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Abstract 

Identified as an important management concept five years ago (Gamer 1999), knowledge management (KM) 
aims to enable organizations to capture, organize, and access their intellectual assets. This paper proposes a 
prototype system that applies a knowledge management approach to support concept-based multimedia 
information retrieval by integrating various information analysis and image processing techniques. The 
proposed system uses geographical information as its testbed and aims to provide flexibility to users in terms 
of specifying their information needs and to facilitate parallel extraction ofinformation in different formats (i.e., 
text, image). Our testbed selection is based not only on the fact that geographical information has become an 
important resource supporting organization decision making, but also on the diversity of its information media 
and the fuzziness of geo-spatial queries. We hope that the proposed system will improve the accessibility of 
geographical information in different media and provide an example of integrating various information and 
multimedia techniques to support concept-based cross-media information retrieval. 

1 INTRODUCTION 

Identified as an important management concept five years ago (Gamer 1999), knowledge management (KM) aims to enable 
organizations to capture, organize, and access their intellectual assets. Coates (1999) identifies several situations in which KM 
is a solution. One example is that the islands of knowledge and expertise within a large organization do not communicate with 
each other. Other examples include the failure of learning from past failures, difficulty in identifying the needs of market, and the 
inabiliu to appreciate the expertise or knowledge of employees (Coates 1999). KM promises to be an effective tool to address 
these important issues. 

One of an organization’s most important knowledge resources is its information in various media types. According to the 
Gartneffiroup Report ( 1  998), knowledge retrieval is one of the important processes within the architecture of KM. The goal of 
knowledge retrieval is to extract helpful information and create a “concept yellow page” by using various information analysis 
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techniques. f i e  basic knowledge retrieval approach includes extracting data, understanding the semantics of intbmati~n 
different media types, creating a thesaurus O r  dictionary about information, and applying E clusrering algonth to c a i g ~ f i ~  
information and to generate the table of contents. T’hC entire p m e s  a i m  to connect: vmous ~nkrrrtatim 5ources aid 3mc[mle 
the infomation or knowledge seeking process within an organization. 

However, according to Larson (19961, information seeking is typically probabilistic and performs partial maitches of 
documents (text, images, maps, video, etc.) using fkq, natural language queries. The judgment of wlewnse is often s&jemjy 
becsuse ir is based an zi UW‘S mpectatiom, background, and needs. Networked infixmation Vstems and muhimediE technolagies 
popularized by the Internet and the Web haw opened 8 tlmdgate of werexpecratiorts for m d t i m d i a  concept-based infomarlon 
access and analysis 

I 

This paper proposes a prototype system applying this knowledge retrieval appmrh b supparl cc”pt-b<wd and :rosxAimeijta 
information retrieval. The system consists of several huwledgc murces thst intmct with each other to suppod mkmvd$Q, 
Each knowledge source supports information retrieval in one media type by using various information analysis teehniqm 
including automatic indexing, co-occurrence analysis, associative retrieval (Chen et al. 1998), self-organizing map (SOM) 
(Kohonen 1995) and image processing techniques such as image representation and image compression. The prototype system 
utilizes geographical information as its testbed and aims to provide flexibility to users in terms of specifying their information 
needs and to facilitate parallel extraction of information in different formats (Le., text, image). We have also conducted two 
experiments to evaluate the performance of the proposed system. 

Geographic collections have almost as long a history as any subject collections. Our selection of testbed was based not only 
the fact that geographical information has become an intpm-hnr ”rtx for sulpprring organization decision making, bHt also 
on the diversity of geographical information media and the fkziness of geo-spatial queries. For instance, howe ownm and 
developers can use digital elevation model, census data, aerial photos to evaluate construction projects and perform feasibility 
studies; airlines need weather information to arrange A ight ssheddule5: and oil and gas campanks utilize gw-science documem 
to guide their future plans. 

The two primary classes of geo-spatial queries are “What’s there?” and “Where’s that?” Both of these involve describing 
geographic location (“where”), using either precise (e.g., cwordinates) or fuzzy place nmcs such us place nmes or feamres (e,$, 
river, Santa Barbara County). In addition, h e  describing of geognphjc a t t r i b ~ ~ s u c h  ils temperature, vcgetathri. or land s u r k  
trpg and geographic phenomena such RS rainfall, earthquakes, [ST wind {%hat’’) kames wen mom complicated. In  em oftext- 
h w d  geapphicd jnformattm rechaval KIR), using subjea !ems for description epre5enrs: A ciasslcal dificulty in hfotma~iarr 
retrieval: it suffers from the vocabulary difference problem (Chen and Ng 1994; Lancaster 1979). The demiption nf%wbat“ 
becomes even more difficult for image-based GIR. To counteract the non-scalability of traditional algorithms That use textual 
annomfion IO represent image% mast current image rmieval syshem represent images by Their l~w- lewl  featma such as terne 
color, and shape (Flickner et al. 1995; Manjunath and Ma 1996; Pentland, Picard and Sclaroff 1994). This requires usem to h m  
knowledge about low-level image features in order to describe what, which usually is not the case. 

In this regard, we hope t h t  the pr~posed SFSEII-I could incrwisd the accesibi1iry ofgeopaphical infomation in different m d i u  
and provide an example of integrating various information and multimedia techniques to euppn c m c e p t - b ~ ~ d  m s s - m d i  
imform8tion rehiebral. The paper is m c t i m d  as foIIows. We will review {he techniquei di&omation malysis and image prmm 
used in our prototype system in the next section, followed by the description of our system architecture. We then presem t 
protoppe system that implcmentstltc pmpowd m h i ~ m t v r e  in sechian 4 md br5cribe mu experiments wduatingthe pedomance 
of the system in section 5.  We discuss how to apply the proposed approach to other domains and provide a cctnclusrm L 
section 6. 

2. TECHNOLOGY OVERVIEW 

2.1 Automatic Indexing, Co-occurrence Analysis, and Associative Retrieval 

The application of automatic indexing, co-occurrence analysis, and associate retrieval aims to alleviate search uncertainty, whidf 
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refers to represenbtion of the content of textual documents with indexed key words. Evidence suggests that different 
well trained in an indexing scheme, might assign index terms for a given document differently. It has also been observed 

that an indexer might use different t e rm for the same document at different times (Jacoby and Slame~ka 1962; Stevens 1965). 
se of automatic indexing is to automatically identify the content of each textual document. Chen et d, (1998) applied 

a revised automatic indexing technique (Salton 1989) to a large-scale test collection of over 400,000 documents, which we have The PW 

to represent textual documents in our proposed system. 

Co-occurrence analysis creates a concept space by identifying relationships among the terms. The created concept space can help 
a mer to refine a query by providing a set of related terms to the keyword provided by the user. This technique has been applied 
in different domains, including Russian computing (Chen and Lynch 1992) and group support systems (Chen et al. 1993). 

An associative retrieval technique, such as the Hopfield algorithm, has been shown to be ideal for concept-based information 
retrieval (Chen and Lynch 1992). Each term in a network-like thesaurus is treated as a neuron and the asymmetric weight between 
my ~0 terms is taken as the unidirectional, weighted connection between neurons. Using user-supplied terms as input patterns, 
the Hopfield algorithm activates neighboring (i.e., strongly associated) terms, combines weights from all associated neighbors 
(by adding cokCtiVe association Strengths), and extracts the information that satisfies the user’s information need. 

2.2 Self-organizing Map (SOW 

After examining several neural network algorithms in previous research (Lippmann 1987), our research group concluded that a 
variant of the Kohonen self-organizing feature maps (SOM) appears to be the most promising algorithm for organizing large 
volumes of information. As an information categorization and visualization technique, SOM was first proposed by Kohonen 
(1995), who based his neural network on the associative neural properties of the brain. The network consists of an input layer 
and an output layer. The number of the input nodes equates to the number of attributes associated with the input. After all of the 
input is processed, the result is a spatial representation ofthe input data, organized into clusters of similar regions. SOM is defined 

a mapping from a high-dimensional input space into a two-dimensional array of output nodes, and the output nodes that are 
topographically close are considered to be similar to each other. In addition, its two-dimensional output makes SOM an ideal 
candidate for information visualization. Several recent studies adopted the SOM approach to textual analysis. Examples are the 
DISCERN (Distributed Script processing and Episodic memory Network) developed by Mikkulainen ( I  993) as a natural language 
processing system, the WEBSOM system developed by Kohonen’s group for newsgroup classification (Honkela et al. 1996), and 
the multilayered SOM system developed by the Arizona Artificial Intelligence Group for Internet home page categorization (Chen 
et al. 1996). Their work suggests a high applicability of the SOM approach to large-scale classification. 

Table1 outlines how the Kohonen SOM algorithm was modified to create textual category maps and image-based visual thesaurus. 

2.3 Image Representation 

The traditional algorithm for representing an image is based on its author, date, and content. However, this approach is unable 
to capture the complete content of an image and requires manual effort to define and enter the necessary annotation. Therefore, 
another approach, searching images based on their low-level features, has been introduced and become a promising research 
alternative, evidenced by several recent prototypes such as the Photobook system at MIT (Pentland, Picard and Sclaroff 1994) 
and by commercial systems such as IBM’s QBIC system (Flickner et al. 1995). A variety of algorithms can be employed to extract 
lowlevel features in image retrieval systems. For instance, QBK calculates the texture features of an image according to the 
coarseness, contrast, and directionality. Photobook consists of three parts: the Appearance Photobook, the Shape Photobook, and 
Texture Photobook. In the Texture Photobook, Wold-based representations are used to extract the texture features of an image. 
In the prototype system for the Alexandra Digital Library Project, Manjunath and Ma (1996) used Gabor filters to extract texture 
features of an aerial photo. The selection of an algorithm for image representation varies with the image type. In our pmtotrpe 
system, since we used aerial photos as the input of the prototype system, we employed Gabor filters as our image representation 
a b f l t h m .  As indicated in Manjunath and Ma, Gabor filters perform better than the other image representation algorithms in 
representing an aerial photo. 
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2.4 Image Compression 

Users often expect an image retrieval system to return a set of images that match their queries. Maintaining a LerarcKi 
rewlution o f  images will enable the system IO meet this mr retpiremcm without "ificing @ Q ~ E I I K ~ ,  tspecidly under the 
circumstance of web-based image retrieval. The system Rrsr retun15 B set .af lm-fewlutbn images anb Then pres- the hi& 
reswIvtim version o f  the image acmrdin~ trs a user choice. The image knowledge s o m c  &the pmrcdype q ~ r e m  spplies thc loim 
Photographic Experts Group (PEG) wmpmsim, B popular i m g e  c o m p ~ s s i w  a lpr im FD compres an originnl imaga  IO 
R set: dh"ge3 of v m k d  reso~ut~ons. A rrsdul f'ahm rrfJPEG is that it penniFsa hade-offofjmage size- ajpinst image qwliv, 
allowing adjustment of image quality by changing the compression parameters. 

3. A CONCEPT-BASED MULTIMEDIA SYSTEM DESIGN 

Figure 1 shows a schematic diagram of the proposed architecture. The archhcture includes a topdown ontological view of 
knowSedgs s t "  development and 3 bttom-up, indush'w approach to extracting desired infomntion ftcm textual and hw 
dambmr;. In, the d i a g m q  h w l e d g e  WM 01 5 l n ~ t u r e s  WE depicted by ow&i and p r "  d techniques am wpresmnd 
by rectangu!ar boxes, T k  resulting M y  dimtegrated infomati~rt (he dotted mat)  i s  shown 85 ImscIyan.qalcd n t h w h  af 
knowledge scimes. In t b m n m  prototype system, there we r h m  types okmwledge w w e ;  textual. h o d d g e  wmes, imag 
knowledge sources, and numerical knowledge sources. 

A textual knowledge source is a set of concept spaces derived from textual documents from differmt domains. A d 
knuwledge source uses autmwtk indexing m represent the c o n W  of B d o m u "  ~ t h  t"s and applies c m m m  
analysis to identi@ relationships among the extracted terms. The concept space created thus has the caapabilily of 
understanding the query terms given by a user and returns a list of related terms. The user then can klrfine the M"!'bf'l 

may activate some other terms related to the query terms given by a user to retrieve more complete infomation. 
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I User Interface I 

I I I 

t 
Figure 1. The Proposed Architecture 

Applying an image representation technique, the image knowledge source represents an image with its low-level features such 
as color, shape, and texture. SOM is then applied to the extracted features to categorize images. The image knowledge source 
uses an image as the label of each created category and employs the two-dimensional output of SOM as its interface. Thus 
the interface of an image knowledge source is a graphical representation of image categorization. A user can specie a query 
by selecting one of the label images and can browse images by choosing the category of interest. 

The numerical knowledge source creates feature vectors to represent the content of the numerical information and applies 
the SOM to categorize the created feature vectors. The numerical knowledge source supports numerical data information 
retrieval based on the categorized information. 
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‘ 3  
4. THE IMPLEMENTATION OF PROTOTYPE SYSTEM 

i 
We applied different technologies to create the textual knowledge source, the image knowledge source, and the “4 
knowledge source. Esch howIcd”urce had its tnpuf ~nfbrmation in onemedia+. Thettxnral information used by there( 
knowledge wurce inctuded 50,000 g ~ s c i ~ n ~ e - r ~ l ~ i t d  ab-& from Compendex geographic category provided by En@rttq 
Information lnc., 20,OQo Georefwcards with absbace f” the American Geological Institute,and RW.000 petmleum a b  
from the University of Tulsa. The ieted image input to thc image knowledge co[lection UTE. a coltection of $00 o e r d  p h  
?rovibed by the Map and Imagery Labratory of Davidson Librasg, at the University of California, Srsnla Barbara (UCSR),l 
coverage and location of each image had been checked and corrected against a digital coastline supplied by the CIA World D 
Bank and the World Vector Shorelines via Generic Mapping Tools software. The numerical information input to (he protm 
sjstem was the Advanced Very High Resolution Radiometer (AVHRR) data from the National Aeronautics and S 

‘ 

Idministration NASA), which pmwdeshe infomation a b u t  the vegerehon density oiland s u r h s  w i  surface air tempera 

c I *  

fllu * 

: I  lJ 

Figure 2. The Query Frame when the tab “TERM” is clicked. On this figure, the term “Santa 
Barbara” is entered and the system suggests 40 related terms in the panel named “Get Related Terms.” 
A user could select more than one related term by clicking on it. 
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r o t o m ,  the textual knowledge source applies automatic indexing, cosccurrence analysis, and associative retrieval to 
I” ow: textual information. The image knowledge source divides an image into small tiles and represents each tile by using the 
its lnPm of Gabor filters. It then categorizes the created image features by utilizing the SOM method. Similarly, the numerical 
$o:ledge source also employs SOM to Categorize its input numerical data. Moreover, the three created knowledge SOUmeS 
interact by using the Geographical Names Information System (GNIS) from the U.S. Geological Survey (USGS), a useful 1 

I source for identifying relationships between precise coordinates and fU7zv place names. 

I 
I 
I 
I 

I 
i 
i 
I 
I 
! 
I 

i 

i 

I 

I 
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Figure 3. The Result Frame when the tab “TERM” is clicked. On this figure, 12 documents are 
retrieved from the textual knowledge source. Their locations are calculated and presented as blue dots 
on the map. In this case, only one location has been acquired. The numbers in the fields “Lat” and 
“Lon” indicate the latitude and the longitude of the point on the map pointed to by the mouse cursor 
(not shown on the figure). 
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Figure 4. The Query Frame when the tab “TEXTURE” is clicked. User-selected tiles are highlighted 
in red. A blue tile is the one under inspection. 
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and have the associated ”what” displayed in the result frame, but also to enter ‘‘what’’ in the query frame in mOce than one format 

2 displays the query h m e  of the prototype when the tab TERM is clicked. As shown in Figure 2, after entering y a n ~  
Barbara” as the initial search term, the system suggests “Santa Barbara County,” “Santa Barbara Basin,” “santa B & m  a m e l , ”  
etc as relevant concepts. After deciding on appropriate search terms, a user can then submit a query and the results will be 
disijayed on the result frame (Figure 3). The user can draw a square on the map to choose place of interest and then browse its 

ogaphic attribute by clicking on different tabs. In Figure 3, the TERM tab was clicked and the system retumed a list oftextual 
ge documents related to the place of interest. 

image, or numerical) and have distribution of “what” on the map retumed. 

Figure 5. The interface that displays the full resolution (1 28 x 128) of the selected image tile and its 
similar tiles. The yellow number on each tile represents the tile number of that tile. 

Figure 6. The Result Frame when the tab “TEXTURE” is clicked. The yellow number at the left 
bottom is the image number. -A set of images with low resolution is displayed in this frame. The 
images are ranked according to the number of tiles that match user queries. 
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Figure 7. The Texture Frame of the image knowledge source. In this figure, high resolution version 
(700 x 700) of image 368 is displayed. The location of interested tiles are highlighted with green 

Figure 4 is an example of the query frame of the prototype system when the tab TEXTURE is clicked. The h e  d q b y s  tht 

interest by right clicking on it, upon which the system highlights the tile clicked in blue and brings up the "Texture Info" hmt 
(Figure 5 )  to display the full resolution version of that tile and other tiles within the same group. Tht user can select more lhan 
one represmtativc tila OR the queq, f" his or her query by Iett slicking on tf~hern. At the me: time, dl the sclaned tilevrill 
be highlighted In red (Figure 4). Far i " e ,  in F igwe  4, w r  selected %me tiles with m w h  pam 3rd wme dlgs wih 
a farm land pattem. A k r  this wer clickd m the submit b"i on the Query F m %  Zffc system disphyed 3 list ofthumbruit3 
of retrieved images in the results frame (Figure 6) where the tab TEXTURE had been clicked. The Iscations d the rdciwd 
imaga are also displayed on h e  map, which has  k e n  h n d  in f i p  6 in order ro improve the viwd quality d h e  fip. 
The images in this list were sorted according to the numbers of related tiles they contained. The Reiulb F m e  displays a i;ct d 
the retrieved images in law malub"oq from wh?ch the user ixm seletz any h"gF in h e  listm activate the system to p " t  B hi#$- 
resolution version (700 x 700) of that image in the Image Frame, along with the related tiles highlighted in green ( F i w  7 ,  hi 

squares. 1- 
? 

representative tiles generated by SOM. Each tile is in low-resolution (64 x 64 pixels). A lser can gm a close Imok ai B tile Df  

! 
10 
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addition. 
gaz 
Due to the limitation of space, we do not present the query frame of the prototype system when the tab AVHM is clicked, where 

query vegetation-tempere. The results can be displayed in the result frame, where the place with the vegetation- a *  tempemwe pattern that matched the user’s query were displayed in the map. The user can draw a square on the map to ind ica  
the place of interest and the system will bring up the seasonal changes of vegetation and temperature of the place selected. 

system can also display the place names associated with this image (Figure 8) by ctoss-rew ah GNfs.. 
etteer. place names provide rich and important contextual information for aerial photo browsing. 

Figure 8. The Texture Frame of the image knowledge source. In this figure, place names associated 
with the presented image are extracted from GNlS and are displayed on the image according to the 
locations. 
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5. SYSTEM EVALUATION -" 

In order to validate the performance ofthe prototype system, we d u c t p 6  twa txpemmris to detmninc Row helpfur 
muld be in facilitating concept-bssed infmtim retrieval. We evaluated the p e r f ~ m m  ofthe textual knpwleddge 
the image knowledge source separately. We did rwt m d w l  m mluaticm of the numerical howledge 3ome tierawe 
numerical and the image knowledge sources apply the same technique, SOM, to categorize their input data. In dd i t i  
representing an image with ik Gahrfeatures, the i m ~ e  howlcdgc some actually uses a dnumbeers tci rqmsent ea6 

Applying SOM to the extracted features is similar to applying SOM to other numerical data. 

1 5.1 Evaluating the Textual Knowledge Source 

The purpose of evaluating the textual knowledge source was to discover whether the use of automatic indexing, c ~ ~ c c u ~  
and associative retrieval could improve the recall and precision of geo-science information over using only h e  5 e a r r ~ , ~ i  i 
keywords. Precision represented the relevance of the retrieved information, while recall indicated how much of the rdwm - 
information in the database was retrieved (Salton and McGill1992). Although remarch indicatesfhat the use ofkeyward 4 
alone leads to satisfactory results (Tillotson 1 P95), our goal, w83 To improve upan keyword searching by camplemm2ing it mjj 

concept space searching. Twelve subjects with gewcience hckgronds participated in the study for a mall monetary remd 
Of the subjects, two were from the geo-science specialties of hydrology and environmental engineering, seven ;vert y"osu 
students (master's and doctoral levels), and three were professionals with the United States Geological Survey. Each subjm f 
performed fuurxarches nn two differmtqslenes, soeach querywas wed to p" #keyword dada concept.spm-llaxdr;cm 
For example, if a search used the keywords "Clastic Sediments" and CLFOSSIIS" to the abst",  t h e  sySTem r&"l ab- 
that were related to the query. The qrpery would k repeaid using the m e  k v o r d s  to enter the c0rl-CepC space, the s)stryr 
returned a list of related terms, and the subject would be allowed to select terms to broaden or narrow the search. T'he or$erd 
smrchirrg method w w  alternated so h a t  msuh were not confounded by m&~o$ u d e ~  if the first search started with a k q w ~ r d ,  
the second search was begun with a concept space search and vice versa. In addition, the searching order was alternated belwm 
subjects; seven started the first search with a keyword search and five started with a concept space search. At the end ofa c o n q  
spaceor k t y w d m m h ,  ~ a ~ ~ ~ ~ ~ v e d f c l r e ? c a m i m t i ~ n . T R t s u b j j ~ ~ k ~ Q e x a r r s i n e ~ s b ~ t s , d e t ~ i n e  
each dmummTs rehanse, zmd briefly mmv" OIL why rhe d m m "  vmi [IT was n d  consideredrelevant to the ~ c u l a r q w r y , '  

The result analysis of this evaluation indicated that the concept space significantly improved identification of r e l ~ m t  14 
documents from a pool of potentially relevant textual documents. A majority o f h  subje& ~ C I F I &  liking the concept 
search tool k m r h  thc keymrd search twl, sinceltheyfaund h e  ability IO m w  d m  xarchm by using concept qmce term 
to be very helpful. Hauck et. al(1999) provide a detailed description of the evaluation process and results analysis. 

5.2 Evaluating ImageKnowledge Source 

We desigrred an experimmt m evalmte the p " n a n c e  o f h  imege h w l t d g  some. We used I II i m q s  in the 
and 1fl subjects paTticipat&+ Every humw subjaH workkd with one i m a ~  that was categorized by using the SOM a l p  
used thc qstewset"! kpmnht iv t  tiles as suggesed categories. Human s u b j m  wtteg.orized the image by selectingall 
the tiles in the image into'one: of  the suggested calcgofies. An expert who had t h e  years of  experience in remote I;ensing h W  
analysrs alw pmicipatod in this experiment during which the v s t e m ,  the subjecb wd  h e  expert accomplished the m e  Bsk 
We w d  h e  axpert's m u h  iw the bench& agaimt which to evduate the perfomances of both the oher hmm subjects 
The system, hopingto dcremfne how useful the image h o w l e d ~ e  s o m  would be in helping B nonexpert user in image rmid 
The quality of the performances of subjects and the system was measured by the values of precision and recall. 

The results of this of the experiment are listed below. A more detailed description of the experiment can be found in 2 h u d  
Chen (1 999). 

12 
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fie  system did at least as well as human subjects in image categorization. The precision and recall comparisons indicated 
that there were no statistically significant differences between performances of the human subjects and ofthe system (subject 

I 
i = 40.00%, system recall = 41.60%, subject precision = 35.08%, system precision = 33.88 %). 

~ ~ t h  human subjects and the system did well with tiles of distinguishable texture and had difficulty in dealing with tiles 
having no apparent texture pattern. 

Most of the subjects complained that there were too many suggested categories and that some of the representative tiles were 
similar to each other. This is probably due to the small size of the input data. A set of 192 tiles was too small for the adaptive 
SOM algorithm. However, the pilot studies indicated that 192 tiles were as many as human subjects could handle with the 
assistance of the interface. 

6. CONCLUSION AND DISCUSSION 

Developing scalable techniques to support fuzzy, concept-based, multimedia information retrieval has been considered one of the 
most pressing research questions for knowledge management. Our project aimed to investigate knowledge retrieval technical and 
research issues using an integrated and scalable artificial intelligence approach. 

In this paper, we presented a prototype system that integrates multiple multimedia (textual and image) knowledge sources to 
concept-based geographic queries and analysis. Based on semantic network and neural network representations, the 

proposed system loosely couples different knowledge sources and adopts spreading activation algorithms for concept-based 
knowledge reasoning. Since geographical information has become an important resource for organizations’ decision-making 
processes, we used it as the testbed of our prototype system, hoping to increase the its accessibility in addition and provide an 
example of a concept-base multimedia information retrieval system. 

The same concept-based cross-media approach can be applied to other domains where information is stored in various media 
types. Examples include medical information, where the records of patients may be texts, images, or numbers, and engineering 
information, where both design drawings and documents need to be accessed efficiently. In addition, the approach proposed can 
also support organizational memory, an important knowledge source of an organization. Confronted with down-sizing and 
intenationalization of personnel, organizations are searching for more efficient ways to access and to maintain their intellectual 
assets. According to Walsh and Ungson (1 99 I ) ,  organizational memory is usually stored in six places: individuals, organizational 
culture, organizational transformations, organizational structures, organization ecology, and external archives. As indicated in 
Ackerman ( 1994), information technology can support organizational memory by enhancing the accessibility of recorded 
knowledge. Conventionally, such knowledge within an organization is stored in textual or numerical type. The occurrence of the 
Internet and video conferencing leads to information in image type. However, the prototype system proposed uses GNIS gazetteer 
to connect geographical data in different media types. Before applying the same approach to other domains, we need to create 
knowledge structure and meta data that allow us to map information in different media types. 

Our future work will include validating the enhanced accessibility of geographical information by using the prototype system, 
evaluating the usability of the prototype system, and applying the same techniques to information in other domains. 
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