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A determinant facior in the contemporary stage of space research is the rapid
increase of the information flux necessary to be transmitied to ground-based
receiving stations. That is why special attention is paid to the information
capaeity increase in complex experiments, preserving the information capacities
of the service satellite systems. This refers mainly te experiments involving
studies of the structural parameters such as space plasma, solar wind and pla-
netary atmosphere.

The problem of increasing the information possibilities in sateilite experi-
ments could be considered in two aspects, namely:

— The necessity to compress the information taken by the satellite, aim-
ing at the decrease in the number of telemetric channels used. In this man-
ner the possibility is created of performing new experiments and of using
classical equipment for new additional measurements.

— The necessity, when a definite type of telemetric system is available
(with limited information capacity), o establish conditions for recording data
in special iime intervals. This is the so-called intermediate information storage.

In the case of information compression the data are transformed so that,
with quality preserved, the energy or the frequency band during emission is
decreased, or the memory volume in data storage is reduced. The “shrink”
efiect cannot he determined simply as it depends exclusively on the methods
of primary data presentation. Usually, with a given source whose limits are
known in advance, this effect is evaluated by the degree ot approximation to
a minimum admissible volume to secure the informative capacily of its data.

There are three methods of information compression which are used more
frequently. The first one is based on statistical coding and is subject to the
theory of information. In this case the discrete data cbiained through the
phenomenon recorded are presented wilh the help of a definite number of
symbols. During the statistical processing the volume of data stored is decreased,
as the quantities which do not contain information for a given parameter are
reduced,

The second method of compression is known as the interpolation and ex-
trapolation method. Its effectivily does not differ from the first one, but it is
easier to perform and can be applied successfully in cases when fhe parate-
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ters of the source are not fully known. This method usually involves partial
approximation of the initial characteristics to a known simpler function. After-
wards, insiead of the entire characteristics, only the parameters specifying each
sector of the approximating curve are transmitied [1],

The third method is applied usually in statistical measurementis. In this
case the experimenter is interested not in the momentum quantities of fhe pa-
rameter observed but ip its mean value, dispersion, derivatives, etc. The r1e-~
placement of the initial parametric totalily by some of its characteristics is
designated as parametric separation. This resvlis in rapid volume reduction of
transmitied or stored data. Typical of this method is the performance of incon-
vertible initial data transformations. So ihere are some doubis as to whether

it can be taken as a compression methed. it is clear that Lhe final result makes

it possible to relate this method to the one described above, notwithstanding
the fact of the qualitative transition io a new datfa totality |2, 3, 4| This me-
thod might require verification of the agreement beiween the data obfained
during the experiment and the mathematical model of the phenomenon. It is
a problem soived basically by statistical methods in the ground-based receiv-
ing stations.

In addition to the above meibods there are olhers which, through one
designation or another, could be related to the types already listed but which
possess their own specificities.

By way of example we shall consider the information compression in
probe methods of plasma diagnostics. These methods are used in studying the
vollage-current dependence of conducter {probe) immersed into the space
plasma. Usually a linearly changing voliage is applied to the elecirodeimmers-
ed in the plasma, and measuremenis are laken of the probe currenl of the
input of a DC amplifier connected with the electrode {collector). The sawtooth
sweep and the current signal amplified and iransformed inic voltage are
recorded simultaneously. It is obvious that in order to transmit ithe volt-am-
pere characieristic thus obfained we need felemetry wilh sufficiently big capa-
city. This restricts the experiments performed on the same carrier and is not
admissible, taking into account the fact {hat the probe measurements are usually
accessory. In this case, the use of the equipment described in [3] to determine the
ptobe characteristic derivatives reduces many times the volume of the information
transmitted, The method described in [3] and the equipment initially used on-
board the Ariel-1 satellite are interesting irowmn the point of view of the pos-
sibilities provided for fully utilizing the Langmuir probe specificities. Measure-
ments might be taken in this caseof ihe thermal jon densilies and temperatures
fion trap) or of the electron densities and temperatures (electron probe) in
the ionosphere. ’

In the equipment considered use is made of the fact that the information
necessary for the voli-smpere characteristics occurs in a tore suitable and
reasonable form if one deals with the curve derivatives.

The expression for the curve sector related to electron retarding can be
presented as follows:

3 aba? ety . A
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where {J is the probe potential (negative} with respect to the space potential;
and i, and i, are the positive ion current and the photocurrent, respectively.
As U is negative, the i, and i, currents change with the change of L/ much
less than the current #,. Then we obtain after differentiation by U/
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as well as
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For the linear part of the semilogarithmic characteristic this ratic is cons-
tant and its transmission by the telemetric system requires much smaller dy-
namic range than is the case when the curve itself is transmitted, Besides the
electron temperature we can obtain the electron density, as this value corres-
ponds to the refraction point of the characteristic.

The circuit used to obtain the derivatives is shown on Fig. 1. In order to
determine the slope and the curvature of the characleristic, two voltages with
small amplitudes are amplified and mixed. If the AC voltages are presented in
the form of U/, 0s (w ¢+ &) and C,cos {wyf+ey), Where w,<w, then the ex-
pression for the current / could be written in the form of a row

f=ly +- 7| U, cos {m -+ e3) Uy cos (gt -+ 6}
-+ 'Ee,I Uy €08 {wyf - &)+ Uy cos {0yt +8)]B-| +--,

where the currents and their derivatives relate to values corresponding to the
DC voltage value along the sweep at the moment £

In this way the amplitude of the componeni with angular frequency
wyU ) yields the vaiue of i, In the ciccuit an automatic adjustment of gain
is ciliployed to keep constant the outpui signal of the first amplifier. The va-
lne £, which changes within broad limits is determined by the voltage of the
automatic adjustment circait. The quadratic ferm in the expression contains the
component

2U,U; c0s (o, f+-8;) €OS {eof--£4) i,

Therefore, the second output signal gives the modulation relative depth which
is proportional to 2U i,

The circuit shown in Fig. 1 differs from the one used in Ariel-1,

The reasons for making the given circuit complicated lie in the inconve-
nience of the suggested method. Actually, the above reasoning assumes that
aiy deviation of the current carriers from the Maxwellian distribution would
occur i instability of the ratio #//7 and could be identified. In the general

case, this is not observed even at net electron measurements where a shatp
carrier potential change (in transition from light to nonlight orbital sector and
the reverse, when other items of probe equipment are operating on the same
carrier-satellite) could result in operation out of the linear-logarithmic region
of the volt-ampere characteristic.

On the other hand, any occurrence of & new iype of positive ions is ref- -
lected in a new slope of the volt-ampere characteristic for the ion measure-
ments. This makes it still more difficult to decode the type of the characteristic
derivatives, In general, the unavailability of the authentic volt-ampere character-
istic is an essential defect which constitutes a specific feature of the third type
of methads for information compression. ;



To a certain extent the reliability of the method {4,5] could be increased
by telemetry through given sufficiently long time intervals and the authentic
volt-ampere characterislic. Furthermore, as shown on Fig. 1, i is possible to
use the same number of telemetric channels. The full equipment description for
Fig. 1 is given in [6].
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Fig. 1. Circuit dingram: DC — diode commutator, T — trigger, SP Is and SP
165 — synchropulses, C — converter

Everything said until now refers to the first aspect of the problem of
information possibility increase in satellite experiments.

If we continue developing the case presented in Fig. 1, we shall notice
ihat all observations relate to direct data transmission regime, when the tele-
metric system information possibilities are sutficiently large. When we pass io
data memory regime, basic for most of fhe satellite experiments, the number
of points transmitted per time unit from the characterislics of inferest decrea-
ses rapidly.

In probe experiments the interpretation is impossible in the case of a small
number ot points (e. g under 12). That is why experimenters reach a compro-
mise solution — decrease of the number of characteristics used at the expense
of an increase of the number of points transmitted from a separate characte-
ristic. This is the second aspect of the problem of information possibility in-
crease, as mentioned in the initial part of this paper, namely, the establishment
of record conditions in determined time intervals of interpretable data. The
other denomination of this method is infemediate information storage.

The method consists of the following [7]: Over a certain period of time
discrete measurements are performed with relatively large frequency of discre-
tization, after which values obtained in the discrete imeasurements ate trans-
mitted over a period of time several times longer than the measurement pe-
riod. Thus we obtain a picture of the measured voli-ampere characteristic,
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stretched in time for esiablishing, under the above condiiions, in order to in-
crease the number of poiuts transmitied at the expense of the number of cha-
racteristics taken down.

The block circuitry of such a memory device designed on the basis of the
intermediate memory method is shown on Fig. 2. For considerations of con-
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Fig, 2. Block-diagram of the memory unit: MO — master osciflator, § —
electron switch, S-C — synchronizer-converter, ADC — A-D converter, BC-256 —
binary counter, DV-8 and DV-256 — dividers, AMV 1,2 — multivibrators, DAC —
D-A converter, RAM — real access memory

venienice the operation is described based on a concrele circuit version. The
master oscillator {MO) with square angle oscillation frequency of 65,563 kHz
feeds the eleciron swifch (S) through the divider {DV-256) with square vol-
tage frequency of 256 Hz. The swilch S is maintained by a synchronizer-con-
vertor (8-C) {3] at the inpul of which & synchronizing voltage “meander” type
Uy enters with a 2 s period of repelition (Fig. 3a). At the ouiput of the S-C
we obtain voltage Us ¢ as shown on Fig. 3b. Therefore the record time
T weme {1 sec in this case) of the controlling input of the switch S has a lo-
gical “0” and the reading time Ti..q(8 s in this case) has a logical #1”, In the
time interval “record” 256 strobes are fed Vs {Fig. 3d) through the astable
multivibrator AMV | to the A-D converter (ADC), i e. at the rate of 256
measuremernts per second. At the same time, through the binary counier, up
to 256 (BC-256) RAM memory addresses with organization 256X 8 {Fig. 3¢)
are involved. As in the concrele case use is nade of RAM type 110%ta with
access time of abont 1 s, there immediately follows a trapsformation time re-
quirement of ADC 1 s. As seen from Fig. 2, the A-D converier is of 8 bits
with parallel outpul which feeds the memory. The conirol voltage from S-C
feeds the bus READ/WRITE (R/W) as during the record there is a logical
“1” at the input R/W and a logical “0" during reading.

The recorded information is transmitfed after the measurement (7Tre.s). The
switch S is in position 2. The irequency divider DV-8 reduces & limes the
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frequency of the memory addresses involvement. The delay line DL is neces-
sary to shift the strobes [/ss {Fig. 3d) from the astable multivibrator AMV, to
2 s with respect to the pulses controlling the addressing counter BC-256 (3¢).
This necessity arises from the time of memory access. So at the input of the

Fig. 3. Operations scheme

D-A converter {DAC) the 256 measured values enter with Irequency 8 times
lower and converl again in analogue form. The DAC is necessary only if lhe
telemetric channels by which the information is transmitted are in an analogue
form. In case they are digitals the DAC drops out of the circuit.

As the suggesied intermediate memory device is used in different probe
experiments with different types of volt-ampere characterisiics, it is very dif-
ficult to determine simply according to Kotelnikov’s theorem ihe necessary
number of discrete measurements. That is why, on the basis of the siructure
shown in Fig. 2,'i{ is possible to use storages of different capacities, as the
frequency of the master oscillator and the capacily of the addressing counter
would be subject fo change. _

Besides that, in the availability of digital telemetric channels, it is pos-
sible to use several telemetric channels simulfaneously, especially in data trans-
mission, with a cerfain complication of this structure. When we dispose of a
microprocessor with an appropriately given programme (e. g. by first or se-
cond derivative change) the possibility arises of processing the volt-ampere
characteristic recorded in the memory and of transmitting information only for
special points from it.

Conclusion

The devices discussed above have been developed at the Ceniral Laboratory
for Space Research of the Bulgarian Academy of Sciences. Notwithstanding the
fact that they are infended for probe measurements, the principles involved
in their design could be employed in any type of space research where the
final result is an analogue signal {volt-ampere characteristic). The reasonabie
employment of the possibilities of increasing the effectivity of space experi-
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menis would lead to the full use of the experimental technique and equipment
and of the satellile system. This could open up an entirely new stage in this
field, particularly in routine space morphological measurements.
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[onuiuenne MHQOPMAITMOHHBIX BOBMOKROCTEH
HAYYHLIX COYTHHKOBHIX SKCHEPHMEHTOB

K. B. Cepagunos, C. K. Hanwenos, T. f1. Heanosa, H. b, Heanos

{Pesoae)

Ha coBpevenHOM 3Taue HCCAEAOBAHHA KOCMOCE H3YYAIOTCH CBASH MOXIy ABIAS-
HUSIMH, YCTAHOBJIEHHBIMH NPEXHUMH W3MEDEHHAMH, ¥ BAKOHOMEPHOCTAMH B OKO-
703€MHOM KOCMHYecKOM npocrpascTBe. IT0 TpeOyeT OCYLIECTBACHUA KOMIAEKC-
HbIX HAYUHBIX SKCIEPUMEHTOB. Pe3K0 BOSpACTaeT MOTOK HAYYHOH HHODMALIHH,
KoTopas NMepenaercs Ha RasemHble IPHeMHBie CTAHLKY. la STOM 9Tane npuxo-
JWTCR PeliaTh BOTMPOCH], CBA3AHEbIE C YIUIOTHeHHEM MHQOPM2IUOHHLIX KAHEAOB;
¢ CKATHRM fepejlaBaemMoro HHQ)OPMalUMOHHOTO NOTOKA, KOTAZ STO BOSMONHO H
nenecooGpasio, HHBIMU CACBAMH — C (OBhlUExUeM HHODOPMAUHCHHHX BOSMOX-
pocTell HAYYHHIX CHYTHHKOBBIX SKCrepuMeHTOB. KOPOTKO paccMOTPEHBI HEKOTO-
pEe MeToAbl CxaTHa MH(pOpMaLUM. AHANUSHPYETCH a(hdexTHBROCTE TpenBapu-
Tenpsoit 06paboTku undopmanun. B kayectse rnpumepa paccMOTDEH uacTHBIN
cayuall — KOCMHYECKHH B0HJOBBIH HAYYHBIH BKCNEPHMEHT. Paccmarpusaiorcs
HEKOTODbE BOHJOBBIE CUCTEMBl C NPEABAPHTENBHOMH o6paboTkoi cursana U HX
neGopMatOEEbIe BO3MOKHOCTH,
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