
AUTOMATIC ANALYSIS OF OBJECTIVE PRISM SPECTRA 

P. Hewett, M. Irwin, P. Bunclark, M. Bridgeland, 
E. Kibblewhite and R. McMahon 
Institute of Astronomy, University of Cambridge 

ABSTRACT 

An automated system to measure and analyse large numbers of ob jec t ­
ive prism spec t r a from photographic p l a t e s using the Automated P l a t e 
Measuring (APM) f a c i l i t y a t Cambridge i s descr ibed . The system i s being 
applied in a number of ways inc lud ing automated quasar de tec t ion and 
subsequent c l u s t e r i n g ana lyses , galaxy r e d s h i f t surveys , and wide f i e l d 
searches for r a re o b j e c t s , such as carbon s t a r s . 

1. INTRODUCTION 

The a v a i l a b i l i t y of la rge numbers (>50) of high q u a l i t y low d i s p e r ­
sion objec t ive prism p l a t e s from the United Kingdom Schmidt Telescope 
(UKSTU) in A u s t r a l i a , toge ther with i nc reas ing numbers of 4 metre t e l e ­
scope grism p l a t e s makes d e t a i l e d s p e c t r a l s t ud i e s of s i g n i f i c a n t areas 
of sky (hundreds of square degrees) a r e a l i s t i c p o s s i b i l i t y . The large 
number of spec t r a involved ( t y p i c a l l y >2000 per square degree to mj ^ 20 
a t high g a l a c t i c l a t i t u d e s ) means the use of high speed p l a t e scanning 
f a c i l i t i e s such as APM (Kibblewhite ejt a l . 1983) or COSMOS (Stobie e t a l . 
1979) i s e s s e n t i a l . The app l i ca t i on of such p l a t e scanning f a c i l i t i e s 
can be regarded as an obvious development from the e a r l i e r human p l a t e 
searches t ha t have l a i d so much of the groundwork for the automated 
techniques now being developed. Crucial advantages in an automated, 
machine based approach i n c l u d e ; (a) g rea t ly improved homogeneity in 

s. s e l e c t i o n procedures appl ied over large a r e a s , (b) s e l e c t i o n procedures 
are read i ly quan t i f i ab l e and (c) la rge increases in speed are p o s s i b l e . 

2. THE SPECTRUM MEASUREMENT SYSTEM 

The APM Prism Reduction System (PRS) i s based on a scan of a deep 
d i r ec t p l a t e of the f i e l d to be s t u d i e d . The APM control computer 
contains the complete SAO as t romet r i c ca ta logue , and an i n i t i a l a l i g n ­
ment procedure provides coordinate t ransformat ions to convert machine 
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X-Y coordinates to r i g h t ascension and d e c l i n a t i o n . The d i r e c t p l a t e 
measurement provides complete l i s t s of objects with p o s i t i o n s accurate 
to 0.2 arcseconds, and a wide range of photometric and p r o f i l e i n f o r ­
mation. Magnitude limted samples may be derived from the d a t a , and 
fu r ther subdiv is ions i n t o object c l asses may be made - e . g . s t e l l a r , non-
s t e l l a r or compact o b j e c t s . A s i m i l a r alignment procedure for the 
spectrum p l a t e places the d i r e c t and spectrum images on the same c e l e s t ­
i a l system, giving the exact pos i t i on of a l l spec t r a corresponding to 
the object samples defined by the d i r e c t d a t a . A global f i t of the 
cent ro ids of the d i r e c t images to the photographic emulsion cutoffs of 
the spec t r a allows the removal of second order geometrical d i s t o r t i o n s 
due to the pr i sm, and e s t a b l i s h e s a p r e c i s e wavelength zero point for 
a l l s p e c t r a , l imi ted only by the object coordinate accuracy of 0.2 
arcseconds . This procedure r e s u l t s i n ; (a) the v i r t u a l e l imina t ion of 
spurious images (due to noise) on the spectrum p l a t e , (b) the a b i l i t y to 
ass ign p r ec i s e wavelength sca l e s to ob jec t s ( s t rong l i n e quasars with no 
v i s i b l e continuum for ins tance) which do not possess v i s i b l e emulsion 
c u t o f f s , (c) the removal of a l l overlapping and confused s p e c t r a , and 
(d) r e l i a b l e photometric and image c l a s s i f i c a t i o n data being ava i l ab le 
for a l l objects with measurable s p e c t r a . 

An important fea ture of the PRS i s the r e l a t i v e l y complex measure­
ment procedure , allowing the maximum poss ib le s igna l to noise r a t i o to 
be obtained in the f i n a l one dimensional s p e c t r a . The mean p r o f i l e 
shape of each spectrum i s ca lcu la ted by using the spectrum marginal sum 
perpendicular to the d i r e c t i o n of prism d i s p e r s i o n . The ca l cu la t ion 
allows for any change in the i n t e n s i t y of the sky background over the 
ex ten t of each spectrum. This mean spectrum shape i s defined by the 
image p r o f i l e and i s e f f e c t i v e l y constant along the spec t rum-sa tura t ion 
e f f ec t s not wi ths t and ing . A smooth monontonic function i s f i t t e d to 
t h i s marginal sum - thereby reducing problems due to nearby overlapping 
images - and used as a weighting function in the ca l cu la t ion of the 
i n t e n s i t y v a r i a t i o n along the spectrum. The i n t e n s i t y a t each wave­
length i s found by comparing the ca l cu la t ed mean spectrum p r o f i l e shape 
with c rossec t ions of the data a t each wavelength. Technical ly the 
determinat ion of the object i n t e n s i t y sca le fac to r k , at each wave­
length i s made by minimising the weighted sum of the squared e r r o r 
r e s i d u a l s between the data D£ and the spectrum p r o f i l e Pi . For 
random noise t h i s gives the most probable value for the i n t e n s i t y at 
each wavelength b i n , 

minimize I (D. - k x P . ) la. with respec t to k 
l i i r 

where a^2 i s the noise var iance a t dens i ty D̂  . The sca le fac tor k 
t h a t minimizes the sum i s simply given by the weighted sum 

7, P. x D. /a? 

k - i - i — 
I P . 2 / a . 2 
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The use of such a 'matched' e s t ima to r reduces the noise in the computed 
spectra by t y p i c a l l y a fac tor two over s t r a i g h t forward i n t e g r a t i o n . 
Spectra for b r i g h t e r s a t u r a t e d images are obtained using the po in t s in 
the sum tha t are unsa tura ted - e f f e c t i v e l y s c a l i n g j u s t the wings of the 
p ro f i l e onto the wings of the spectrum. The f i n a l s p e c t r a are output to 
magnetic tape and fu r ther process ing takes place using the one dimen­
s ional i n t e n s i t y versus wavelength s p e c t r a - t y p i c a l l y 50000 s p e c t r a 
are obtained from a high q u a l i t y UKSTU I l l a J p l a t e . 

3. SPECTRUM ANALYSIS PROCEDURE 

The na ture of subsequent process ing depends on the type of p ro j ec t 
undertaken. Three main types of p ro j ec t can be d i s t i ngu i shed ; (a) soph­
i s t i c a t e d ana lys i s of p a r t i c u l a r types of s p e c t r a - e . g . galaxy r e d s h i f t 
determinations (Cooke e t a l . 1983 and t h i s conference) , (b) de t ec t i on of 
spec i f i c types of r a re objec ts with wel l def ined, previous ly known spec t r a 
- e . g . metal poor s t a r s and carbon s t a r s , (c) general searches for 
complete samples of spec t r a t ha t can not be unambiguously c l a s s i f i e d as 
main sequence s t a r s or normal g a l a x i e s , in t h i s case the type of s p e c t r a 
to be i d e n t i f i e d are not known beforehand. Subsets of such spec t r a are 
quasars and emission l ine g a l a x i e s . Examples of a l l th ree types of 
programme are already underway or are about to s t a r t . 

The techniques for e s t ima t ing galaxy r e d s h i f t s are descr ibed by 
Cooke e t a l . (1983). In the case of s p e c i f i c object s ea rches , template 
matching appears to be the most s a t i s f a c t o r y approach and i s being 
employed. Much of the work involved in t h i s procedure i s r e l a t e d to 
modelling the e f f e c t s of the atmosphere, p r i sm/ te lescope op t i cs and the 
photographic p roce s s . Perhaps the most chal lenging p ro j ec t s however are 
of type (c) and considerable work has gone i n t o developing a system t h a t 
w i l l i den t i fy a l l spec t r a t ha t are not c l a s s i f i e d as main sequence s t a r s 
or normal g a l a x i e s . 

The PRS data are p a r t i c u l a r l y s u i t a b l e for t h i s app l i ca t ion and 
software i s ava i l ab le to i den t i fy objec ts with s p e c i f i c fea tures -
emission l i n e s , absorpt ion l i n e s , continuum b r e a k s , s t rong uv excess -
as wel l as more general techniques t ha t examine a l l images on a p l a t e 
and use c l u s t e r ana lys i s techniques to i den t i fy anomalous objec ts in a 
wide range of parameter spaces . Objects i d e n t i f i e d by the l a t t e r t ech­
nique include those with anomalous o v e r a l l continuum s l o p e s , p e c u l i a r 
colours , and f ea tu re l e s s s p e c t r a . 

The de tec t ion of objects e x h i b i t i n g emission or absorpt ion features 
provides an example of the techniques : an object continuum spectrum i s 
defined using a combination of median and l i n e a r f i l t e r i n g techniques . 
The noise i s determined g loba l ly as a function of wavelength and i n t e n ­
s i ty from a l l the s p e c t r a , using the o r i g i n a l s p e c t r a and the continuum 
f i t s . Then 'matched' f i l t e r s are stepped along each spectrum to i den t i fy 
emission/absorption f e a t u r e s . The f i l t e r technique i s d i r e c t l y anal gous 
to that used in the measurement of the s p e c t r a , although a Gaussian shape 
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i s used as l i t t l e i s gained from more s o p h i s t i c a t e d p r o f i l e shapes. In 
order to de tec t resolved l i ne s the procedure i s repeated a number of 
times with the continuum-defining f i l t e r lengths inc reased , and the 
width of the matched f i l t e r en la rged . This 'matched' f i l t e r approach 
again of fe rs la rge inc reases in the a b i l i t y to r e l i a b l y de tec t l i nes 
r e l a t i v e to the more common box f i l t e r technique . A catalogue of de tec ­
ted l i ne s with assoc ia ted de tec t ion p r o b a b i l i t i e s can be derived in about 
an hour for a complete Schmidt p l a t e data s e t of 50000 images. 

4. SUMMARY 

A f a s t automated s p e c t r a l ana lys i s system (based on the APM at 
Cambridge) app l icab le to a wide range of astronomical research i s now in 
ope ra t ion . Techniques for automated de tec t ion of quasars and other 
p e c u l i a r objec ts have been developed and surveys of large areas of sky 
are now underway. 

5 . REFERENCES 

Cook, J . A . , Emerson, D . , Beard, S.M. and Ke l ly , B.D.: 1983. 'Proceedings 
of the Workshop on Astronomical Measuring Machines ' , Royal 
Observatory Edinburgh, Edinburgh. 

Kibblewhi te , E . J . , Br idgeland, M.T., Bunclark, P . S . and I rwin , M.J . : 
1983. 'Astronomical Microdensitometry Conference ' , Washington. 

S t o b i e , R . S . , Smith, G.M., Lutz , R.K. and Mart in , R.: 1979. 'Image 
Process ing in Astronomy', ed . Sedmak, G., Capacc io l i , M. and Al len , 
R . J . , Osservator io Astronomico di T r i e s t e . 

https://doi.org/10.1017/S0252921100106438 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100106438



