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Introduction

The in sifu measurements of the magnetic field vector with three-component
flux-gate magnetomeler carried out in the iontospheric-magnetospheric re-
gion allow to obtain important information on the electric currents along
the field lines of the magnetic field of the Earth, on the ionospheric current
systems, and on the main magnetic field and its secular changes. These data
are also wseful for the solution of other problems — computation of the in-
duced electric field VXB in reducing eleciric field measurements repre-
senting a portion of complex experiments, in determining the actual orien-
tation. ete, i

These problems are resolved with precise measuring magnetometric equ-
ipment [1]. Besides, the data processing should also be correct and should
facilitate data application in scientific analysis and cstimates of the technical
state of the measurements during performance and especially during con-
tinuous experiments.

Significant advantage of the magnetometric data analysis is the availa-
bility of a model of the main Earth magnetic field, and of the field genera-
ted in the Earth’s interior respectively as, for example, IGRF-1980, GSFC/12/83,
etc. This is an important premise for the study of the outer magnetic field,
generated by ionospheric-magnetospheric sources [2].

Another premise for this elaboration is the methodics suggested for the
coordinate transformations of the magnetometric data provided by a near-
earth orbiting satellite [3]. It is assumed that the magnetic disturbances by
field-aligned currents in coordinate systems related with an excentric dipole
are transformed into two-dimensional, which facilitates their analysis and
interpretation. ' e
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We can mention, on the other hand, the necessily of connecting the me-
thedics for the determination of the magnetic axes orientatinn of the sensor
with a common software sysiem [4].

The individual aspects of the methodics were specified and supplemented
in the process of testing of the developed programmes. The following goals
were pursued in obtaining the end software product: reduction of the input-
output operations al the expense of increasing the processing rate; decrease
of {the magnetic tape number; simplilication of the usage; analysis of the cau-
ses for computer processing interruption, detailed message output on the
causes and options of processing continuation from the interruption site.

Description

The general flow" chart isshown in Fig. 1. The SE'ANCE programme is a
control module:; It drives . the modules «implementing the individual steps
of the technological process. Input data and operation control parameters are
supplied to the SEANCE programme. The input data are: magnetic tape with
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nav lgatlonal parameters - LGEQGR mdgnetlc tape with telemetric data —
SINP; disc file with correcting co. fiicients — IYSYSO 5.

The following data serve to contiol the software mode of operation with
the aid of parametric cards: beginning/end of measurement to ensure proces-
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sing of delermined seance period. If these parameters are not previded, the
complete seance is processed and ihe beginning/end times are taken from the
header block of the telemelric information; format flags of the iniroduced
steps (interval steps of the input seance, step of input band with geography
and step of output band); module input parameters —- MODNEW.

The software output is a tape lile, containing the following informalion.
interval number, time, geographic coordinates, mcasured components, theo-
retical components, differences between measured and modelled field in dif-
ferent geophysical coordinate syslems, geophysical coordinates of observed
points, orientation telemeiric dala (angular velocities and solar situation).
Line printer information of step 8 s is printed simultaneously with the forma-
tion of the magnetic tape, .

The SEANCE software executes the following steps: slores tables (cali-
bration data) into the main memory; reads the header block of the telemelric
information and prints it upon selection; reads the paramciric cards and ini-
tiates its {unctions ifn agreement with the data contained in them; trans-
mits control to MODNEW module, which executes the preparatory steps for
the magnctic field model application; rcads 190 intervals from the telemetric
information. They are tested against uncertainties. i.e, against deyiations from
the smooth change of the compensation step numbers. This is.done by VERIF
module, If intervals arc reliable we proceed to “smoothing” the telemetric in-
formation in order o eliminate deviations at the reswitching of steps. For
the purpose, 1ZGL and IZGLCRS modules are used, which in turn function
via the auxilliary modules IZGLAJ 1 and 1ZGLAJ 2. They reveal step change
mmstances and determine reliable intervals before and aiter reswitching, As-
suming both smoothly changing process and short intermediate process dura-
tion — up to | sec, the “smoothing” is made with the aid of a straight line ac-
ross the already determined reliable intervals. The four modules are loaded
in order lo process cases, where the reswitching is made within the limits of
the 190 intervals available in the main memory,

After completing the above mentioned steps, the conirol is transierred to
SMETKI module, which converts the information into physical paremeters.
The SEANCE module combines the 190 intervals read into the main memory
with the navigation data. The records are ccmpared after measurement time.
A special subroutine maintains comparison time of the measurements. This
is formed on the basis of the assumption that the time of each sequential in-
terval is obtained form the time of measurement adding a constant step. If
due to certain reason the time of the entering interval differs from the compa-
rison time within the limits of half a step, a correction of time is introduced
transposing comparison {ime into the record obtained. A warning message is
issued. In this case it is assumed that the difference is the result of random dis-
turbance during the determination of the time of measurement. In case we
obtain a greater difference for a given interval, an etror message is prinled
and SEANCE procedure ceases operation in emergency mode.

The so-called “reference points” are formed during the combination bet-
ween navigation data and output records depending on the step given as in-
put parameter, These are the output records containing navigation data.

The CALCO module for main earih-magnetic field computations (IGRF-
1980} is finally included. The field is represented in series by spherical har-
monic coefficients. The differences belween the measured mode! field by ‘com-
ponents and module are also computed. The 190 intervals, combined with
navigalion data and processed during the' former steps, are read as input data.
The model of the main'magnetic field is computed for the respective geogra-
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phic coordinates, located ot the reference points. A step of 8 s is selected, con-
taining precise number of intervals. The differences belween measured and
model field for the intermediate points are obtained with linear interpolation
of the model values at the reference points. The CALCO module computes the
coordinates of the'excentric dipole in earth radii unils, the coordinates of the
north pole of the excentric dipole, the polar angle and the long. in grades.
The same module transforms the geographic lal. and height into geocentric
supplement to the lat. and a geocentric radius. The model field is computed
into topocentiric coordinates and is transformed inlo geodetic (geographic)
coordinates. Coordinate transforimations of the observation point are made,
i, e. from Cartesian geodetic inlo Carlesian geomagactic, spherical geomagne-
li¢, Cartesian exceniric geomagnetic, spherical cxcentric geomagnetic, excen-
iric radius and modified exceniric lat. As a resull of temporal transiorma-
tions, we obtain the geomagnetic Tocal time and the cxcentric geomagnetic
time. Afterwards, an interpolation between the reference points is made. For
each observation point a transformation is made, i. e, the measured field is
converted from orbiting inlo topocentric coordinate system and further into
topocentirie geomagnetic, topocentric geomagnetic with one axis along the
magnetic field, exceniric geomagnetic and excentric geomagnelic with ore
axis along the magnetic field.

Finally the SEANCE module {orms the output records of the magnetic
tape from ihe 190 processed intervals. The described cycle of performance
is repeated until the input - information ior the determined period of processing
time'is exhausted. /

The 'information on the outpul magnetic tape can be used for the general
¢ase of the geophysical analysis. In case no unifold inferpretalion is possible,
arl orientation correction is introduced. The determination of the orienta-
tion becomes possible with auxilliary seltware, exploring information form
ORINP file, This far, only determination of the sensor axes deviations from
nominal position is made using data from the magnetometer. The statistical
examination of these results is also used to control the sensor' location, that
of the magnetic axes respectively, with regard to the physical axes of the ob-
ject. Further options are foreseen to use the sensors for the angular velocities
determination, as well as to provide solar sensor determination of the actual
orientation. The orientation correction will be introduced solely for the cases
when' the processing data cannot be interpreted unifold. ORINP file can be
used also for the determinalion of the orthogonality of the sensor axes. For
the purpose, a Fourier series arc used for the data of the differences between the
theoretical and measured module of the field. This processing is also made
after auxilliary software. i :

The software system is realized in operalional medinm DOS-TS, exc-
luding the navigation programme, claboraled by Prohorenko into operational
medium 0OS [5].

The reguirements to the machine configuration are as follows: main me-
mory 300 kb; disc drives -- 2 pc 2314; magnetic tape drives — 3 pe; punched
card input; line prinler output.

The system ‘exploration has shown it reliable and simple in performance.
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[lporpamma 3BM 0 KoOpAHHATHBIX TpaHCOPMARHAX
NPU 3aMepax BeKTOPa MardHTHOTO NOJAS

A. 3. Boues, C. 1. Xadwcucmonwnos, H. B. Hemamsce, X. M. Teopaues

{Pezwauc X

HMcenepopanne HEPOROAMBLHBIX TOKOB B HOHOC(EPHO-MarBHTOChepHoR 06aacTH
OCYIHRCTBAACTCS HA OCHOBE TPAHCHOPMANUK NAHIILIX, HONYUEHHBIX OT HENOCPEeA-
CTREHHBIX 3aMEPOB BEKTOPA MATHHTHORO TMOMA B reo(H3HYecKOH KOOPAHHATHOH
cucreme. (O TIOMOLIBIO 3TOH NIPOTPaMME OGDAOATHIBAIOTCA AAHHLE TPEXKOMIQ:
HEHTHOTO MArHHTOMETpa ¢ ABTOMATHYECKHM pacTs)eHHeM jnanasona. B xa-
YeCTBE BXOAHBIX JANHBIX HCHOJB3YIOTCS TeoTpAdMYECKHC KOOPAMHATHL TOYeK
1a0AI0fleHs U TeJemeTPHUECKHE AaHHbE XOMNOHEHTOB, KOTOPHIE 3afaioTCA B
OpOHTalbHOH KoopAHHaTHON cucreme. OCHOBHBIE ONCPALNMH NPOCPAMMEL CJIe-
Aylomne: orfpacsiBanHe JOMHBIX KAafpOB, NPeoOPasOBalHe TeJEMETPHUECKHX
AGHHBIX B (HIHYECKHE BeSHUHIib!, TPaHcPOPMaLUs HIMEDEHHOro BEKTOPA B
rec(hH3UYECKVI0 KOODNUHATHYIC CHCTEMY, BRJIQUYAIOH{YIO KOOPNHHATLI OTHOCH-
TEABHO IKCUEHTPHYECKOTIO AMIIQTA ;] BLIYHCACHUE paSHOCTCﬁ MEATY I“I&6JHO,II&EMI:IM
i MOEEAbBHBIM IOJHMH,

[Ipy nanucanum NporpaMMLL OCYHIECTRACHA ONTHMUAANHA ONEDALHA BXON —.
RLIXOA. DOABIMHHCTBO nporpamm, lanHcadssix Ha PL—1, crpykrypHposano.
Hadnnie unralores GOABWHMHE NOPUKAMH, 9TO fesaerT APOrpammy Susce yaoduoh
J1fi TIOJAb30OBAHHNS,
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A complex satellite experiment of investigating
~aerosolic optical properties in the atmosphere
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Aerosols substantlally affect the thermal regnne of the Earth -atmosphere sys-
tem by scatfering and absorbing large portion of the sun irradiation in all spec-
tral ranges. Therefore, the investigation of the optical properties of the aero-
sols in the earth atmosphere via satellite systems is of significant importance
for the solution of many problems of climatology, meteorology, geospace re-
search, environmental pollution, etc.

This paper considers the possibilities of a sateliite radiational expenment
providing for determination of the spectral and spatial dependence of the main
opiical characteristics of the aerosols: coefficient of 'scattering, indicatrix of

: Fid

scatiering vi (%) and optical thickness T (k)= | o {f} di

& !
Figure 1 illustrates the block-diagram for the measurements. Let us sup-
pose that the observer is situated at a height /7 above the Earth surface. [t

Nyt
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is assumed that the atmosphere represents a sphere of radius R,>R; (R —
Earth radius) and is subdivided into # layers of radii Ry, ..., R, (Ri==R+Ak).
We have incident parallel flux of solar irradiation at the outer atmospheric
side. In the area of the terminator {N,—N,) the experiment includes sequen-
tial measurements on the intensity of the scattered irradiation sunward and in
nadir, and within the time intervai A ., =N, when the space vehicle is in the
earth shadow — scanning by horizon altitude was made. When the sun is
spectrometered through the atmosphere, the intenmsity is determined by the
unifold scattered and weakened by atmosphere irradiation /i, and the intensity
of the multifold scattered irradiation fn : -

5 (s )= G lns, 9)+ o (5, )

where Py is a hateh transmission function (in observations from an orbiting
station). M(y) defines the weakening of the irradiation in the result of ref-
raction divergence [1] at perigee height on the line of sight y, /. is the in-
tensity of the solar irradiation outside the atmosphere for the spectral range
of regisiration AX. Based on the transmission theory, :
H
-—‘2mﬁ fo;‘(f)di
[1}.,=!3}\,e 5! P?..(ys S),

il

Lals, )= j g~ AT, o‘l%. [ mis, st RS, ' RPs, h)domedh,
:t!rr }

M - H ¥
where t,:jca(Z) di, = fck(i)di, s, "5 k) is a scattering function, s(§, 4)
¥ ;]

determines the direction of sight, £ and A are zenith and azimuthal solar ang-
les, 7 {s, &'; k) is the intensity of a light flux, propagating at height % for
direction s, Pi(s, ¥) is an absorption function of atmospheric gases into the
investigated spectral range, ou(k) is a scatier cross-section, oci{h)=0cu(k)
+or(h), oa(h), ori(k), are coeificients of aerosolic and Rayleigh scatter, mxs
is an air mass. In a random point M of the terminator area, the solar irradia-
tion intensity is determined with the expression:

—mtrﬁfc;_(!‘)df
) Ls k)=lne " Pk

In an elementary volume dV, including point M, there occurs irradiation
scatter in all directions, as well as towards the cbserver. Along the path
from the scattering point to the observer, ihe intensity of the light flux va-
ries in the result of the scatter processes due to molecules and aerosolic par-
ticles and to absorption from atmospheric gases into the MA layer. For the
intensity in point V, within the terminator area we obtain:

H
3) h{H)= f L™ py(iyoay, k)dh,
[F )
where ouMEp, £) Is a volumefric angular coefiicieni -of scattering at height }z
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At the moment N, the intensity registered in nadir is determined by the
intensity of the solar irradiation, weakened in the layer (y,, ) as the lower
atmospheric layers are not illuminated by the sun and do not contribute to
the scattering of the direct solar itradiation. Similar to (3), we obtain for the
intensity in point N,: .

£

H —}{fﬁmw
o h{ 3= f L (ke Pik)or (o, b) dh,

where y, is determined by the crossing point of the line of sight with a so-

lar beam with perigee y=0 km, yz,=RSiinaw—R, w is the angle of scatter;
w=90—2v,' v — angle of refraction.

Lith 7o
6 L b= A;Eh;)e—”’efsﬂ’”ﬂ(e, B)+1a(8 Vo) him=h—y, w= j ou(l)dl:

Ay

The light scattered into the atmosphere becomes the main source of light
after sunset, when the atmosphere is illuminated by the beams of the sunset.
In addition, the lower atmospheric layers situated in the earth shadow are not
illuminated by the sun and are not incorporated into the scatter from the direct
solar irradiation. During the scanning at the horizon height (N,41, N,), the
observer is to be found into the planet shadow and the line of sight is loca-
ted at the altitude y, above the Earth surface and in point K at altitude H,
enters the sun-illuminated area. Based on the theory of transmission, following
the propagation and scatter of irradiation along the beam path up to a randem
point U and into the direction of the line of sight KN, we obtain for the
registred intensity at scanning by the horizon height :

q (} ,)
; WL 7 —(tgp—T e bt CALE
(6) I}Y (Sr yx)zpu?. IIV (31 .vx)e =76 PL(S;' k)'l_ ft? i m} Z_}Z‘E—_ 1
k1 "

X

ks fﬁ(&‘, 8"y RV (8, 8 s B do seczdh!,
an o

H
where Ts:x:fm(i)di, Toy = Jcm(t) dl, I){s, k) is the intensity in the perigee of
F h '
the line of sight y..

i '
{' = T, —T': g h )
) (s, y)=15(s, Hye ™ py(s, .Vx)‘f*fe Pyt ~T5) ?;(n) j!)(s‘ §'yh)
oo - 4

Yy

S s, 8, B)desecydh,

i

r

H b
o = f oD dl, v, = f or(fydl, (s, H,) is the intensity in point K, de-
Ny # -
termined as a sum of all the elements into direction KA.
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®) B )= [ 35 me™ R (y, By on(n, B b,
H - i

7t

Tgp = f o(l)dt, Iy (s, k) — irradiation intensity at random point U.
#H

M(n}an
4w

7 J:4 g s y i
O s =gy P ) e E o) A [0, 1)
i

Ay (s, 8, Ry dwsec & diy,

A i’
Top = fcr;_(i)dl, Ty = fcl(i)a’t, n — angle of scatter, cosn=cose.cosy+sing
¥ ¥
.sinycos 4.

Equations (1), (3), (4), () are basic equations of transmission into the
complex radiational experiment including spectrometry of direct solar irradiation,
nadire measurements into the terminator area and scanning of the horizon.
They represent sophisticated functional dependences of the measured intensi-
ties of the scattered solar irradiation due to the atmosphere optical properties,
namely to layers where it propagates. Initially, the spectral, vertical and spa-
tial dependence of ou (k) is determined in unifold scatter approximation. It is
assumed that in each sublayer of the atmosphere the aerosolic scatter coeffi-
cient is presented by exponential approximation oum(¥;)=0m{ ¥, 4)e—", which
is effective at high resolution of the experiment by altitude. We cobtain for
the ‘optical thickness in the i th sublayer:

b : TR S Ry
(10) - tean (9y= 222 5 —

~But for the case of single scattering with regard to the registred direct
solarirradiation \in two subsequent moments N, and N;_,;, we obtain for Av, (1)

AVl s
gt oy I ]3\.{81" y{'}M{y,') Pi\,(y,'_-i} _
(LY S 2my i3 I8 3 IM(y,_ 3P ) ; f SR Yi=i)e " dh.
—1

Hence, for the aerosolic scatter coefficient in i layer we define:
Ata-‘\'j ﬁ’
(12) Gal(y:—lﬁ-‘:m; :
e iTiT1__ e Ti
The relationship between oa (y,1) and oam{y, ) is given with:

(13) : Oanl Y1) = Oan{ Yroghe Mim17int,

For the last layer (where we may assume lack of powerful agrosetic lay-
€15) B,=1/H,, "H, is the height of the isothermal atmosphere. For the other
layers 8, is' determined by (1), The method provides for high-accuracy defini-
tion of oam (k) into the upper atmospheric layers, where the contribution of
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the miultifold scatter is insignificant also for spectral range, distinguished by
lack of absorption from molecules of gas with variable density (O, ,0).
The altitudinal adjustment of the spectrometric record when scanning the hori-
zon is made by comparing the ratio between the atmospheric transmission

yfm) | Jy f(km)
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Fig. 2. Variatfon at Lhe height of sight and 1ihe resolution
o altitude in dependence on  the fasl  performance, equipitent
sensibifity and solar zenith angle. I — y,; 2 — $p

function in the i th layer and that at y, =y, it the spectral range 0.76 um and the
ratio of the registred iniensities within the same spectral range {2), The method
allows for precise aliitudinal adjustment, since the transmission function of the
oxygen is computed with high accuracy. It Is necessary to make complex mea-
surements in the opiical and near IR ranges, as well as of the natural irra-
diation in the radio range for the spectral ranges specified with water vapour
absorption. This allows to determine the integral water content required for
the computations of the transmission function in the studied atmospheric layer.

The altitudinal resolution at nadir measurements in the terminator area
depends on the fast performance and the sensitivity |of the measuring equip-
ment. Figure 2 shows the variation at the height of sight y, and the resolu-
tion in aititude s, =y, —y, , in dependence on the fast performance, the
measurement equipment sensifivity and the zenith angle £ of the sun. From
the rafio of the registered intensity in two sequential moments for the optical
thickness in the layer y,, v, we obtain:

J’;i.l
fmj RAEYIEINTS 40
1 iy
{14) Atﬂ;.,i__.:-m&_l In o B GR?_(:I) dl.
*'f+1,1f Phat i
i

The coefficient of the aerosolic scattering oa (k) and f; are computed on the
basis of dependencies similar to (10)-(13).

The values obtained for the spatial and wertical dependencies of o (k)
are used as. input values for the solution of the transmission equations (1),
(3), (4), (6) by the Monte Carlo simulating modelling 'method. The determined
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values of the spectral and vertical dependencres of o (k) are obtained by
mittimization of the functional: \

(15) 2 (Ta— fa (0%, (W)=

where [ is the measured value in point i(s, ¥ Ih the value obtained for
the intensity in the numerical modelling of the respective equation of fransmi-
ssion after the Monte Carlo method, where of, (%) varies according a deter-

-mined law, o% (h)=c? 1 (#)—f(3), & — number of iteration.

The propesed rad:atlon experiment is partially realized ahoard the SA-
LYUT-6 [4] orbiting station, while the complex version between visible, near
IR and radio ranges was made aboard METEOR-PRIRODA wlthm the BUL-
GARIA-1300-I1 project [3].' 0
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