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Executive Summary

There is a strong need for web-based geospatial analytical tools and interactive mapping facilities (Plewe, 1997).  Although, many GIS software companies are focusing on the development of Internet-based geographic information services (GIServices) (Tsou and Buttenfield, 1998; Limp, 2001), most current web-based applications focus only on the map display of vector-based GIS data.  Very few applications are being developed as on-line analytical tools suitable for using remotely sensed images or vector-based GIS data.

This project was a technology development and infrastructure support research initiative designed to demonstrate integrated, web-based remote sensing and GIS mapping capabilities to a diverse community of natural resource managers serving regional government agencies and park services.  The major objective of the project was to integrate into a single, on-line, web-based tool set, mapping capabilities for vector-based GIS data and on-line analytical tools for analyzing remotely sensed imagery.  This project utilized state-of-the-art Java programming technology and commercial Internet Map Servers, ESRI’s ArcIMS, to provide integrated web-based analytical capabilities to regional government agencies and park services.  A prototype website was established to demonstrate the on-line analytical functions and potential operational applications for environmental monitoring and habitat managers.  This project involved a collaboration between San Diego State University, Ed Almanza & Associates (EAA) an environmental consulting firm and the ranger staff from Mission Trails Regional Park.

A prototype for an integrated web-based tools set for monitoring multi-species habitat within the Mission Trail Regional Park were developed.  Three different types of analytical and support tools were integrated into the prototype web site.  An on-line data warehouse was developed for archiving, accessing and downloading GIS databases and remotely sensed imagery.  Multiple interactive map servers were implemented to provide web-based mapping functions for the display of land use, vegetation, soil, trails, roads, etc maps.  Java-based on-line analytical tools were integrated to provide advanced image comparison and analysis functions for change detection analysis.  All three service functions were accessible by using a standard Internet web browser, which served as the image viewer and interface to a suite of image processing and GIS tools.  Nine different Java applets were implemented in the Image Analysis Toolbox including: Image Overlay-I, Image Overlay-II, Image Swipe, Image Magnifier, Image Comparison, Image Processing, Image Filtering, Image Viewing and Panoramic Image.

We tested the utility and ease of use of the web-based prototype and evaluated web mapping functionality and analytical tools. The research team conducted performance evaluation sessions with park rangers, graduate students, and GIS professionals. In general, the feedback from evaluators was very positive. All participants felt that the web-based tools were easy to use and useful for many of their day to day tasks.  All felt that the tools clearly have application for habitat management.  Standard Internet web browsers and easy-to-use interfaces provided a flexible way to access both spatial information and powerful, geospatial analytical tools for environmental monitoring tasks. 

1.0 Introduction

This project is one of several ARC projects supporting the Environmental Monitoring Focus Area being developed at San Diego State University in response to NASA’s Earth Science Enterprise (ESE) Focus Area program for ARC Universities.  This program is an infrastructure support project to provide basic operational remote sensing capabilities to a diverse user community of resource managers.  While the research partner is very interested in the technical and business assessments of this proposed study, state, regional and local government agencies may be the primary beneficiaries of the application study.

Currently, there are strong commercial needs for investigating the potential of web-based geospatial analytical tools and interactive mapping facilities (Plewe, 1997).  Many GIS software companies and environmental consulting firms are focusing on the development of Internet-based geographic information services (GIServices) (Tsou and Buttenfield, 1998; Limp, 2001).  However, most current web-based applications and software packages only focus on the map display function of vector-based GIS data.  Very few applications are developed as on-line analytical tools for remotely sensed images or vector-based GIS data. 

To provide comprehensive tools for habitat monitoring and management, the major task of this research is to integrate web-based mapping functions for vector-based GIS data with on-line analytical tools for remotely sensed images.  This research utilizes state-of-the-art Java programming technology and commercial Internet Map Servers, ESRI’s ArcIMS, to provide integrated web services to regional government agencies and park services.  A prototype website was established to demonstrate the on-line analytical functions and potential operational applications for environmental monitoring and habitat management.

This project involves a collaboration between SDSU and Ed Almanza & Associates (EAA).  EAA is an environmental consulting firm that specializes in providing monitoring services and technologies to managers of natural habitat preserves.  For several years, the firm has worked closely with scientists and preserve managers to develop technical tools that meet habitat managers’ information needs.  EAA’s understanding of scientist and habitat resource manager information needs helped direct the development of on-line analytical tools and web-based services explored by this project. The web-based tools and mapping facilities were mainly developed by the research team at SDSU and with EAA mainly responsible for the establishment of business model and marketing considerations.

Habitat Monitoring is a challenging task for local and regional governments. Recent research indicates that the adoption of remotely sensed images and the analysis of habitat changes recorded by these images is effective for monitoring multiple plant and animal species across regions. However, traditional remote sensing software and GIS software applications are very expensive and difficult to use without professional training and sophisticated computer equipment.  Regional program managers and park rangers, responsible for habitat monitoring tasks, seldom have the necessary computer resources or training to access remotely sensed images or GIS data for their work.  There is a strong need to develop an easy-to-use, inexpensive set of analytical tools for viewing remotely sensed imagery and accessing GIS data, needed to enhance existing environmental monitoring and habitat management practices.  Web-based analysis and management applications are a significant potential solution as they resolve many of the limitations currently hindering the adoption of geospatial technologies by habitat managers.  With a web-based system, users only require a simple web browser to access remotely sensed imagery and perform spatial analyses without the requirements or costs of installing GIS and image processing software packages.  Inclusion of user-friendly interfaces and analytical tools can significantly reduce training needs. Development of Internet mapping facilities providing analytical tools, and imagery archives when combined with basic Internet access can become an effective management tool for environmental monitoring programs.  Such capabilities and analytical resources can be easily shared by multiple users from different locations at the same time.  

The project research team worked closely with the park rangers from Mission Trail Regional Park in San Diego, CA to develop and test both prototype analytical tools and demonstration applications of this web-based system.  Park rangers evaluated the prototype system, graciously provided their expert review, and responded to the project team’s many user-needs questions. 

This project developed an integrated web services framework for monitoring multi-species habitat for the Mission Trail Regional Park.  Three different service functions were integrated into the prototype web site.  An on-line data warehouse was developed for archiving, accessing and downloading GIS databases and remotely sensed imagery.  Multiple interactive map servers were established to provide web-based mapping functions for the display of land use, vegetation, soil, trails, roads, etc maps.  Java-based on-line analytical tools provided advanced image comparison and analysis functions for change detection analysis.  All three service functions were accessible by using a standard Internet web browser, which served as the image viewer and interface to a suite of image processing and GIS tools.  Standard Internet web browsers and easy-to-use interfaces provided a flexible way to access both spatial information and powerful, geospatial analytical tools for environmental monitoring tasks. 

2.0 Objective and Approach

The goal of this research was to develop a web-based mapping facility and online analytical tools for application to habitat monitoring and environmental problems.  This project seeks to enhance the utility of remotely sensed imagery by developing web-based data warehousing, on-line image processing and on-line analysis functions.  The goal of this project is to develop the capabilities that would allow various resource managers to conduct spatial analyses over the Internet using web-based software and geo-spatial data sets.  The ability to conduct geospatial analysis of web-based geospatial data sets has innumerable applications, offering immediate value to users.

The project is composed of four tasks.  

1. Establish a web site test-bed and populate it with two anniversary date ADAR and IKONOS multi-spectral image data sets and corresponding GIS layers of Mission Trail Regional Park for testing the functions of a data warehouse.

2. Establish an Internet map server in the same web site to provide interactive web-based mapping tools for use by the regional preserve management community. 

3. Develop algorithms that perform on-line analytic functions on remotely sensed imagery.  For the initial analysis application, we chose to develop change detection as the mode of analysis made available to end-users.  This function was selected because (a) prior research demonstrates that temporal-spatial changes are detectable using IKONOS and ADAR imagery (successful algorithms have been employed in a non-web-based context), and (b) change detection has been established to be a valuable capability for habitat monitoring purposes.

4. Test the prototype web-based system through use of habitat based test scenarios to evaluate ease of use and utility by users from the regional preserve management community.

2.1 On-line Data Warehouse and Internet Map Servers 

This project involves three distinct implementation tasks: creating a data warehouse, integrating Internet map servers, and developing on-line analytical tools.   The first two tasks are related to establishing and integrating web server functionality. Implementation of on-line analytical tools involved issues of Internet programming and user-interface development.

To establish a regional data warehouse for GIS and remotely sensed habitat data, current web technology was used to provide the mechanisms for data storage, with exchange and download functionality implemented by File Transfer Protocol (FTP) or HyperText Transfer Protocol (HTTP).  The design of the on-line data warehouse focused on the implementation of a user-friendly, web-based interface, and on the organization of metadata associated with each GIS data set and remotely sensed image.  For example, imagery and natural habitat data sets can be organized by theme-based layers or location-based tiles.  Two types of data schemes, GIS layers and remotely sensed images were developed in the data warehouse to facilitate the sharing and exchange of geo-spatial data sets and remotely sensed images.  The design of the data warehouse also included integrating Java Scripting functions for displaying thumbnail images of GIS layers. 

This project adopted a leading GIS package, ArcIMS 3.1, developed by ESRI for the deployment of the Internet map servers.  Advantages of ArcIMS are its compatibility with GIS/Remotely sensed data sets and its comprehensive mapping functions.  ArcIMS can access ESRI shapefiles directly or ARC/INFO coverages via ArcSDE (Spatial Database Engine).  Because most GIS datasets for our prototype application are available in coverage or shapefile format, it is cost-effective to adopt ArcIMS for this project.  Also, ArcIMS also has comprehensive functions for on-line mapping and provides customizable tools for adding new GIS functions (ESRI, 2001). 

ESRI’s ArcIMS adopts a three-tier architecture for its implementation (Figure 1).  The first tier is the client tier which includes the user-side web browser and user-resident Java applets/HTML documents.  The client tier of ArcIMS, called ArcIMS Viewers, is used by the user to make requests and to view maps and data. There are two types of ArcIMS Viewers, HTML Viewers and Java Viewers.  This project adopted both to accommodate different raster and vector mapping requirements. 

The second tier is the middleware tier which includes the web Server, ArcIMS Application Server, ArcIMS Application Server Connectors, ArcIMS Spatial Server.  These logic components and servers are used to process user requests, produce maps, and manage the site. 

The third tier is the data storage tier which includes the sources of data and the database server.  ArcIMS three-tier architecture can provide more flexible functions for different mapping applications and scalable implementation for different hardware.  

[image: image30.jpg]b £x b fomie Lo ton
ol 8 O Qsewh Sweris Srvery B B0

[t o snseaivimerDma e

i |

vy o
[ s
I~ i AR 1 S5 aRva

Lavars

‘s
feiiy
Py
s
ot




[image: image1]
Figure 1.   The architecture of the ESRI ArcIMS Internet Map Server.

2.2 Java-based On-line Analytical Tools 

One of the principal tasks in this project is development and integration of on-line analytic functions and software for change detection and habitat monitoring.  There are two possible approaches, server-side applications or client-side applications.  The server-side application accesses data directly from the GIS or remote sensing database.  The client-side application accesses data remotely via a web browser, or accesses the local data stored in a web cache.  Available program languages on the client side (web browser) include Java or Active X controls.  A Java platform is preferred because of its interoperability with different client environments (such as Windows 2000 or UNIX).  The server side programming language might be more flexible, depending on the configuration of server platforms.  With a UNIX server, the programming language could be C++ or Java servlets, while with a Windows platform, the language could be Visual Basic or Java.

This project adopted the Java language as the programming tool for on-line analytical functions. One principal consideration in choosing a development platform is that the language should provide database connectivity and comprehensive image processing and display functions.  Current Java System Development Toolkits (JDK) provide a series of well-defined Application Programming Interfaces (API) for image processing and display, such as Java 2D API and Java Advanced Imaging (JAI).  The Java 2D API is a set of classes for advanced 2D graphics and imaging, encompassing line art, text, and images in a single comprehensive model.  The Java Advanced Imaging APIs are used for manipulating and displaying images and range in complexity from simple operations such as contrast enhancement, cropping, and scaling to more complex operations such as advanced geometric warping and frequency domain processing. These APIs are used in a variety of applications including geospatial data processing, medical imaging, and photography.  This project utilized the two APIs (2D and JAI) to customize web-based user interface and analytical tools. 

The Java language is a pure object-oriented language, designed to enable the development of secure, high performance, and highly robust applications on multiple platforms in heterogeneous, distributed networks (Gosling and McGilton, 1996).  From the computer programming perspective, Java looks like C and C++ while discarding the overwhelming complexities of those languages, such as typedefs, defines, preprocessor, unions, pointers, and multiple inheritance (Gosling and McGilton, 1996).  
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Figure 2.  The Java platform architecture (Harmon and Watson, 1998, p. 70).

The architecture of Java platform is illustrated in the Figure 2.  There are two procedures for the implementation of Java applications, a compile-time environment (server-side) and a run-time environment (client-side).  The compile-time environment can be constructed by using the Java Development Kit (JDK) provided by Sun, that includes a Java compiler (Javac.exe), a Java interpreter (Java.exe), a Java debugger (jdb.exe), and several standardized Java libraries.   Programmers can use the Java compiler to generate a Java class from a text-based Java source code to a Java byte-codes format and put the class on the server-side machine.  Then, the Java class is ready for download by client machines.

The Run-time environment is comprised of three components, class loader, Java class library, and Java Virtual Machine.  When a client requests a Java class, the client-side Virtual Machine will download the Java class via the class loader and combine it with other required Java classes from the library.  Then, the Java class will be interpreted or compiled into the actual machine codes in the run-time system, which can be executed under the client-side operating system and hardware environment. 

Beside the mobile class download functions, the Java platform also supports remote method invocations on objects across different Java Virtual machines by using the Remote Method Invocation (RMI).  By using RMI, Java programmers can create a remote Java class with object serialization and create client stub and server skeletons for the communication between clients and servers (Orfali and Harkey, 1997).

Three types of Java programs exist Java application, Java applets, and Java servlets.  Java applications are stand-alone programs.  They don’t need to be embedded inside a HTML file, or use any web browser to execute the programs.  Java applications can provide full access to the entire local machine resources, such as writing files and changing database contents.  A Java applet is a specific kind of application that can only run from within a web browser that contains the Java Virtual Machine.  In contrast to a Java application, Java applets must be included as part of a web page in HTML format.  Java applets are designed for WWW and can be dynamically downloaded via the Internet.  Java servlets are server-side Java programs which become more and more important to distributed computing environment and the Internet.  Java servlets can let a user upload an executable program to the network or server.  These servlets can actually be linked into the server and extend the capabilities of the server.  By interacting with server-side applications, a Java servlet can share the loads between servers and clients. The results will reduce server load and provide the balance of functionality on server and client machines. 

This project adopted Java applets to provide on-line analytical functions for remotely sensed images and change detection analyses.  The principal reason for selecting Java applets is that Java applets are truly designed for the distributed network environment, such as the Internet and Intranet and are capable of providing advanced image processing and comparison functions suitable for habitat monitoring. 

3.0 Results and Discussion

3.1 The Implementation of Project Web Site

A web site (http://map.sdsu.edu/arc/) was created by the project team.  This web site was used for developing the prototypes of integrated web-based geospatial services and the evaluation of on-line analytical tools.  Figure 3 illustrates the home page of the project web site which include project-related information (such as project overview, research team, and on-line questionnaire) and three major web services (data warehouse, interactive mapping, and on-line tools). 
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Figure 3.  The home page of the project web site (http://map.sdsu.edu/arc).

3.2 Data Warehouse

The project data warehouse was populated by using selected GIS datasets from the San Diego Association of Governments (SANDAG) and two types and dates of remotely sensed imagery (ADAR and IKONOS).  The data collection task was accomplished by downloading GIS datasets from on-line SANDAG data archives and subsetting the GIS layers to include only the region defined by the Mission Trails Region Park.  One of the key issues in the design of data warehouse was the creation of metadata for each data sets and image files.  Metadata is the information that can facilitate users or computer systems to access, archive, and manipulate geospatial data and remote sensing images.  Metadata becomes the key to bridge the heterogeneous environments of distributed GIS databases and can provide users with the semantics and syntactics of GIS databases (Plewe and Johnson, 1998).  This project created two series of metadata associated with downloadable GIS layers and images (Figure 4).  The first group is remotely sensed images which included 1998, 1999, 2000 ADAR imagery, 1995, 1997 DOQQ imagery, and 2000, 2001 IKONOS Multispectral imagery.  The GIS theme includes 15 different layers, such as roads, trails, land use, soil types, vegetations, etc. 
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Figure 4.  Two types of data themes (Remote sensing and GIS layers) in data warehouse.

The metadata of each GIS layer and remotely sensed image was displayed in HTML format on the data warehouse page (Figure 5).  The HTML display of metadata was generated by using ArcCatalog which is one of the standardized GIS packages developed by ESRI.  The format of metadata adopts the Content Standard for Digital Geospatial Metadata (CSDGM) specified by Federal Geographic Data Committee (FGDC, 1998).  CSDGM includes eight major components, which are identification, data quality, spatial data organization, spatial reference, entity and attribute, distributed information, and metadata reference information (FGDC, 1998).  The original FGDC metadata standards include hundreds of elements some of which are complicated and difficult to read by non-technical users.  The research team decided to create two versions of metadata records: a simple version and a detailed version.   The simple version only includes 12 elements of the most important metadata for environmental monitoring and management.  The detailed version includes all the FGDC metadata standards.   The research team also created the “Data download” button to allow users to download the GIF images and GIS layer exchange files from the web server.  Each metadata file also included a thumbnail image for the preview of actual data sets.
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Figure 5.  The metadata of 1998 Mission Trail ADAR Imagery in HTML format.

A metadata search mechanism was created in this data warehouse prototype, allowing users to type keywords to search or query the content of metadata.  The search engine was implemented by using Microsoft IIS Index Services which is a built-in function on Window 2000 Server.   Figure 6 illustrates one example of metadata search by entering “ADAR” as the keyword. In general, the implementation of a data warehouse provides an easy-to-access mechanism for resource managers to access or download geospatial data and remotely sensed images which can be combined or integrated with their own local GIS software or projects.   

3.3 Internet Map Servers

This project used ESRI’s ArcIMS 3.1 to provide interactive web mapping services.  ArcIMS is one of the most popular Internet map service packages and supports OGC Web Mapping Standard Web Mapping Services 1.0.  ArcIMS can provide comprehensive on-line mapping capabilities, including zoom-in, zoom-out, pan, spatial query, buffering, and measuring.  This project created two types of web mapping services (HTML viewer and Java Viewer) for different GIS tasks (Figure 7).  Besides the design of  ArcIMS viewers, this project also utilizes JavaScript function to create a simple map display function where users can move the mouse cursor to overlay different GIS layers on a remote sensing image.
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Figure 6. The metadata query functions of data warehouse.
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Figure 7.  The interactive mapping web page. 

The ArcIMS HTML viewer was implemented by using the ArcIMS Image server to provide basic mapping functions for entry-level users (Figure 8).  The advantage of image servers is that the end-users do not need to download any “plug-in” or “viewer” to access these maps.  Almost all types of web browsers can access HTML viewer immediately. However, the disadvantage is the lack of customizability on the user-side, such as changing symbols and colors.   
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Figure 8. ArcIMS Image server with HTML viewer. 

The second type of ArcIMS service was established with ArcIMS Feature Server via Java Viewer, which can provide vector-based stream data to users.  The advantage of the ArcIMS Feature servers is that they provide more flexible display functions for users and are able to integrate with local data sets and access multiple feature servers at the same time (Figure 9).  The disadvantage of Feature Server is that the end-user is required to download an “ArcIMS Java Viewer” before they can access geospatial information.  Also, the Feature Server will require advanced Java applets to function, which may not be available in some web browsers.  


[image: image9]
Figure 9.  ArcIMS Feature Server with Java Viewer

One of the unique features in the prototype is the integration of GPS data and the Internet Map servers.  This project gathered several GPS data layers, such as park trails and BMX sites generated by MTRP park rangers with their hand-held GPS devices.  The GPS data sets were transformed into Shapefiles and combine with georeferenced ADAR images (Figure 10). 
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Figure 10.  The integration of GPS data and ArcIMS.

By implementing both the Image Server and Feature Server into this project, dynamic web mapping services can provide more flexible combinations and different users can access different types of services according to their computing environment and information requirements.   Environmental resource managers and regional park rangers can easily access these geospatial information and query different GIS data layers from their local web browser. 

3.4 Java-based On-line Analytical Tools

This project adopted Java programming tools to create a series of Java applets which can perform multiple image analyses and change detection functions.  These Java applets were organized into an image analysis toolbox, where users can click on different buttons to launch different applets (image processing functions) in separate windows.  This design of the image analysis toolbox adopted user-friendly graphic user interface (GUI) that allow users to access analysis tools by simple clicking a toolbox button (Figure 11). 

There are nine independent Java applets available in the toolbox.  Eight Java applets are developed originally from this project and one Java applet (the Panoramic Image function) is developed by a commercial software company, Duckware Inc.   Some of Java applet source codes are available in the Appendix A of this report.  A detailed description of the nine Java applets is described below.
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Figure 11.  The graphic user interface (GUI) design of “Image Analysis Toolbox”.

One of the unique features of the toolbox GUI design enables users to open multiple Java windows at the same time (Figure 12).  The multi-window addition allows analysts much greater flexibility in conducting image comparisons and spatial analyses. 


[image: image12.wmf] 


Figure 12.  Multiple Java windows opened from the new GUI design.

The nine different Java applets implemented in the Image Analysis Toolbox include: Image Overlay-I, Image Overlay-II, Image Swipe, Image Magnifier, Image Comparison, Image Processing, Image Filtering, Image Viewing and Panoramic Image.

Image Overlay I and II

The first Java applet created by as a part of this project is called “Image Overlay” or “Image Overlay-I”.  Image Overlay-I overlays two remote sensing images and allows a pixel-by-pixel comparative display of the two image files by means of a slider bar.  This applet enables visual comparison of image changes for monitoring landform and habitats.  For example, users can compare the 1998 ADAR imagery with 1999 ADAR imagery to view the change of burn area in Mission Trail Regional Park (Figure 13).
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Figure 13:  The Image Overlay–I  Java applet. (showing 1998 and 1999 ADAR images).

The second Java applet is called “Image Overlay-II,” which is the improved version of Image Overlay-I.   The research team improved the function of Image Overlay based on the suggestions from user feedback and questionnaires during the prototyping.  Image Overlay-II integrates with zoom to scale function and exploits multi-temporal image themes with interactive blend/fade control for improved interpretation of change detection.  Users can move the slider back and forth, and swap top and bottom images. In addition, the zoombox can be dragged, enlarged and shrunken to display image details.  This new Java applet can perform more flexible image overlay functions by zooming to a small area on the image (Figure 14).
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Figure 14.   The Image Overlay II Java applet  (with flexible Zoom-in capability).

Image Swipe
The third Java applet is the Image Swipe tool.  This application enables one to view portions of top and bottom images at the same time using a vertical or horizontal swipe line.  Users can move either of the sliders to horizontally or vertically swipe one image over another.  The yellow color zoom-box can be dragged, enlarged and shrunk to view the detail of images.
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Figure 15. The Image Swipe Java applet.

Image Magnifier 

The Image Magnifier tool is a Java applet that allows users to view the details of images by moving a magnifying-box over an index map.  The major function of this tool is to provide a friendly user interface to examine the whole content of high-resolution images in a standardized window.  
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Figure 16.  Image Magnifier

Image Comparison

The Image Comparison Java applet is designed to visualize the temporal changes among matching remotely sensed images.  Users can move the mouse cursor to the location of interest within a index image and the zoom-in box then displays three different images (1998, 1999, 2000) with the same extent at the same time.  This tool will be very usefully for comparing the change of landform and the monitoring of habitat environment.
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Figure 17. The  Image Comparison Java applet.

Image Processing and Filtering

There are two Java applets developed for the purpose of image processing/filtering.  The first Java applet is called “Image Processing” which performs basic image analysis functions, including image enhancement, zoom-in, zoom-out, image blur, image sharpen, image embossing, etc.  The second Java applet is called “Image Filtering”, which focuses on the display of multi-color (RGB) or single-band (Grey-scale) imagery.
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Figure 18.  The Image Processing and Filtering Java applets.

Image Viewing

The Image Viewing Java applet provides a flexible means for displaying two images side by side. Users can zoom-in, zoom-out, or pan each images independently.   Image viewing is a handy tool for visual interpretation of apparent changes, which can be used in the comparison of multi-temporal images or identifying the type of land cover change at a specific location. 
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Figure 19.  The Image Viewing Java applet.

Panoramic Image (PMVR)

Panoramic Image Java applet is the only commercial Java applets adopted in this project.  The actual name of the package is called Poor-Man VR (PMVR), which is a shareware developed by Duckware.  PMVR is a very small Java applet (only 22K) that can display panoramic images in a web page. 
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Figure 20.  The Panoramic Image Java applet (PMVR).

In general, this project established an image analysis toolbox, which contains nine different Java applets, and demonstrates the potential capability of web-based analytical tools for remote sensing images and habitat management.   Most of these tools (except PMVR) were developed originally for this project and the source codes of these Java applets are available for the future use of other NASA ARC programs.  Java programmers can easily customize these Java source codes for different applications or combine different functions together that may be the next step of future development. 

3.5 Prototype Testing and Evaluation

The final task of this project is to test the prototype and to evaluate web mapping functionality and analytical tools. The research team conducted two expert review sessions with two park rangers, two graduate students and one GIS professional. 

Two sessions were conducted for testing the prototype.  Both testing sessions were structured with 20 minutes of introduction and background of remote sensing and a second 20 minutes of on-line tutorials of the prototype (Figure 21).  The tutorials focused on two user scenarios: 1) equestrian facility management and 2) BMX site monitoring and GPS data integration (Figure 22).   In general, the feedback from the five testers was very positive. All participants felt that these tools are useful for many of their day to day tasks and clearly have application for habitat management.  The following list contains key points from the user feedback.

· Easy to use (comparing to other GIS/Remote Sensing software).

· Need to clarify some information in metadata and IMS tools (terminology from SANDAG and FGDC).

· Need to clarify temporal or seasonal information about remote sensing images and GIS data sets.

· These tools will be a good information resource for MTRP visitors.

· IMS: Difficult to view/query data layer while RS image is in the background.

· ADAR and IKONOS magnifier tools could be added into the Data Warehouse section.


[image: image23]
Figure 21.  The expert review and questionnaire.

The documents of prototype tutorial and questionnaire were formatted in several standardized PDF files and were posted on the project web site.  Therefore, future potential web users can download these documents and fill out the questionnaire following their review.  The research team also created an on-line questionnaire where users can submit their feedback directly from the web form (Figure 23).  Variations of these questionnaire tools can be used during evaluations of subsequent web-site enhancements.
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Figure 22. The user scenario and the tutorials of the prototype.
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Figure 23.  On-line questionnaire.

4.0 Conclusions and Recommendations

This project demonstrates that there is a large potential opportunity for web-based mapping facilities and image analytical tools applied to natural habitat preservation and environmental resource management.  The combined powers of data collection through remote sensing and on-line, geo-spatial analysis tools through the Internet can significantly reduce the high cost and labor associated with field monitoring.  Although Southern California’s habitat conservation programs provide the testing case study for this service, the potential users for these tools extends far beyond the regional community of natural habitat preserve managers.  

The need for a capability to monitor natural preserves using simple change detection methods is worldwide and is fundamental to cost-effective management practices.   Natural resource managers or regional park rangers can access valuable geospatial information and images for their daily tasks without about the challenge and cost of upgrading GIS and image processing software on their local computers.  

The following are recommendations based on the implementation experiences of this project.

1. The design of data warehouse can greatly facilitate the exchange and sharing of GIS datasets and remotely sensed images among regional governments and local community users.  However, the contents of FGDC metadata were originaly designed for GIS professionals and are too complicated for non-geospatial professionals such as natural resource managers or park rangers.  There is a potential need for creating a simplified metadata scheme for the practical use of environmental monitoring programs.  The terminology of metadata will also need to be revised to match the needs from natural habitat conservation community. 

2. Web-based mapping facilities, such as ArcIMS, should provide a capability to combine remotely sensed images, GPS data, and GIS databases together to provide an integrated framework for the display of geospatial information.  However, the major analytical functions provided in the ArcIMS only focus on the basic GIS query and identification functions because most web-based mapping software packages are not originally designed for remote sensing images.  There is a significant limitation to adding remote sensing images into the Internet map servers under current software architecture.  The remote sensed image layers in ArcIMS may cause the slowdown of system performance or problems for vector-based streaming data transmission.

3. Java applets have a great potential for providing advanced analytical functions of remotely sensed images.  Many powerful Java APIs, such as Java 2D and Java Advanced Imaging, are capable of performing complicated image processing and comparison tasks.  However, these images stored inside the Java applets as GIF or JPEG files and are usually not georeferenced.  One possible approach to enhance the georeferencing function of Java applets is to adopt GeoTIFF format which has georeference information in the image file’s header.  However, GeoTIFF images usually have very large file size and are very difficult to transfer across the Internet due to the limitation of network bandwidth.  Another potential problem for Java applets is the requirement of Java Plug-In installation.  Since the specification of Java programming and platform keeps changing every two or three months, it is very difficult to deploy a truly cross-platform Java functions for all different web browsers.  Some old versions of web browsers may not be able to access the Java applets developed from this project without the installation of Java runtime Plug-in on local computers.   

4. Two possible applications of web-based mapping facilities are to provide real-time information update and real-time GPS connection.  However, current software architecture does not provide such capabilities for the operational implementation.   One consideration is data security and another is the unstable nature of network systems.   Many GIS data and remotely sensed images are very sensitive and require data protection.   Currently, very few web-based mapping software or applications can provide a security solution or password protection mechanisms.  The security problem and user login protection will need to be provided in the future web-based geospatial services. 

From both business and research perspectives, this project illustrates a tremendous potential for the future application in natural environmental monitoring and habitat management.  Future research may focus on the following three directions: 

1. Enhance web-based mapping functions by combining ArcIMS and ER Mapper Image Web Server, which are designed specifically for remote sensing images.  The client-side image viewing functions and performance will be significantly improved. 

2. Customize and package the eight Java applets for other environmental programs.  The revision of Java applets will focus on the function of georefenceing and the dynamic image input function. Users will be able to add any local or server-side images into the Java applets for image processing and comparison.

3. Explore the possibility of mobile devices and wireless communication for Internet mapping tools and services (Figure 24).  The web-based mapping facilities developed in this research can be integrated with wireless devices, mobile devices, and global positioning systems (GPS) in the future.  Habitat preserve managers and scientists can access the Internet map servers via their mobile devices, such as pocket PCs, notebooks, or personal digital assistants (PDAs) during their field trips.  Monitoring and change detection of natural habitat areas can be accomplished in real time by integrating GPS, wireless communication, and Internet mapping facilities.  Also, distributed field workers can update the changes of natural habitat areas or create a new item by sending back their results in graphics to the web map servers. 


[image: image27]
Figure 24.  The Mobile GIS applications.
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APPENDICIES

Appendix A.  The Java Source Code Example

Applet Name: Viewer Swipe
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2000 IKONOS Image       



  2001 IKONOS Image

Tip: Move the slider forth and back to swipe the 2001 IKONOS Image over 2000

Function: This applet enables you to view portions of the top and bottom images (layers) in a Viewer at the same time using a vertical or horizontal swipe line. When this applet is initialized, the Viewer shows the top layer in the left half and the bottom layer in the right half.

Class:  swipe, CompPanel

public class swipe extends Japplet {

CompPanel comp = new CompPanel(theImage,theImage2);

class CompPanel extends Jpanel {


}

}

import java.lang.Integer;

import java.awt.*;

import javax.swing.*;

import javax.swing.event.*;

public class swipe extends JApplet {


JLabel leftLabel, rightLabel,alphaLabel;;


JSlider alphaslide1,alphaslide2;

    float alpha = 0.5f;

    float alpha2 = 0.5f;


CompPanel comp;


Image theImage, theImage2;


int swipeWidth, swipeHeight;


double imageFactor; // scaling factor for image


int imageWidth, imageHeight; //scaled width and height so that image fits applet window


int imgWidth, imgHeight;


public void init() {



theImage = this.getImage(getCodeBase(),"plant2000.jpg");



theImage2 = this.getImage(getCodeBase(),"plant2001.jpg");



MediaTracker mt = new MediaTracker(this);



mt.addImage(theImage, 1);



mt.addImage(theImage2, 2);



try



{




mt.waitForAll();



}



catch(InterruptedException ie)



{



}



//Add slider



final JSlider alphaslide1 =




new JSlider(JSlider.HORIZONTAL, 0, 100, (int)(alpha*100));



final JSlider alphaslide2 =




new JSlider(JSlider.VERTICAL, 0, 100, (int)(alpha*100));


    Container contentPane = getContentPane();


    contentPane.setLayout(new BorderLayout());



JPanel southPanel = new JPanel();



southPanel.setLayout(new BorderLayout());



JPanel copyrightPanel = new JPanel();



GridBagLayout layOut = new GridBagLayout();



copyrightPanel.setLayout(layOut);



GridBagConstraints l = new GridBagConstraints();



l.weightx = 1.0;



l.fill = GridBagConstraints.BOTH;



l.gridwidth = GridBagConstraints.RELATIVE;



leftLabel = new JLabel();



rightLabel = new JLabel();



//Add text



leftLabel.setText("2000");



leftLabel.setHorizontalAlignment(JLabel.LEFT);



rightLabel.setText("2001");



rightLabel.setHorizontalAlignment(JLabel.RIGHT);



layOut.setConstraints(leftLabel, l);



layOut.setConstraints(rightLabel, l);



copyrightPanel.add(leftLabel);



copyrightPanel.add(rightLabel);



//Set layout for the slider and text



southPanel.add(BorderLayout.NORTH, alphaslide1);



southPanel.add(BorderLayout.SOUTH, copyrightPanel);



contentPane.add(BorderLayout.SOUTH, southPanel);



contentPane.add(BorderLayout.WEST, alphaslide2);



//Detects changes in the alpha slider



alphaslide1.addChangeListener(new ChangeListener() {




public void stateChanged(ChangeEvent e) {





alpha = (float)alphaslide1.getValue()/100;





System.out.println("alpha value "+ alpha);





comp.changeRule(alpha);





}

    
});



alphaslide2.addChangeListener(new ChangeListener() {




public void stateChanged(ChangeEvent e) {





alpha2= (float)alphaslide2.getValue()/100;





System.out.println("alpha value "+ alpha2);





comp.changeRule2(alpha2);





}



});



comp = new CompPanel(theImage,theImage2);

        getContentPane().add(comp, BorderLayout.CENTER);


}


Image offScreenImage = null;


Image offScreenImage2 = null;


Graphics offScreenGraphics = null;


Graphics offScreenGraphics2 = null;

class CompPanel extends JPanel {


Image theImage;


Image theImage2;


public CompPanel(Image theImage, Image theImage2){



this.theImage = theImage;



this.theImage2 = theImage2;


}

   public float changeRule(float a) {



alpha = a;



swipeWidth = (int) (a * getSize().width);



System.out.println(" a = "  + a);



repaint();



return a;


}

   public float changeRule2(float b) {



alpha2 = b;



swipeHeight = getSize().height - (int) (b * getSize().height);



System.out.println(" b = "  + b);



repaint();



return b;


}


//Eliminate flickering


public void update(Graphics g) {



paint(g);


}


boolean imageLoaded=false;


public void paint(Graphics g) {



//Graphics2D g2 = (Graphics2D) g;



imgWidth = (int)theImage.getWidth(this);



imgHeight = (int)theImage.getHeight(this);



if (offScreenImage == null)
{




offScreenImage = createImage(getSize().width, getSize().height);




offScreenGraphics = offScreenImage.getGraphics();




offScreenImage2 = createImage(getSize().width, getSize().height);




offScreenGraphics2 = offScreenImage2.getGraphics();



}



//draw the image offscreen



// display full image until it is fully loaded



if (!imageLoaded) {




imageLoaded=offScreenGraphics2.drawImage(theImage2, 0, 0,  this);




imageLoaded=offScreenGraphics.drawImage(theImage, 0, 0,  this);



}



// it is loaded now so calculate factors



if (imageLoaded) {




double imageFactorWidth = (double)getSize().width / (double)theImage.getWidth(null);




double imageFactorHeight = (double)getSize().height / (double)theImage.getHeight(null);




imageFactor = (imageFactorWidth<imageFactorHeight ? imageFactorWidth : imageFactorHeight);




imageWidth = (int)(theImage.getWidth(null)*imageFactor);




imageHeight = (int)(theImage.getHeight(null)*imageFactor);



}



offScreenGraphics2.setColor(Color.lightGray);



offScreenGraphics2.fillRect(0, 0, getSize().width, getSize().height);



offScreenGraphics2.drawImage(theImage2, 0, 0, imageWidth, imageHeight, this);



offScreenGraphics.setColor(Color.lightGray);



offScreenGraphics.fillRect(0, 0, getSize().width, getSize().height);



offScreenGraphics.drawImage(theImage, 0, 0, imageWidth, imageHeight, this);



//show the image



g.drawImage(offScreenImage,0, 0, this);



//g.drawImage(offScreenImage2,0, 0, this);



g.drawImage(offScreenImage2, 0, 0, swipeWidth, imageHeight, 0, 0, swipeWidth, imageHeight,this);



g.drawImage(offScreenImage2, 0, 0, imageWidth, swipeHeight, 0, 0, imageWidth, swipeHeight,this);


}

  }

}
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28. Close this window and back to the home page of NASA ARC project.

SECTION 2 - USER SCENARIO TWO - BMX sites and Trails
Management (10 minutes).

‘The second user scenario is to use on-line mapping tools for the management of BMX
site and trails with the GPS data gathered from Park Rangers.

Task:

‘The MTRP is planning to open multiple motor-cross bicycling (BMX) sites for the
residents of San Diego. It is important to monitor the use of BMX and nearby trail
condition and management. This task will use the ADAR 98 and ADAR 99 images to
evaluate the BMX sites. Also, the sensitive plant area identified by the park rangers
using GPS (Global Positioning Systems) will be integrated in the mapping tools.

1. On the home page of the NASA project, click on the Interactive map.
2. Click on the “BMX site and GPS integration” hyperlink.
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12. Can you identify what type of land use is within the proposed equestrian facility
area?

7|
2
Ty
i

13. Next, use the rectangle selection tool 2] to select the nearby area of the
proposed staging site (see the picture below). The area will become yellow after
the selection.

S0k =

| 2

14. After the selection. How many land use polygons have been selected?
15. Write down their land use code (LU) and check out their meanings.

16. Click on the clear selection button &7 next. Check on the topoq13_clip layer and
“Reffesh map” button.
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NASA ARC Project 1-9-2001
Web-based Geaspatial Information Services and Analytic Tools for Habitat Conservation
and Management

Expert Review and Questionnaire (PART I)

‘Thank you for participating in this SDSUNASA project to assist habitat conservation
and resource managers. This document will provide an introductory tutorial for using the
prototype of a web-based GlServices and remote sensing set of tools for Natural Habitat
Conservation and Management. Please help us improve these tools by filling out the
questionnaire and providing your comments to our research team afler the tutorial
exercises. Thank you for helping us refine these on-line tools and web user interfaces.
“This project will benefit from evaluation by experts like you.

System Requirement for accessing the Web-based Tools: (http:/map.sdsu.edu/arc )
o Hardware: Standard PC or Mac. 300MHz CPU or above recommended,
o Operating Systems: Windows 95, 98, Me, 2000, or XP. Mac 9.0 or X. Linux.
o Web Browser: IE 5.5 or above, or Netscape 6.0 or above.
o Screen Resolution: 1024 x 768 or above Recommended.

Before we begin...

Please indicate what type of machine you are working on?
[1Windows(PC)  [IMac []Linux []Other.

Please indicate what type of Web Browser you are working on?
[] Internet Explorer [ ] Netscape Communicator [ ] Other.

Please indicate the display resolution are you using (1024x768 or above is
recommended)?
[1640x480  [1800x600  []1024x768 [ 1280x960 [ ] Other

Where is your test site?
What is your job title?

What is today’s date?
Please write down the time you begin this tutorial. (Hour): (minutes)
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