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ALGORITHM AND PROGRAM FOR INFORMATION PROCESSING
WITH THE "FILIN" APPARATUS

by L. S. Gurin, V. S, Mokrov, Ye. I. Moskalenko 2nd K. A. Tsoy

This work describes thc algorithm and encloses the program (language "For-
tran-4”) for identifying segments of information obtained from the "Filin" tele-
scope - spectrometer that are "susplcious" for the presence of an x-ray source.
In accordance with [1] the proposed algorithm is an algorithm of a lower

level. The information that is freed of uninformative segments is evaluated
by the experiment organizers and is subjected to further processing with the

involvement of algorithms of a higher levsl.

1. Content of Experiment

On the station "Salyut-4" that was launched on 26 December 1974 the
"Filin" telescope-spectrometer was installed that was designed to record
radiation from space sources in the range 0.2-10 kev, 1In order to obtain
spectral characteristics ol the source the given energy range was divided into
6 subranges: 0.2-0,6 kev (coannel F1-5), 0.6-0.9 kev (F1-6), 0.9-2 kev (F1-7),
2-3,1 kev (F1-1), 3,1-5,9 kev (F1-2), and 5.9-10 kev (F1-3), 1In addition, there
were two more summary channels: F1-8 (0,2-2 kev) and Fl-4 (2-10 kev), and a

channel that recorded the background of charged particles, F1-12, The mechanical

slit collimators limit the visual field of the x-ray detectors to 3x10° with
respact to the half-width of the beam pattern, The instrument readings re-
corded on magnetic tape after primary processsing of information are values

¥*
Numbers in margin indicate pagination in foreign text,




of the rates of counting in each channel,

The "Filin" apparatus operated about 120 hours in different patterns. For
a detailed description of the instrument and operating patterns see [2]; here we
will only examine the pattern of orientation in the local zenith at which the
position of the optic axis of the telescope during movement of the station was
maintained in the direction of the local vertical, while the visual field of
the instrument was moved over the celestial sphere perpendicular to the broad
side with a velocity of abor’ & arg.min/s, Here the recording of signals frem
the cbserved sources is an “.osceles triangle with width of the base about 9C s,
which corresponds roughly tc 300 instrument readings in each of the examined
channels.

The abundance of obtained information significantly impairs isolation of
weak sources on the background of charged particles., Therefore the task at the
first stage is requced to "rejection" of those segments of informaiion where
there are no sources, This work presents a method that makes it possible to
isolate the places in the informatior in which a source is mathematically
possible, and after verification of the physical criteria fed into the computer
for the presence of a source to issue "suspicious" segments for more detailed
analysis,

The physical criteria include:

1, The source in the examined operating pattern of the instrument is
recorded in the form of a triangular-shaped impulse on recordings in different
enargy ranges, whereby the width of the triangle base cannot exceed 140 s, other-
wise we have an ancmaly, i.e.,, the passage through the metering devices of the
instrument of a stream of charged particles.

2, If the velocity of counting in the maximum impulss in the F1-12 channel
is comparable or greater than the corresponding amount in the channels that
record the x-ray radiation, for example, in channel Fl-4, then "imitation" of the
x-ray radiation by the charged particles occurs,

L



3, In sources of x-ray radiation the velocity of counting in the Fl-3
channel must 10t exceed the value of counting velocity in the Fl-2 channel,
This follows from the behavior of the curve of recording effectiveness of
x-ray quanta [?], as well as from the fact that the sources that possesu a
sharply rivings spectrum in this area until now were not observed, Therefore in
such a cacse we will consider that we again have "imitatlon" of the source by
the charged particles,

2. Information ani Algorithm /5
The initial information before feeding into the program is preliminarily

averaged for each channel such that the possible source is represented by 5-9
points, In particular, in the examined operating nattern of the instrument the
averaging was done for 48 values of the counting velocities, Segments of
averaged information, where the instrument readings in more than 15 points in

a row exceed 100 i/s are considered anomalous and are nullified by the program,

Since we are interested in the segments which are "suspicious" if but for
one of the channels that record x-ray radiation, then further discussions refer
only to one channel,

It is assumed that the result of measuring the random process is an addi-
tive mixture of the signal and the interference, and dus to the discreteness of
ths measurements can be written in the following form:

Fi= flli)+3: =5 »5;, (1)

where Si=f(ti)--s1gnal and 7 ,--interference,

Since it 1s known that the signal has a triangular shape, then Si czn be
presented in the form:

o /i-t'-/)zkoi,

5". . (2)
y o ({_ .&‘%L‘_/) [i-iof<2x+q ,
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where 2k + l--width of signal, a--its amplitude, and i,--time parameter,

It is required that according to the measurements of Y, the unknown
parameters be determined (in our case a, 1o k). With fixed values of i, and
k, the parameter a, using the least square method, is found trom the expression Zé

2eced

3 .
@+ griesn &, (r ot )+ Yageeii =2 ), 13/
where f/}’: (3’4 +ysz/2. ’

The segments of information for which a >, are considered "suspicious".
Here 63\7“/” av’ Dav--mea.n value of dispersion of measurements Yi with respect
to the session. The amount of Dlv is determined with respect to the background,
whereby the background refers to the interval corresponding to 90% of the area
of the histogram constructed according to the measursments. 1In aefining Dcp
the following hypothesis was considered, following from the preliminary analysis
M

of information: z 7?}/”‘<1 (M=-number of sources in a session, nj--width
Jet

of source, N--total number of points) which means that the presence of sources

does not noticeably distort the histogram of the background.

The general algorithm looks as follows:
1, With respect to the antire session for the values not exceeding 50 i/s
we construct a histogram and define D .,
av

2. From (3) for the assigned K at each point of the session we define a.

3. The points in which a > 6,  occurs and the criteria for the presence

of a source as "suspliclous"” are fulfilled, are separated for more detailed analysis.

3. Yrogram and Results of Calculatjon

The proposed algorithm was realized for the YeS computer in the
"Fortran-4" language



The program operates with averaged initial information of the session
divided into IN files SDSK(410). In the proposed text of the program, the Yui
information counting occurs from the magnetic disk ( YeS computer).

The SDSK structures

SDSK( 1) --number of points in the file; SDSK(2)--number of session; SDSK(3-
5)--date of session., Starting with SDSK(10) the information referring to the
given point I of the file is recorded in groups of 10 numbers each (I< Lo) 1
SDSK (10+(I-1)x10)--Moscow time, for example, 233409--273 hours, 3% minutes, 9 secondss
SDSK(11-19+(1-1)x10)--values of counting rates in channels Fl-1,,..,Fl1-8, F1-12,

The groups of "suspicious" points between which the distance does not
exceed K are stored in the file MAP. If this condition is violated, then the
given segment togethar with the K-environs are issued in print (subprogram
PAIPER).

In the subprogram MID with respsct to the segments of "empty" information
the mean values are defined for the counting rates and the mean square deviations
Gj (j“l....,B,lQ\.

As a result of the work the programs are issued in print (for illustration
we will limit ourselves to an examination of channels Fl-1, 2, 3, 12):

1, Initial information of session:

time Fl-1 Fl-2 F1-3 F1-12 Number of point
of session

1239 94,6 203.9 583.1 3.3 98

1334 83,6 < 17Y,2 487.8 53.9 09

13214 70.3 168,¢ 4066 53.6 100

1306 69.3 163,19 348.1 8.3 101

1254 76,3 150.2 33445 7.1 102

1237 88,1 159,3 334.64 79.0 103

1222 98,6 176,82 321.6 89.2 106

1207 109.6 187,9 318.7 109.8 109

1152 109.3 1955 321.8 126.8 100

1137 12003 20%.4 304.1 130.1 107

1122 107.2 187,53 265.8 119.6 108
1107 67,7 124,7 192.6 80,2 109



time Fl-1 Fl-2 Fl-3 Fl-12 Number of
point of session

- 1038 34,6 '9.1 117.1% 1.3 111
- 1023 28,6 8%.? 106.0 : 50.6 112
1008 26,1 56,4 85,7 50.0 113
933 20,0 46,2 72.8 . 3.2 114
938 14,2 31.4 55,7 : 39.8 119
923 1.2 24.) 6149 38.2 114
2. The histogram for determining the background, number of points by /8

which the background is defined, and mean value of the background according to
the sesslon and cjz

1/sec
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3, The number of "empty" points between the "suspicious" segments, and the 12

mean values of counting rates in them and o5 (1,2,...,8,12).

The values of amount a in the "suspicious" points (for comparison G, 2ccor-
ding to the session is printed over them) and the segment of initial inior-
mation corresponding to these points together with K-environs:




time

234748
236733
234718

Fl-1

3
2640

0,188 03

1+2
- 83209
1354.0
1019,

23,."
16,0
6047
1147.0
1670,.9
1246,.9

40,0

220,00

18.93

1
.0
0.76¢ 01

Fl-2

3
260.%
01198 03

1.7
$16,0
63?.4
$30.0

20,4
191,1
384.3
660,46
869,83
¢83,8
397.2
239.8

0.9

12
9.2
0.838 oo

Fl-3

280
0.968 01

1.2
39,6
8.0
«%.0

12.%
25.7
$2.19
3.4
3.7
4.6
63,9
5.3

8.3

12
‘90'
0.168 01

Fl-12

3
2.
c.128 02

1.7
3,
8.8
48.4

21.1
30,0
4%.9
72.9
9.2
78,9
7,7
2% .1
18,0

12
n.?

L0138 01

nunber of poi:i.

503
206
209

200
201
202
203
206
309
200
eo?
208

From an analysis of the trajectory data it follows that the "susp..cious"
sagment given as an example corresponds tc the source SCOX-1 that falls at the
given moment in time in the visual fileld of the instrument--the brightest x-ray
source in the celestial sphera,
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Block Diagram of Program

input and printing of initial inforaetion

of session, nullification of anomalies, con-
struction and printing of histogram, deter- 1
mination according to it of mean background —
and dispersion according to session, and
issuing of these amounts in print (subpro-
gram "mid")

o

erification of
vhysical criteria

mation in file 'ma

cycle according to session

[~determination of a

N a <g

verification of
presence of infer-
mation in file "map'

ves

no

f subprogram l

‘ "paiper"
verification of-§~\\\\ -
presence of infor- ”’;, w1

{1formation

storage of "empty J

Y8

printing of background.n , accor- -~\“--_--;k
lon (sub-

ding to "empLy" informat

program "mid")

storage of point in file "map

Ny

to start cf cvcle



Text of Program

0001

000)
0004
0008
0006

000

0008
0000
0010
0011
0012
0013
0044
0043
0016
0017
0018
0019
0020
0021
o022
0023
0024
0028
0026
0027
0028
0029
0030
0031

.0032

10

0033
8036
0033

(12 1

0037
0038
0030
0040
0041
0062
0043

10

1

'Y

(12}
692

DIMENSION 3DSKCW100,AC10),
TRRCIQI I\ MECI0),86C10)ADCY0)
2ERLIGI NEC102 ,PARCCOV10),
JTCNC20010):A2C200,11) ,MAPC10,01)

OCFAME PILE 2C700.1640/L,20R)

N2181%0

Ng2e?

WRAZI1R(3,107)

wR31E(3.1002

NPTSO

0O 10 132,10

(T12%X 1)

00 10 J81,6%

MAPAL ., JY00

DO &s& Kk®=1,2

po 11 1%%,19

8G¢1)=0.,

ACloreg,

KRC1)s0

poO 11 J=1,50

PARCY,3)8mp,

CONYINUE

INBA2Y

00 V¢ Fsi, K2

REAGC(? ' IN) CSODERCL) 1 38Y,419)
NS AeY

NTEIFEIXCSCEKCT1))

DO Y4 Misy,NY
$F(R=1)69,09,70

NPT APTey

$1%0e(N1=900109
MYSIEINCELEKCTY))

15811e1

165119

WRITECI 162IMT . €SP8I I0]5,56) .8PT
00 697 102,90

12811 1=

[38¢oPAPC(L,1)002 .
SPCOCEKCL2)=10006%1:004:604
LF(NSCL)=13)0602/¢03,00)
MAPLE,13)00

Ng¢i)dsd

60 1C o07?

160121

u8¢3)e9

MAPLE,14)8APY=

n

" g
pr———— L

i Mgl O



0046 MAPLEI, 1)apAP(CT V)0
0045 GO 1C 69?2
0046 696 JFC(NS(I1))6535:695,0%
0047 695 MAPC(I,I3)anPY
00648 696 NSCL)SNS(2)eq
0049 497 CONIIMNVE
0050 70 CONIINUE
0039 _ 00 14 I=22,%0
0o0s2 1% e(H1=1)0100]
0053 N $=308x(11)
00856 $FC8)146014012
0033 12 IFCR=1021,21,73
0086 71 4=lP1X(S¢0.9)
00s? 1FCI=80)72,72,16
00ss 72 PARLJ I IISPARCY 1109
00s9 .- .. ..60_10 14
0060 7?3 CONVINUE
0061 IF(S=RBCIII13,16,16
0062 13 KRCIIaKR(I) e
0063 56C1)35G(I)eSes
0066 ‘ ACSInA(T)eS
0065 16 CONVINUE
0066 I1FCA=1)74,74,8)
0067 74 WRIVEC3,108)
0068 ) DC ¢S u=1,590
0049 75 WRIVE(3,1C2J,(PARtI 12 122,10)
0070 O'NRI‘E(311C“>
0oP DO 82 122,10
0072 1101
0073 DO ?? J=1,50
0074 TFCPARCI I II=PARCITEDI?7.727,26
007s -0 118y
0076 ?7 CONVINUE
oor? ACII=PARC(TIY, 1)
00?8 12830
0079 . IBCACE))BY 81,78
0080 78 po 80 =14,30
- 0081 $SPARIJ/IV/ZACY)
0082 IF(S=0.03)79:79,8p
0083 79 128y
, 0084 60 IC 81
' 0083 80 CONVIAUE
i 0086 81 RBCIIsFLOAT(Y2)
i 0087 82 CONIINUVE
: 0088 - WRIIE(3,109)
; 0089 ’ cO0 1C 84
: 0090 83 CALL VMID(KR,A,$G)
4 0091 84 CONTINUE

OMICTNAg, ¥oOF 1

OF TG QUALTY

e T e b
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0092
0093
009s
0095
0096
0097
0098
0099
0100

0101
0102

0103
0106
0108
0106
0107
0108
0109
011¢
0119
0112
0113
0116
0118
0116
0117
0118
0119
0120
3182
0123
0126

0123 -

0126
0127
0128

0129
013¢
0131
0132
0133
0136
0138
0136
013?
0138
0139

e e e o S e T

15

19

20

21

e

221

20 835 132,10

RBCI)s8G(])

00 60 K=§5,6,2

T AR

INSA2Y

K28(K=12/2

K282

KT=Q

N1®Q

N2®0

N S

NeBQ

NSSC

N6®0

00 15 182,40

N§C1)s0

$G¢ly)e0,

SRC1)=0, -

DO %0 M®1,MK2
READC?'IN)ICSDSKCI) 1 383,410)
INBINe

00 19 1I=1.6
MSCL)=TFLIXCSDSKCT))
NTENFSCY)

IFCr=4220,20,21

K€1) sk

WRINEC3I,100) :
WRITEC(3I,100)(MS(]1),12%,3)
WRIVECI,1012¢NSC(2)r1%400)

WRITEC3,104)
WRITE(3,1C7)

WRITEC3,104)

CONIINUVE

00 30 MiIs1.(NT

NPTaNPT+Y ’
J1'l-1

D0 k2 J¥=z1,41

J2®Jey .
00 ¢2 131,10

TCHEY,1)eTCM(J2:1) le
1852100 (M1=1)04(

TCHAK,1)580SK(I5)

DO 23 132,10

11218e¢ ]y

IFCPAFECT,1))23¢23,22%

I138FARPC(Y,14)

00 223 J1m1,13

14%e(J1~9)902




0140
01414
0142

0143

0l6b
0145
0146 -
0147
0148
0149
0150
0131

T 0152

0183

0184

015853
0156
01387
0158 -
0189
0160
0161
0v62
0163
0%64
0168
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0183
0186
0187
0188
D189

IFCAPT=NAP(T,24))23,222+223
222 SD“H1 ).-'.
60 16 23
223 14%1l4e
IFCAPT=MABR L] ,26))222 0220229
223 CONYINVE
23 TCHIK,2)a8DEK(2Y)
KTakTeq
1PC¢ETeK)ISC 26,26
26 KTRATe1
DO 26 1%2,10
KR(1)s0
DO 26 J=1,XK
IPCICHCI13))25,25,26
2% KkRC(1)=sKR( ()¢
26 CON1]INUE
00 31 1=2,10
TFCRR(T))28,28027
27 A(1723.0.001
6O 10 3%
28 A(l)s0.
FONBCTCHCI,3)eTCHCR,IT)I/
D0 29 J=Ky.K
Jitkeg=y
$SE(R=JI®CTCHCIr1)OTON(IN 13D =20FON)
29 AC1222(1)e3e5/(K10K)
IFCACIIIZCI301¢309
30 A(limp. °
60 1C 31
307 Je=C
PO 3064 J3s1,K2
SFCICHCIS Id=TONCKY 0322304 ¢303:308
303 Je2d4he
306 -CONTINUE
. 16Cd6=K22305,30,30
305 J5°%0
K33Kkqjed
DO 307 J33K3,K
FFRCICNCIINII=TCNC(KYvIDI307306,306
306 JSndSe
307 CONIIANUE
JFCIS~K2031,30+30 .
31 CONIVIMNUE
CAG1IBTCHCKY )
Jeel
DS 313°182,10
TIFCACEI-RBCIDIIN3,391,312
341 J=0
GO 10 313
RALBCLY
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SatEhet e SRS SR R T Ty

ete0 343
01e1

0192 3.
0193

01946

0193 .

0196 321
0197 322
0198

0199

0200 323
"0201% 324
0202 325
o203

0204

o2o0s 320
0206 33
o207 36
0208 33
0209

.0210

021

0232

0213

0214 36
02s5

0216 '
0247 . 37
0216

0219

‘0220

0221 371
0222

0223

02eé 372
o228

0226

0227

0228 373
‘0229

0230

0231 374
0232

0233

0e3é

0233 38

i 0236

0237 3381
0238 382

14

f((nichuE
IFte333,3%,32
$mAi2)

DC 22 1=2.9

veEAL !
IFLV-5)322,322.,321
sV :

CONTINUE

$18A¢10)
IFC¥~5§12323,323,324
Jso

IFCI)33,3%:325
$aALY)

$18AC4)
1F(5=-284)326,326.3)
J80

IFCIIL51 /301,37
IPCAY)384,3084,35
CALL MIDC(MNS,SR¢S6)
WRIVE(3,104),

N180

Do 30 132,10
NSC1)20

SRC1)sg.,

$G(1)=9,

Nea(Q

60 I1C 384
JERPTaK)ey

NOBNGe 1
AZENG,1V)FLOATCY)
DO 3?79 I=1,10
AZCNG, TX8ACD)
N3®K2
IPENGY3B22,372.,376
0O 373 J1=2%,K2
11SAPTeKk* )
PARLI1,1)pLOATCT)
DO 373 122,10
PARCJIT,I)TICHCIT )
”‘.1 [
N2®R2

N2®h2¢1

JENPT-K2
PARIN2,1)2FLOAT(Y)
DO 38 132,10
PARLA2,1)3TCH(KY,]1?
G0 1C 50
JFCN3)382,383,3A46
N3EA3e

P i

" a



T L Y W

S —— A~ ——— Y

0251
0252
0253
0254
02585
0256
02s?
0258
0259
0260
0261
o262
0263
0246
0265
Y
0267

0239
0240
02461
X LY
0243
Y L1

0263
0246

0267
0248
0249
0250

0268

0269
0279
0271

o272

0273 -

0274
0275

0277
0278
0279

- 0876 .

0280

0eg8
ogse
0283

0284
0285
0286
o2s7

61

4

4>

451
w52

4s3

6546

50
51

S¢

60
100
101
102
103
106

105

100
107

108
109

GO 10 374
383 JFCNG)A52,4652,36
384 WRIVE(3,103)(RB(1)r122.10)
CALL PAIPERCAZPARIN2,NO)
WRIVEC3,104)
385 N2®U
N6®0
N&=Q
NS=k2
GO 10 50
386 JFPCAS)61,41,387
387 N5S®A3-Y

60 10 S0

N1 .
DO &5 122,40
TFCICHEK 112D 05145 ,44
NSCL1)eNS(T) ey
SGCII=SGUIdOTCHCK, I VCH(KIT)
SRCII=2SR(IISTCNCK, 1)

CONTINUE

60 1¢ 50

IF(NG)3806,336,389 -

DO 454 11m1,N2

D0 654 Im2.,4p
TFCPARCIT,1))4656,4560453
NSCl)eNS(I)e1
SRCIDzSR(I*PARCIY e D)
SGUIIxSG(TI*PARCTI ¢ 2)aPARCEY, )
CONTINUE

N18®Y

6O 1C 385

CONIINUE

IFCN1YS52,%2,54

CALL FIDCAS,SR/SC)

60 10 60

CALL FAIPERCAZ/PARING (NO)
CONIJIAUE

FORPAT(3IS)

FORFAT(3]3)
FORMATCI?,1X,9F10,1437)

FORMAT(BX,9F10.1)

FORPATCIN )

FORFATCI?,1X,9F10,1)

FORFAYCZ7717)

FORPATCIX "TIME v BX e FleV! 6K, ' Fleld' 16X, 'FlLe3’

Te6X o "FLoG' 16X, "FLoS' 16X, ' Bleg’ , 6X, ' FLo?'
6K 1 FL o8 ;SX,'FL@12, 46X tNPT )

FORMAT (/! histogram to define background "0 1)
FORFAT(/? eONL!,9F10.1,/)

DEBLG SUBCHK

ENO | s

e b R



0001
0002
0003
0004
0005
000¢
0007
0008
0009
0010
0011
0012
0013
0014
0015

Cos
0co2
0003
000&
000s
00ns
007
0098
0009
[~ 0010
00414
0012
00413
0014
0015
000
0047
0018
0v419
0020

16

106
106
102

SUBKRCLTINE PAIPERCAZIPAR,N2/NG)
DIMENSION PARC200,902,A2¢200,91)
00 Y Jimy, N6

MTRIFIXCA2¢J1,1))
JRIPIXCAZCIT,19))
WRITECS/102)MToCAZCIT1¢2)¢222,1004y
WRITE(3,104)

DO ¢ 1181 ,n2

JEIPIXCPARCEY,1))

WRITE(3,106) (PARCEY x)o:-zcto:.d
FORFATCEX,9F10.1,2M)

FORFATCIN )

FORRATCI?,1%X,9F10,1¢ 17)

RETULRN

END

SuBRoUIINE MIDENE. PR, 86)

* DIMEuSTION LSE1),8R%Y) 86CYD
DO 3 132,10
FFONgCIN 17442

b SR‘:,!-0.0‘

1 s6t1ysp.

60 To 3

@ saNgel)esG(ly)=SRIIIegR(])
$8S/ (NSC1) =gyl =1))
$GC1y=SQRT(S?
SRCpyssR(II/NS(g)

3 CONTINUE
WRITEC(S,40S)ICENSCLI1Im2090)
WRITE(3,993288R¢1)11%2,90)
WRITE(3,.4072¢SG(3)1]22,10)

103 FORMAT(8X:9F10,4!
107 FPORMAT(8XK,9E%0,2)
105 FORMAT(8X:9110)

RETYeN
END

ok Rl W A
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