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Recently the digital methods of information transmission find greater applica-
tion in radiotelemetry, replacing the analog ones. That is due to the success-
ful development of the pulse-digital technique and to some advantages of the
digital systems compared to analog ones. The information signals {rom the
ionospheric scientific experiments are analog in their majority. In order o be
transmitted by the digital telemetric chaunels, it is necessary for the dynamic
range of the analog process to be divided into a finite number of subregions,
i, e. to be quantized by level. When the value of the measured quantity falls
in some of the subregions, a value approximated to the closest higher or low-
est level value is transmitied. If instead of this approximated value the num-
ber of the subregions is transmitted, then this method of transmission is ecall-
ed digital. A reestablishment of the quantized instantaneous signal value is
performed in the receiving part through various methods of interpolation. The
basic advantages of the digital methods, justifying them as a real and proimis-
ing way to transmit information are: possibility of fncrease without informa-
tional losses, easy transfer and storage by one memory device into another,
direct introduction into a digital computer, and possibility 1o increase the noise
resistance of the system while introducing coding of informational excess.

The objective of this work is to evaluate the application possibilities of
the principal digital methods in analog-digital informational transmission from
direct probe space experiments.

We discuss and compare methods for: (a) pulse-code presentation with
uniform quantization; (b) relative (difference) presentation; (¢) delta-presen-
tation.

Two determined probe signals are processed under linear and step inter-
polation,

We should note that the paper deliberately avoids the analysis of the
adaptive informational presentation methods. The reason being: the relative
complexity of equipment in the receiving and emitting part when using these
methods; the variety and the relatively greal possibilities of these methods is
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S“bfﬁct to a separate analysis which could be further developed in another
work.

The first analysed signal is the classicat volt-ampere charactetistic of the
Langmuir probe, The curve in Fig. 1 is a typical characteristic obtained dur-
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Fig. 1
a — Typleal characterlsiics obtatned duting the operation of the Bul-

garlan  probe equipment mounted onbeard the Vertiesi-5 rocket (I877);
b — The transformed characteristics of Fig, 1a

ing the operation of the Bulgatian probe equipment onboard the Vertical-6
rocket (1977).

Figure 1b shows the iransformed characieristic of Fig. la taking info ac-
count that the sweep is linear and with period of 1 s.

The analysis and conclusions from the characteristic shown are valuable
for the digital transmission of volt-ampere characteristics in general.

The minimal and maximal electron probe currents are, respectively,
L min=0.16 10 A and [y mar=7.75X10~% A. The maximal input level of the
telemetric system Uiamer==6 V and the minimal Uy min= Uy =I5 miys —j—“i—

e max

—0.127 V. The sweep voltage at values shown in Fig. la would be described
by the expression Vew=—2.2+5¢ (¢ changing from 0 to T), and the exponen-
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tial sector of the V-A characteristic can be presented analytically by the ex-
pression

£
& Ut)==Us.exp (58], o i,
£
where k- o 7.73.
(2) U(t)=Uq.exp k (--2.2+458)= U, . exp (— 2.2k +5 kt).

Furthermore, all conclusions would be drawn for the exponential part of
the V-A characteristic, as it is the limiting secfor in analog-fo-digital iransfor-
mations.

The main parameters characterizing the digital signal presentation are:
quantization level number, quantization step and discretization frequency.

When determining the quantization level number M and the quantization
step dk, we start from the expected dynamic signal range and the mnecessary
accuracy (error) of quantization. We accept quantization error— I per cent.
The maximum relative error and the mean-quadratic deilection are, respec-
tively

dg  dg i

) dgmex = o7, Shdg =M
and
1
4 e 1
{4) ? NN
where dg — quantization step;
Us — signal dynamic range;
Us:{fmax‘“Umin
M — quantization level number,
hence
I 1
) M= 5 =607 =50

but M=2", therefore we chose the closest multiple to the 2" number —
M=64. At 64 levels the mean-quadratic error from quantization would be
y3=0.46 per cent, -

The guantization step is equal fo

©) dg=5.-95 103V,

At uaiform quantization, the quantization level is placed in the middle of the
quantization interval. The absolute error obtained in identifying the instanianeous
value with the quantization jevel is

(7} gg=4q—4,

dq — quantization level;

A —- counted instantaneous value,

And the maximal absolute quantization error would be
(8) | &g !rnax == %‘

I2



The discretization frequency of the signal described in (2) is defermined by
its correlative funciion. This frequency should be withiy the limits 1.5 to 6 of
the discretizaiion frequency defined by Kotelnikov’s theorem

{9) Fy=(1.56)2 forr.

The amplitude-frequency specirum width is obtained from the spectral
density, calculated from the formulae in (1), in our case A fer=-30 Hz.

We should underline that the discretization frequency can be determined
more accuralely by the relationship between the interpretation error and the
signal correlative function.

When interpolating the examined signal with a polynomial of first power
(step function), we obtain: :

discretization period 7,=0.004 s,

discretization frequency [F,=250 Uz,

informational’ transmission rale f=F,.m=1,500 bil/s.

At interpolation of the informational signal with the Lagrange polynomial
of second power we obtain 7,= 0.0078 s; F,=130 Hz and /=780 bit/s.

In ditferential methods of informational presentation the difference bet-
ween two instantaneous values sampled in two subsequent discretization in-
stants is quantized. These methods are valid only when there is a considerable
decrease of the emilted informational quantity. It is obvious that the uniform
difference representation could be valid when the signal fluctuates fast wiih
small amplitudes and slowly changes within the limits of the full scale.

Therefore, the differential presentation is valid if an informational com-
pression is obtained, i. e. if the difference between coordinates is encoded
with less symbols than the discrete instantaneous value

{10} Mg = 1 -— Ay,

where mg, is symbols number in the difference coordinate,
m — symbols number with which the discrete instanianeous value is
transmitted.
Amg=E — where E is a full number minimal in the discretization range.

1 1
(11) A thg- 5{2 log, 2[1—2:}(?011}’
where BT, is the reduced signal correlative function.

For the case {Fig. 1b) we obtain k(7T,)=0.85 at step function of inter-
polation and at the above-obiained values of 7, and £, Hence 4m=085 1.
Therefore, at difference presentation the number of binary symbols is the
same one with which the instantanecus discrete valueis given at pulse-code
modulation with uniform quantization.

Upon linear interpotation and difference presentation we obtain 7,=0.0078s;
B (Ty)=055 and Am,<1.

We see that the difference presentation of the symbeol examined is not effec-
tive (at both ways of signal interpretation from Fig. 1), because of lack of
information compression, '

Upon delta-presentation of the signal the discretization frequency has to
be selected in such a way that the function change per unit of discretization
period would be less than the quantization step.

For interpolation with polynomial of first power, the quantization step is
selected by the dependence
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emaxS2dg-:-0.06V,
dg=0.08,
r dg=0.03V,
il for the discretization frequency we obtain
W{EHTH-UD]=dg Fy=1500 Hz,

for the interpolation with polynomial irom second
power

1 il Enax = d? =008V
- | dg=0.068V

Fig. 2. A signal shape from an Fo=720 Hz.
efectron temperature study experi- s . 5 o
ment  with  double modulation The transmission rate of information quaniity in

probe : bath cases of interpolation is approximately
equal to the rafe in PCM, but this is achieved
with much higher discretization frequency and
the accuracy of this presentation method is much smailer becanse of the sum-
ming error efiect irom the different coordinates. For this signal type the
classical PCM method appears to suit best in analog-digital presentation.
In many cases the information from V-A characteristic can be obtained
with greater accuracy by their derivatives. Series of experiments prove that in
practice (2, 3]. The signal shape from an eleciron temperature study experiment
with double-modulation probe is shown in Fig. 2 and can be described analy-
tically by the expression

U(t)=A.exp [_.E%:_ggl?_ ]

t,=05s,

where :
A=6V — signal amplitude,
a=30X10-% is determined by the condition { -{,=a

Ufay=Aexp (0.5).

The processing results of this signal from the three digital methods with the
described fechniques are given in Table I.

As is seen from the Table, it is more reasonable for this signal also to
use classical pulse-code preseniation of the signal at linear interpolation. The
relative presentation of this signal type has small coefiicienis of iniormation
compression (1.5} and upen delta-presentation in transmifting the same infor-
mation much greater discretization irequency js necessary.

In conclusion, we can say thait the digital methods application (namely,
the classical pulse-code presentation} in probe methods is very effective when
accompanied by prior processing of the V-A characteristic onboard the space-
craft, This processing should include the defermination of the first and second
signal derivatives. On ihe one hand, the differentiation decreases the dynamic
range of the transmiited information, while on the other, it increases the ac-
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Tabie 1

g Method of digital Level No. Gnant, Dlser, inf. Compr.
o] presentation of quant, siep frequency trans. coeff
;-% rate
z M 4, vl [Hz) [blt/s]
| Glassical pulse-code pre- 64 95%10-8 | 110 660 —_
sentation |
=l . 1 == . i R T s
oE | Relative (differ) presen- | 64 g5%10 ¥ | 100 500 1.5
= & tation .
§ |— . I ___i‘._ =Y
27| Deita-presentation 200 3010 8 |I 2260 2260 =
Classical pulse-code pre- 64 5% 10 3 54 ‘ 324 —
o | sentation
S |- e - e e e ——— i
8% | Relative (differ.) presen- 64 9514 3 54 270 —
E g | tation
L | = — e s
E
| Delta-presentation 200 60X 10—3 1670 1670 —
curacy of the measured parameters (electron density and temperature) and

faciliates the ground-based compuiing of the telemetric information,
‘Such are in fact the development trends of the probe methods at the
Central Labotatory for Space Research of the Bulgarian Academy of Sciences.
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O BO3BMOMHOCTSIX NPUMEHEHHS HHU(POBBIX METOLOR
B 30HAOBHIX KOCMUYECKMX 3KCIEPUMEHTaX

C. K. Yanxwunos, B. lenos, B. Mapwos

(Pegome)

PacCMOTPEHB! BOSMOMHOCTH ADHMEHEHUs OCHOBHBIX CYHIECTBYIOUIMX METOLOB
ananoro-uudposoro npeotpasosanus AR ABYX KOHKDETHBIX CHIHAJIOB. B xauec-
TBE KOBEKDETHBIX TDHMEPOB BOCIDHHATH K/IACCHYECKAs BOJbTAMIICpHAA XapaKTe-
. pHCTHKE, TONYYAEMAs NP OpUMEHEHMW B0HAa JlemrMiopa, # XapAKTEPUCTHXA,

15



flosryademan npH HCAONB3OBARUM ZBOWHOTO MOAYAALUOHHOIG 30HAZ (mna  onpe-
AEAEHUS NA3MEHHOMH 3JeKTPOHHOH TEeMIepaTypsi).

Hacrora JMCKDETH3AlMM, YHC/IO YPOBHEH W LA KBAHTOBAHUS OpH  3alaH-
HOH OlIMGKe ABJANUCH OCHOBHBIMH [ADAMETPAMH Afs CPEABHEHUS NPRMEHUMOCTH
PasAHUHLIX NU(POBBEIX METOMOB.

HcenenoBanss ABYX KOHKDETHBIX HPUMEDOB NOKAZAAH, YTO KJIaCCHYeCKoe
KOR-MMIYNbCHOE MpeRcTaBaende 00JafaeT OnpeXe/eHHLIME OPEUMYIHECTBAMH
KaK 110 CPABHEHHIO C DASHOCTHBIM NPEACTAB/ACHHEM (K3-3d OTCYTCTBHR KOMIpPECs
CH¥ RAHHBIX B JIOCAEHHEM), TAK M [0 CPABHEHMIO C AEABTA-IPELCTABACHHEM (H3-
3a YBeNMHUEHHS HACTOTHl [AMCKPETHSALMK M YXYAUIEHHR TOYHOCTH ODH AeJbTa-
e iCTARNIEHUN ),
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