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Extended Abstract

Although databases for geographic information systems (GIS) have been developed to manage digital map
data. the integration of acrial imagery and collateral information is rarely performed. For the most part, the
usc of sophisucated ntelligent spatial databascs, in which a user can query interactively about map, terrain, or
assoclated imagery, is unknown in the cartographic community. In standard GIS systems, the ability to
formulate complex queries requiring dynamic computation of factual and geometric propertics is severely
lIimitad. often reflecting its origin as collections of thematic map overlays. Spatial databasc rescarch requires
the :ntegranion of 1deas and techmigues from many arcas within computer science such as computer graphics,
imegz2 processing, artficial intelhigence, and database methodology as well as from the traditional area of
photogrammetry. The problem is complex along many dimensions,

First. digntal cartography requires a massive amount of raw data: image, map, textual, and collateral data.
Recantly. various csumates of the amount of data associated with tartographic productmn1 have been
revezled by the three major users of remote sensing and acnal imagery i the Untted States:  the U.S
Gecioaical Survey (LSGS) csumates 10!2 10 10" buts. the Nauonal Acronautics and Space Administration
(N +34) esumates 10'° bits; and the Defense Mapping Agency (DMA) 10" buss. In a further projcction, DMA
¢sumates tat by 1995 they will require support for 1000 on-line users, cach having a local database context of
10*7 buts.

Sz2zond. the number and varicty of spatial cnutics, their description, attributes, and the rich sct of spatial
relat onships between enuties can not be handled by precomputed tables of relationships. The extraction of
ma~-made and natural features from source imagery using automated mmage analysis tools will require a map
cawoase as a source of knowledge ta guide the extraction and interpret the processing results. Thus, in order
0 c:rform image analysis using knowledge-based techmques® 2, we must have some a prior information that
lio-s us 1o constram computation and search to reasonable levels. This is a chicken-and-cgg problem of

aa

ra~d proportions.

T~z development of ntelhigent spaual databases addresses two problems in digital mapping. Furst, from a
catznase perspective. the explosive increase in the availability of imagery and 1mage related information
Tias &3 finding some small piece of relevant information mcrcasingly difficult  On-line storage of tens of
ousands of images docs not help unless the user can quickly locate a feature or landmark of interest in many
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different images simultancously.

Sccond, the same underlying problem exists from an automatic image interpretation standpoint; symbolic
indexing and addressing of images for automated analysis requires many of the same technigues as in
mteractive analysis, except that the human image analyst provides the guidance. Facilitics such as on-line
1mage/map databascs, signal and symbolic indexing of natural and man-made features, and spatial reasoning
can be viewed in the short term as an semi-automated tool for increasing productivity of human photo
interpreters and analysts, and in the long term, as the knowledge base for automated systems capable of
detailed analysis including change detection and automatic update of map descriptions.

This paper gives a brief overview of current rescarch at Carncgic-Mellon University in the area of spatial
database systems for digital cartography and acnal photo interpretation. A bricf overview of MAPS, the Map
Assisted Photo Interpretation System, 1s presented”. MAPS 1s a large integrated database system containing
high resolution acrial photographs, digiized maps, and other cartographic products, combined with detailed
3D descriptions of man-madc and natural features in the Washington, D. C. arca.

In this system, the user can formulate queries into the spatial database using high resolution imagery to
specify an arca of interest for spatial indexing, or to specify a generic type of feature. 1f an appropriate user
interface 1s provided and explicite image-to-map correspondence is performed, the image can act as a map for
a user unfamihiar with an arca of interest. Further, the ability to represent and index spatial knowledge allows
us to begin to develop lmagc;)roccssmg techiques to recover roads, buildings, and teriamn features used to
update or refine existing maps®.

1. References

1. Tatahas, Kosmo D., “Mass Data Base/Knowledge Base System,” Tech. report DMA Technology Base
Symposium, Defense Mapping Agency, August 1983.

2 McKeown. D. M. and lLukes, G E. “Iigital Mapping and Image Understanding,” Archives of the
XVih Congress on Photogrammetry and Remote Sensing, International Society for Photogrammetry
and Remote Sensing. Rio de Janceiro, Brazil, June 1984, pp. 690-697.

3. McKcown. D.M.. Harvey, W A. and McDermott, J.. “Rule Based Interpretation of Acrial Imagery,”
Proceedings of ILLE Workshop on Principles of Knowledge- Based Systems, Dec 1984,

4 McKeown, D.M | “MAPS: The Organization of a Spatial Database System Using Imagery, Terrain,
and Map Data,” Procecdings: DARPA Image Understanding Workshop, June 1983, pp. 105-127, Also
available as I'echnical Report CMU-CS-83-136

s. McKeown, D.M., Denlinger, JI.. “Map-Guided Feature Extraction from Acrial Imagery,”
Proceedings of Second IELL Computer Society Workshop on Computer Vision: Representation and
Control, May 1984, Also available as Technical Report CMU-CS-84-117

367



