ACADEMY OF SCIENCES AKALEMHS HAYK

OF THE USSR CCEP
SPACE HHCTHTYT
RESEARCH KOCMHYECKHX

INSTITUTE HCCJIEIOBAHHH

PROCEEDINGS OF THE
[Vth INTERNATIONAL SEMINAR

MANUFACTURING OF SCIENTIFIC
SPACE INSTRUMENTATION

USSR, Frunze, September 18-24, 1989

TPY Abl
IV ME)KAYHAPOJHOI'O CEMHWHAPA

HAYYHOE KOCMHHYECKOE
MPUBOPOCTPOEHHE

CCCP, ®pynse, 18-24 centsabps 1989

Vil

1990



ACADEMY OF SCIENCES AKALEMHA HAYK

OF THE USSR cccp
SPACE : HHCTHTYT
RESEARCH KOCMHYECKHX

INSTITUTE HCCJIEIOBAHHH

PROCEEDINGS OF THE
IVth INTERNATIONAL SEMINAR

MANUFACTURING OF SCIENTIFIC
SPACE INSTRUMENTATION
INSTRUMENTS FOR STUDYING

SPACE PLASMA AND
COSMJC RAYS

US&. Frunze, Septemher 18-24, . 1989

TPY A bl
RY ME)K}IYHAPO,E[HOFO CEMHHAPA

HAYYHOE KOCMHYECKOE
INPHBOPOCTPOEHME

" NPHBOPBI JJISl HCCJIEJOBAHHS
KOCMHYECKOR IJA3MbI H
KOCMHYECKHX JIVYEN

CCCP, ®pyuse, 18-24 ceumsiGpn 1989

Edited by V.M.Balebanov Moa pemaxuueit B.M.banebanosa.



YK 629.78 : 681.2

The IVth International seminar on scientific
space 1imstrumentation manufacturing was held in
Frunz in September 1989. The Seminar was
mlated gy St e Space Re;eag'ch Institute, USSR

emy of Sciences, and the INTERCOSMOS
Council, USSR Academy of Scienges.

More than 200 specialists from the USSR and
other countries (including - for the first time —
capitalist countries) participated in the
Semm%. P o

ese Proceedings include papers submitted
to the Program Committee byp ghe time the
~ preparation of seminar materials for publication
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INTRODUCTION

The Martian plasma complex consists of.two sensors, SOWICOMS
~and TAUS,and two dedicated preprocessingruhits located in a com-
mon electronic box. The TAUS-sensor is a novel electrostatic-mag-
netostatic particie analyzer, performing three dimensional mea-
surements separately for H" and He** particles. An additional
channel accumulates heavy-ions (M/Q 3 3) without angular reso-
lution. The instrument operates with an acceptance angle'df

40° x 40° divided into 8 x 8 angular channels. The energy range
is 30 eV to 6 keV, particles are classified to 32 logarlthmlc
steps. The dedicated TAUS-preprocessor controls four measure-
ment modes for the solar wind phase and the Martian environment.

The TAUS preprocessor hardware

The data processing unit was developed around the 80C86 micro-
faster.
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The logic components for the processor area are selécted from
the 54HCxx series, which guarantees working speed of more than
10 MHz. The logic for peripheral interfaces is built around
components out of the GD40xx series. In Figure 1 an overview
to the hardware design is given.

Software structure

The TAUS preprocessing unit is designed to do three independ-
ent tasks at the same time. The control and the data reduction
for the TAUS-sensor, the communication with the spacecraft te-
lemetry system and the fransfer of data-frames, generated by
the SOWICOMS protessing unit, to the telemetry system. To avoid
problems with timing and priority, all tasks are executed in

a time slot configuration with a turn around time of 100 ms
(Figure 2). A central schedule program is responsible for con-
trolling and managing tasks. This reduces the maximum available
computation power, but,on the other hand, it is more reliable
and it makes the test-phase shorter and easier. It is necessa-
Ty to run in parallel, periodic tasks and tasks taking an exe-
cution time larger than an available time slot. Therefore a
foreground and background system is installed separate for each
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Figure 2

time-slot. For a maximum of indépendences and a minimal inter-
action of all tasks in case of failures, a dedicated -stack and
data area for each time slot is reserved. In cases when the
execution time is shorter than an available time élot, the pro-
cessor is switched to a sleep mode until next interrupt occurs
to switch over to another task. This method reduces the aver-
age power consumption by about 20%.

Data compression

The set of measurement data created by the sensor is like a
cube of eight'by eight by thirty-two boxes, each box contains
the corresponding count-rate (Figure'S). Thé dynamic range

of the count-rates is equivalent to 16 bit data. The senéor
works, in principle, in two modes, one for H' and one for
processor family. This type of microprocessor, well known from.
personal computer systems was the first 16 bit processor avail-
able in CMOS technology..The 80C86 performs all integeriarith-
metic including 16bit multiplication and division. Using addi-
tional components out of this processor family as interrupt con-
troller 82C59, timer 82C54 and the clock'driver 82C84, gives

a powerful system.
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The program memory with a capacity of 12 kbyte is built from.
2 kbyte chips, the type is HM-6617. Using this typé restricts
the maximum memory capacity, on the other hand, this type of
PROM is the only one CMOS-type which is available in ‘fusible
link' technology. The operation memory is constructed by using
the 2 kbyte HM-6516 type, the total capacity is 12 kbyte.

The TAUS processing unit communicates with the sensor and the
spacecraft telemetry system via serial lines. The data inter-
change with the second preprocessor (SOWICOMS processing unit)
is done in parallel format. All communication channels are buf-
fered with FIFO memories. This reduces the number of inter-
rupts, the software structure is simpler and the CPU works

He++ particles. The accumulation of heavy-ions is done simul-
taneously. In case of H particles a complete energy sweep is
done in eight seconds. For He'" particles the accumulation
time is enlarged by a factor of four. At the same time the
energy sweep is reduced to 14 steps around the precalculated
maximum. One measurement in eight seconds gives a data rate
of about 512 bytes/s from the sensor interface. The telemetry



- 71 -

data rate in comparison is rather small w1th 10 bits/s. The
preprocess1ng modes are designed to combine sets of unprocess-
ed raw data in low time resolution with the results of pre-
processing ‘algorithm which give a maximum time resolution by
loosing basic information. The maximum in data reddction is
achieved by use of the statistical method of moment calcula-
tion.

In general the scientific output data contain raw data (around
the maximum), single- and multidimensional spectra and results
of the moment calculation. All count-rates are compressed to
eight bit values, using quasilogarithmic compression. As usual,
sets of housekeeping data for the preprocessor and the sensor
and time information are add to the telemetry frames.

Moment calculation

Starting with a three dimensional distribution function a set
of statistical parameters are calculated. Using these paramet-
ers allow the recalculation of typical physical values for the
distribution function as density, velocxty vector; temperature
and heat-flux tensors. In case of TAUS the 51mu1at10hs showed
numerical problems for the results of the heat-flux, so this
part was canceled and replaced by additional basic information.

The sensor results have to be corrected before the data set is
processed to moments. The formula (1) shows the compensation

of dead-time of channeltrons and amplifiers, Formulas (2) and
(3) take in account the difference of the detector effects caus-
ed by the geometry. The ratio A%E is not constant over. the
energy range, formula (4) takes this in consideration. The sym-
bol &« is used for the angle whefe the channeltrons arello;ated;

€ for the perpendicular direction.

21 (E,e,8) = —2OUE €, (1)

1 - ZO(E,e,«)%

n

22(E, £, = Z1(E,£,6)K &) " (2)

L]

Z3(E,80f) = Z2(E,£E,)K(E) ‘ (3)
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N(E, €, = 23(E, &,A)K(E) : (4)

ZO(E, &,«) ... countrate rawdata T ... accumulation time
N(E,&,o) ... correcﬁed countrate € ... deadtime

The common statistic formulas for the moment calculation are
given in (5), (6) and (7). In case of measurements the distri-
bution function is a discrete function and the integrals are
replaced by summations.

n(®) j ILN(E,&,&) (5)
E e
AL D SELLN(E.&J)V(E) . (6)
LG S Sfdu(s,e.a()vz (E) (7)
E e

In (8), (9) and (10) the fprmula for the moments of the x?compo~
nent are given.Formﬁla (11) is one example for mixed components
in case of the second moment. All other componenté are in prin-
ciple identical,there 'is just a change in the trigonometric fun-
ctions. Base is a rectangular coordinate system X,y,z with x
pointing towards the sun, and the y-component in the ecliptic

plane.
u® ¥ T I N0 (8)
E e o&
(1)
M = "N (E,£,6{)V(E)cos§ cos o (9)
x T REINCe
(*) ) T 2 2 2
M =5 ST IN(E,£.0)V (E)cos € cosaf (10)
xX P ea
2 2 ’
u(z) =3F T IN(E,E, DV (E)lcos € coselsine (11)
Yy E e d

FThe second set of formulas are used to recalculate the physical
Qalues. Since the number of parameters is not changed, this
part can be performed at ground. The formulas (12), (13) and
(14) are for the x-component, (15) is one example for mixed
components. All other components may be generated by changing
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the summations are done with 16 bit numbers. Instead of trum-
cation the results of multiplications are rounded to minimize
the error. All parameters are normalized to values less than
one, the decimal point is defined left from the most significant
digit. This guarantees that never an overflow will occur. Fi-
gure 4 shows the flow chart for a single countrate. A sixteen
bit software simulation was used to compare the microproceséof
algorithm with standard floating point routines. The programs
showed failure rates of approximately 10'4. To minimize the ne-
cessary computation time only :4 energy steps around the maxi-
mum, instead of a complete set of raw-data, were used for cal-
culating the moments. This agreement fits well to the typical
solar wind conditions. To be able to check later on, if the
energy range of the distribution function is less or equal to
the energy range of the raw-data, the maximum count-rate in
"the lowest respectively highest energy step is transmitted.

RESUME

The moment calculation is a powerful data compression algorithm,
the amount of data is reduced by a factor of 200 and more. The
sixteen bit miéroprocessor system hascenough computation power
to control the sensor and compress the measurement data in pa-
rallel. Minor changes in the hardware design should be made for
future applications. Adding a separate hardware multiplication-
accumulation unit would accelerate the moment calculation and/or
allows the usage of thirty-two bit algorithms. The size of the
calculation memory (RAM) has to be enlarged, to buffer formatt-
ed telemetry frames if the instrument works asynchromous to the
telemetry cycles. The numerical limitation to sixteen bit does
mot effect the result to much. More troubles occur when the sta-
tistical parameters are compressed for transmission. The prob-
lems are located in the formulas for recalculation. In formula
(14) two parameters have to be subtracted. Both are in about
the same size, the difference is approximately one per mile.

The typical exactness of the compressed values is less, there-
fore it is impossible to recalculate the correct values for the
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‘plasma temperature'. A splution would be, to include these’
subtractions to the on board preprocessing algorithm. Changes
jin the sensor characteristics (efficiency, -high voltage, noise,
cross talking ...) influence the results quit enorqoué. A com-
bined software-hardware sensor simulator would be helpful to
test all algorithms and to simulate unusual sensor conditions
too.



