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1 I n t r o d u c t i o n 
In astronomy and space sciences, we current ly face a 
data g lut crisis. The problem of dealing w i t h the huge 
volume of data accumulated f rom a variety of sources, of 
correlating the data and extract ing and visualizing the 
impor tan t trends, is now fu l ly recognized. This problem 
wi l l become more acute very rapidly, w i th the advent 
of new telescopes, detectors, and space missions, w i th 
the data flux measured in terabytes. We face a cri t ical 
need for in format ion processing technology and method
ology w i th which to manage this data avalanche in order 
to produce interesting scientific results quickly and effi
ciently. Developments in the fields of machine learning 
and AI can provide at least some solutions. Much of 
the future of scientific in format ion processing lies in the 
implementat ion of these methods. 

We present an appl icat ion of supervised classification 
to the automat ion of the tasks of cataloging and ana
lyzing objects in digi t ized sky images. The Sky Image 
Cataloging and Analysis Tool ( S K I C A T ) was developed 
for use on the images result ing f rom the 2nd Palomar 
Observatory Sky Survey (POSS-II) conducted by the 
Cal i fornia Inst i tu te of Technology (Caltech). The photo
graphic plates collected f rom the survey are digit ized at 
the Space Telescope Science Inst i tu te. Th is process w i l l 
result in about 3,000 digi ta l images of 23,040 x 23,040 
16-bit pixels each, to ta l l ing over 3 terabytes of data. 
When complete, the survey w i l l cover the entire northern 
sky in three colors, detecting v i r tua l l y every sky object 
down to a B magnitude of 22. Th is is at least one magni
tude fainter than previous comprable photographic sur
veys. We estimate that there are on the order of 107 

galaxies 109 stellar objects ( including over 105 quasars) 
are detectable in this survey. Th is data set wi l l be the 
most comprehensive large-scale imaging survey produced 
to date and w i l l not be surpassed in scope unt i l the com
plet ion of a fu l ly d ig i ta l all-sky survey. 

The purpose of S K I C A T is to enable and maximize the 
extract ion of meaningful in format ion f rom such a large 
database in t imely manner. The system is bu i l t in a 
modular way, incorporat ing several existing algori thms 
and packages. There are three basic funct ional compo
nents to S K I C A T , serving the purposes of sky object cat
alog construct ion, catalog management, and high-level 
stat ist ical and scientific analysis. 

2 Classi fy ing Sky Objects 
The first step in analyzing the results of a sky survey 
is to identify, measure, and catalog the detected ob

jects in the image into their respective classes. Once 
the objects have been classified, further scientific anal
ysis can proceed. For example, the result ing catalog 
may be used to test models of the format ion of large-
scale structure in the universe, probe Galactic struc
ture f rom star counts, perform automatic identifica
tions of radio or infrared sources, and so for th [4; 12; 
11] Reducing the images to catalog entries is an over
whelming task which inherently requires an automated 
approach. The goal of our project is to automate this 
process, providing a consistent and uni form methodol
ogy for reducing the data sets. This wi l l provide the 
means for objectively performing tasks that formerly re
quired subjective and visually intensive manual analysis. 
Another goal of this work is to classify objects whose in
tensity (isophotal magnitude) is too faint for recognition 
by inspection, hence requir ing an automated classifica
t ion procedure. Faint objects constitute the major i ty of 
objects on any given plate. We target the classification 
of objects that are at least one magnitude fainter than 
objects classified in previous surveys using comparable 
photographic mater ia l . The goals of the video are to 
introduce the machine learning techniques we used, to 
give a general, high-level description of the application 
domain, and to report on the successful results which 
exceeded our in i t ia l goals. We a im to point out an in
stance where learning algori thms proved to a be useful 
and powerful tool in the automat ion of a significant sci
entific data analysis task. 

Using decision tree and rule learning algori thms [5; 
9] The S K I C A T system classifies objects that are at least 
one magnitude fainter than objects cataloged in previous 
surveys. Wc have exceeded our in i t ia l accuracy target of 
90% [8]. This level of accuracy is required for the data to 
be useful in testing or refut ing theories on the format ion 
of large structure in the universe and on other phenom
ena of interest to astronomers. The S K I C A T tool is now 
being employed to both reduce and analyze the survey 
images as they arrive f rom the digi t izat ion instrument. 
We are also beginning to explore the application of SK I 
C A T to the analysis of other surveys being planned by 
NASA and other inst i tut ions. 

In order to produce a classifier that classifies faint 
objects correctly, the learning a lgor i thm needs t ra in ing 
data consisting of fa int objects labeled w i th the appropr i 
ate class. The class label is therefore obtained by exam
ining the C C D frames. Once trained on properly labeled 
objects, the learning a lgor i thm produces a classifier that 
is capable of properly classifying objects based on the 
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values of the attr ibutes measured f rom the lower resolu
t ion plate image. Hence, in pr inciple, the classifier w i l l 
be able to classify objects in the photographic image that 
are s imply too fa int for an astronomer to classify by in
spection. Using the class labels, the learning algor i thms 
are basically being used to solve the more dif f icult prob
lem of separating the classes in the mult i -d imensional 
space defined by the set of at tr ibutes derived v ia image 
processing. Th is method is expected to allow us to clas
sify objects that are at least one magni tude fainter than 
objects classified in photographic all-sky surveys to date. 

By effectively defining robust features, we were able 
to obtain classifiers w i th an accuracy exceeding that of 
humans for faint objects [13] Since faint objects consti
tu te the ma jor i t y of objects on any plate, this results in 
a dramatic increase in the number of classified objects 
available for further scientific analysis. In effect, this 
shows that the pixels contained impor tan t in format ion 
that the human visual system could not extract. Projec
t ion of the high-dimensional pixel space onto a powerful 
lower-dimensional feature space allowed us to transform 
the problem in to one that is easily solvable by a super
vised learning a lgor i thm.By defining addi t ional "no rma l 
ized" image-independent at t r ibutes, we were able to ob
ta in high accuracy classifiers w i th in and across photo
graphic plates. 

3 Conclusions 
The impl icat ions of a too l like S K I C A T for Astronomy 
may indeed be profound. One could reclassify any por
t ion of the survey using alternative cr i ter ia better suited 
to a part icular scientific goal (e.g. star catalogs vs. 
galaxy catalogs). This changes the not ion of a sky cat
alog f rom the classical static ent i ty " in p r i n t " , to a dy
namic, ever growing, ever improv ing , on-l ine database. 
The catalogs w i l l also accommodate addi t ional a t t r ibu te 
entries, in the event other pixel-based measurements are 
deemed necessary. An impor tan t feature of the survey 
analysis system wi l l be to faci l i tate such detailed interac
tions w i th the catalogs. The catalog generated by S K I -
C A T wi l l eventually contain about two bi l l ion entries 
representing hundreds of mi l l ions of sky objects. Unlike 
the t rad i t iona l not ion of a static pr inted catalog, we view 
our effort as target ing the development of a new gener
at ion of scientific analysis tools tha t render it possible 
to have a constantly evolving, improv ing, and growing 
catalog. W i t h o u t the avai labi l i ty of these tools for the 
first survey (POSS-I) conducted over four decades ago, 
no objective and comprehensive analysis of the data was 
possible. In contrast, we are target ing a comprehensive 
sky catalog that w i l l be available on-line for the use of 
the scientific community. 

For future work, we are sudying the appl icat ion of 
clustering algori thms (e.g. AutoClass [2]) to automate 
discovery of new classes in the large catalog databases 
created by S K I C A T [13; 14; 3] 
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