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Receiving

Oscar-5

by Dr A. Gschwindt, HASWH*

TS acicle descibes the receiving stion which was in
operation at Budapest Technical University during the
lifetime of Oscar-5. The development and construction of
the station was carried out by the members of the space
research group of the university's mictovave chair

s hoped that the idens presented may encourage others
o participate in the work connecied with futire saislie
Unfortunately the high eleetrical noise level in the heart of
Budapest resiricted reception to the 144MHz signals

Basic considerations
Before descibing in dtall th eipment used, e factors
which influenced its design will be considered,
Fir, comider the inalonoise o of sigmls coming
from the satellite, assuming the following da
(@) transmitied carrier power from the sateli
or in decibels relative to 1W: P: — —13dBW,
(© the diance bevn “he salellits and the recsver sl
sssumed orbi heght of 100k, when
e v o ooy
5] The waselpngis of rsepriet: & oo 300
) the gain of the cross-polarized receiver aerial: Gy — 8B,
(@) free space loss between the satellite and receiver antenna.
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From previous results the carrier power measured at the
receiver acrial terminal can be determined

Pe= P

To obtain the signal-to-noise ratio of the received signals
the naise power at the input of the receiver should be
calculated using the following data:

Noise figure of receiver used for reception

T
where k — uonun.mn constant
To = 273
In the 2m band the average sky noise temperature ™
approximates to To, 50 the noise power measured in
bandwidth is:
=[F— 1) Tod
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Receiving aerial

expressing the power of k Ty in decibels relative to 1W
Pla=F —204 dBW/Hz.
The i.f. bandwidth in the case of A3 mode transn
must be twice the maximum modulation frequency,
s L500Hz. So the minimum receiver if. bandwidth i
3,000z,
B = 3,000Hz.
Bandwidth in decibels above 1Hz
10 1og B = 10 log 3,000 = 35dB.
Received noise power in the whole band
Pa = F —204 | 10 log B dBW.
From previous results the carrier signal-noise ratio is:

B Pt Grm s (F— 2044 10 10g B —
PiG F 4 204 — 10 log B.

Subsituting in the formula

3 B-8—148-6

= 204 — 35 = 10dB.
Thus the carrier signal-noise ratio measured before the
demodulator will be about 10dB,
ter demodulation the sidebands and not the carrier are
used, 5o the result must be modified to obtain the true
signal-to-noise ratio for sidebands measured at the af
output of the receiver

Ps Peo mi*
-2 (5) (5)
where m = modulation inde
o T
S B pl
PSS

Po Pa’aT 2P
‘The signal-to-noise ratio for lhe modulated signal will be
half of the carricr signal-to-noise ratio,
e result expressed in decibels is
P Pe
F=p —3=10-3=1d.
ese results provide the best possible eception figures
and te following considerations have been
(@ The supply voltage decreases during the ietime of the
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Fig 1. Block diagram of the receiving station

satellite, 50 the transmitter output power also decreases.
(b) For several days after the launch the satellite ws
tumbling, and fading was affecting the reccived signal.
Naturally, reception would be better when the satellite was
above the receiving station. T

signal-to-noise ratio was improved with a reduction in band-
width using a tracking filter,

Receiving station operation
The block diagram of the receiving station is shown in Fig. 1.

“The signals transmitted from the satellite were received by
a cross-polarized aerial system; the pre-amplifier together
with the converter, which has an output at 22MHy. wese
located on the acrial mast

‘The 22MHz signal was fed to a commercial hf receiver, at
the output of which were the signals of the telemetry channels
which lic within the 500-1,500Hz bandwidth. Improvemen:
of the signal-to-noise ratio was carried out by the tracking.
filter; its correct operation being controlled by an oscillo-
scope.

During most of the recciving periods the output signal of
the receiver was recorded on a commercial tape recorder 1
retain the telemetry signals in case of a fault in the counter

The fraquency of the telemetry signals was measured with
a digital frequency meter and was shown on the. display of
the counter and at the output connection from the counter
to the printer. The printer was controlled by the counter to
print out the telemetry data every second. The time of the
measurements was also printed; the time-signal being
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generatod by a digital clack working with the mains
ime reference.

Acrial rotation was carried out with a hand-operated
remote control. For the position display an analogue sysem

as the

Aerial
The acrial system was located on top of a seven-storey build-
ing; this location limiting its size, and because of the nature
of the remote control it was decided to choose an aerial of
simple mechanical construction.

nine-clement Yagi acrial was chosen, from two of which
a cross-polarized acrial system could ‘be produced. The
cross-polarization reduced the fading originating from the

In some satellite passes only one half of the aerial was used,
in whict lane-polarized. This depended
on the quality of the received signal which suffered from
strong fading and from time to time disappeared in the

of a satellite,
Because of the simple aerial construction, the two per-
fectly balanced aerials were located at the ends of a hori-
zontal acrial mast, as shown in the photograph. To reduce
the offects of mast disturbances, the acrial plane was rotated
relative 1o the horizon so that the two planes had 2 90° angle
between them. The rotation of the acrial in horizontal and
vertical directions was carried out by two dc motors,
he position display was a simple analogue system. It
consisted of two linear potentiometers rotated together with
the acrial. The potentiometers, connected as a variable
resistor, fed a constant-current de generator, so the voltage
measured on them was proportional 10 the acrial rotation.
The accuracy of the position display was betier than 3
degrees.
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Pre-amplifier and converter

The distance between the receiving room and the acrial wass
about 100m, and to climinate the effect of large cable-loss a
pre-amplifier was placed on the acrial mast, together with
converter and first-stage i, amplifier. The gain of the unit
s sbout 4048 and the nowe fiure was 4AT,, Al Stages
consisted of onductors; the supply valtage fd. the
Comerier i the inner Sonductar of coris) eat

Receiver
This arian I communication_receiver, type
MLI000: which. hsd a 3kliz i.l. bandwidth, No circuits for
the correction of Doppler shift were incorporated and the
tuning correetion was pesformed manualy

During the reception of the sarellite’s signals, develop-
ment of & product detector system with automatic DDDFncr
correction was started, bul iely it was impossible
10 prove it Guring the ifetimé of the saelie, TS type of
detector ensures the climination of the knee effect in the
reception of A3 signals. Where envelope detectors are used
with a 3-5dB detector inpul signal-to-noise. ratio, the
detector output signal-to-noise ratio decreases very sharply.

Tracking filter
From the estimate of the expected signal-to-noise ratio it
was s tat generaly h signabo-nose ratlo messred a
the output of the receiver would not be sulliient for hish
ceuracy. f':qu:m,» measurement. The process used lo
improve the output signal-to-noise. ratio was based on the
ollowing theory
The frequency of a single signal hemg received con-
tinuously during the 655 period had to bo measured, and
using the receiver output signal a wide Noc spectram was
connected to the mpuz of\lm counter. In the 1,500Hz band-
width the useful information was a single signal, and the
variation of the momuamm signal was very low during the
3 tme intral
A poor match exists between the receiver autput and
counter. If we t: a bandpass filter and decrease the
bmdv,wd(h near the desired Itequency, for example one-tenth
of the original bandwidth, we get @ 10B signalto-noise
\mpmv:mcm at the output of the filter.

Unit No1

Uni

PHASE
PETECTOR

. itis not practical 1o tune the filter by hand every
e although the tracking
filier used in this system operated in this way, the tuning was
sutomatic. The block diagram of the tracking fiter is
shown in Fig 2; its operation being based on the phase-
locked loop.

n the ssb generator the af signal is shifted up into the
450:5451-5kHz band, a process found in all ssb trans.
mitters. The signal located in the 450KHz band is amplified
and then connected to the input of a limiter which removes
the amplude variation of the sgnal 0 cnsure 3 consint
supltde signal {or e phse decs

cutaut of the limiter 1 Alterd with a paralll tuned
ciruit, and g amplituds and band-hrted S
nected to the input of the phase detector unit through &
buffer ampiifier.

Phase-locked loops design points
Take onedtenth part of the incoming signal banduidih
namely 150Hz, as the loop bandwidth, Theoretically it is
PR i s value but this means the decrease
& the Tosicin band. To make automatically following
loop with, say, an oscillator frequency of 451kHz, the
phase-locked oscillator will find the incoming signa i the
ge. Any further in

bandwidth wil esul n the lock-in range being 08

e system will lose the incoming signal when the satelite
el metry channel

AL the output of the phase-locked system the signal fre-
quency is within the range of 451 + 0°Skidz. This signal s
mixed with that originating from the carrier oscillator of
b generator, 4S0kHz, and the diffrence of the two s‘gmh
channel frequency measured at the output of the

rcccwu
here is no differenco in the frequency of the two signals,
but the output of the tracking filter has a 10dB signal-to-
noise improvement over the signal at the receiver output

Tracking filter circuit
‘The tracking filter consisted of two independent units; an
ssb generator and a phase-locked loop,

t No2

Looe
FiLTER

Fig 2. Block diagram of track-
ing filter
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Fig 3. SSB generator and mixer circuit diagram



Fin 3. SSB qonerator and mixer circuit diagram

The circuit diagram of the first unit is shown in Fig 3.
The signal from the receiver output is fed to

sided a.m. signal, the upper sideband is filtered out with an
clectromechanical fiter

The ssb signal, amplified by valves V2 and V3, is limited
by a parallel diode limiter; the maximum value of the
clipping is about 20dB. The bias voltage for the limiter
diodes s produced from the ac heater voltage. TRI and TR2
work in emitter follower configuration to give low internal
sesistor voltage source for the limiters. From the limiters the
signal is fed to the output of the unit through a bandpass
filter and a buffer amplifier.

The 450kHz signal produced by V1 is fed into the mixer
(third grid of V5). and the first grid of the mixer s fed with
the signal of the phase-locked LC oscillator from the second
unit. The output of V' through the low-pass filter is amplificd
and switched to the counter. The low-pass filter has a cut-off
frequency of about 3kHz to remove the 450kHz com-
ponents,

g simple connection possi-

il

The signal at the output of the phase detector, which in
the locked-loop condition varies proportionally with the
phase and frequency of the incoming signal originating from
the satellite, guides the phase and frequency of a Clapp
oscillator through the loop filter.

The control devices are two Varicap BA124 diodes con-
neeted in parallel. With the help of the potentiometer it is 4
simple matter 1o tune the LC oscillator frequency to ensure
the lockein process at the start.

‘The buffer amplificr, TRY, is an emitter follower after the
LC oscillator. The buffer output feeds the phase deector
and the output of the unit, while the output signal of this
unit feeds the first grid of VS which is working as a mixer.

Control of the tracking filter

When the tracking filter is working correctly, the frequent

is the same at the input as it is at the output of the filter. If
the signals at the input and output of the tracking filter are
switched into the horizontal and vertical input of an oscillo-
scope an elliptical (Lissajous) figure is shown when it is in
locked condition. If it is a rolling figure, either the loop is
not working correctly or the output frequency of the filter
s not the same as the frequency transmitted by the satellite.
In practice, this mode of loop control was a simple way of
watching the tracking filter at work. Except during some
extremely bad receiving conditions it was sufficient to control
the loop lock-in pracess at the rising of the satellite, and all
went perfectly during the pass.

Frequency measurement

The digital frequency meter used in the experiment was a
Hungarian product, type TR5250, which has an upper count
frequency of 10MHz. A measurement accuracy of 1Hz was

eflect of the tracking

filter on HI signal when the
eption was poor

Fig 4. Phase-locked loop circuit diagram
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Table 1. Data print-out with time la)

i y. Gopy of
original data sheet during orbit 177

Time frequency Channel  Time y Channel
(MEZ) (kH2)  number  (MEZ) umbe
53006 126 1 15.30.89 4
153007 1247 1 53050 E
153008 125 1 5
153000 1245 1 5
13010 1248 1 H
153011 112 N H
53012 0701 2 5
153013 0710 2 H
14 070 2 H

153015 0785 2 5
13016 1o 5
83017 071 3 H
3018 0783 3 5
153015 0788 3 30 ]
153020 0787 3 5. -
153021 81 3 15304 7
153022 0788 3 153045 7
153023 o070 3 153048 7
153024 o4 : 153047 7
153025 0722 4 153048 7
153026 o715 4 153049 -
183021 0700 i 153050 063 st
153028 070 i 153051 1216 of Hs

sufficient and the 1Hz resolution required 1s of gate time.
Tn the 655 channel time four o five useful items of data were
obtained because the counter was not synchronized with the
channel time,

‘The measured frequency was readable in the display part
of the counter and in parallel code st the output of the
counter. The output of the counter fed the printer for auto-
matic measuzement and the gate signal controlled the

Digital clock and printer

In addition to the channel frequency, the time of reception
was also printed out. The time signals came from a digital
clock made at the university, and as there was o need for
high accuracy, the clock was regulated by the mains supply.

Table 2. The effect of the tracking filter on the
accuracy of the data

Channel frequency (kHz)
Without  With

Channel frequency (kHz)
With
tracking tracki
L

Without
ing Channel tracking tracking Channel
bor - fiter  fi

fiter e number
r254 L 0085 500 4
11256 1 1205 &
11250 1 1345 5
252 1 136 128 5
1238 - 138 yent 5
x = 1365 24 H
0642 2 s 1200 -
0542 2 112z o -
05z 2 1078 Qmm 5
084 2 1051 opre H
gt 2 1081 0400 5
om0 osst 3 1.0 0797 5
osst o7l H 100 o 5
0w o7 H 1378 i =
0875 o073 H 1367 om0 7
osss o7t 3 LY 1 7
o3t o7 3 34 12 7
0@ 05k h e ek 7
0842 ok i 1365 1250 7
08 0505 a os8 o700 &
082 g2 i T2 s -
050 4

to print the channel
frequency and the time of reception on one line.

Results

An example from the output of the printer is shown in Table
1. Between channel numbers 1 and 2 the data is not correct
because of the asynchronism between the channel swilching
and oints. The signal

caused by the tracking filter is shown in two examples,
‘Table 2 and the photograph; in the table the error is greater
without the filter, and in the photograph the HI signals are
clearer following the introduction of the filter and are lost
in the noise without it
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