining its premise.

· Static visualization for basic communication of the results.

A DTM model should make accurately representation of the surface, suitable efficient data collection, minimize data storage requirements, maximize data handling efficiency and be suitable for surface analysis. There are many different methods to represent surfaces in a digital way like using contour lines, grids (lattice or elevation matrix) or using triangulated irregular networks.     


We can obtain the data for DTM’s using a direct geo-referencing system, photogrametric data capture analog or digital, air bone light detection and ranging (LIDAR), terrestrial laser scanning systems, radar based systems and IFSAR system that combines SAR equipment with an inter former. 

The process of estimating the value of attributes at some sites from measurements made at surrounding point location which are sample points or reference points. This can be done by applying liner algebra in linear interpolation process. This procedure is good because the sample surface has different level of resolution or orientation from that required, sample elevation need to be changed from one format to another one and point data surface representation can be converted in order to be used with other surfaces or data source for analysis and modeling. 


The acquisition of elevation data from overlapping imagery has become one of the most economic sources for DTM’s generation. Mapping and engineering applications of terrain data involve some type of spatial analysis and data manipulation. 

Digital Elevation Maps

A digital elevation map (DEM) is a representation of the topography of the Earth or another surface in digital format, that is, by coordinates and numerical descriptions of altitude. A DEM may or may not be accompanied by information about the ground cover. In contrast with topographical maps, the information is stored in a raster format. That is, the map will normally divide the area into rectangular pixels and store the elevation of each pixel. In that sense, digital elevation model (DEM) data are sampled arrays of surface elevations in raster form. DEMs are most commonly used to extract terrain parameters, model water flow or mass movement or for pure visualization purposes (3D draping).

Digital elevation models may be prepared in a number of ways, but they are frequently obtained by remote sensing rather than direct survey. One powerful technique for generating digital elevation models is interferometric synthetic aperture radar; two passes of a radar satellite (such as RADARSAT-1) suffice to generate a digital elevation map tens of kilometers on a side with a resolution of around ten meters. One also obtains an image of the surface cover. Note that the contour data or any other sampled elevation datasets (by GPS or ground survey) are not DEMs. A DEM implies that elevation is available continuously at each location in the study area.

The quality of a DEM is a measure of how accurate elevation is at each pixel (absolute accuracy) and how accurately is the morphology presented (relative accuracy). Several factors play an important role for quality of DEM-derived products:

· terrain roughness;

· sampling density (elevation data collection method);

· grid resolution or pixel size;

· interpolation algorithm;

· vertical resolution;

· terrain analysis algorithm;

Project Objectives

The objective of this project is to design and develop a framework for terrain visualization flexible enough to allow arbitrary visualization of terrain data using hardware acceleration available in common computers, and leveraging distributed computing resources where appropriate. The framework should integrate external data management and storage resources through an easy to use GUI. This framework will allow us to research new approaches related to the spatial-temporal exploration of terrain data through visualization, and the development of data partitioning and management schemes and/or algorithms that incorporate LOD rendering optimizations, performance scalability, data streaming considerations, and visualization-related metadata. 
Project Antecedents 

Previously, a prototype application was developed using the C programming language and OpenGL. The initial implementation was done on an SGI Fuel machine. Support for the GNU Autotools was added later, allowing for cross-platform development. After that, the main development effort was perform on a Linux machine. The initial prototype application was capable of loading and rendering a 201x201 Matlab generated elevation map, using points or flat polygons as OpenGL primitives. It featured a full virtual camera, a primitive level of detail algorithm, a memory manager subsystem for monitoring memory utilization, and preliminary lighting and multi-terrain rendering support.

During the process of refactoring the code base in order to built a modular architecture flexible enough to allow experimenting with different rendering techniques, it became evident that porting the existing code to a high-level object-oriented programming language will facilitate both the refactoring process itself and the building of a more modular architecture. By switching to Java (combined with the JOGL, the Java OpenGL Library), the application can leverage the available hardware acceleration while maintaining the convenience of a cross-platform development, it can benefit from the extensive library of classes implemented as part of the Java SE Platform, and the design itself can benefits from the higher abstraction level afforded by the Object-Oriented paradigm.

Specifications
· Implementation in Java using OpenGL for cross-platform deployment with hardware accelerated rendering.

· Modular architecture design allowing for future extension. 

· Provide support for reading common DEMs formats.
· Provide database integration. 

· Provide spatial-temporal visualization and management of terrain data.
· Provide a customizable data flow mechanism.
· Provide support for easily building and combining data visualizations.

· Provide data reduction, level-of-detail (LOD) rendering, and data caching.
· Exploit distributed computing resources if appropriate.

· Minimize coupling between the application GUI and the data management and rendering subsystems in order to allow experimenting with different GUI approaches.
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Figure 1: Possible Terrain Visualizations (Not actual screenshots)
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Figure 2: Possible Data Visualizations (Not actual screenshots)

Design

Architecture

The architecture of the framework is based on the Model-View-Controller architecture (MVC). The MVC is a software architecture that separates an application's data model, user interface, and control logic into three distinct components so that modifications to one component can be made with minimal impact to the others.
In broad terms, constructing an application based on a MVC architecture involves defining three classes of modules.

· Model: This is the domain-specific representation of the information on which the application operates. The model is another name for the domain layer. Domain logic adds meaning to raw data e.g. calculating if today is the user's birthday or the totals, taxes and shipping charges for shopping cart items.

· View: This renders the model into a form suitable for interaction, typically a user interface element. MVC is often seen in web apps: the view is the html page and the code which gathers dynamic data for the page.

· Controller: This responds to events, typically user actions, and invokes changes on the model and perhaps the view.

In this design, the application contains one or more TerrainViewWindows and each window implements the MVC architecture.  The actual interaction between the ViewControls and the TerrainModel is performed by passing Command objects.
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Figure 3: Architecture diagram
TerrainView Component

Each TerrainView contains the actual rendering of a set of TerrainModels. All the TerrainModels rendered by a TerrainView share the same virtual camera, illumination, and movement information (dynamic or prerecorded). A TerrainView can be cloned in order to provide an alternate view (camera position and orientation, or movement) of the same set of TerrainModels. 
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Figure 4: TerrainView component 

Data Pipeline Overview
Each TerrainModel is backed by a Data Pipeline. The Data Pipeline is an application of the Pipes and Filters structural pattern. The data is obtained from the Data Source Layer, and it is processed by a series of filtering layers, finishing with the actual rendering of the data by the GPU.  Different visualization techniques can be achieved by constructing different pipelines from different modules, or by changing the setting associated with the different modules of a particular pipeline.
[image: image5.emf]TerrainModel

3DModel

DataHistory

TerrainAttributes

1

1

1

1

1

1

3DShader

1

*

TerrainView

VirtualCamera

1

*

1

1

LightSource

1

1

1

*

1

*

Landmark Animation


	Source Acquisition Layer

· Filesystem, Database


	Figure 5: Dataflow diagram 

	Format Conversion Layer

· DEM, TIN, GeoTIFF, BT


	

	Data Downsampling Layer

· Average, bicubic, subsampling


	

	Tessellation Layer

· Triangles, Polygons, Points


	

	Rendering Layer

· Texture, Color, Composition, Transparency


	


Data Pipeline Modules

The modules that implement the different layers or filters of the Pipeline are created by a particular Singleton Abstract Factory object which is responsible for creating the particular instance of the required modules.
Each module will export a set of configuration options or settings. These settings can be manipulated directly by the user or they could be modified by the application during run-time in order to optimize performance. Changes to settings are encapsulated in Command objects, which are handled by the appropriate module.
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Figure 6: Data pipeline components diagram
Conclusion

This design represent the foundation for researching new approaches related to  terrain modeling, visualization, and analysis, which will incorporate different computing and information processing resources, such as automated data acquisition, and distributed storage, processing, and rendering. But the design process is not finished yet. As we obtain more information about available distributed computing resources and database storage resources, the design will evolve to better integrate those resources. We also contemplate the need for design changes after a formal performance analysis is conducted, or as the result of implementing various data processing algorithms (such as LOD rendering algorithms). 
The process of porting the initial prototype application (written in C) to Java was straight forward process with no major difficulties. The flexibility provided by the Object-Oriented paradigm combined with the extensive library of classes already available as part of the Java Platform, allowed us to easily refactor the original code-base and to rapidly test new possible implementation options. 
The prototype application developed provide us with a starting point for analyzing the performance considerations related to the real-time rendering of DEM in normal PC desktops. It will also allow us to start experimenting with different visualization techniques by building different data pipelines.   
Future Work

Performance

· Profile the prototype application in order to identify performance bottlenecks.
· Implement hardware capabilities detection for performance scalability.

· Implement CPU and RAM monitoring (in performance critical modules) to gather data at runtime about the performance of the application.   
· Implement run-time optimization based on the CPU and RAM usage and hardware capabilities available. 
Data Pipeline

· Finalize the design of the data structures used internally by the data pipeline, taking into account performance considerations as well as integration with LOD algorithms and data segmentation for network transmission.

· Define Visualization class based on the Mediator pattern. This class will encapsulate all information related to the data pipeline and configuration options used to implement a particular visualization technique. 
· Implement Visualization construction capabilities based on the Builder pattern. 
· Implement caching of data throughout the data pipeline by applying the Cache Proxy pattern. 

· Implement Database reader modules.

GUI

· Expose setting associated with the various data pipeline modules. 

· Expose Visualization selection and building.

· Experiment with temporal-spatial controls to determine how they might affect the data acquisition and processing aspect of the system as well as the potential performance aspects.    

Design Patterns Glossary

Singleton

The Singleton design pattern is designed to restrict instantiation of a class to one (or a few) objects. This is useful when exactly one object is needed to coordinate actions across the system. Sometimes it is generalized to systems that operate more efficiently when only one or a few objects exist. 
The singleton pattern is implemented by creating a class with a method that creates a new instance of the object if one does not exist. If an instance already exists, it simply returns a reference to that object. To make sure that the object cannot be instantiated any other way, the constructor is made either private or protected. Note the distinction between a simple static instance of a class and a singleton. Although a singleton can be implemented as a static instance, it can also be lazily constructed, requiring no memory or resources until needed.
Abstract Factory

The Abstract Factory pattern provides a way to encapsulate a group of individual factories that have a common theme. In normal usage, the client software would create a concrete implementation of the abstract factory and then use the generic interfaces to create the concrete objects that are part of the theme. The client does not know (nor care) about which concrete objects it gets from each of these internal factories since it uses only the generic interfaces of their products. This pattern separates the details of implementation of a set of objects from its general usage. 
Cache Proxy 

A Proxy, in its most general form, is a class functioning as an interface to another thing. The other thing could be anything, a network connection, a large object in memory, a file, or other resource that is expensive or impossible to duplicate. A Cache Proxy provides temporary storage of the results of expensive target operations so that multiple clients can share the results. 

Pipes and Filter (Pipeline)

The Pipes and Filter pattern (also know as the pipeline) consists of a chain of processes or other data processing entities, arranged so that the output of each element of the chain is the input of the next. Usually some amount of buffer is provided between consecutive elements. 

Builder pattern

The Builder pattern is used to enable the creation of a variety of complex objects from one source object. The source object may consist of a variety of parts that contribute individually to the creation of each complex object through a set of common interface calls of the Abstract Builder class. The intent is to separate the construction of a complex object from its representation so that the same construction process can create different representations. Oftentimes, builder pattern builds Composite pattern, a structure pattern.

Composite

The Composite pattern allows a client object to treat both single components and collections of components identically. 

Model-View-Controller

Model-view-controller (MVC) is an architectural pattern that separates an application's data model, user interface, and control logic into three distinct components so that modifications to one component can be made with minimal impact to the others.
Command

The Command pattern is a design pattern in which objects are used to represent actions. A command object encapsulates an action and its parameters. 
Mediator

The mediator pattern is a software design pattern that provides a unified interface to a set of interfaces in a subsystem.
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