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ABSTRACT

In this paper we describe the design of the TerraScope Image Navigator [TIN], the graphical user interface
module of the TerraScope system. TerraScope is an earth science data middleware system that was
designed to facilitate collaboration among a set of data repositories (peers) who wish to provide their
geospatial data thru an integrated portal, The base of the system is a distributed database that collects
heterogeneous spatial data taken from satellite ground stations. TIN, as a component of TerraScope,
retrieves images and related information from the distributed database and deals with the effective
presentation of this kind of data 1o the uzer. TIN allows recursive navigation of the image space by
dynamically embedding retrieved sub images as spatial hyperinks inside other retrieved images. The TIN
protofype was implemented using an interactive movie authoring emvironment (Flash MX} and XL
(extensible Markup Language) 1o communicate gueries and retrieve data and metadata from the server,
As a result, we expect 1o port TIN o multiple platforms, including portable devices, with relative ease,

Measurements using a smiall image database suggest that response time appears to be super-linear on the
size of the resultsetand is 97% dominated by server computation.

Key Words: Multimedia Information Retrieval, Image Retrieval System, Image Databases, Earth Scisnce
friage Explovation.
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The emergence of multimedia technologies and
the possibility of sharing and distributing geospatial
satellite data through broadband computer
networks have exacerbated the need for
geographical information technologies. In one
typical scenario, geospatial data is periodically
collected at geographically distributed ground
stations which often span several technical,
administrative and even political domains.
Solutions attempting to offer integrated access 1o
distributed data by relying on centralization of data
repositories are not often feasible.

Figure 1.
TIN Graphical Usar interface

The inherently distributed nature of geospatial data
should be of no concern to scientists, students or
data consumers, The information system should
enable and facilitate collaboration among a set of
distributed data providers who wish to collaborate
to provide an image of a single data repository with
minimal lotw of thelr individual autoromy over
their data. Based on this principle we are designing
and developing the TerraScope Earth Science
distributed peerto-peer database middleware
system conformed by a Search and Retrieval
Engine (SREN [7]1 and TIN, the graphical user
interface (GLI] module presented in this paper.

Lising Macromedia Flash MX as a development
platform, XML [19] and ActionScript [2], we have
designed the first TerraScope Image Mavigator
(TIN) prototype. This image navigator delivers
satellite images with their corresponding metadata,
GIS characteristics, and other information to any
web browser with a Flash MX player installed. As
shown in Figure 1, the GU| eonsists of two image
windows (2 and 4], and a number of input controls
(5). The main window (21 on the lefl side displays
the currently selected section of the image being
browsed. This section can be explored using TIN's
rooming and panning controls. Initially, TIN
digplays a map showing the geographical region
covered by the satellite ground stations
contributing data Io the distnbuted repository, The
current profotype includes data collected by the
Tropical Center for Earth and Space Studies (TCESS)
and the Center for Subsurface Sensing and Imaging
Systems (CenS515) both at the University of Puerno
Rico Mavaguer Campus. Both of these stations
collect imagery from the Carbbean region, The
smaller window (4} on the upper right hand side of
the sceeen, which we call the periscope,
continuously outlines the region in the image that
the user is examining on the left window. The
wsefulness of this feature will become move
evident when as we continue discussing the user
interface in the sections that follow,

Lising familiar GUI contrals TIMN users can restrict
the scope of their search to a specific data
repository, geographical region, type of satellite
sensor (e.g. MODIS, RADARSAT and Landsat 7) or
data collection date, Figure 1 shows that a user has
selected the region that appears shaded at the
center of the image wsing the rubber band tool. By
default the scope of the search is delimited by the
geographical region covered by the entire image,
but if the user selects a sub region using this tool,
the scope of the search is the geospatial area
delimited by the selected area. This feature is
important especially since TIN is designed 1o
support repositories that continuously collectdara.
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TIN clients obtain their data from a single
TerraScope SRE. However, in order to satisfy the
user request, this SRE may contact other peer SREs
holding data matching the criteria specified by the
user. Thus, SREs act as servers to TIN clients, and
also as clients of other SREs. This type of
architecture % often termed peerto-peer. The
reader is referred to [7] for mode details of the
Terrascope SRE,

The remainder of this paper is organized as follows:
Lection 2 describes some related previous reseanch
n 1mage retrieval and some projects that have
proposed image browsers in the past, Section 3
discusses TIN's architecture. The graphical wuser
interface and the image retrieval process is
described In more detail in section 4. In Section 5,
we discuss some performance data as well as
experimental results from a user study comparing
TIM to another system. Section 6 summarizes the
lessons learned from using Flash MX as an
application development platform, Finally, Section

7 presents our conclusions and suggEests some areas
for future wiork.

PREVIOUS WORK

in an effort to amortize the high costs associated
with the deployment of the expensive equipment
and communications infrastructure required to
collect satellite imagery, many scientific research
centers and universities have been developing
systams to share their image data over the Internet.
In this section we compare some of these systems
emphasizing the features that distinguish them
framm T,

The Quicklook Swath Browser is an image browser
developed by the Canada Centre for Remote
Sensing [12]. This svstem has some similarities with
TiN,  Both create geo-representations of the
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images, use similar mechanisms to display textual
data and metadata, and use a graphical user
interface accessible through web.  Also both
systems  provide automatically hyperlinked
images. The Quicklook Swath Browser is Java
based while TIN was developed using Macromedia
Flash MX. The Quicklook Swath Browser does not
support recursive image navigation.

The USGS Global Visualization Viewer (GloVis)
[16] is a quick and easy online search and order tool
for selected satellite data. GloVis allows user-
friendly access to all available images from the
Mdvanced Spaceborm Thermal Emission and
Reflection Radiometer ASTER TIR, ASTER WHIR,
Landsat 7 (ETM +), and Landsat 4/5 (Th) sensors,
Through a graphical user intedface, the user can
sefect any area of interest and quickly view all
available images within the United States
Geological Survey (USCS) inventory for the
specified region. The main difference between
TerraScope and GloVis is the distributed nature of
the TerraScope database, GloVis GUI is |ava basaed
while TIM was developad using Macromedia Flash
MX, GloVis does not support recursive image
navigation.

MASA's Visible Earth Svstemn [17] is an image
browser that provides a consistently updated,
central point of access to the superset of NASA's
Earth science-related images, animations, and data
visualizations, The Visible Earth System is a web
hased image browser that does not have a graphical

user interface and does not support recursive image
navigation.

The Microsoft® Terraserver [15] is one the largest
public repositories of high resolution aerlal,
satellite, and topographic Imagery. Terraserver
stores its data in a relational database system and
makes it available via the Intemet from virtually any
graphical web browser. Lisers can zoom and pan
across a mosaic of tiles. TerraServer contains 3.3
tera-bytes of high resolution United States
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Geological Survey (USGS) aenal imagery and
USG5 topographic maps. Users can locate imagery
by clicking on a map, entering a city or town name
in the "Search TerraServer” form, or entering a LS.
street address. This research has some similarities
with TIN. For instance, both Terraserver and TIN,
allow similar user actions including submitting a
query, and rooming and panning a particular
image. While Terraserver was designed for a stafic
set of images, TerraScope was designed to suppor
continuous collections of image data. As a resulr,
Terraserver can work on the assumption that these
is a single image for each of the tiles,

The SAND (Spatial and Non-spatial Data) system is
a spatial database system developed at the
University of Maryland [4]. This project shows an
interactive image navigalor for accessing spatial
online databases. The users can interactively and
visually manipulate spatial data remotely. This
manipulation has the disadvantage of making the
imteraction very slow because this data generally is
in the order of Gigabytes, SAND and TIN are
distributed systems and both systems allow users to
manipulate spatial data remotely. Both systems
have a Graphical User Interface {GUI). SAND':
GUN iz Java based while TIN GUI is Flash MX
based. SAND does not support recursive image
navigation.

A prototype system, similar to a GIS (Geographic
Infarmation System) whene several types of data are
irmegrated into one system was developed in [1].
The areas explored in that project include
visualization, mapping, 3D object modeling and
layering of different types of information.

G-Ponal s a web portal providing digital library
services over peospatial and  geo-referenced
content found on the World Wide Web (WWW)
[3]. G-Portal adopts a map-based user interface 10
visualize and manipulate the distributed geospatial
and geo-referenced content, The principal aim of
this praject is the identification, classification and

organization of geospatial and geo-referencecd
resources on the weh, and the provision of digital
library services je.g. searching, visualization) for
these types of resources. G-Portal and TIN provide
basic search and retrieval services of geospatial
data over the Internet; both systems make a
geographical representation for each geospatial
object. However, G-Portal does nol provide
avtomatically hyperlinked images the way TIN
dowes.

GeoWorlds [18] integrates IS, spatial digital
libraries and ather information analysis, retrieval
and collaboration tools. GeoWorlds demonstrates
how carefully integrating three key technologies,
the WA, Digital Libraries and GIS, can provide
teams of users with a sense of shared regional
vision. |t reirieves, organizes and displays availahle
information about a particular region.

The protofype system prasented in [B] integrates
geophysical data and ils metadata from both
satellite and in situ sources, using a relational
general-purpose Database Management Systern to
ranage the catalog and observational data, and a
video oplical disk to archive images.  This
prototype and TIM provide basic search and
retrieval services of geospatial data over the
Internet. This system does not provide
automatically hyperlinked images and does not
SUDPOIT FECUTSIVE (UETies,

The WehSeek [13] image retrieval system
integrates textual and wisual features for
categorizing images and videos., [PURE [5] and ZU1
[14] provide new methodology for formulating
gueries and new ideas to show users the images
and provide new features in the way users can
browse and navigate the images. None of these
systemns support recursive navigation of the image
database and do not provide automatically
hyperlinked images the way TIN does,

Remotely Image Navigator of the Virtually Hawaii
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Project [10] is a web basad tool for finding remaote
sensing imagses of Hawall with a range of spatial
resolutions. These images come from a varety of
spurces, including instruments camried on aircraft,
satellites and the Space Shuftle, The Remotely
Image MNavigator and TIN has several similarities,
Both support recursive image navigation and
provide automatically hyperlinked images. TIN
initially was created to cover the Caribbean region
bt in a future we want extend it to cover all earth
surface. The Remaotely Image Navigator does not
integrate basic search and retrieval services.

Summarizing, TIN combines three features that
distinguish it from other proposed. interactive
navigators for accessing online geographical image
databases. First, TIM has the capability to
dymamically generate hyperlinks by embedding
automatically geo-referenced sub-images within
the images being inspected, These hyperlinks are
based an the results returned by queries, and thase
results may change dynamically as the distributed
database changes. Second, TIM allows recursive
navigation, Onee the user selects an image she may
recursivaly search the database for sub-imagas
contained within the geospatial region covered by
this base image. Third, TIN was completely
developed on an interactive movie authoring
environment (Flash pMX) making it accessible from
any web browser with a freely available Flash
player installed. Flash players are available for
virtually every major computing platform
including portable devices (e.g, PDAs),
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TIN Architecture and

Implementation
=R

As shown in Figure 2, the TerraScope system
follows the typical clientsenver architecture. The
client consists of a Flash MX interactive movie,
running inside a web page that can be accessible
using any web browser {item 1 in Figure 2). The
server consists of a set of |AVA servlets modules
running inside a web server (item 2 in Figure 2).
These modules implement an abstraction of a
single data repository by communicating with
multiple Temra5Scope SRE's peers.

The servlets also provide a machanism for
interfacing TerraScope with virtually any available
database system. Our current protatype stares data
ina POSTGRES [11] relational database,

TIM users specify queries by manipulating familiar
G widgets {e.g. pull-down menus, checkboxes,
ate), TIM translates these gueries into XML format
before sending them to the SRE. The SRE computes
the set of results by potentially forwarding queries
o other SEE's balieved to hald data pertaining 1o
the guery, Tha SRE then packages the resulis into an
XKML message similar to the one shown in Figuns 3
and returns it to the client. The response includes a
list of images and, for each image, the URL where
the image s stored, condition, dare, time,
coordinates of the image, source and any other
image specific metadata stored in the database, The

XML message in Figure 3 encodes information
about one image retrieved from the CenSSIS
repository, Images are clustered according to the
repository that they ariginally came fram. The user
can restrict the set of repositories consulted using
the GUI controls,

The client parses the XML message returmed by the
server and automatically geo-references the
retrieved images into the previous displayed image

Fundacidn Institute Tecnoldgico Comfenalco ||F
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using their cormesponding geographical metadata
and the metadata proviously melneved for the
displayed image. The following section describes
how the resulling set of images is visually presented
tothe wser.

o 3
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Figera 3

Example TerraScope response in XML

TIN Graphical User Interface

Figure 4 displaye the set of images resulting from
submitting the query specified in Figure 1. After
parsing the XaL result message file, TIN converts
the geographical coordinates (latitude and
longitude) of each image to pixel coordinates and
embeds a polygonal outline of each image in the in
thi previously displayed image (item 1 in Figure 4},
Each polygonal outlire constitutes a  spatial
hyperlink that the user can click on to navigate into
the geographical area covered by the
corresponding  sub-image. The set of such
hyperlinks are craating dynamic and automatically
computed according to the result set retumed by
the user query. The process requires ro offline
computation and no human pre-processing,

Teknos

4,
TIN display after submitiing a guery.

In additicn to displaying the polygonal outline, for
each retrieved sub-image, TIN displays a pop-up
window with the metadata in a text box in the low
right comer of the screen (item 2 in Figure 4). Using
this pop-up windaw the user can examine any non-
graphical informalion associated with each sul-
image. The pop-up window appears whenever to
mouse cursor i moved over one of the polygonal
outlines,

From the display in Figure 4 the user may proceed
in one of three ways. She/He may submit a different
guery after realizing that the results warne
inadequate, hefshe may use the GUI controls 1o
explone the areas where retrieved images appear in
more detail by zooming and panning, she may
selact one of the images in order to retrieva it, or
she may click on one of the embedded polygons 1o
navigate inlo the corresponding sub-image.

If a user chonses to explore the current image, she
can use panning and rooming controls {verms 1 and
2 in Figure 5} to move around the image or get
closer to specific areas. The small window on the
upper right corner continunusly displays an outline
(item 4 in Figure 5) indicating the area in the image
currently displayed in the main window. The
imporance of this perscope window is greales
when one explores images withoeut landmarks and
other aids to maintaining the user's geographically
orientation,

Fundacitn Instituto Tecnoldgico Comienalco
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As mentioned before, each polveenal outline
serves as a hyperlink that the user can elick in order
to focus her search on a smaller sub-region, This
facilitates exploration of smaller regions using
higher resolution images whenever such images
exist in the database, For instance, lot say that upon
reaching the point in the search depicted in Figure
4, the user wants to inspect one of the regions
covered by one of the sub-images in more detail,
Ta accomplish this, she only needs to click on the
outline cormespanding to the desired image. TIN
responds by retrieving the sub-lmage from the
databese and displaying it on both the main
window and the periscope window. Frem this
paint on, all quenes submitted to the database are
restricted, by default, by the geographical area
covered by the new image. In other words, each
browsed image provides a geospatial context fram
which further exploration may proceed. The user
may also use the rubber band tool to indicate a
different search context region.

Fundacisan Instituto Tecnolégico Comfanalco §

Figure 8.
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elicking om its outiine,

Figure & shows the screen resulting from clicking
on one of the polygonal autlines in Figure 4. The
new image displays part of the Atlantic coast of the
Florida peninsula. Upan examining the sub-image
the user may decide that he'she warnils to go back o
the previous image. This can be accomplished by
preseing the back button indicated by item 1 in
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Figure T
Exampie of recursive saarch fn TIN

The user can either manipulate the bass image (e.g.
zooming and panning) or conduct a new search for
images contained within this base image. Figure 7
shows the resull of a recursive search constrained
by the image shown in Figure 6, In the current
version of TIN, searches are conducted using the
“overlaps® operator available i the Posigres
database system. This operator returns all images
that owverlap with the search region. This s a reason
whiy the result of the search may return images that
extend beyvond the area covered by the base image.
TIN allows users to recursively navigate the
geographical space based on the imagery available
in the database that satisfies the dynamic
constraints placed by its users, To the best of our
knowledge this combination of recursive
navigation within dynamic image content is a
unigue feature of TIN, We are currently conducting
experiments tw assess the usefulness and
effectiveness of the feature. Some early resulis ara
prezented inthe nest section.

Experimental Results
[415]

This section presents some measurements of the
performance of TIN followed by results form &
small pilot user study designed to evaluate its
unique combination of features. The resulls
presented below measure TIN's résponse time as

the: real time elapsed from the instant the user clicks
thee subamit button to the instant when TIM finishes
displaying the resgits set. This time can be divided
in at least three segments: a client segment, a server
segment and a communication segment. The client
segrmenl includes packing the G controls into an
XKML message, parsing the resulting XML message,
and embedding the outlines into the base image.
The server segment consist of translating the XML
query into one or more SO0 queries, submitiing the
SOL query o the peer Postgres databases,
pracessing of the gueries by Postgres, returming the
result sets to the SRE, combining the resultsets, and
packaging the result set in a single XML message.
Communication time is the time that the XMl

messages and SOL queries remain in transit in the
natwark.

The database currently used by TIN includes two
pesr SRE's which collectively hold 80 images. This
is a rather srmall database compared to what would
he expected in real geo-spatial collections,
Unfortunately, our experiments have been
constrainaed by the unavailability of a lamge
repository  of images. An effort is currently
undergoing to assess the performance of TIN on
much larger databases.

The graph in Figure B shows system latency versus
number of images retrisved by the query. The time
measurements are laken with a completely
offloaded SRE. Result set size varies from ten (10)
to eighty (80) images. Cach plotted fime is averaged
over sevieral trials,

Time {sgs)
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As expected, response time increases with result
sat size at what appears to be a supes-linear rate,
We are curently consulting the Terrascope 5RE
team for an explanation of this growth rate. The
response time for result sets with less of 40 images
are always less than 2 seconds. The total latency is
dominated by server and communication time
{97% for 80 imapges, see Figure B). For all the
different result set sizes, TIN time remains in the
sub second range, Therefore, TIN by itself appears
ta run efficiently enough for practical use.

TIN uses Action Script's [2] built-in methods and
properties of the XML object to build, send, load,
parse, and otherwize manipulate XML documents,
These methods appear to be highly optimized as
the latency of the system s dominated by server
tirmee,

Takbe 1: List of systerms considersd in the design of the

BASE system
M of Image Hrowser el Toul
Toess |=ugt!!tuuw.'l'rcp;ﬂl’.'ﬂ11.u'h:t e Bl
Farts and Speds Saodes
| Guick Lok Swith Doowser. Caoade Canips
fior Bermate Sensing .
“'l."l.l-lb'le Efrth. HASA Himl
LiloWiE. | 5155 Lrichal Wisimllriton Vieas Tava—Heml
Wartuully Hawaii Himl
Pilot User Study
L}

We performed a pilot user study o assess the
browsing effectivencss of TIN relative to other
oxisting image browsingfretrieval systems, We
adopted the hypothesis that there would be not
statistically significant differences in the time it
takes to users to locate the targeted images, or inthe
number of incomect selections made on a
particular browser,

As a basis for comparison we developed a BASE
prototype that included the main features of the list
of currently available image retrieval systems
shown in Table 1. Figure 9 (next page) shows a

ez

snapshot of the base system GUL  The main
window now presents a [ist of images retrieved by
the guery. As the user scrolls this list, the
corresponding image is highlighted in the small
window on the upper right comer. Both TIM and
the BASE access the same Image database,

Terrabeope Image Navigator
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Figure 9,
Snapshot of the BASE Profotype

There were 20 participants invaolved in this
experi ment; most of them studentz at the University
of Puerto Rico at Mayaglez, with various
backgrounds including Computer Engineering and
Electrical Enginesring. Approximately 63% of the
subjects ware male and 37% of the subjects were
female. Participants’ ages were recorded using
ranges so they would not feel uncomfortable
discloging their ages. From the data we collected,
79% of the participants were between the ages of
20 and 24, 21% between 25 and 31. 47% of
subjects reported they were experts on the WIWW
and 47% of subjects reported they were
intermadiate users on the WWW, with the average
user browsing 20 hours per week, Users also
reported using a personal computer (PC) an
average of 37 hours per week,

Each subject conducted two very similar tasks, one
on each system. Figure 10 summarizes the user
satisfaction scores for the three main questions
formulated in the exit survey. These guestions
asked users to rate each system in a scale from one
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to five with respect to a particular aspect. Foreach
question we conducted an Excel ANOWVA single
factortest to determine statistical significance.

Figure 18,
User satisfaction ratings the systems

to five with respect to a particular aspect. For each
guestion we conducted an Excel ANOVA single
factor test to determine statistical significance.

Series 1 plots user satisfaction with respect to the
way that each systemn shows the image textual data
and metadata.  In this case BASE had a slightly
higher score but the difference was not statistically
significant {ANOWVA single factor).  Series 2
represents user satisfaction with respect to the way
that both svstems allow access and manipulation of
the refrieved images. This tirme TIN had the highest
user satisfaction and this tme the differonce was
statistically significant (p =< .05).

Series 3 represents the user satisfaction with respect
to the way that systems combined techniques to
show the images, image data and metadata to the
wsers; in this case TIN had the highest user
satisfaction. The AMOWA test showed a p-value of
.08 meaning that the difference was not statistically

significant,

The users also evaluated the usability of the
zooming and panning tools, the back button and
the recursive queries used in the TIN prototype. All
users considered panning and zooming very useful
for inspecting and manipulating images with more
detail. Also, all users expressed that the back bulion
and the recursive guery feature would be yseful
tools in image navigators fo search, inspect and
manipulate image of higher resolution.

Lessons from using Flash MX
Lo )

Flash was originally conceived as an interactive
movie authoring tool for dynamic web content
development. Some research projects have begun
to use Flash, and its scripting language
ActionScripl, as an applicabon development tool.
For instance, Halo [9] implements a technique for
visualization of off-screen laocations: in this case
they designed and implemented a GUI using Flash
o test these technigues in a Compag IPAC Pocket
PC. Some of the advantages of Flash include
platform independence, advanced tools for
manipulating interactive graphics and animation,
and a comprebensive scriphting language with
many built-in functions for implementing
distributed applications overthe Internat,

We also experienced some not so positive
consequences of the decision to use Flash. Perhaps
the main inconvenience resulted from the difficulty
aof finding the scripting code associated with the
many objects comprising the interactive movie.
We were forced te resort to Ad hoc solutions that
essentially concentrated the code in file modules.
Each object action will consist of a function call w
the corresponding module, However, this solution
caused a significant increase on the edit-compile-
execute cycle, since it added more steps 1o the
process we order to load the code into the Flash MX
development environment.

? Fundacitn Institute Tecnoldgico Comfenalco
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Nevertheless, the levesage provided by the Flash
AN environment permitted the development of a
fully working prototype in less than six (6) man-
menths. We believe that this time would have
dramatically incressed had we chosen to
implement TIN with the same developers, but with
other dynamic content development tools for the
web like Java or C#. Our expericnce developing
TIN proves that feature rich and robust client
applications can be development using Flash with
much less effort an in less time than with more
traditional Web development tools. We have
learned that Flash MX is a vehicle for delivering
non-traditional content and information, within a
player that is small encugh 1o fit into PDAs.

Conclusions and Future Work

We have presented the design of TIN, a novel
image navigator for the TerraScope earth. science
data middleware system under development by the
Advanced Data Management Research Group at
the University of Puerto Rico Mavaguez, TIN is
designed with the capability to dynamically
generating spatial hyperlinks connecting sub-
images with the images being inspected with no
human intervention. Users can pecgraphically
constrain their searches to a specific region wsing
visual GUI tools, TIN presents query resulls
graphicalby by automatically embedding polygonal
outlines of retieved images onto any parent
retrieved image. A textual listing of the result sel
displays any non-graphical information associated
with the refrieved images,

TIM supports recursive navigation. When the user
selects an image he'che may recursively search the
database for sub-images contained within the
geospatial region covered by this base image. Each
retrieved sub-image is dynamically geo-referenced
in the base image and becomes a hyperlink that can
be used o navigate into smaller geographical
reglons with higher resolution. TIN was developed
with Macromedia Flash MX, Action Script and uses

Fundacidn Instituto Tecnaldgico Comfenalco
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XML o communicate quenes and data to and from
potentially many content providers. Macromedia
Flash MX has resulted in a faster way to create
multimedia rich platfiorm-independent  Intermet
applications.

Future efforts of the TemaScopa/TIN project will
focus on the following goal s:

Developing allernative advanced gquery
languages supporting dynamic data
composition in the spirit of the image
cutters tools proposed in [6]

Expanding the diversity of our collection of
racar images.

Optimizing the TIN client application.

Exploring alternative ways 10 reduce of
avold image clustering caused by periodic
capture of images covering similar
geographical areas.

We expect to achiove significant progress towards
some thieze goals within the next calendar year.
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