Bull. Astron. Belgrade Ne:145 (1992), 157 — 162.

THE DATA PROCESSING IN'SOLAR SPECTROPHOTOMETRY

J. Skuljan?, S. Erkapié?, I. Vince? and A. Kn

UDC 520.44:523.9
Professional-paper

Y-

celal

| Department of Astronomy,',;Fagi;]t-y.;aﬂ:Md_ih'ﬁ-_ﬁidtics '
Studentiskr trg 16, 11000 Belgrquﬁ. Yugoslavia

" Astronomical Observatory, Volgina:, #1050 Belgrade, Yugoslavia

(Reoewed Deqembean 16} 1.99,_1 )

SU MMARY An iiiteric t,i.,ve;‘ s'bft,war_re_‘packagﬂ'-e“‘:efs;:be_cial'ljr‘ devieloped:for sbl'ar spec-.

trophotowiétry dt“th¢ Belgrade Astroniomical Observatory:is describeds. The pib-

grams.are ' written to-autontdte the measuring procedure in:Belgnade,Program for
Monitoring of-Activity+Sénsitive Spétttal Lines of the Sun as a Star. The proce-
dure includes the flat field reduction, ‘correction of the X-scale, normalization to the
continuuin level, and evaluation of equivalent widths.

1. INTRODUCTION

.. The Belgrade’ Program for Monitoring of Ac-
tivity-Sefisitive Spectidl'Tines of the Sun as a Stat
started in ;1987 by monitoring: thirty selected photo-

spheric dines (Vince ‘et -al:; 1988) MR igicarried ‘out:
by, an adapted equipment (Arsenijsvid et -al., 1988).

In drder to‘improve the medsuring .prorddure of out-

put sigrals, airespecial interactive-softiware package

1s developed.

To attain the automation of the measurements
several procedures had to be done. At first, an ana-

logue X-Y record coming from the monochromator
and the photomultipher must be transformed into
the appropriate set of numerical data by a standard
digitizer connected tc the computer. Then; a. féw

programs were developed for following rédiction st-.

eps:
a) Flat field reduction;
b) Correction of the X-scale:
¢) Normalization to the continuumn level:

In such a way“automatic measurements of spe-

ctral lines are achieved. At the time being, only
equivalent widths can be measured, because the in-
strumental profile has not been estimated so far.

2. ALGORITHM AND T
CESSING

HE DATA PRO-

After- the transformation 6f an “dnalogue X-Y
récord into the digital ‘oneywe obtain'a file contain-
g pairs of X and Y coordinates, both measured in
milimetres.:Such a digitized plot of selar spectrum
near the line Fel 530.74nm is shown in Figure 1.

All reductions, corrections and normalizations

‘mentioned in the hitrodirction, as well ag the equiva-

lent width evaluatian, ¢ould be programed on a stan-
dard personal computer. Using an interactive tech-
nique,-mmany of the actions could be controled di-

rectly. ‘For example, the user chooses those parts of

the 'sgé:ctrum corresponding to the local continuum
level, and also sets the limits for numerical integra-

‘tion, during-the equvalent width evaluation. But all

“the other routine tasks are left to the computer.

~ The algorithm of the complete processing is
shown in Figure 2. Correspending programs are mos-
tly written'in 8088 assembly language, especially tho-

se demanding extremely short execution times.

‘a) Flat:Field Redbction

The main problem in this step of the reduction
procedure 1s to create the function y = y.(z) repre-
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senting the local continuum level. The correction of

the recorded spectrum can be done by dividing all

Y—-coordilidte's' (y,) by the yc(z,')_ value:
. Y%
% ye(zi)

‘where y! represents the reduced value of Y-coordi-
nate.

y.(z), we have to mark all parts of the recorded spec-
trum corresponding to the local continuum level, as
shown in Figure 3. Much higher precision could be
reached by applying this procedure to several records
belonging to the same date, and finaly overlap all the
results (Figure 4). The marked parts of the contin-

uum level, derived from different records, do not lie

on the same curve, because of different amplifica-
tion. The program offers us a possibility of applyin

the ”software amplification”, by which all of selecteg
records can be brought to the same level. This soft-
ware amplification is similar to an ordinary transla-
tion, but it is realized by the multiplication instead of
the addition. The multiplication needs much more of

the computer time than the addition does, and this

is where the assemblly language shows its power.
Finaly, the program forms the function y.(z)
as a polynomial of third degree, using the method of
least squares. The function y. can ie used for:the
reduction of all spectra recorded at the same date.

b) Correction of the X-scale

- There are two steps in the X-scale correction
procedure: .

a) To form a liner scale in. millimetres at:

the exit sht; ~
~ b) To form a wavelength scale in nanome-
- tres. | -
- The first step (Arsenijevié et al., 1988) is given
by the equation: o S

u;-.;;(-

R-~1

In order to determine thé form of the function

where d represents the thickness of the glass cube of
the monochromator, n is the glass refractive index,
and a is the angular position of the glass cube. The
angle o is directly connected to the X-coordinate of
the recorded spectrum.
The second step is given by the equation:
U
Ai D’

where D denotes the dispersion. The program offers
us the possibility to choos two spectral lines on the
screen, and then enter corresponding wavelength n-

terval A). After that, the program calculates the

dispersion, and makes the correction of the X-scale
automaticaly. - '

¢) Normalization to the Continuum Level -'

Normalization to:the continuum level is the

last step of the data processing. The position of the

continuum - level has to be chosen by translating a
corresponding horizontal line across the screen. The

program then reads the value of the continuum level,

and divides all Y-coordinates by this value.
After the whole reduction procedure, the in-

tensity of the spectrum is in the range between 0
‘and 1, while the X-axis represents wavelengths in
‘nanometres, with zero-point somewhere in the midle
of the record..

3. EQUIVALENT WIDTH EVALUATION

The whole processing just described could be
understood as a transformation: of the (z, y) pairs of
coordinates into the (A, I') pairs, according-to Figure,:

9 We can.continue the evaluation of the line profile

using these reduced data. | o

-~ To get the equivalent width of a spectral line
the numerical - integration is performed by using the
formulae: -

i+ Lig1

51 = Z_(Mﬂ - X;)-““Q"“—"
' =L

Q.f?-'-"- (AR - AR-—I)‘ .

k=0
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_“m_-‘m-- e : —r

S =

where L and R represent left and right limit of

45, — 5,

3 )
the integration. The point R + 1.mnst exist as well.
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Fig. 1. A typicél plot of the digitized spectrum. |
The equivalent width in nanometres is then: wn transformation:
| r Wim 6
an — (/\R - AL) = S; WF — ) x 10°.

Before a calculation, the limits of the integra-
tion have to be determined, by using.two ‘vertical
lines on the screen. - “

Resulting equivalent width in nanometres-can
be transformed to Fraunhofer units by the well kno-

The equivalent width is a very important char-
a,ctfistic of a spectral line, and that is why we are
nterested in finding a way to get this parameter as
reliable as possible. For the further analysis of equiv-

alent widths obtained. the reader is referred to the

paper by Skuljan et al. 1n this journal.
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Fig. 4. Continuum levels from several different records.
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[IPOILECUPAILE NNOIATAKA Y CIIEKTPOOTOMETPIJN CYHIIA
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CmpyuHu YAaHaK

OmicaH je MHTEpAKTHUBAH COPTBEPCKM TMAKET
 cMeUMjalIHO pa3BHjeH 3a IoTpebe mnpollecHpara TMo-

Jataka y criekTpodoromerpuju CyHua y oksupy beo-

rpafckor rporpamMa 3a npahema akKTUBHO — OCCTIHU-
BUX criekTpasHuX nauHuja CyHua kao 3pesne. Ha-
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MICaHU cy TMporpaMu KOju ayToMaTH3yjy MOCTynaK
Mepela M obpale pe3yaTaTa. THM TOCTYIIKOM €
o6yxBahecHa KOpeKlMja 3aKpHBIECHOCTU BURHOL 110JhA,

ucrpaBka X — cKajie, HOpMKpake Ha HABO KOHTHH-

yyMa M U3padyHaBaH¢ €KBMBaJIEHTHUX IINMpHHA.



