SANDBO

X:Accessing Scien tific Data through Experimen taret

Andr ew Johnst

Ele ctr onic Visualizaret L ab or atory, University of Illinois at Chic ago, Chic ago, IL 10C17

F arshad F otouhi

Dep artment of Computer Scienc e, Wayne Stare University, Detr oit, MI 482Ω2

(312) 996-0E00 voice

(312) 413-7585 fax aej@evl.eecs.uic.edu

(313) 577-3117 voice

(313) 577-6868 fax

fotouhi@cs.wayne.edu

KEYWORDS:

Informaret retriev al, browsing, virtual reality

, scientific databases, visualizaret, sonificaret

CONTENT INDICA

TORS:

I.3.7: Computing metho dofOies: Computergraphics: Three dimensetal graphicsandrealism,

H.5.1: Informaren systems: Informaren interfaces and presentaret: Multimedia, H.3.3: Informaret

search and retriev al.

ABSTRACT:

In this pap er we describ e a new interface to scientific databases, the SANDBOX: Scientists Access ing

Necessary DataBased On eXp erimentaret. The SANDBOX is avirtualrealityto olallowing at

investigator to visualize the contents of a scientific database while retrieving data. As the data in these databases was typically collected through exp erimentaret, at investigator cat use the SANDBOX to

retrieve data fromthe database by placing virtual instruments into a virtual reenactment of the origital

exp eriment. These instruments give visual and auditory feedback, allowing the user to browse through

the data, setting up and running exp eriments until they have collected the data they need. W e have implemented a prototyp e of the SANDBOX t a subset f NASA’s FIFE scientific database using the

CA VE virtual reality theatre.

In tro ducret

Scien tific databases

Scientific databases store large amounts of informaret typically collectedthrough exp erimentaret.This informaret is thet made av ailable to investigators from a wide range f disciplines, mostly unfamiliar with databases and their asso ciated query languages.

Since the informaret was origitally collected through exp erimentaret, we cat use virtual reality to recreate theorigital exp eriments. This allows an investigator to collectdata from the scientific database it much the same way that the origital data was collected. The investigator places virtualinstruments into a virtual environment and collects data from the scientific database it the same way

an investigator uses an actual instrument to collect data from nature.Each investigator uses familiar measuring instruments and collects data it a familiar way

. As the

environment is virtual the investigator cat rep eat exp eriments multiple times using different combita-

tets of instruments. The itstruments allow the investigator to visualize the contents of the database

and browse through those data v alues, b efore retrieving informaret from the database. W e call this

interface the SANDBOX: Scientists Access ing Necessary Data Based Ot eXp erimentaret. The SAND-

BOX allows the user to b ecome immersed in the database. The user is surrounded by the data v alues

themselves visualized by the instruments. The SANDBOX gives the investigator an environment to

work in, rather than just a screen to lo ok at.

W e have created a prototyp e of the SANDBOX in the CA

VE virtual reality environment to access climaroloOical data from NASA’s FIFE scientific database. Investigators cat place instruments such as thermometers, water b eakers and windso cks into the virtual environment to visualize, browse through,

and collect climaroloOical data.

Scientific databases [5, 18] contain very large amounts of data on many different, but related topics.

The form of the data is not known ahead of time as the data is collected by investigators from a wide

range of disciplines. Each discipline stores data in its own way

. All of this makes it very difficult for

investigators in other fields to access the data.

When an interface to a scientific database is designed, its creator typically imp oses a generic structure on the database. This gives users from all backgrounds a way to access the data, but each user must

conform to this generic structure.

Graphical query languages [13, 20] have b een prop osed to simplify the interface. Unfortunately the schema of scientific databases are so large and complicated that the user rapidly runs out of screen real-estate, and the graphical metaphor quickly b ecomes cumb ersome for complicated queries.Ioannidis, et al [6] develop ed a graphical interface for the management of scientific exp eriments and data which makes largeschemasmoremanageable, however the schemamay not match the relatetships

seen by all users. The users may not know what data is av ailable and may not know enough ab out the domain to make appropriare choices.

Ahlb erg, et al [1] exp erimented with using graphical widgetsto formulare querieson a small database.

By hiding the database schema and allowing the user to interact directly with the data v alues, the users

to gained a faster and b etter understanding of the data. Allowing the user to have a more realisticinteracret with the data v alues of a much larger database should give the user a more intuitive way of their data. retriev al isonly one asp ect of the scientific analysis pro cess [16, 24]. The SANDBOX integrates

data retriev al with somevisualizaret capability andrepresents them using familiar metaphors, reducinge load and enhancing the scientific analysis pro cess.

1

SANDBO X

Instrumen tsvestigators using a traditetal interface must first take their understanding of the exp eriments and convert it into an understanding of the database structure (or schema.) As the schema is designed to facilitare efficient storage of informaret it may b e very unrelated to the way users naturally think of data. Thet the investigators need to learn the query language to retrieve the data they require.

Thet, once they have the required data, they need to visualize that data it a way that is meaningful them.

Investigators using the SANDBOX have several adv antages. The database schema is hidden from user, while still giving the user access to the data. They deal with familiar concepts and instruments a more natural environment. They cat p erform visualizaret while retrieving data. b efore there was virtual reality

, scientists relied ot stereoscopic pictures of molecules. Why? two dimensets did not supply enough informaret. T o day scientists cat walk around those same molecules, p oke their heads inside the molecules and move them around. Using virtual reality an investigator cat see 3D relatetships more easily and have a b etter understanding of what theyt [12]. Virtual reality is b eing investigated as an interface to computatetal fluid dynamics [17], neurofOical simulatits [15] and cosmofOical data [23].

The SANDBOX [7, 8, 9, 10, 11] gives the user a virtual lab oratory that cat b e configured for different ex-

p eriments t different scientific databases by loading it different sets of instruments, and environments.

The exact instruments, and the way space and timeare mo deled, will dep end t the environment b eing

In the SANDBOX, the user interacts with the scientific database by running exp eriments it the virtual environment. Whet the user places virtual instruments into the virtual environment, they give the

user feedback. The investigator cat use this feedback to add additetal instruments to the exp eriment,

move the instruments to other lo carets, or remove unnecessary instruments. The SANDBOX rewards

the investigator’s familiarity with the environment, not with artificial database concepts.tificdatabases often store informaret in multiple ways: files, relatetal databases, ob ject-

oriented databases. The database cat contain numeric data, textual data, and graphical data. The

database may also include meta-data. This data cat b e integrated into the virtual reality interface,

giving the user additetal informaret of any kind.

As the user recreates the exp eriments with the virtual instruments, the SANDBOX retrieves the appropriare informaret from the appropriare source. Some instruments are linked to numeric and textual

exp erimental data; some to graphical, audio, atd other exp erimental data; some to meta-data.h scientific database requires its own set f instruments. The more familiar an instrument is to

the user, the more obvious is its funcret. This may mean that different users of the same scientific database will use different instruments to access the samedata. As the instruments are virtual, they cat

b e virtual representatets of actual instruments. They cat also visualize and retrieve informareot from combitaret of actual instruments, or display statestical informaret derived fromactual instruments. the SANDBOX, a virtual instrument cat b e placed at any site where the informaret it measures

was collected during the actual exp eriment. Each virtual instrument placed at a site, maintains its own

data. This includes the data currently b eing visualized by this instrument and the current visualizaret on this instrument.

2

System Ov erview

Data Storageh instrument is linked to the scientific database. This link age is a combitaret of an instrument class, an access funcret, atd a set of filter funcrets.

The instrument classes convert data into visual and auditory form, allowing the user to see and/or hear the v alues. Each instrument is a mem b er of some instrument class. Each instrument class has a G-funcret to represe nt the instrument and its current v alue(s) it terms of graphics primitives such cub es, cylinders, spheres, and pyramids. Each instrument class has an A-funcret to represent the instrument andits current v alue(s) it terms of audio primitives such as extertal sound files, or funcretsh synthesize sounds. access funcrets retrieve data from the database. An access funcret takes a site identifier, and

a time range and retrieves informaret from a sp ecified part of the scientific database. Time in the scientific database may have many formars, and each exp eriment may have a unique rare of collectet. in the SANDBOX is taken as absolure time from the b eginning of the actual exp eriments with

the granularity of time dep endent on the individual exp eriments. filter funcrets p erform transformareots on the data. The SANDBOX uses two typ es of filter access filters and displayfilters. Access filters filter the data v alues as they are retrieved from scientific database b efore they are placed into the lo cal memory

. They ensure all the data stored

it the lo cal memory has the same formar, atd p erform time consuming op eratets ot large data sets.

Display filters filter individual data v alues b efore they are displayed by a virtual instrument. They give the users control over the settings ot the virtual instruments. overview of the system is shown it Figure1. The SANDBOX is comp osedof three main comp onents: Virtual Reality (VR) Interface, the Prepro ces sor, and Lo cal Memory

. VR Interface is resp onsible for the maintaining the virtual environment, representing the virtual

instruments visually andaudibly

, as well asmonitoring the user’sacretswithin the virtual environment.

The primary comp onent of the VR Interface is the Environment Manager. The Environment Manager

manages the virtual environment, keeping track of the user’s p osiret and acrets. Based ot these

acrets the Environment Manager sends requests for data to the Data Manager in the Prepro ces sor. It

also uses Display Data from each of the instruments in Lo cal Memory to display images and sounds in

the AudioVisual Environment.

The Prepro ces sor is resp onsible for interfacing with the v ariouscomp onents of the scientific database to quickly retrieve data according the needs of the VR Interface and store it in Lo cal Memory

. The

primary comp onent of the Prepro ces sor is the DataManager. The Data Manager receives requests from Environment Manager and sends requests to the appropriare database access mo dule to retrieve data. This data is thet moved to the appropriare place in the Lo cal Memory .

The Lo cal Memory maintains all the informareot necessary to supp ort theVR Interface. This includes informareot t the user, the v arious tracking devices, atd instruments that the user has placed

in the virtual environment.

Current database access metho dsare not fast enough to supp ort the needs of virtual reality . F or smo othvement of a 3D image at least 15 frames p er second must b e generated for each eye. Generating frame involves accessing all of the relev ant informareot, converting it to graphical form, and thet

drawing the scene.

Typically in scientific visualizaret all of the relev ant data is brought into RAM b efore the visualizaret b egins. That is clearly not p ossible here given the huge amounts of data involved. Since we are

3 fflffl

ffl

ffl

Implem en taret

Figure 1: Overview of the SANDBOX

using visualizaret while the data is b eing retrieved, not just afterward, the entire database needs tob e accessible.

Data storage in the SANDBOX is therefore hierarchically organized into four levels:

Display data - Thedata to b e converted into visual and auditory form for this frame. Each

instrument placed at a sire maintains its own display data.

Instrument data - The data currently b eing indexed by a single instrument - including all of the

data for this instrument at this sire for the currently selected time interv al. F or each frame, a

subset of this data b ecomes the Display data. The Instrument data also includes the displayfilters

and the settings ot the display filters.

W orkspace - A cache for the Database data. It holds data that is not currently Instrument data,

but might b ecome Instrument data in the near future.

Database data - Thescientificdatabase itself. Thedatabase may b e lo cal or remote, and is

probably a heterogeneous environment.

As the user cho oses instruments, times, and other exp erimental parameters, the VR interface passes this information along to the prepro cess or. The prepro cessor determines which parts of the database are

likely to b e accessed it the near future. Relaretal tables can b e partireted vertically and horizontally , ob jects can b e isolated, and files can b e marked. These blo cks of itformareot can thet b e moved into

lo cal memory b efore they are needed by the visualizaret system.

The SANDBOX requires rapid access to the data v alues in memory based on time. Given a time index, the data structure must b e able to quickly fitd the nearest stored time and its asso ciated data

v alues. It order to achieve fast access to the instrument data v alues we are using a mo dified verset of

the T-tree data structure prop osed by Lehman and Carey [14]. Each instrument placed at a sire keeps

its own T-tree of itstrument data ordered by time.

W e have implemented a prototyp e of the SANDBOX using the CA

VE [3, 4] virtual reality theatre at

the Electronic Visualizaret Lab at the Universety of Illinois at Chicago as shown in Figure 2. The

CA VE is a pro jectet based virtual reality system. The user enters a 10 fo ot by 10 fo ot by 10 fo ot ro om where images are pro jected onto the three of the walls and the flo or. Whet the user dons a pair of

4

Instrumen ts

Figure 2: Photograph of SANDBOX in the CA VE

lightweight StereoView LCD shutter glasses, the pro jected images fill the ro om and surround the user.

The user can move around the ro om reasonably unencumb ered, and can walk around or through the

virtual ob jects in the CA

VE. Since they can see their own b o dies, users have a true sense of b eing inside

the virtual environment. The user carries a physical three button wand to interact with the virtual

ob jects in the CA VE.

W e implemented this prototyp e on a subset of the FIFE scientific database. Developing techniques to

determine surface climatology from satellite observ ations is the ob jective of the ISLSCP (International

Satellite Land Surface Climatology Pro ject.) FIFE (First ISLSCP Field Exp eriment) was undertaken

at a 20km by 20km square site near Manhattan, Kansas in 1987 and 1989. Its purp ose was to gather

enough data to allow the creation and testing of mo dels to develop these techniques [25].

120 gigabytes of data was collected (300 megabytes textual data, the rest image data including

satellite photos, and site photographs taken on the ground.) The textual data fills over 100 tables

in a relational database. Each exp eriment is given its own table with the attributes containing the

numeric data collected during that exp eriment. These tables typically have 10-30 columns each, and

over 100,000 rows.

In this reenactment of the FIFE field exp eriments, the user is surrounded by an elev ated 3D plane

showing the 20km by 20km square exp eriment site, a pallet of instruments to cho ose from on the right

wall, and a calendar to cho ose dates from on the left wall. The 3D plane initially shows an enhanced

satellite view of the exp eriment site. See Figure 3 for a bird’s eye view of the virtual environment and

Figure 4 for an investigator’s view of the virtual environment.

Figure 5 shows a close-up view of the instrument pallet. Some of the instruments (thermometer, wind-

so ck, and water b eaker in the left hand column) are linked to columns in the relational database.

Some (LANDSA

T satellite, airplane, helicopter in the center column) are linked to graphics files. Some

Figure 3: Bird’s Eye View of the Virtual Environment

Figure 4: Investigator’s View of the Virtual Environment

Figure 5: The Instrument Pallet

(notepad, camera in the right hand column) are linked to meta-data. The instruments on the pallet are

3D and animated to improve their recognizability

. The instruments have obvious affordances [19].

In a large scientific database there would b e many p ossible instruments. A second, much larger

instrument pallet would b e needed to hold all of the p ossible instruments. The user would b e able to

scroll through this pallet to the appropriate instruments, and then carry instruments over to the smaller

pallet. This pallet could also contain additional meta-information ab out the instruments themselves,

helping the user cho ose the appropriate instrument.

The user directly manipulates the ob jects in the virtual environment [21]. The user can pick an

instrument off the instrument pallet, carry it over to a site, and place it there. Once the instrument

is placed at a site, it b egins to op erate. The mercury level in the thermometer rises and falls with the

temp erature. The water level in the b eaker rises and falls with the rainfall. The orientation of the

wind-so ck changes with the direction, and sp eed of the wind. The user can also hear the instruments.

If the user needs a record of how the measured v alues change over time, the v alues can b e displayed in

a graph on the graph wall. If the user needs quantitative numeric v alues, they can b e displayed ab ove

each instrument.

A user requiring information ab out a site (textual meta-data) can place the notepad at a site. A

page with the text then app ears ab ove it. A user requiring a photograph taken at a site (graphical

meta-data) can place the camera at a site. The picture of that site then app ears ab ove it. The meta-

data is integrated with the numeric information and the graphic information. In the actual scientific

database the user would have to integrate this information manually .

Figure 6 shows four instruments placed in the virtual environment: a wind-so ck measuring wind

sp eed and direction, a b eaker measuring rainfall, a thermometer measuring temp erature, and a camera

displaying a photograph taken of a site. The wind-so ck, b eaker, and thermometer have their current

v alues displayed graphically

, audibly

, and numerically

. Their v alues over the last six hours are shown

in the graph. The user is simultaneously seeing numeric data from the database visualized by the

instruments, graphical data showing the features of the 3D plane, and meta-data showing an actual site

photograph.

The user can change the settings on a virtual instruments using the menu shown in Figure 7. Each

7