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1.0 INTRODUCTION .

This is the second report on data processing techniques useful for
infrared astronomy data analysis systems. As wi%ﬁ the first report
(NASA CR-151943), the investigation is restricted to consideration
of data from space-based telescope systems operating as survey
instruments. In this report the theoretical background for specific
point-source detection schemes is completed, and the development of
specific algorithms and software for the broad range of requirements
is begun.

Section 2 develops the detail detection tests and processing
requirements for point-source surveys and evaluates the performance
measurement processes. The details of peak detection decisions
and correlation detection are covered for the case of general
bandlimited white gaussian noise. For non-white noise, a modified
correlation test and a matched filter test are presented. A
technique for resampling the data which is equivalent to a matched
filtering approach is discussed which automatically decorrelates
the noise. Implementation of this Karhunen-Loeve filtering is
necessarily complicated, but for some kinds of noise an

acceptable approach. -

Section 3 then reviews a basic processing task to indicate where
computation is needed outside of the normal data stream. While the
processing used in the primary data reduction task is jmportant,
the actual software depends heavily on the specific mission hardware
and is best approached anew for each task using the theories of
Section 2 of this report and of the previous report, and of several
cited authors. For the general signal processing task, a routine

. for designing digital filters is given based on the theory of
Section 2.5. The calibration of detector-filter systems is the
most complicated of the tasks off the main processing line; a routine
which provides this calibration for blackbody or other input spectra.
Finally, the preliminary processing routine for a previous survey



program is presented and briéf?y discussed to indicate how much
processing can be done in a single pass of the -data.

The Appendix in Section 4 presents an interesting game which can
develop a fuller appreciation and understanding of the complexities

of data analysis.
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2.0 TECHNICAL ASPECTS

2.1

This section completes the task begun in the first report of
reviewing the theoretical basis for the design of point-source
survey data analysis softwWare. The detection techniques for
single-channel signal and noise processing are reviewed. The

"schemes reviewed include peak detection, optimal filtering,

correlation, and Karhunen-Loeve fﬂ1tering. The details of .
digital filtering, which is applicable to many aspects of data
processing, are reviewed-in the final section.

Detection of Signals in Noise

In most communication systems the errors {false detectfﬁps and
missed signals) are assumed to be of equal importance aﬁ& with
known probabilities. In more general detection problems, however,
the a priori probabilities and costs of those errors are difficult
to determine. The Neyman-Pearson test was first applied in such a
case to radar detection with a peak measurement technique. The
criterion can also be applied to more sophisticated detection
methods, and in all cases, will give the highest probability of ~
detection at a chosen false-alarm rate. The type of technique used
depends on the amount of information available about the expected
signal; generally, more.information used will result in a higher
detection probability at the chosen false-alarm rate. The likelihood
ratio is the test used where the hypothesis is chosen if:

A = p(i) s

and the counter-hypothesis (no-signal) is chosen otherwise. Here
p(s) is the probability density function of the data with a signal
present and p(n) is the p.d.f. of the noise alone, and n is the -

“decision level chosen to satisfy.the -false-alarm constraint.

Consider the case of a signal in white noise, such that the signal
has a normalized mean value of one. The probability functions are:

2.1
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oy 1 y-1)2/4 _ 1 o-y?/a
p{s) = — e and p(n) = —e
- (i ’ Var

Then the Iike1ihood‘ratio test is:

Ay} = e(.}’/z)‘-i > A

8]

To determine the threshold Ay the false-alarm probability is
found from:

P{f.a.) = f 1 e'yz/4 dy
ey

If we want a false-alarm-rate of 10% or jess, then v = 1.8, and we
choose the hypothesis if y >~ 1.8.

The probability of detection for a single test observation is:

P(det.) = [m L lema dy = 0.285
e .

In terms of the likelihood ratio, note that a(y) = a5 = 1.9 and we
make a detection whenever a(y) > 1.9. To improve this rather
mediocre performance, several measurements may be tested. With

the same false-alarm rate, we choose the decision level differently.

If we take n independent samples, the signal-present probability
distribution has unity mean and a variance of ¢2, and:

b ( ) = - 9

PWYys ¥os -aean ¥ e exp - —w 7o X ee

s+ 2 n S 2

o
2t o

(y,-1)2
X—  exp [~ —5-r
2T G

Similarly, the noise-only probability distribution is:

n. y.
P, = G2 ep [- 1§ (G2
1
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2.2

Taking the logarithm of the 1ikelihood ratio, the decision test is:

Now the probability of each kind of error is different, and we
choose xé by evaluating Pl (f.a.) + P, (missed signal), where

(e = [ B®) e[

}tl

and

Py(m.s.) = J ° b (3) d7 =

It now becomes clear that improving the performance. of simple peak-
detection schemes becomes a complicated task even using very Tittle
information about the signal. If we use more of the information
available, and some of the knowledge about the nature of the noise,
a more successful detection scheme can be derived.
detections-are made on a single source, the above can be used to
evaluate the detection probability.

Correlation Detection

Rather than make a detection test based on only the peaks of the data
stream as in the previous example, consider how we might deal with

detecting a signal that we know. '
the sequential data samples.

- .5
r, = {"K} + n
k 0 - k

)1/2 e—n22/202 d

2)1/2 e-n(z—1)2/202 dz

When multiple

k=1, ..., m be
Assuming additive noise,

2.1-8

2.1-9

2.2-1



where SR is the kth value of our expected signal, and Ny is the
noise sample. We may now derive a likelihood ratio test which
uses this information. '

First, assume that the noise is bandlimited white noise with power'
spectral density S{s) = N /2 for |w| < @ and Zero otherwise; The
noise autocorrelation function then is given by: -

N .
_ o0 sin (az) -
R(7) = = = - 2.2-2
This has its first zero at v = 7/Q so that if the received signal
is sampled at intervals At = w/@ the samples will be uncorrelated,
and being gaussian they then will be statistically independent.
The probability density functions of the two cases will be:
AN

' /2 m r,~S, )2
p(r) = (bm) exp [- 1 L5

n k=1 n
and e ; 2.2-3
0 = 6" oo 1§ T
p.(r) = (== exp [~ —_—
n 2noy k=1 202

and the logarithm of the likelihood ratioc test results in the
" decision test: ) ’

m m S,2 :
S 1 R-
T OTRK 2 Tnatm §oa 2.2-4
pot M o 2 g
k=1 oF =1 N

Now the left-hand side of 2.2-4 is just the_normalized Ccross-
correiation coefficient of the signal with its expected template.
Furthermore, the variance of the noise cﬁ is just the noise auto~ -
covariance function at zero frequency,

NOQ

5 _ o ‘
oy = . 2.2

5
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Since one of our two signals is zeroc {noise only), we may .define
the average signal energy E and the time cross-correlation coefficient
p by:

2.2-6

and

By extending equations 2.2-3 to infinite.bandwidth Q+=, the probability
density functions for the signal case and the noise-only case can be
derived as:

1]

172 2
P,{8) exp [- §§—Z§l ]

1
[g;ﬁ;ﬁi

2.2-7

1/2 2
exp [- i—-—Lzﬁ E ]
0

1
PS(G) [ZnNOE]

Since the false-alarm rate and the missed sources probabilities are

equal when the samples are uncorrelated, the error rate is:

) 2/2
Pe = [f_l, e Z dz
! Vew
Y
where 2.2-8.

v = (e )/
and thus we can determiné an error rate based on the signé1-to-noise
ratio, independent of the shape of the signal. Figure 1 shows the
error rate as a function of the signal-to-noise power ratio. Note
that as long.as the noise samples are uncorrelated, the error rate
is also independent of the number of-samplés in the correlation
sum. This apparently unreasonable-result is directly related to
the assumption of statistically independent samples. For bandlimited
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white noise there must be m = Qt/v = constant independeﬁt samples in the
interval 0 to T. Oversampling the signal may actually result in degraded
performance, as will be discussed in section 2.4. If we choose the
value of v in 2.2-8 to achieve a desired error rate, then the probability
of detection is ’
] -1/2
Pn = (2w) . exp [- Z
D 1/2 '
Y-(2E/N,)

2121 4z 2.2-9

s

——

which is shown in Figure 2 as a function of signal-to-noise ratio and
error rate. _

If we have chosen the normalized signai template properly, ourr detection
test simultaneously makes a best estimate of the signal amplitude.

If the signa]Amode] is written as a function of a constant -amplitude
factor A, then the maximum likelihood estimate of that amplitude is

* the solution of: ‘

o _ ‘ .
Y [rs - s, (A)]-imj;T(Jril =0 . 2.2-10
i=1. ' 7 ] .
-or, writing s = A 3 , we want the solution of:
m )
izi (r1 - A 51)81 =0 .2.2-11
" .That solution is
.om
oLy S4)
A =1zl 2.2-12
. m
s’
i=]
and now. if S,i was normalized such that Z 812 = 1, and we re-arrange
" the terms in 2.2-4, we have the detection test -and amplitude estimate
simultaneously: :
N0 ) 1 .
A —kz] rkSR z o in A, P 2.2-13
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Now~it is clear how the correlatiop test is a betier detector than

a peak test. The correlation test takes an average of the signals
weighted by the expected response &s a best esimate of the amplitude.
Because it is using n samples of the signal, the improvement in
error rate can be as much as /. The uncertainfy in the estimate

is determined from the noise autocovariance function, as in

section 2.3 as:

.t qt
A || s st reme) dnar 2.2-14
o 0

If we have N multiple pulses available from a single source, the -
decision test 2.2-4 can be modified to:

AT

r, s, >021lni_+ % S

R = B =
The false-alarm rate given by 2.2-8 is not changed. since we are
designing our test for a chosen error performance. However, the
detection probability improves; the new detection rate is given
by 2.2-9 by replacing E with E':

E' =
i

1E"

Il o~z

And since all signal energies for a given source are equal, there
will be a 3 dB increase in the equivalent performance for each doubling
of the number of signals. ’

As a final note to this discussion, the signal-to-noise ratio used

here is the more useful signal power-to-noise power ratio, not the
typical peak-to~rms value which has Tittle physical meaning. *

S



2.3 Matched Filters and Non-White Noise

The cross-correlation term on the left-hand side of equation 2.2-%4 can
be replaced by the equivalent matched filter. - If the filter's transfer
function is h(ti), then the output of the filter is

1

M
e(tk) = Z he vy , 2.3

That is, the .matched filter is the time-reversed imaée of the signal
" expected. It is important to note, however, that because of the time

reversal, the matched filter and the correlator output are equal

only at time T, where the entire signal train (in samples) is within

the bounds of the filter or of the correlator.

. The matched filter representation is well suited to the case of non-
white noise. We will show that the optimal detector for non-white
noise replaces the left-hand side of 2.2-4 with a filter which is the
product of the white-noise matched filter and a pre-whitening filter
described in terms of the autocovariance function of the noise. To
avoid confusing subscripts, we shall write the filter transformations
in terms of time integrals which are the generalized exﬁensions of
the summations in section 2,2. The output of the filter at time T
is:

T )
e(T) = f h(z) v (T-1) dr C2.3-2
The sighal and noise components are easily identified as

;
S(T) = f hiz) S(T-7) de
0
2.3-3

12



T
N(T) = { h(t) n (T-1) de
) .

The noise power then can be written in terms of the autocovariance
function as ’

0.2
n

T T S -
- [ [ h(x) h(z) R (z-7) dzde 2.3-4
0 0

The optimum signal-to-noise ratio can be found by minimizing the
Lagrangian:

T T T
L = f j h(r) h(z) R (z-7)dzdr - 3 j h(t)s(T-1) dr 2.3-5
00
The resulting variation yields:
T
[y (2R (x-2)dz = s(1-0) 2.3-6

0

The filter which satisfies this relation will maximize the signal-to-
noise ratio for a known signal in any noise with autocovariance function
Rn(r). Equation 2.3-6 is, of course, a Fredholm integral equation of the
first kind which is solvable only for a restricted group of covariance
functions Rn(r). If, however, we can adequately approximate the
integration by replacing the 0 to T 1imits with - to +e, then the
Fourier transform of 2.3-6 gives immediately

H(s) = §f§§%§}iz-
. n
where s = iw and Sn(s) is the actual power spectral density function
of the noise. This matched filter is then just the white-noise
matched filter co nvolved with the actual noise spectrum. This result
was derived for the 1imit To+e, but a detailed derivation shows that it
holds wherever the data samples are uncorrelated,which was determined

from the zeros of the noise autocovariance function.

13



2.4

As in the previous section, a best estimate of the signal amplitude
exists in the presence of non-white noise. That estimate is given
by: B

T
A foh(r)r(T)df
A= T 2.3-7
[ a(x)s(t)dr
0
where h(t) is the solution of:
T
s{t) = I Rn(t~T) h{t) dr 2.3-8
0

Comparing this result with 2.3-6, we see that the optimal whitening
filter is the best weighting function for the correlation detector and
the amplitude estimate in the presence of non-white noise.

Karhunen-Loeve Filtering

The emphasis in the preceding section was an additive white noise.

Since this is often invalid, we derived a test based on the noise auto-
covariance function. For the white noise case we considered a flat
band1imited spectrum and found that appropriate uniformly spaced amplitude
samples were statistically independent. For colored noise we considered
the continuous sampling Timit and wrote the detection equations as
integral re1étionships. However, uniformly spaced samples in colored
noise are correlated and the sampled case is difficult to evaluate
explicitly. There is, however, another method which can be used to
generate statistically independent sampies. While these are not
amplitude samples, they can be used to construct the same detection

and performance tests as previously described. The approach used will
be to expand the signal in a series of functions which are orthogonal
over the region 0 to T.

The functions we seek are a set of fi(t) 's with the normality

condition:

14



T !
f@ £,(t) £55(¢) dt = {g ]+§\ _ 2,4-1

and given these functions, the new samples ré of the data are given by:
T
r, = | r{t) f (t)dt 2.4-2
k k
0
we also need the re-sampled signal template:

= JT s{t) fk (t)dt . 2.4-3
0

The eigenfunctions fk(t) are the solutions of the integral equation:

:
ACE f £ (1) Ry (t-x)dx | 2.4-4

Now we may write the probability density functions for the new sample
set, as:

Z
N T{rL=s.)
1/2
pg = 1 (zﬁk )12 exp 5—5575———3 2.4-5
k=1 k
N 1/2 ne
Py = I (21?A )T exp [ ]
k=1
and the detection test becomes:
) 4
N s.r ' N s :
S I WU o 2.4-5
k=1 k - k=1 k

which is identical to 2.2-4 except that 0; has been replaced by

the eigenvalues xk, and the signal samples have been transformed by a
weighting function similar to the whitening filter of section 2.3, In
this case, however, equations 2.4-2 through 2.4-4 can be written as
sums over the time sampled values with no loss of generality, hence,
with no degradation in performance caused by correlated samples.

.'\15



2.5 Digital Filtering

The -transformations of sections 2.2 through 2.4 can be written as filter
transfer functions. - Additionally, empirical methods can be used fo
synthesize a desired transfer function and the equations of those
sections can then be used to evaluate the error rate and detection
performance. This latter course is often followed yhen the sampiing
rate i1s constrained by some considerations other than those requiring
uncorrelated noise samples. Typically thgﬁdesireé filtering is

matched to the sample rate and the signal dwell time by the Nyquist
theorem and we wish to evaluate the detection performance of such
systems. Additionally, it may be desirable to further filter the

data to improve the signal-to-noise ratio based on the observed nojse
spectrum. In this section we will discuss how such a transfer function
could be synthesized and then derive the algorithm for converting that
analog transfer function to a digital difference equation.

Given an analog impulse response function H(S), the difference equation
for the filter function can be derived. Also, given the nominal
characteristics desired, the transfer function can be synthesized.

Both of these techniques are described below.

The frequency response can generally be described as a series of
first-order filters. The transfer function of a low-pass filter is:

d. .
— 1
158 = =) & 2.5-1

It

where a. = 2nf

; i GL is the gain of the filter.

T3

the corner frequency of the filter (Hz).

Graphically:
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That is, the response of a low-pass filter is flat for f < fi’ and falls
at 6 dB per octave (linearly on a log A-log f graph).

For a high-pass filter,

. S )
Hi(s) = (3;—;—§J GH 2.5-2
which appears as:
) b !
. !
: |
A ]
!
i
1
1
_{‘.‘
and the slope is the same as before. Higher order forms of these
filters have transfer functions which are powers of the above H(S)'s,
with the exponen{ n equal to the order of the filter. That is, a
3rd order high-pass filter is:
H(S) = (=) 6, 2.5-3)

S
a]

and its response slope increases by a factor of n (3 in this example}:

»>

|
|
184k I
!
)
{

-C.l.

" Finally, a circuit which can be described by a series of such filters
has a transfer function which is a product of the elemental Hi(S)
terms, and a response curve which is a series of Tine segments with
n(t 6 dB} quantum slope changes at each characteristic frequency.

17



A represenfative example is demonstrated by the foliowing. The
filter consists of a first-order high-pass filter of fi = 4 Hz, and
a second-order, Tow-pass filter of f2 = 40 Hz, In addition, the ‘
dgtector acts as & low-pass filter of order 1 at f3 =1 Hz. The
overall transfer function is then:

a a
2 1 42 2.5-4

2r «. 4 Hz

ag =
as f 2r » 1 Hz _
aT = 27 « 40 Hz

which is pictured as:

6db

Electronics

-~

I
i
!
|
|
|
l
I
l
l
|
f

o

Detector.

1
—— — —— — — — —

- 1Hz 4Hz 40Hz
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The definition of the corner
-defined the fi points as the
frequenciass, then the values

ORIGINAL PAGE 18
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frequency is important here. If we have
traditional 3°dB or half-power response
used in 2.5-1 and 2.5-2 for a, must

be altered somewhat. Note, for example, that for a single order
filter (m=1), we have the half-power respense at '

a

ax
'l

oty t)

z 7 S—

PO

H(S) H(S) =

+

S

as expected. For an mth order filter, we find

A
a.
1
o 3

H(S) H(S) = 7 = (2
: 1

= (V7 - 1) a%

and similarly, for a high-pass filter:

S = ai/(@@11fi

Given the transfer function H(S), the difference equation can now be

determined as follows. First, transform the frequencies. Since we

desire the digital equivalent frequency, determine Ai by :

Ai =

= TAN

a. T
(=)

where T is the sampling interval, = 1/SR {SR is the sample rate in
Hz). Second, transform the H(S) function to an H{Z) function by

the substitution:

Z-1

ST

This transformation preserves the square-magn1tude response of the

 system except for a warping of the frequency sca1e as given by the

first relationship (2.5-5).

The advantage of this transformation is

that aliasing 1s not introduced by the digital representation, thus

avoiding the necessity of "guard" filters (anti-aliasing) which would
result in a digital filter of higher order than the original analog

transfer function.

19
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The technique theh is to express K(Z) in terms of a polynomial in Z,
as: !

\
H(Z) = 6 = %%%%— 2.5-10

with the order of Q{Z) equal to or greater than P(Z). Most easily,
the substitution used is:

. . (A] + 1){Z + Ui) .
(A; +5) » ) 2.5-11

(Ai -1)
where U1 = Ai T and Pi = Ai + 1

The numerator and denominator of H(Z) are then divided by 7", where
n is the order of the denominator, resulting in a transfer function
which is a ratio of two polynomials of equal order in powers of 2-1.
Equation 2.5-9 is used for S terms in the numerator. The general form

of this H(Z) is:

{(n-m)
z7Mze)"™ (- m A
H(Z) = i=1 I 6. 2.5-12
n _,i n i=1 1
(1+3 s;77") 1P
i=1 =1

where:

Ai is as defined previously;

n = the number of elemental filters;

m = the number of high-pass filters, and the Ai's are ordered
with the Tow-pass frequencies first. '

Pi = Ai + ]

and

S5; are the expanded coefficients of the product function:

20



; (U, + Z)
i=1 !
such that

‘ n

517 521 Y;
n j=1

2 i jzz U5 ¢ i§1 ) )
n " k-1 j-1

Sq = jZ Up [jgz Uy (1 U;)]

S

n = Jj-1
. mg u y u, I (izT Aj)]

r 2=r-1 k=4-2

Again from our example 2.5-4, the H(S) transforms to:

2
A A

2 P, P

A

HZ) = —E (Z1)(z)?

2'4(z+u1)2(z+u2)(z+u3) P

1 3

The Z-transform corresponds exactly with 2.5-12 if we consider the
four elements of the filter as having freguencies (in'the.original
form) of 1, 4, 40, and 40 Hz. That is, U is repeated, but treated
as if 1} were two different terms. Ignoring the constant factor

temporarily:
-1 =3 _ -4
H(Z) = 1-22 ; -2l -1
1+) s, 77!

71
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where S] =20 + Uy + U3
32 = UTU] + ZU]U2 + 2U1U3 + U2U3
33 = U1U1U2 + U]U}U3 + ZU]UZU3
Sy = U7 Uy,

Now that we have the Z-transform of the H(S) transfer function, the
difference equation for the system can be written. MNoting that Z']
is the unit detay function, and writing H(Z} as:

n .
1+ § T2

) = L —— - 7
e §os. 27

i=1

where Y(Z) is the Z-transform of the output, and X{Z) is the input
transform. Inverting the transform we find:

where Yj is the jth sample of the output series, and Xj is the

corresponding jth input value. Continuing our example,
LT T R L B A A L a LW

It is interesting to note that .because the transformation 2.5-9 is
bilinear, the difference equation will always be the same order in
X4 and Yn-i terms (except for canceling of some 7' terms by the
expansion of (Z+1)m(Z—I)L).

To find the Ti coefficients of equations 2.5-17 and 2.5~18, we must
expand

)" = 14Ty e+ T T

22

2.5-16

2.5-17

2.5-18

2.5-19

2.5-20



i

but the gain cohstant in 2.2-12 of

m n G'i - ‘.
moA; T (pT) = COEFF 2.5-21
= ':] -I .

must be included as a factor of all the‘xi terms.

Expanding 2.5-20 can, be done using the binomial expansion subroutine
attached to expand (1+Z)"™ and (1-2)™, and the polynomial product
routine to find the resulting terms. Then if we redefine the sub-
script of T by one to absorb the 1 on the r.h.s. of 2.5-20, we can
include the factor 2.5-21 easily into the definition of Ti:

(H2)"-2) - Ty Ty T T T 2.5-22

_if we also redefine the Si and set SI = (0, then the relations
2.2-17 and 2.2-18 can be written:

~

n§1 ngl
R Te Xsauq - PR 2.5-23
Ty =i+l 321 1 _J=it]

n+l

1t

Lo T R = 55 Y

This redefinition of S; has been included in the attached algorithm
(see section 3.1).

23
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3.0 ALGORITHMS AND SOFTMARE OF POOR QUALITY

Section 3 of the first report covered in detail the basic survey
point-source processing scheme, However, in order to successfully
complete the sky survey and to define the detection test gates, a
number of peripheral routines are needed. This section will discuss
several of the most important of these routines. -Some routines are
simple, such as coordinate transformations used for positional '
matching. Others, although compiex and worthy of discussion, are

very specifically written for each mission. These routines generally
are part of the primary data processing system and are assembled from
the formula and algorithms of section 2 of this report and section 3 of
the previous paper. Yet, other routines which are a.part of the data
base merging are decisions and tests for specific types of astronomical
sources and depend on the sensor bandpasses and sensitivities

and on the spectral characteristics of the sources being searched for,
Some routines which are only peripheral to the primary detection

scheme a}e so basic and important that they are worthy of individual
discussion here. The complete set of programs designed and tested

on the Celestial Mapping Program (CMP) data will be published at

a later date when that task is completed.

Two basic programs will be covered here and one front-end detection
scheme used on a previous survey program. First, we will discuss an
application of the digital filter design scheme of section 2.5. Then
the calibration of infrared detectors is discussed and a routine to

_evaluate the spectral response of a detector plus filter combination’
to a variety of stellar spectra.

3.1 A Digital Filter Design Aid

The discussion of section 2.5 covered the algorithm for digital.
filter design; here, we consider the specific use of the following
routines. The program attached does two things. :First, the
coefficients of the difference equation

24



(T, X

i %j-i 73

i Yy-i1)
where the Xi's are the input data, Yi's the output data, and S.i

and Ti the filter coefficients determined from the desired frequency
response,

fiSecdnd, the routine creates a pair of sample response sequencés.
One is the impulse response function of the filter. If the filter
characteristics were chosen to duplicate the response of a
detector and its electronics, then this impulse response will model
the radiation-hit response. The other response is the system
reaction to a square”wave. Since the duration of the square wave
is equal to the pointisource dwell time, the response is approximately
the same as a source signature. o

- 25
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45

O CIOOO YT 0y yEelelsNoNaNesN el

OO o 00,

tgleoRalaEalaRaeNale]

99

u
o

100

PROGRAM TRNSEN(INPUT,QUTPUT)
COMPLEX C,5UM,COEFF,T .

"k“*ffﬂ*‘**ﬁl\*****W***'“ﬁ***R***ﬂt**ﬁ**k*

. - kA%

THE FOLLOWING DIMENSION STATEMENT IS USED TO CREATE — ko

A SAMPLE. RESPONSE SEGUENCE FOR A RECTANGULAR INPUT KR
EQUAL LN LENGTH TO THE STAR DWELL TIME, AND THE IMPULSE Kh kK
RESPONSE.' SEQUENCE, N

: L 2.8 1

DIMENSION XX(200),XP{200),YY(200),YP(200),TIMN(200) XKk
*okkh

A W A K R % R K K R X K A R K K K K R K R K K R K K A K K A A K K KKK

THE ROUTINE IS DIMENSIONED -FOR TRANSFER FUNCTIONS OF TOTAL ORDER
9 OR LESS,; FOR HIGHER ORDERS, CHANGE THE DIMENSIONS OF ALL THE
FOLLOWING TO N+, WHERE N 18 THE DESIRED ORDER, -

DIMENSION CCHO) SUMCLIO)pTI102,XC100,YC(10),£4C10),RE(10),TR(10)

PRINT 99
FORMAT (1 HR)
A1z{HC  § Ae=1HS 8§ A3=IHT § Ad=iHF

N ANC ¥ DESCRIBE THE ORDER OF THE TRANSFER FUNCTION,
N = THE TOTAL ORDER .
M = THE ORDER OF THE HIGH=PASS FUNCTIONS

M -Il

THE PROGRAM WILL LOOP FOR NEW TRANSFER FUNCTIONS, TO END,
SET ¥ = 0, (THE LAST DATA CARD CAN BE A BLANK TO 8TOP)

CONT INVE

- READ 100,N,¥

FQRMAT(215) .
TF(N,ER,Q) GO TO 51

THE SAMPLE RATE SR GOVERNS THE FREGUENCY WARPING FOR THE § T0 Z
TRANSFORMATION, .

THE DWELL TIME IS DETERMINED FROM THE SCAN RATE SCNRTE AND

THE DETECTOR SIZE SIZE,

SIZE AND SCNRTE ARE VARIARLES USED ONLY FOR GENERATING
THE TEST CAStS,

READ 3014  SR,STZE.SCNRTE

PROGRAM TRNSFN 76/76  OPT=R} FTN 454414 05706777  §7,01,518



50

5%

©O 0

I Oy

LI ]

WiV Y Lt e pa™ad

- LNSINT(LER*SIZE/SCNRTE) 0,5}

201

LIST THE INPUT PARAMETERS

FRINT 208,NpsMp SReLN
FORMAT(IRY /720X kN = &p]5e% M= apl5,n SAMPLE RATE .= #,F
1104, % DRELL = *,15,//)

THE coéNER FREQUENCIES FOR THE FILTER ELEMENTS CAN BE SPECIFIED
AS COMPLEX (REAL + IMAGINARY)
THEY SHOULD BE ORDERED WITH THE M HIGH=PASS ELEMENTS LAST

LZ



60

65

70

75

80

85

90

95

100

OO OO eI, Oy

oo

102

205

131

202

PROGRAM TRNSFN T6/76  OPT={ FTN 454414 05/06/TF

EACH ELEMENT HAS A (COMPLEX)GAIN WHICH CANNOT BE ZEROQ
THE GAIN CAN BE SET AS (3,00,0,00)
THE ORDER MUST BE EGUAL TO OR GREATER THAN -ONE

THE FRéOUENCY CARDS ARE FORMATTED (4F10,6,15) AS FOLLOWS;
FREQ(REAL) FREGCIMAG) ,GAIN(REAL) GAINCIMAG),URDER

FIS3,141592653579

COEFF=CMPLX{1,0,0,0)

NT=O

PO 3 I=g,N

READ 102, WORsWDI,GAINR,GAINT,NORD
FORMAT(U4F10,6,1%)

FRINT 205, IrHDR;WDI;NDRD

FORMATCLH 10X, sWD(*p129%) = % 2F10,6¢5X, *QRDER .= #,15)
NNeNQRD. :
IFCINTAMY,GEN) GO TO 7

HDR“%DH}(& **(} /NORDY=1,)
HDI=WDI/(23**(1g/NDRDJWIQJ

GO TG 8

WOR=WORA (2, %4 (1 ,/NORD)~1,)
NDTZWDI# (2, 4401, /NGRD) =1 ¢)

CONTINUVE

KAIZTAN(UWDI#PI/ SR)

WARSTAN(WDR%PI/ SR

LIST THE FREQUENCIES

CONTINUE

NT2NT+]

PRINT 202, NT,WDR,WDI, 1 WAR, WAL, NT,GAINR,GAINI

FORMAT(IH ,10X, *wn(*,Ia,*) = e 2F10,6,5X, %4A(%,12,%) & %,2F10. a,sx

§orGAIN (%, T2,%) F *,EFiO 6}

CI(NT)= CMPLX(WﬂRﬂl,;WAI)/LNPLA(WAR+1,,NAI)
COEFFRCOEFF*CMPLX(GAINR,GAINIY/CMPLX(WAR®], ,WAL)
IFCNToLE (N=M)) .COEFFSCOEFFACMPLX(WAR,WAL)
NNINNed .
TF(NNGGT,0) 6O YO 131

IF(NTLEQ(N) GO TQ 144

CONTINUE

CONTINUE

LIST THE C(X) TERMS AND THE VALUE OF COEFF

TR20

17,01,51

8¢



105

1to

¢
C
¢

M r f‘f’“‘\-’-fr* R B B AL B T T e e T T

203 FORMAT(LHO, /7y COLOX AL o % (ol imM? "= %, 2F12,8,71) )
DETERMINE THE S(I) COEFFICIENTS OF THE Y(J=1) TERMS

DG 2 IztM

2 SUM(IJ=CKPLX(0,0,0,0)
DO & I=1,N
SUMCEI=SUM{LI+CT)
IF(I1,EQ,N)Y 6O TO 4

DO 3 JE2,N
IF(T4dml LE,NY SUM(JI)ISSUMCI) 4SUM(Im )% (T+Im])

q00d 40

Rirtvno
2

1 HOVd TVNIDIEO

52



115

120

15

130

135

\rao

145

150

158

IOy

OO0,

TOOoOTOOoOnDOO0O0DO N, Loy O30y

PROGRAM TRNSFN 76/76  QPT=1 FTN 4,5¢414

CONTINUE

CONTINUE

PO S Is{,N
SUMIN+2=1)sSUM(N+in])
SUKC1)RCHPLX(04070,0)

" LIST THE S(I) COEFFICIENTS

NNENED :
PRINT 203, {A2,1:8UNCI)pI=1,NN)

EXPAND THE NUMERATQR TO DETERMINE THE T(I)} COEFFICIENTS UF X(J=1)

NOTE THAT T(¢I) HAS EXACTLY (NvM+1)+(M?1)vi = N+! TERMS

NPENwH

CALL BINEXP(X,NP,+1,00)
IDIMXENP

NPsM

CALL BIHEXP(Y;NP,»! 0o)
TUIMYSNP

CALL PPPYtx,IDIMX;YpIDIMYpZ,IDlmz)
DO & 1s51,101IM2 |
T(EYI=Z(T)ACOEFF
TROIYSREALCT(T))
RSCII)RREAL (SUM(I))
CONTINUE

NOK LIST THE T(1) CORFFICIENTS OF THE Y(JmI) TERNS
FRINT 203, (A3,1,T(1)7k=1y10KMR)

NOW ALL THE FACTORS ARE DETERMINED,
WE AY NOW CALCULATE THE RESPONSE TO AN ARBITRARY INPUT SEGUENCE
OF X(I) VALUES AS

—_—

Y(J) = SUMCIS1 TO N+1) OF (¢ TCI)*X(Jmlstdns(IDuyY(d=Iti} )

ok ok ok ok R ok & K K Kk A Kk % * Kk kKX ok & A A k kx k K x Kk N %k KX 4 w‘* *

THE FOLLUWING CARDS MARKED w#n# CREATE A SAMPLE RESPONSE
SEQUENCE, THE INPUT RECTAN&ULAR PULSE I8 CREATED IN XXx(I)

WITH A LENGTH EQUAL TO THE STAKR DWELL TIME FOR THE INSTRUMENT
TPt THE RESUANESS SELIENCE TS TM YYETH Tk TMBPLI S

G
085/706/77

Ak &
kv ki
KA
Xk
oKk ok

# ok k.

17,01,51

w——



165

170

€Y Ly 734

1

----- b R AVl o P L A I L

GIVEN IN MILLISECONDS, '

(I=20)/ 8R

- e wm O

YY(I
CONTINUE
LL=19+LN
00 12 I=20,LL

L.

QUTPUT 1S NUMBERED SEQUEM “ALLY AND THE

SAMPLE TIME IS

AE AR
KAXR
LR
Yr k2
AhAhA

LR R
LA ]
hAky



i?§
180
185
190
195

200

205

210

215

MmO n

PROGRAM TRNSFN . 74/76 * OPTst | FTN 4y54414

12 XX(I)®1,00

GENERATE CAUSSIAN NOISE AND ADD IT TO THE INPUT DATA,

CALL RANSET(B63211)
Az0,
NOISE=1 & $SNR=10Q,
‘NOISESL & '§NR=10,
NOISE=Q
TF{NOISE,FQ,0) GO TD 123
DO 122 1=210,200
CNDISE=0,0
O f21 Jd=t,12

121 GNOISE = GNOISE+ RANF(A)
GNOISE = (GNOISE»6,0)/8NR
XX{T)I=XX{)+GNOISE

122 CONTINWE

3

123 CONTINUE

XP(10)=51,00

ThaN4tl

JE=N42

YYME=0999, BYPMz=9949,

6o 14 JudF,.200

00 13 I=i,IL
‘YY(JJ-YY(J}*TR(IJ*XX(J I+1)m= RS(I)*YV(J I+1).
YPLJIEYP(J)$TREI) %XP (Jw I+l)»RS(I)*YP(JnI+lJ

12 CONTINUE

TFLYPCI) 46T (YPM) YHEMEYP (J)
TFOYY (I aGTaYYHY YYNaYY(J)
14 CONTINUE
DO 15 J=1,200
YYLJII=YY(JI/YYN 8 YE(JI=YP(J)/YPH
15 CONTINUE
FRINT 300, YYM,YPM

300 FORMATCIRL, 10X, %YYMAX = #,F10,6,% YPMAX = ,F10"6;//J“

FRINT 111, (I,TIMCI)pXX(1), YY(I) XP(IJ:YP(I3;I r200)
111 FORMAT(LH ,+ I MSEC
gl XP YP#hy/y ( (3%, 13,5(5X,F10, 33))) {

08706777

e T
Khkk

LY
Ak
XA % H

Kok &k
kK k
LR |
LA
Ahkdk
RAxh
RS
LEE-8
KX AR

L Ok Ak

chk kR
Hhok %
khkR
LR RN
LR R
ARAK
REEN

Aok oA Kk K Kk A K K R A K k & K h A K K A % kX A K A K ¥ kR K K Kk % R K x ARKkZ

G0 70 50

[ =¥ | N Pl

V7a0i 81



END

SYMBOLIC REFERENCE PAP (Rzi)

" ENTRY POINTS
45  TRNSFN
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3.2 Infrared Filter Calibration

The calibration of infrared brightnesses is the single most

difficult aspect of a scanning sky survey. For ground-based
point-and-integrate systems, it is possible, and in fact common,

to make all measurements of the same signal-to-noise ratio by varying
the integration. Since the amplitude uncertainty was shown to be

a function of the signal-to-noise value in section 2.2, it is ciear
that uniform photometric accuracy is readily achieved. For

survey instruments, the uncertainty of the initial measurements is
inversely related to the signal-to-noise value, applying a fundamental
limit to the accuracy of the survey measurements which varies both
with brightness of the source and its location in the sky. '

Further complicating the prob]ém is the fact that the sources have
a wide variety of spectrum so that the broad band detecteors typical
of infrared survey instruments do not have a well-defined intrinsic
- calibration. It is possible to calibrate the detector voitage
in terms of the watts per sz it receives. However, if the survey’
is measure sources in several colors, or if the calibrations are to
be derived from measurements made in a difficult wavelength region,
the measurements must be referred to a spectral intensity. The
wavelength bandwidth that is needed, however, is dependent on the
spectrum of the source being measured. Furthermore, the effective
wavelength of that measurement varies with the input spectrum,.

The units of the brightness measurement are another problein. The
most useful form is the brightness magnitude, defined by
m= -2.5 log, (x) ~ 3.2-1
) 10 B0 :

where B is the observed brightness and B is the reference value.
This reference is different for every filter, since it is defined as
the respbnse that filter-detector would observe from a particular
"standard" star - the archetype is a-lyra, which is defined as a

34



10,000°K blackbody source with an angular diameter of 1.5697 E-16
steradians. The great benefit of this magnitude measurement is
that we skirt the guestion of effective bandwidth, These magnitude
measurements still need an effective wavelength, but for blackbody
spectra at wavelengths Tess than 50 micrometers, the effective
wavelength varies only very slowly until the source temperature
Talls below 500°K. Finally, the magnitude measurements defined

by 3.2-1 can be used inversely to find the equivalent blackbody
color temperéture if measurements are available in two br more
bands.

Figures 3, 4, and 5 show the variations in bandwidth, effective
wavelength, and magnitude difference for three infrared filters
similar to ones commonly used in previous surveys and measurements.
The results were derived from the attached filter calibration
routine which is se]f—exp]anatdry.
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‘ﬁCCJUNTr&PTHFM T3025,

‘HAP CFF,

uFTh.

i REWILD)PUNCH,

.CO‘”,PUNCH QuUTPUT,

'hXIT,

i

L PROGRAN INTGRT C(INPUT,CUTPUT,PUNCH, TAPES=INPUT, TAREG=QUTRUT)

C PLANCKZ (MCDIFIEC)

Cmmmmwmunmonens INTEGRATION CAN BE DONE WITH IR wITHOUT THE PLANCK FUNCTTOH,

¢ PROGRAM FUR IRTEGRATING THE PLANCK 8LACKEODY KADIATION FUNCTIGN

C OVER AN INTERVAL CETERMIMED AND ATTENUATED BY FILTFR=~SENSITIVITY

r TYPE FUNCTTIONS,

c DATA SHQULD BE IN QRDER OF INCREASING NAVELENGTH,

C NFUNCT = N0, OF PESFONSE FUNMCTTON

L IKITE = 1 » WRITE WAVELENGTH, INTENSITY, RADIANCE, PLANCK INTENSITY,

c , = 0 » DO MCT WRITE,

o NFLLX s 1 = PLAMCK FLHLTLON T0 BE caLCuULAleD,

C = 0 = FLANCK FURCTION MOT TO 8E LALFULATED, -
C IwhVIR = 1 = TRANGMISSIUN DATA DECK COMSISTS OF WAV, AND TRANS, o
¢ 5 Q0 ~ TRANSMISSION DATA DECK CONZISTS OF TRANS, DATA ONLY,

¢ NORMAL = ] = NOFH AL LZE L FUNCTIONG (T) * FUNCIIUN€(1)

c = 0 = 0O MRT NCPPALTZE

C IPLGT = 1 FLOT

¢ = 0 00 NCT PLOT %g
¢ NTRANS = NC, OF SETS CF TRANSMISSION DATA PR RESPONSE FUNCTION, v O3
¢ M = hO, OF FUNCTIONS (1 GR 2), 22
- N = Ny OF YAVELENGTH PER FUNCTIUN (QDU INTEGER), ng;
C L = hO. CP TEMP_ T4 BE CaLCULATED (LF THERE ARE NOWE L=1), © v
L EXPER = havE OF EXFERIMENT, LATA, ETC, FURFAT dab, =
. 1YFE = ICENTIFYING MAME OF DATA, FORMAT dpe, t:’:%
¢ CARD 1. NFURCT, IRITE  NFLUX, IRAVTR, NOKMAL, JPLAT  (613) Ei

C CARD 2 NTRANS (113) @
C Cakp 3 b'.foLg (111;213) !
C CARD 4 TE¥P  (I=i,L) (9F 8,23

¢ CARG S EBXPIRN (K=1,4) = wAY,RES (I=1,n) (Ure/(12F6,4))

C CARC & 1YPE (¥x=i,4) » wav,TRAM UK TRAN (l=i,N) (4ra/t12F6,4))

¢ (

C % % % A % % % % % % % % % A A & & % % & % % Ak A k k k Kk K % Kk Kk % % K

¢

c REFERERNCE FLLY IS TPE JATLGRAIFL FLUC OF A 10,000 DEGrkt &,8, OF

C SIZE 1,%697L=16 BTR (ALPHA LYRA) o & THF ZLRO MAGNITUDE KEF

C AND TS INTEGRAL OF BCLAMBLA,LQ, 00U xR (LAMUBDAYADLAMBDAROMEGA

¢
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94
95

~

DEFINED WAVELENGTH 1S THE FLAT KESPONSE EFFECTIVE WAVELENGTH
BOWDTH ZERQ IS TWE FLAT RESPONSE BANDWIDTH

WAVELENGTH 1S THE TRUE EFFECTIVE WAVELENGTH FOR 8,8, SPECTRA AT
THE GIVEN TEMPERATURE
THE TRUE EFFECTIVE WAVELENGTH IS THb INTEGRAL OF HB(LAMBDA,T)®
RILAMBDAYALANMADAACLAMBDA DIVIDED 8Y THE IhTE&RAL Of B(LAMBDAaT)
*RILAFBDAIRDLAMBLA .

BDWETH IS TRE TRUE BANDWIOTH AT THE TRUE EFFECTIVE WAVEﬂENGTH FOR
THE GIVEN TEMFERATLRE
THE TRUE EFFECTIVE CANDeIDTH IS THE I[NTEGRAl OF BULAMBDA,TI*
R(LAPBDAYSULAYEDA DIVIDED BY B(LAMHDA EFF,T)

BOWDTHDF 18 THE PRGPER BANDWIDTH FOR THE DEFINFO EFFECTIVE WAVELENGTH

BR MAG I8 m»2,5%L0C(R(LAMBDA EFF,TI/7BOCLARBDA 0,10)) WHERE HBILAMBDA,T
IS Tk B,B, EFISSION

COL'MAG 1S w2,54LCG(TNT FLUX/REFERENCE FLUX)
INT FLUX [S THE IATEGRATED FLUX ON THE DETECTOR N WaLMm2xSTR={ -

VIERW FLUX IS THE INTEGRATED FLUX MULTIPLIEQ HY THE FTELD OF VIEW
= 4,5«08& STR AND IS IN wx(hM=g

* Kk ok A ok Kk kK A k Kk Kk x A k * & k x Kk Kk kK Kk ¥ Kk & k k5 kX Kk A Kk ¥k *k % %

RE AL HMAGFAC '
DIMENSION WAV(1SQ0), AfS(lSO),TRAu(IbO),ThHP(AGOJ.W£150),wXKiSOJ,NXX
11507, RESP(i*U),th{lSO)rTYﬁE(MJ EXPEH(4)

Nd=0

OMEG A=Y , 5697616

CRI=S,1AL592465Y

1C0L=0

L.=0

READ (5,94) NFUNCT, IRITE;NFLUK I#AVTR,NQRMAL, 1PLOT
FORMAT(6T3)

NJ=MJ+1

NFLUX=0

PO 92 I:l;ﬂ

TYPE(I)=6H

LOoLD=l,

ICOL=IC0OL+!

O
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100

e

22

101

500
98

11e

601
€to

0y

687
{4

N SEY
READ (5,99) NTRANS
FURMAT(LIZ) -
FurraT(111,213)
TeF{1)=10000,
INSERT TEMP DEFINING CARDS3 L=XKy TEMP(2)=XX,ETC,
Le70 .
TEMP{2)=100,
o 29 135,42
TEMP(I)=TEMP(I~1)410,
¢ 21 I=431,52
TEMF (1) =TEMP(I=1)150,
00 22 1=254,790
eMP(I)I=TEMP(LI~104500,
151 T NeZsNWN
ihd0(5r101) (EXPERC(K) ) R=104), (HAV(L)  RES(I) p IaN1,N2)
ORMAT (4Ae/ (1EF6,4)) .
fi=nty )
0O 900 I=L),150
WAV{TI)=0,00
RES(I)=¢,09
TKAR(TI)IS0,00
RESP(I)=0,00
CoNT I UE

. NE=N

Mh=NNT

IF(mw1) " 1,1,3

IF CIWAVIR,EG, 1) GO TO 601

READ (9,112) (TYPE(KI K=1,4)p (TRANCI)J=10,N)
FURMAT (4Aes(12F6,4)) :

.60 10 600

REAL (S,112) (TYPECK) pK=1,4), (WMAY(T)»TRANLI) ,I=1,N)
CONTINUE ;

P 2 I=l4h,l

RESP(II=RESC(I}STRAM(L

G010 1) ki

DL 9 I=1en, ]

THANR{I)=0,
RESPFLTI)=RES(I)

CLnTINUE

CuNTIAUE

IFINDRMALLFGL LY GG TQ 70Q
yIGRF=1, ‘

Nim)

Jd10

dDVd ‘TVNIDINO

RIrvod wood

51

v



226 NSPACE=(
Linksqg - .
WKITF (68,2120 (EXPER(X), K~1rd);(TYPt§KJ,K~1;ﬂ)

"B12 FORFAT(fMY, 37X, 4aks 41X, 19HTABLE OF INPUT DATA/ 3BX,4A6//20X,
FLOHY AVELERGTHp 3X, LIHFUNCTIONCL) 5X:1lHFUNCTIOh\Z);Sx;JGHHAVELENGTH
2;5X;1IHFUNCTIUN(l}fSX,11HrUNLIIUN(2J//J

IaaNg & INELeNg

DG 114 [=1RG, IND

NSPACE=NSFACE+HY

LINE=EL InE+1

1F (o= SPACE) 264,206,206
206 WRITE (6+210) WaV(I)4RESCE)» TRANCID WAV CI439) ) RESCI#+3%), TRAN(TI+3S)
210 FURMAT(RRA,FS @ TN F Tyl X FT gl LOXF D 2 TR FT,Uy 7%, F7,4)

G TO 114

204 MNSPACE=1.

I1F(35-LINEY21S,214,214

WRITE (6r241{) WAV(I):RES(I)rTRANfIJfNAVCI+3bJpRt$(I+3:JpTRaN(I+5bJ

f‘UR[""AT(lHQ di#(;r:,E [X F? MJX,F? 4;10X;f‘5 8 7)( Fi, Llr?XpI'? A

GO TN 114

219 Nizl+LInE-1
IF (N2mN1)250,220,220

114 CONTINUE

' GO TG 250

700 BIGHRF=RESP(1)

5O 50 I:E;l\
IF(BIGRPwKESP(])132,30,3¢

32 BIGRP=RESP(I)

30 CUnTIANUE
DO 33 I=i,N
RESF(1)=RESP(II/BIGRP

33 CUKT INVE

- Ni=1

720 NSPACE=(

LINE=Q
MKLITE (62712) C(EXPER(K) (K=1,4), (TYPE(K) K=1,4)

742 FORMA[(LHL, 464,446/ SOX)19HTABLE OF INPUT DATA/ U7X, UAb//10X,
F1OHWAYELENGTH, 3X, 1IFEUNCTIONCL) » 33X JLHFUNCTLION(R), 3%,
RUIHFUNCT ¢ C1X2) s SX e 1OHWAVLLENGTH, 3X, JAHFUNCTIONCE) p3X,
ZULRFUNCTYION(2) 3, 1IHFUNCT , (1 ¥2) /51X, LUNNORMALT ZED , 87X,
HIQRNCGRMALTIZEDR//) ,

« IBG=shN1 & INC=KRP

/N0 b1y 1=I0G, IND

NSPAGE=NSPACE+!
LINE=LINMNES)
IF (5=NSPACFIT04,706, 706

—t
- I

e

[AY



706

710
704
714
711
719
614
7690
1111
250

107
809

2ha
120

24§

2ié
122

244

WRITE. €6,710) WAV(I),RESCI) pTRANCL) (RESP (1) WAV (T+35) (RES(I+35), .

1Tmnwc1+333,HE°P(I+353

FORMAT (12X, F5,2, 307X FT44), 10fo5 2r3(TXsFT7442)
GOOTO 614

NSPACE=Y

IF(35«LINE) 719,714,714

ARITE (6,711) WAV(I), RES(I) TRANCI), R&SP(I);hAV(I+35),Rt$(I+35),

1thN(1+35).REbP(Ii3
FORMATCLHO, 11X ,F5,.2, 3(7x,F7aa;,10x,FS,2,3<7X,F?,4>3
GO TO 614
Nz [+ INE~]
Ik (N2~81) 150,720,720
CONTINUE
COMNTINUE
FORMATIFIN,7.F10,8)
IF{nFLUXGEQ,Q) G TC ¢

50
HRITE(E,107) (TERF(I), Iz1,L1)
FORMAT(// 55X LIHTONPERATURE//Z(9F1342))
J=0
NENED]

IF(NFLUXLWER,0) 60 Yo 307

U 4 151,01

CALL SPCTrM (TENPCIIpWAYLI) pRESPCOI) oW (1) WX (1) WxX{2) ) ZINTY
GO 10 30! ¢

DO 302 I24,N |
wxfllmRESF(1) '

AR 3mwX (1) /P

CENTIeUE

IFCIRITELEQ.D) GO 7O 300

NEPACL=S

LINE=9S

N0 216 I=).N

NSPACE=NSPALET]

LINE=L INF+

IF(S~HSFACEY240, 242,242

WRITE (6,120) WAVCI) WX (I)puXN(Idou(l)
FURMQ?(:SOXprE-i& JfJXqipﬁlpu ‘S 1 &11‘2 {D ‘IX,IPEla,.:)
G T0 21k

NSFALCE=]

IF Cas=L INE) 244,806,208

WRITE (62122) WAV(T) ¥X (I, WXXCL) W ()

FURMAT (1H0, avx,1ncza Bo0%, 1P&12 55X, IPEL2,5,9%X,1PEL2,5)
GO 10 216

LINE=} '

LW CLRITE RG 1) GO TC 242

[ sv
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140

144
126

128

GO TO 309
CUr1IRUE
Hok AV (2)=Wav(l)
>\lr‘(1=010
Kinalim2
DU B [=),KN,2
KINT=XINTHOP /73003 X (I E,0xnX I+ tnd{1va))
COKTINUE -

IFONFLUXGERLT) GD TO 140

HRITE (&,142) XIRY
HuZbRO=YTINT :
FURMAT(///71X, J1BENEWIRTH =1PEL2,5,8H MICRONE)
RCEHC2=9, ' :

G 70 144

AINT=XINT/PI

ALRF=XINT

INT=0,.0
DO 7 I=1,8N,2
YINTSYIRTH(H/3,03a (W I +4,0%x(I+1)+n{I+2))
COUNT INUE : ‘
YINT=YyINT/ZPYL .
EFX=XINTARBIGRE/ZYINT
TEFXax INTABICRP/ZINT

CBE=2,5%ALOGIO(L/ERPY)

BC2=2.5#A0LCHKI0 0L /TEFY) .
DO 126 I=1,N -
WX (TI=AX (I ARAV(T)

XXINT20,0

DO 128 I=1,6N,2
XXINTEXXINT+(R/ 3,004 (HRX (1) 44, 0nWX(THL)+NHRCTITR2))
CONTINUE

KAINT=XXINT/FI

EFFIaXXINT/XINT

IF(FLUX,Eq.i) GO TO 146

RFFT=PIAEFFT

WRITE (6,136) EFFY .
FURFATC/ /71X, 235LFFECTAVE WAVELENGIH = {FE12,5%)
CunITHUE .
TE(RFLUX,EQ,0) vAVPEF=EFFT

TF(NFLUKLR,0) GO TO &

INONZO.

CALL SPCTRY (TE¥R(J) EFFT,ZNON,BWAY, ZHON, ZNON, ZNON)

Buoayzypnav/R|
IF(J,nt 1) GO TD 4451
BriclbasByAY

St 39Vd IVNIDIFO

JZITIVAO 9004 J0

v


http:IF(fF(,UX.GO

AHREF =RIRP*QMEGA
PUNCH 222, AHKEF

¥ FORMAT(SX #REFERENCE FLUX 2z #, {PE12,5)
FUNCH 223,WAVDEF ,EWZERD

283 FURMAT(SX, #NEFINER WAVELENGTH = %,F12,8,% ZERO BAMOWIDTH = *,Fle,

18)
PUNCH 221
221 FORMATC(LX, AND, TEMP WAVLNTH BOWOTH g THOF BR MAG €OL
 IMAG INTWFLUX  VIEW FLUXA)
1451 CUNTINUE
. INDN=0,
CALL SPCTRM (TEMP(J) ,NAVDEF, ZNON,BWAYDF , ENON, INON, ZNON)
BWAVIESBRAVDF/P]
TF(E»ay,EQ,0,90) GO TO 4441
DELWAVSXINT/BRAY
DLaVRF=XINT/RPWAVDF
1444 CORTINUE '
MAGE AC=BRAV/DWREF
THMAGFACRALUGLO(MAGFAC)
PAGFAC==2, 9% AGF AC
BRMAG=«2 ,S+AL0GIO (X TRPADNEGA/ARREFR )
AIRP=XTRPxY SL~06
PUNGH 200, ILdLrTFf“(JJ;[F?TpD%LHAVrDLWVUP,HAGfAC.BRMAG;XIRP ALIRF
100 FURMAT (LN, T5,0X,6F9,3,2810,35)
JE{J=) &,8,8
b, COnTTHUE
TEONFLUXGEQ, 1), GO TO RO8
MELUX=L
GO YO 887
388 CunTIMUE
IF (WE=NTRAKG)TR,97,97
97 TF(HJ=bFUNCTYIF5,%6,96
96 CUNTINUE
sT0P
Eap
SUBRDUTINE SPLTHE (TEMP,hAVIRESP W/ NX, BXX, HINTG)
INSERT DESIKED EMISSIYVITY HLRt AS EMS = XXXX
&ms 1,00
PI=3, 1ﬂ1;92b54
IF(WﬂV,EQ,U,J GO TO 10
AI=], 03879/ (WAYATENP/10000,)
1#CAT,GT 88, GO TO 10
BI=EXP(AT)
We (3, 741832Em16)/(C(WAV/10000,0%25) % (BE=1,))AEMS
GO 10 12

LT

3

Sv


http:1f(AI.GT.S8

FAS e

Wz
(3,701832Emlb)%xEXP(=AT)/C((NAVZ210000,)4%5))%ENS

WR=HFSPAaw
WXXzwX/pP1
WINTG=(S,6686Em12)a(TEMPRA4)/PT *EMY

- KETURH

EhD

9y
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3.3 A Point-Source Betection Routine . ALITY

The last routine presented here is a program developed for an early
sky survey. The purpose in reviewing it here is to illustrate both
the breadth of processing which can be done in a single pass of the
data and also the complexity of the required software. The routine
“unpacks and de—commutatés the data and checks for errors and gaps.
Three background channels are processed, the running noise '
computed, and the data plotted. MWithin the basic detection Toop,
the data is tested for siQnaT peaks, correlation peaks, and signal
length, and the radiation hits are separated from the data. Estimates
of the amplitude and bias level are made, and the position of the
position of the signal is found from the time of detection.

‘Ihspection of a sample portion of the preliminary detection 1ist
reveals some of the basic problems which the following merging
routines will need to deal with. The most complex problem is

that the correlation coefficient does not track well with some of the
other measurements of a good signal. For example, source number 22
has a good correlation coefficient, but the estimated amplitude is
less than half the peak height, and the amplitude estimate peak is
significantly shifted in time from the data peak and also from the
peak correlation coefficient. The correlation coefficient is below
a reasonable error gate, but the same is true for signal number 10,
where except for a slightly low p, the signal is very good. This
pattern ﬁersisted throughout the data, and a careful study revealed
that the-poor p values were the result of an uncertainty in the
detector bias. Since the sensor used bidirectional logarithmic
amplifiers, the uncertainty in bias led to a possible error in
de-compressing the amplifier functions which would tend to warp the
signal shape significantly and degrade the value of the correlation
coefficient, and also warping the noise spectrum.

The software presented here was not designed to minimize its use

of computer resources which would probably have resulted in a
separation of the multiple functions of this routine. Furthermore,
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using a maximum sensitivi&y test which allowed a 10% error rate, the
resulting data was not significantly compressed. Of course, making
multiple measurements of\the signal quality and not immediately testing
on them. This allowed manual inspection of the data quaiiﬁy and
careful adjustment of the tests which follewed providing a sound study
basis for a larger detection scheme,



|
:
i

A
RS L Rl g LR L - hid 49 . ) FTM L,5%414 wn /st

¥ 4

1 -

f T T R T TR T T s T IS F T2 TAPE 2, TAPEL , LAPUT,00 TFUT « TAPC 5= LirUT,
1 aa=f=-u*-ui,raﬁzr,TA?:e,Taozg TAPE1D) R
. TN T *5ié5:TiYSHTEETT“QFnC(2}
§ LIMINST Ph-%(nh£3},SKSIG(3} -
DI F ST 0 BIAS(ET 478 ,BIHAX(63)
HIYMINSTON ICOLANT(3)
CTYTNSTCT PoGG IO IV, ICHITHA () , X (39Y , VY (397 A
DININSION KAJIE3) s KRILELI) yAMAX IS5 4 AMAXI(55),330(55,78) s MP(L7,78
TY =X T8
ITVINSTOY YY(I{) . DMX (LD 435) 1 .
) STETIS IO T AT, T8 (2T 35T, WV (57330, TH I‘i;},u‘””Tzl), ~XTAR (G
1) ,SIGTN(IT) KBS INT{BT) ,T¥S (A% ) ,KSTAES5) 4 REFLVLLH5) = yKPZ
kot T unh I r{rstyrril ez »(c;), A (oo S TRz (o)

l--i -

ATXIHSTION AVE V’Ll&"!-Z:O{b:)

DT VNS TOR YT L8515 XN Z (55 s XN (535)
PIMINSICH TOFST(R) :

IO TAN X (55T DTAE Y S St SR (BT, HE AN, NU IS T -
RIAL FACTC®(53) - . 2

INTZL™ bthh!;Pblk:L{H;dth,USJ:UI,UHANIDD),JHn:LgK&HCNT(BS)ECUUNT
1(6%) .

POLLIL AL 7 T Y s HZbIN

TIYTVEL S
coMon Z

135V

(A
LOGICAL ”E
[
TEYSF(33),WC0RK(28) sARPG(38),VAL{35}),0eT(1117)

lﬂ"!—.L

. C INITIALIZE DATA AMD-DO PRZLIMINARY CALCULATIONS

Uﬁih (JYSL{T},I 1355}/51101SHiSQlQUl!Ul,Lﬂ!lzi J!1234*$I193«1'3

T+ e 158G+ 28217+ 223701+ 200.03+12w11+3501va2° B9, Lcb=, 11599, 22325 ¢ 210

SI1 0y 2 l,..:Qe"':Jsgi"t-l’C,-}.7"’:!):.3\’!.-’! 2ol il de 132 Sy ellK 3y wexfiC

7
!
231‘.--..2153“1'.,:??,? 3:10217"3_.,12'?”‘11.231{31.25‘:‘9151.81.('1-0921, |3~)‘~1|
b ]
g e 255240 35+55+139043.2260442336,421195,1532,.28¢3,.2839,.1735,.21

31:5;[-—8,._\, SIS EE LTI T ELTELY 3E3Css 2l 17y Ua gda/

ORIGINAL PAGE I8
OF POOR QUALITY

Fad

NATA {(TOFSTI(I),I51+465) /0,050,040, 0,0,58L435313,52395334+90745179510,5

Tl ,dUyx 2 slwbyhfby-lw‘l‘/,‘:1{.‘1%"‘6130,51333s9591Dq?L21430.1%521i+‘57!-65 3 e
ZR2 LT 139, u704943% 1S LT ngi-is4*6,49?1438s5134521gh‘?81::H95,533,5c2,5

TTI TSI 3 S i0s Uo7 B9 5913518+ 4701523350J 0307816 2+50+3213928240,.7

ATA {ND(I) 4 1=1,21) /+0,723393222+02,~0.17J12532+03,+3.150701C02+03,

TS R G 7T T 2 70 B102o 75 e+ 019 -Us 1003008 +]2,+0415252282+402,-5 439
T;E+71,+J.r7“'7”hE+GC,—D.21§1h2€£+011+G.1233C37£+92,-Uf2362§905+

T

TEIIFUE, ~0. L3090 Fd.2uoneiuctol,~d,24ua830 s+t da

.

?:‘T“C:ig‘:‘. 21"-&!1653:-*‘:}31 +ﬁ¢19725255+03,"0-6&*?6115*‘&21{“00156266
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FIN «, 54216 63/
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[ate]
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13
i
.‘\{

{ -

H

!

o

\.

~
o

.;7J13 131,102,135,13-;1].), 51107,

TAT4 (“H“”(J}pI 15465
_14')521 ‘-1'3;i11,l¢2;
2207 ,27%, 762,212,212,

] Al Ll

‘1n,11?.11j,4,231 202,233, 20,205,
1?1-121 1*3,21?,21 ng 731 3G 21..-331

S I A
.
-

ol g pt
EE- Y
-- -~ ot
[V B
il n s
“ e el
Clj 1N 4= L2 e
|t Ea SN
[y _,.Jl']i_j.

IR TR AN I

3329303, 375,307,307,

,312,313, 1993254810 327431&424727

i

CDATA (FROGIOTIY , I=173) /10T LZMARN 2,10H121 Sy 1dHNAL TRAZZS

DATATICHRYTM (D), I=4,558)73,3,.0,1¢,
123 7“1‘)?5?! 9\._1129 3'3 3.1.9 2 1‘5 34 3353‘;9\:7’351 g,-J:‘+1,“"r2¢1*31'1"'3‘f61

P

4?g4vg-—g ,.. .’alg;‘ZQ-sgu»,J,;DO F,S §)9§631311~.4 533/

-~

I
1

READ (-, {(YY{I)S1I=1,-
FOPHMAT{3FZS,1%)

. PRINT Lo

PRINT -2, (I,YY(I),I=1,41)

FO HETTLR}W..Iay_i:ZJn i-:;}

. PRINT L5

FUOTRAT (ITAD)

IPLOT =%
SYMHT=,38

BX=0.271
FS7A72=-283.78

HENES 12 0 M
TJOB=250. : .
SLMIIV=1 71, T T SUNLER=LIC 0

by=¢L,.,0

-~ o

TATX=D,
SQHYY=?.

SUNY=N.
00 21 I=1,L0

YYTUIT=YY IV 71ET,
SUMY=SIMY +YY (1)

SUPYY=SUSYYFYY (T} ¥¥2
NY=T

(0 _ N OP=NY  SUTYY=SUNY S UrNY
SCNEND=SCNTIM+SCNLEN.

XHRR=0LHLR/0X
XHAX=X™AX¥1,398

NSYMSEINT UXMAX72
OFFS T c.5 -

f - x_ J
ICOLCRti : _ -

JFACT=T1.Y
ZLUONG="* [ XMAX+13,)

IFUIPLCT.cQ 0V GO 70 7
CALL FLYIDZ (PROGIDSZLCNG,YMAX,2ZFAST)

CATL WO Ex 3T
CONTTANUZ

CALL OTASXP
PRINT LB

It

CCRNTIRUE
D0 1 J=1,65

SYSNUJY=3YoRUJYFSYSNTIT
aHstJlr=0.

ATAXI T =RMAX I (IT ==




] / *
e e ‘,‘ 3 ——
. 51 . ,
pPT=2 FTH Gad+alh Les1

JRS
iy Rl BT atT VTN -y
.:F.Dbt\.'-i;t :{.:._:!.;.._-' [ v s -

I - 1

[

- -

OTEERTII == 500
KRJ(IY=KAJ(J) =0 /
- ON=XUIT ST, - ‘

: PRECNT (J)=0 - -

\ .
COURT (JY =0 \ )
KPRIME (120 ' ORIGINAL PA%E 8. _ :
THTIT= . OFPOOR-QEARLR- e :
YRvith =4,

VI Z 0=,

KEFaK{ii=¢

RSTAZTIVET ) 7
MARKER (J) =, TRUS,
AN IIT X8I T =X sTdi=w,

1 XAAR(JI= 343 _

n

PI=3v1a1592c530
SAVDD =351,

FROUA=L. T
FRZQB=:.9

AC-HAR=EZ e "1 - xNzlh
RETA=2.*PI*FREZCS

T TaN TRACPHA 7 {2 ¥ SENTFTY
TAMI=TANIGETA/ (2. FSAMPR)Y

UP AL FTHITA
CMA=1,~TAMNA

UF =1+ A0

OME=1.-TaN3

go g I=153
ICOLCHT(T)Y =0 e

a

g-LINEZ=S T EUL,. R
TRP=1.E0

TSN

NRJCT=C

DEEPE- I YS e N T Rl S A A M R TR
QACP=6,7337238%PI/12.

COTECP=CUSTLTUR
SIZZCP=STH{DECF)

Ao GIiR= U,

START=-1

= JzU =L -_: p
NU=5 ’

0BJ=C7=0
PHREC=319

TFTIFCOT, 1.2 GU TJ =7
CALL AYXIS (2.0,08.0,7HAZIMUTH, -7, X¥AX3T.E4FSTAZ, DX 513.3)

CRALL T RXLS U, U—vljuUfcf’Tl‘:l\'.LI}'"T."jt'..,jljli.'rﬂlofy"Ungdl'.j)
CALL AYIS (1.0,3,0,L2HSIGNAL SCALZ,1245.3,3043,-2.%¥0Y,3Y,25.4)

CATL FPLUT {Z cus Hedy=3)
XSYM=4,.

AT e Py

JUIT J=1,HSTHS
YSYM=0.

XSYMEXSTVAF,.
- 00 11 K=1,18

YSYH=YSTH+T0.,5
i1 CALL SYM20L (XSYM,YSYM,SYHHT,.3,0.0,~1}

- . YE-AS i=—=2.27UdY
YMOST=9.5*DY

=& COMTTIRU=
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! v
/

FIN HeS+iLie

- e e e e - p P —

Ul 3 JdTiscec i,

; ' ANTJ) =XNHL L) =XNV2 (J) =
' T YH{UYETS o
YN“1(d1=0,

VN2 (JVET.

3 CONTIRUE
- B0 2 NN .
00 22 K=1,329

AMF TS =P SC UK T AP U K329 = RSTCLUL K33 =),
JI8S(J,RI=ATAS (J,K+33) =¢,

T OTECEKIEONN (0K EC, T T

G i - AN L LN
T REXT T & PRYSICIC RECOFDy 57 8Y 33 ZLEAINTS. ({Z G 5 aak)
¢ ,

5 CONTIRDE

CLYIM=CZC0NDA)

IFT(TJDR—CLfTPJ.LE.LO.J L0 TO 993
PHREG=VHR DL, =3, .

JUTFIZ 19 (1. 1) (Iﬁ(¢),Iﬂ(;3f
CALL FECALL

IFTUNTIT(IY) 10420, 30
ig0 CoNTINE

20 44 I=1,%07
GO &% J=41,5

R==3F{1-17+.]
IB{K) =wRYTE X(Iﬁ(I)sJ)

~ &0 COTTTRgE T
» G FIND THE AJEXRAGE BLOCK 11Iv-
Ipd i )
YA I
Sa7=8,0
D0 &3 K=1, 39§
h-"ﬁ(i,K)*LCQS*HV(“,K) e
TFINVGT TOITO00GTY Nen-7rifqerTh
TH(K)zﬁfitﬁﬂ.
TUSSC+ MRS
SOT=SQT+K*TMIK)
g CONTINUT
TA=TANY
TANX=G,%(S0- 3.4SQ1/SL.)/J,.
C
[N CCANTINUS THZ CALCULATICN FOR TIHMZS WiTHIN THZ CHOS-H LI4dITS
G ~
IF (TA.LT.SCNTIM) GO 70 5
START=CSTARPT+1
IF(STA=T.GT.0) GO 10 &1
FSTREC=PHREZC
) FSTTIR=TX ;
51 IF(TA.GT.SCNEND) GO TO 999 ’ -
C
c CORRZCT QFFSZT, RESCALZ, AND LGG EXPAND FOR DATA, ANJ FIND T4
- C AVERAGZ ANJ DEVIATION ON WOBJS 8 THRU o4. EXCLUD:Z THZ BACKGRUUND
C CHANNZLS ON WORDS 24, -5, AND AL,
C

. DO 70 J=R,56
}

T IF{TI E0. 267, 0Re (J220. =51 40R, (J. 20,5471 GO T0 59 "



http:IF{(J.EO.26),OR.CJ.E3,T,,..OR
http:IFSTY-T.GT.0I

! \

HTHTNT? “L/TL O OPTER ' FTN L, 5+41%

. s” '}""']

SUNSQ=aHIY )

DT A (I <) S0RY (5 K] .
ILVL= ~1(J.<3— CFST (J)

TF{ILvL.Ly -o=2) TtVL=-Z2.5
IT(ILVL.TT T5LY) ILvl=f-C

TFTIIVTL LT, ) SV (=56i-1LVL
*E(ILV%.”T._) MLYL=TLYL+1

)

IR {TLYL. LYy D0y y==-3T7 el

IF(lLV;.’E,C) B J, K =RET(HLYL)

IF tICCLORKRE, L) GO TO &7 :

2ZGL.TLZ2Y NLVL=NLVLHL

IR INLVYL. G607 WL
TFIRCVE, =0 =t
OTIRRB={{=7T (1LY

Ty AUV L=iLvi-1

-H!"'Ot
np o
at

NLYL=1)3 /2 FEFR
CR_ZUI =0 —=1J) n
CONTINUL ’ . -

TFTICCLORG NS IY G0 10 13
DO 33 K=1,39

RSTTIZRT=r5Ulg K% 33)
BIAS(J,X)1=RIAS(J,K+33)

A {T RIS ArTJd K+ 3 2]

SUMX=SUMXY=SUMXX=G . .
Do 31 KE=XK, 39 -
QUMX= SUMX4NTA (J,KK)

21

SUMXX=SUTYXI0TAa I KKY ¥+ ]
SUMXY=SUMXY+DBTAL{J, KKIFYY (KK~ +1)

gu Id KL=14K
SWHX=SUNKADHNX (J,KL)

32

SURAXETUMIXHFDRI T, KT+
SUMXY =SUMYY+DNX(J,KLI*YY (LT -K+XL)

XOoNO¥=ao, FSUMNE=ZUARTSUYY
PMUM=LS, TSUMYY-SUMXFSU™Y

1t ({702 Iij{‘c._.\l'Jl)iU-"\o[YU—;I\JHQZ{:QU.)} Gu 1d 3¢
DSO{J,K+2SI=RNUMFRNUM/ (XTZHOINF YOI NTOM)

LU TaJ =27
RSOLJ,K+32) =0,

irth'FUﬂ.: PR I S VR L L
ANMP(J, +39)—?NUﬂ/YDENOM

38

GJ U X
AME(I,K+72) =0,

5

IFOYDTTOZU 0. ) GU TG <2
BIASIJ,Ke23) = (SUMYY*SUMX~SUMY*SUMXY) /Y DZNOH

L2

<

U 10U 35
ITAS(J.K+32)=1,

X3
15

CORTIRDE 3 ) -
CONTINUF

IFI(3-CINZY GO TO 74

L)

FOULCWING IS THZ CIGITALD FILTER ROUTIRE

00 1% R=E14 7Y
AN =0TA (D,

'/\\

YNTJTETTKIZ“Jséid*U!AlJ,KT*l.J’B}Yﬂﬂl(J)-J-h756434YNHZ{J)




L s /) i

™y
¢
~

R - . ‘ " f
PIIGEAN HTUTITD L5774 CPT=D l : JFTN “oS+ate N

-

/

SR TIVERLTITD
. .. ”’1IJ}—YL(J)

ull Yhui(Jl-(?(J) L

OTa(J, <Y =¥ (J} -
SUM=SUM+NTA(I,K) o

=y
F

CONYINLE : i)_RIGHsTA.ﬁ P

IF(ICCL OR WNE«L) G G T0 70 — —-—GE—P-OQR—-QUI_%E%—-—-——----———-—,———- e
XBAR(J)=SUM/32.8

00 65 K=1,30 ,
DI y=0T2{J,K)=X2A3 ()

SUNSO=SUYSOHNVH0CY
COMTINUE

fa 3}
(831

SIGSC{IY=SUNSH/739. 7

FNSN ZQUAL TONOISE IF <Zi80id5 FIPST B=00R0, OTHERWISEUSS
NETST FORMULA

THY RoFE=Z RO LZVEL SOUAL YO THZD CUREZHT BVERAG- IF REAGIG
FIZST RICOPD. OTHzZRMISZE USE THZ REFLVL FOEMULA. ’

= ] U
T
N -4 —

D ap Riwe By oy Map

IF (RE0IN) RIFLVL (J)=X24AR(J)

ITFBEGINY MSN{JY=S15S0Udy T
IFCO{STGSOUI) -3, 0*MSNIJUIIGTW24) . 0R{. HOTHARKER(JI)) 30 TO of

MordlJ =0 9F SNV + L 1731630
S REFLVLIJ) =0 9% 2ZFLVLI{J) +0. L ¥XBAR (D) ’

a1~

CUNTIARDS

SEERCH FOR FAPITD KISZ AND SUURCT SIGNALS 1.7 TH- CURRINT WORD ©F THT
CURERINT BLCCK OF DATA. DISCARD ALL SIGNALS WHICH MEZZT THE RRX® TZST.

I OICT Y SN

RMS(JI=3.*30RT (MSN(J))

T~

B0 21 K=1,3¢
IF (HATXZIE(J))Y GO TO 299

IFTOT AT RT G T 0T E A LI T P =R{JT=X
DTAMAX(J) =AMAXE(OTACI,K) s OTAMAX(J))

1P T~ U, KT-Rt FLVL(J3-W15(J)).LT dJed )V Kr<IHITJY=K
GO 70 101

GY IF{{0To{d, K)-R:FLVL(J)-RHS(J?I.GT.Q.G) tD T0 1I0d
GQ 7O 101

Ign TARK=F {JY=.FALSTS . ~
KSPB=K+2¢8

KS57o=K+33

. DO 35 T=KSRBE,KS QE
IFWRSC, IV LTLRA
- -KRJ(J1=1I-28

XJUJIY GO TO 3+

REaXJUIT=E500J5T1
34 CONTINUZ

IFTAFF UL IT LT ATAXYIUIYY GO TO 35
- KAJ(J)=I-23

AHEYJ (Y=AVPTJ, )
- GIMAX (I} =BTAS({J,]1)

35 COMTINUE ) ‘
AVEYALIJY=REFLVL(J) . ' ) -

ZRC(JY=F"5 (39



55, / / /

\

v/ \
cr MIAISTR ThyTu 0PT=2 © LT CFTN| ba34atk . 3

STAF T =K
DTAMAX(JI=DTA(J,K) c

KPP TR (JT=K
L TBGHTIMIIN =TA+(KSTAF{O) +0/724) /350,

LT EON YT
I {KPRINT(J). 500 GO TO 27

TFIRFEFKTIT CUL RS TARWJT T CU TU 1TZ
IF(ZHCI JEC, T} GO TO 125

TF U O T A OO = A VR VAT AUV T 7T 2RO (T F IRPEAR T =RITAR LI o LT o)
1 G0 76 132 -

55 CURTIRIT
PYTINM{) =TA+(KPZAK S+ J/78.) /7320,

RECHTIITEr>P ORI TI T #1
NRJCT="RJTT+1

MR ITZ 03370 PH%:U,J1KSIAK(J),Kr:ﬂKtJ),KPRlN:(J)1&1%HAX(J)135NT1H(J)'

LyPKTINII) yAVRVALTJ) $ ZNC{J) y NRJCT s xRPONT (J1, KAJ (J) 5 AMAXIUJY . KRS (U}

CREAXITIY S UITAYX U

2 FOQMQT(EIS,FEiE.S,ZIS,E(IS,EiZ.S),€i2.5)
SUTTO 103
C -
C TSR T HAS B E TR P OUN G HHICH SRXCEEDS THE ReFERCNGZ Lzvel Ay
C THISE SIGMA, CALCULATZ THZ BIGINIMG TIMZI AND THI TIHZ CF PIAK,
r; AT OO TPU T  THES STAR DATA  TU THT RiCUORUDING FILEY
G
Tz PRt IE Oy TR CRFEAR OT a7 o 1731
- COUNTLJY=CCUNT(JY+] 2 :

S TARSIS TR

MRITE (2,2) FHREG,J,KSTAR(J) ;KPZAKCS) 4 KPRIMI () s ITAMAX(J} ,BONTIN(J)

l,HKtiﬁ(Jl,£VKVAL(J}ngU(J},NJIﬂH,deHI(Jl:(ﬁJlJ),APAXJ(JTTKFJ(JI,k
PMAXJILLY ,RIVAY (D)

BATES AT IR (I RO "

KAJ(JY=K2J(J) =0

REANXI T = TR I T ==>90
KSTAR{J)=C

RKEFRITT=(IT=7J
KP=AK (4} =0

O TAmMB AT ==ouw L. . i
an . IF ({ . NOT.MABKER(J)} ) AND L (K. 2Qs 39)) KSTAR(GS =KSTAR(I) -33

IF T RCT TSR SR UV T END, (KL 207 3977 KPEERKTIT=RPeAKTJY =43
IF ({.RCT.HARKER(J) ) o AND, (K, 20,3900 KAJ(JI=KAJ(J)-33

TP RC T HARKER{I T 7. ANG s (Ko 20 297 KRJUIT=KRI I -3
91 CONTINUE

[CL S U ~
£Q CONTINUE ’
G BACKGROUNID DATA CHANNILS, IN Mv(J,X)

[ J=ébg{-‘316i--.. K=1 10 \59
G .

SUFAIKET,
SUSOBK=G,

TER={J-71 /1Y
N0 18 K=1,39

POINT=SVIJ,K) /2068 © 7
YAL=POTNT*3IKFAC(IBK)

TIRz= 1 AT (R¥I7 70T /7350, .
IF(J.ER.2F) WRITE(8) VAL, TIME

TFUds e SY WRITo ST VAL, TIMz



http:IF(J.EO.PE
http:RKEP(J)),ANC.(K.EO.39

56 : ' /i

i

R f / A ’
CIHIBAM HIHIITS fa/Tu QPT=2 | FTN'u.ﬂ+41q - L‘DB)E
et IN = s SR, N 54
f ra
s IC{J“*“”?»Y“W*ITTYiB) VAL, TT+E
SR =N APOINT . !
BN S Y et 4 Sanf<+PO*NTf"Gf' T
15 {“r) ‘TTIII'— .
EK I =SURSKYBKFAG (L GRIZ73 3, £
SUTNRK=SUSNPAK*BKFAGC{ISK) *BKFAQITIBK) 730
KT KT = SUSHIR - TKAN (I8 FSR AN (T 3K
IC(AKSTG(IRK)LT.0.) BKSIG{IZK)=0,.
K LIGH(IS K)-QQQT(QKQIG(TwV}) """"
T GONTT NS
TFLHEY. IGINYT BERTRh=. FALSE,
DEATMZz, FALSE,
IFTOVLTT ECL, 0 60 10 2L62 -
ISTCH=(ICOLCR-43%42+1 -
T I HE TS TR HY?
30 2002 LL=ISTCH,I=MOCH
Voo L=, 187 +1
70 3201 KK=1,3¢
STCHRACLLT :
E=T4+ (KK+01L/70,)/357,
X{XKY=-251,3730%1, 3082-0*F . 77125235 -05°R*R ~9.03261L111111¢
1+1.873:75CQ7R0* (-0, 138*((CHAN(|)/130 *2)+tu.3353/2.)-((HDD({HLD(CH
ARy L0 ) 2 N F5 L 08y =0, 1o S=-FSTRZ™™ -
Y{¥X) =CFFSET# MDY+ DTA(L (KK}
ITFIY TR L LT, YLFEAST) Y(REKT=VLoEST
TFIY (MY s GT.YMOST) Y{KK}=YMOST
3001 CoOTlTRUE ]
CALL LIl'E (X1Y339,1,ﬁ11g0-C1 DX;-i.U,DY ,0-35)
-~ oY COTTINGS
: 2992 SOHTINUE
ITF{ICCICINE. Y GO 10 = —
T RRITS (=5 10801) ({BKMNIK) ,2KSIG{K))K=1,3),P4RIC
T00T FO AT IE (S XL IPEdi. TT 5%, 13 g
IF{(MCO(PHREC,NU) Y LNSL.T)Y GO TO S5
D 50 I=1,55
DIL=oMS{IY*RMS{I)-SYSN(T)
TP o= T 0, USC=0,
=9 ONCLI)I=STRT(DEIL)
NRTTZIZ,160dT PHREETC, TR, (CHANTIT s RASTIT, G5 (1T, I= c,ap),<CHAu(I),RﬁS
1CI140MS(T) 3 T=27,44) s (CHAM(T) sRESTT) ,OMS(I) ,T24¢,23)
HEITZ U, I002) PHRE G, TAS(CHIT I ), S¥S (I F, CAS (1) 2 =04 257 5 (CHAN (I S RPS
TOEY+OMSUT Y I=27,40L) s (CHANIIY 3R FSUI) ,IMS{I),I==5,53)
ijge FOSAT{IHT ,aX, It GXaFCe2918(3CF ] *,15,-x,513.1,jx,219.-},/,19x
i) .
G0 10 &
71 WRTTF (=, 1083} PHRED
303 FUT?K*fiHE.:x *DAPITY zRRCF. ON RIZCORD ¥,11%,¥ CONTINUZ READING® .7/
1)
- GO 10 >
939 ILSTRC=PHREE
T WSTTE (3 LOUEY PHREC, TR ] -
. 1004 FORMATIIHGL.SX,¥TIME MAXIMUM REACHED AT RICORD *,I10,3X,* FINAL TI
. . T IAETIS X Ti0. 65777 ‘
20 IF{ICCLONNEZ.1) GO TO 18

=NIOFTL- <
PENINDG 4

PR INT -B
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e = moag

LR Y A

7

-~

HIHTRTT TLITH C

| 5 | /

: f

0
b
1t
2
(oA

ORIGINAL PAGE IS FTIN w.5+sl% c

WJ"

OF POOR QUALITY -

=) T o {my o 2y THEHERANTTY) s xSl T K=1, 31 . I34<=0
IF{SOF (LYY 82,81
71 Wriic (- ,ITWTT_1(ﬁK—HTKT7?W“IU(k}),K 15 3751I3K=CC
60 TO AD .
G2 COOTINOC
ENIJFILE 7
RIS - .
83 RIAD (T41072) PHREC,TA, {CHAN(I) RM3{T) ,04S(I),I= Be23) y(CHAMNIIY RIS
B l(l)gGﬂbrl}}[:_-Q“Hifibﬂﬂr(T)!Pﬁb‘l),dIS{I)QI'“OSCS)
IF(SCF1?7}) 55,84 )
5 A I T S LoD 2) SRR TR, RIS ¥ ST T QRS (IT, L2622 )y (CHRATTTLY 4 X515
L(IY,OMZET) ,T=27 4L Y LCHANTT) o FFS{I) 4OMS(I) 4I=-54583)
LU td T -
85 ENOFILE & i
A M NOW CCUNT UP THZ 02JECTS D=T2CTED, AND THZ RIJECTS, AND LIST TA3LES
PO S
) DO 290 I=1465
J—lﬁuhkiifod
IF(JeKTa0} ICOLCNT(J}"TCOL“NT(J1+COUNT(I) i
REJECT=RIUSCTFFEFCHT(D)
219 0RJZCT=02J=CT+COUNT{I)
IS8 CE-ICSTHG=rSTRECTS
18 IF{IFLOT M= .0) GO TO 17
AR ITS 5 ICIey :
- 1018 FOSPHMATIAHE,BX,#5ND OF INPUT FILE¥,5X,%N0 PLOTS#)
LU U 1Y
17 WRITE(#,41009) ICCGLOR,ICOLCHMT(ICOLCR)
: 009 FCTARTITALS X, ~ 2 OF IFPUT FITEF, 57X, FFLUT LOLUR NOHG-<F,13,5¥31>,
1¥ STARS*) :
LN ConTITNTS
. IFL{ICCLO?,NE.1) GO TO LC2
- HMFT“f‘TT??ET_FSTR?CT?FKEL
1005 CHATI141,5X,¥THE FIPST RICORD IS ¥,T1£,5%,*THZ LAST RICOxD IS ¥,
1 P2 )
. ‘H°TT”(: 1611y FSTTIM,TA )
T F T Tt S T T O AT S T IS A T T =5 F 1TV 3 ¥ SZCUURUS ARD I50S
1AT T = *,F1C.4 4% SZGONDS*®) ) ’
HITE (vt OaJEC Ty REJECr
1015 FOTMAT(LHE, T, *SO0URC=S FOUND N\ *,IIG,SX *SIGNnLa RoJZCTZD N #,111)
Pl D1 Uy i 21 ) e
1044, FOPMAT(LHE, 20X, ¥CHANIIEL HCHENCLATUREN *4/55%3%X,*1030S ART SHORT WAV
T TG TS 7 S oS e e IS AR 20T RV C S Hulﬁ*,/,»JX, ITC IS AP LUNG
2 HAVELEMGTH®, /) ’ .
AR TITEAE 1007
1007 FOTMAT(iHS,5X,*03JSCTS DETECTED ON ZACH CHANNZLY) .
—HRTTS (S L) (CRAITITII S COUNTUITy 15525 T« (CHANTLY s COURTUL T s 154 9y )
] 14 [CHAMI) +COUNTHI) yI=L<,63)
100 FO AT ISt I3y~~~ L T
URITE(=2,10068)
TR FO A T IIACY ST S IGNATS REJZCT e G ON EAUH CUHANNZL®]
o~ WRITE(£,1008) (CHAM{I) yRIPCHT(IY I=8,25),{CHAN{I) ,RRPCNT(I),I=27,4&
- TLY o (CHERTIT RIPCNT {IT,, L =6y 3] -
o URITE(2,108C0) (ICOLCKHT(I) I=1,3)
= T ud FO-FaT TRy oAy SUU LY UN ZAULH bULJ%*,/‘de,*DHU&I-——**,lbs/,{/Xg
IMEDTUM===%, T5 , /27 Xy *LONG ~ e =~ #,15)-




+

DONGP P

-+

\
+ P m
HTIHTSTD i L7 oeT=z

2 s FTH w.3ia14 G

r

-

—y
p

R WU TR USTECTION F Il ARD LIST THD SUURC=S FOOTD

C B
THOFTL S 7
ENTFYLT 3
R W
3%”3”3 E Oqumnr-nAGh-,
PRINT 46 .OF POOR QUALITY
WRITE(F,101a)
1016 FO?HAT(iHC;S&X,*STAQS‘BETECTED*s7/)
a5 WRITS (F,1021)
1021 C*HAT(iX;*fUiu:T CHAM ST pPX £ A ROLMTH  TIus AMEL H
TYGHT  SEIFYT  MZAN CU- Cor SHE HOIST ~ ORIGAT  ZzZ AZINUTH RA
2 (HD) DICL*, /) : -
TU0 PETAUCRT: 27 TEEL, LHT, ISQNP TP A I O, PFAR Y IGN PG MEAT,L, O TS TS ISTITS

1ISYCH,,XACH, ACH sKRCHy RCHy SHIFT

IF(=Z0FHTYY 3025301
301 HT=PZ AK~4ZAM

NOH=SU-TUFDHT S
IFA{KRCICE.EN.G.) GO TO 12

SNO=3 *HT/NCISE
GO Y10 13

2 SNI=T,
13 CCHTINUE

BREHT PR TOR IR : ;
ZRSE=(IPEAK~ ISAHpr*i 30814 /2540,

Lo=3 1L U970 250133235 3uu~f“*([FUJ(LHl [INDY,1d87 Y -1V =-T7,233
ZePAD=ZE*¥PYI/180.

TI=PK
PK ==221.3790+1.3082405*2K =2,7712-32~05%PK*PK *J.G3Eéllllilii3+%

Leg o=/ ours ¥ (=9 1 38F T ICHAN (IR DT /T 00 =20+ (5. 5 38372 . = {THCO ((FID(Ch
2ANIIVWGY,180)),210*8.0333))-0:195

R7=RO=RZFUI/IET,

PK2=TY

].F (‘D-R?E;CJ“ ]K_:'—'EKZ'*‘DEJe
PK=BK+3I60.,

LOS Lz =005 U/ c)ET)
SINZ==SIN{ZzRAD)

COUTAZECUSTAZRAD)
SIMAZ=SIN(AZRAQC) |

SIWU“'-C)“7“¥SID Lr+SINZ *L0a3ZCP+ COSAZ
DEC=ASIN{(SINDIO)

LOCJ—L ST L =STNUZCFTINGZT) - ~
STHHA=-SINAZ*SINZEZ /C0OSDEC

COSHA=(UNS/c=5STI0ECFFSINDZCY / (CTOCP¥COSDLGT
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4.0 APPENDIX: A SIGNAL PROCESSING GAME

. The aim of this game is to develop skills in signal processing. The.
input data for this game are the recorded data UR(t). It is assume¢—
that the non-uniform scanning velocity has been corrected for already.
The time coordinate is given in discrete numbers t = 0, 1, 2..:63. '
We may cons1der U (t} as being about one quarter of a single hor120ﬂua]
scan (B = constants)

The rules of the games are as follows. The "investigator" gets the .
sheet "Recorded Data UR(t)" and the sheet “Problem #1.% After
solving this problem he will give the solution to the "monitor" and’
to the l;‘c';uatme constructor.” Now he may start: on problem #2, and so on.
But it i§:im90rtant that the investigator does not get the next
problem sheet before he has finished the previous problem. The
reason is that the formulation of the later problems contains parts.
of the answers to the earlier problems. This has to do with the
basic structure of this simulation game: for performing any meaningful
~ signal processing operation one must have some knowledge about the
original signal and/or the noise. For example, in problem #1 the
investigator is told that the noise is additive and non-negative. In
the Tater problems, the investigatofgﬁgil be supplied with even
more a priori information. Naturally, this should enable him to
extract the signals better and better. But the methods for doing this
_increase in complexity.

" On the very last pages, following the problems, the design of the
"recorded data" is explained,.and the true or1g1na1 signal is-
unveiled. Obviously those pages should not be given to the investigator
before he has solved all the problems.
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. .RECORDED DATA UR(t)

t is the discrete time variable running from t=0 to t=63"

t UR(;) t UR(t) t UR(t) t UR(t)
0 55 16 110 32 39 48 383
125 17 184 33 56 49 10
2 85 18 29 305 50 69
3 61. 19 5 3% 15 51 58
4 20 20 42 3 95 52 52
5 95 21 78 37 09 53 66
6 07 22 09 38 8l 54 79
7 00 23 15 39 21 55 134"
8 62 24 13 40 81 56 94
979 25 50 41 399 57 102
10 148 26 99 42 312 58 108
M5 27 54 -fB 348 59 94
12. 125 28 99 44 303 60 56
13 125 29 35 45 383 61 67
14 173 30 98 46 317 62 51
15 181 3T o2 47 317 63 63
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Problem #1

" Given are the recorded data pR(t) with t = G, 1...63. MNanted are the
original data Uo(t), which represent the "one-dimensional equivalent object
radiation® SE(a). We assume that the known influences of the telescope
EM{x"',¥')s R(x', ¥y")] and of the electrical system {G(t)] have been
compensated already or are negligible. But the recorded signal UR(t) is
corrupted by additive noise N{(t):

) UR(t) = Uo(t) + N(t)

The only features known about the original signal Uo(t) and about the
noise N(t) are that they are non-negative:

olt) 2 0; ‘ | N(t) = 0.

Furthermore, the noise N(t) is stationary, which means that the noise
properties are not "drifting." In other words, short-term average
features of the noise remain the same fromi the beginning to the end of
the observation,

Try to utilize the given a priori information for computing a new
signal U](t)'from UR(t), which somehow is better than UR(t) as an approximated
representation of Uo(t). Plot Ui(t) as a continuous curve, and also

UR(t) for comparison.
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Problem £2
. Given are the facts:
Uo(t) > 0; N(t) > 0; N = 50.
By N we mean the linear average of the noise. This N can be visualized
as the dark current of the photoreceiver as measured with an instrumeni

which rejects high frequencies.

Based on these facts, try to compute a better signal Uz(t) from
UR(t). Plot both Uz(t) and UR(t).

65



Problem #3

\ . . . .
Given anF the same facts as in the previous ‘problem. In addition,
it is known that the noise is approximately "white."

M) = Tanft)s  A0) = [n(r) e 2 ay;
v = n/6d; m=-32, -31, ... =1, 0, 41, ... +30, +371;
In{v}|2 constant. The amount of this “constant" is not known. Try

to deduce it from the recorded data UP(t). You might have to make an
intelligent guess. ' ‘
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Problen #4

Given are the same Tacts as in the previous problems, 1nc1ud1ng the .
consgbnt“ which describes the noise power level.

-

|ﬁ'(v)12z%ﬂo4 in - %gv <t
Now that |n(v)[2 is known and UR( ) is computable, can you apply the-
Wiener-filter theory, at least in a guessed approximation? Try it and
compute U4(t). Plot Uq(t) and UR(t). Hing: represent lfjo(v)l2 by

a gaussian function of suitable peak power and width. Signal processing
specialists always try it with a gaussian function if they don't know

-a better way.

10, (v) |2 b, &7 07/%)7,
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Prdblem #5

Try the same approach as in the previous problem, but witH\a
guessed sincz-shaped |U0(v)l2

sinmz

]UD(\))|2¢& Pe §incz(u/v5-); sinc z = =—

Plot the result U5(t) and also UR(t)-for comparison.
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Problem #6

Try the same approach as in the previous problem, but a somewhat
different guess for lﬁo(v)|2

o~ . 2

]UO(\J)].2 = Pg sinc (v/vG) + (PO - P6) 83
Herein 60 means a function which is-equal to 1 for qu 0 and equal to
0 for v # 0. Plot Ug(t) and Up(t).
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Problem #7

Based on all of the accumulated experience, try your own signal
processing approach or simply guess what UO(t) might. have been. Call it
U7(t). Plot U7(t) and UR(t).
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