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Abstract

Digital satellite communication experiments in the
11/14 GHz band were performed on a link of 115 km
between Eindhoven and Huizen in the Netherlands by
means of the Orbital Test Satellite. Egquipment was
developed and tested via a translator loop. For
transmission and reception of RF signals paraboloid
antennes of 3 and 8 m diameter were used. Digital
transmission tests were carried out via the OTS-a and
OTS-B transponders. Spectra of the transmitted and
received signals were measured for different Quadrature
Phase Shift Keying modulation and demodulation
strategies at bitrates of 4 and 8.448 Mbit/s.
Videophone and Single Channel Per Carrier digital
telephony demonstrations in satellite loop operation
were given. Bit—-Error Ratio was measured for Quadrature
Phase Shift Keying modulation at bitrates of 4 and
8.448 Mbit/s and 32 kbit/s.
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List of symbols and abbreviations

BER : Bit Error Ratioc

C : Carrier Signal Power

CCIR : Commitee Consultative International de Radio
CQPSK : Coherent Quadrature Phase Shift Keying

dBc : Decibell with respect to carrier

DE~QPSK : Differential Encoded Quadrature Phase Shift Keying
DPCM : Differential Pulse Code Modulation

DOPSK : Differential Quadrature Phase Shift Keying
E : Energy per bit

E8T : Eindhoven University of Technology

EIRP : BEffective Isotropic . Radiated Power

G : Antenna Gain

GHz : Giga Hertz

H : Horizontal (Polarisation)

HDPCM : Hybrid DPCM

Hzn : Huizen

HPA : High Power Amplifier

IF : Intermediate Frequency

IPFDS : Input Power Flux Density for Saturation
LPF : Low Pass Filter

MOD : Modulator

MSL : Mean Sea Level

N Noise Power Density

=
g

Non Return to Zero

oTs : Orbital Test Satellite

PCM : Pulse Code Modulation

PPI : Philips Telecommunicatie Industrie
QPSK : Quadrature Phase Shift Keying
SCPC : Single Channel Per Carrier
SDFCM : Sequential DPCM

s/P : Serial to Parallel Converter
SS8B : Single Side Band

T : System Noise Temperature

TWT : Travelling Wave Tube

v : Vertical (Polarisation)

VCO : Voltage Controled Oscillator



1. Objectives and introduction {1]

The following objectives for transmission experiments via

the OTS A and B transponders were formulated by the Telecommunications

Division of the Eindhoven University of Technology (EUT).

- development and testing of 11/14 GHz equipment for digital communi-
cations at 4 and 8.448 Mbit/s.

- comparison of different QPSK modulation strategies, i.e. direct RF
QPSK modulation versus indirect IF QPSK modulation.

- comparison of different QPSK demcdulation principles, i.e. QPSK
demodulation with coherent detection and QPSK demodulation with
differentially cocherent detection (DQPSK).

- measurement of bit-error rate {(BER) at average weather conditions.

- realisation of a videophone loop transmission experiment at 8.448 Mbit/s,

and SCPC telephone experiments at 32 kbit/s.

The intended experiments were prepared and tested via a 11/14 GHz
transponder loop and carried out via the OTS A and B transponder.

For details of the objectives, see the proposal in Appendix 1.

2. Transmission system - configuration.
2.1. The EUT earth station

The antennas of the Eindhoven garth station have diameters of 8m and
3m; the feeds are of the scalar type. The antenna system is suited
for transmitting and receiving circular and linear polarized signals.
The antenna tracking is controlled by a micro-processor. Further, a
3m paraboloid antenna was used for the experiments which was situated
in Huizen, Huizen is 115 km away from Eindhoven. The transmitter
consists of a QPSK da?a modulator on an IF of 70 MHz, an up-converter
and a High Power Amplifier (HPA). In fact, the QPSK modulation can be

performed in two different ways:
. 1

a) by a hard-switching QPSK modulator directly operating on the RF
carrier of 14,4575 GHz (direct QPSK modulator)
b) by a pre-filtered QPSK modulator operating on an IF subcarrier of

70 MHz {indirect QPSK modulator).

Fig. 1 gives an overview of the experimental site of the Radio
Laboratory of the Eindhoven University of Technology . Table 1

summarizes the main electrical characteristics.
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Fig. 1: The experimental site of the Radio Laboratory, Eindhoven University of Technology, seen from
Centre: 8-m 11/14 GHz antenna. Right: cabin I. Left cabin II with radiometer and radar dish.




8 m dish EUT 3 mdish EUT 3m dish Hzn
Channel Fred. Bpplic. Gain T /1K G/T Gain T /1K | G/T Gain T /iE | G/T
sys syst sy SB
GH dB 4B dB das
(GHz) (dB) '35) (dB) (aB) sy | @ | @ @) | (am)
11.63 calibrat. 58.6 + 0.5 4 b4 X b4 x clear
14.25 calibrat. §60.4 + 0.5 X x x X X sky
™ (ECS) 11.45 calibrat. X b X 4B8.7 28.6 20.1 cond.
BO beacon 11.786 pPropag. 58.71 % X x X X b X X
B transp. 11.795 commur . 58.71 28.27 30.44 X X b4 X X X
™ 11.575 propag, 58.56 X X X X X 48.7+0.5 b4 x
az 11.510 commun. 58.51 28.7 29.81 48.75 28.6 20.15 (48.7+0.5 25.85 22.85
ad 11.64 commun. 58.60 28,7 29,9 48.84 28.86 20.24 | 48.7x0,5 | 25.85 22.85
Gain Pmax EIRPmax Gain Pmax EIRP _
(dB) {dB) (ABW)
{dBW) { 4BW) (dBW)
A2 14.172 commun. 60.35 11,76 72.11 50 13 63
Ad 14,302 commun. 60.43 11.76 72.19 50 13 63
B 14.457 commurn . 60.52 11.76 72.28 x x X
Py - Measurement accuracy to one decimal

- Calculated values to two decimals

Table 1: Main characteristics of the earth terminals in Eindhoven (EUT) and Huizen (Hzn) used in the OTS experiments.



Fig. 2 gives the block diagram of the measurement set-~up. There are

three different test loop configurations:

a) the modem loop for testing the indirect modems in back-to-back
operation,

b) the translator loop for testing the earth station equipment wvia
the 14/11 GHz translator,

c) the satellite lecop for testing the system via thce OTS B trans-

ponder.
! satellite loop
4 Mbit/s
QPSK
modulat
data ge- up QPSK
nerator canver- RF' mod. HPA
tor
} B.448 ; |
Mbit/s
PPSK mod 4 L
-7 14 giiz
] translator-|test —e antenia
modemn loop loop trans-— system
* lator y
4 Mbit/s l 11 Gz
QPSK
demod. |
BER l down
detectod + - conver=~ | LNA
tor
I 9.448 ]
Mbit/s ) ]
QPSK
demed.
noise spectrum
saurce analyser

Fig. 2: System measurement set-up for experiments via B-transponder of the OTS.

Figures 3 and 4 show the block diagrams of the earth station equipment
in translator loop operation and in satellite loop operation, respec-
tively (via the B-transponder}.

Figure 5 shows the block diagram of the EUT earth station for OTS

operation via the A-transponder.
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Fig. 3: Block diagram of the earth station in translator loaop operation

for B-transponder.

Fig. 4: Block dilagram of the earth station in satellite loop operation
for B-transponder.
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Fig. 5: Block diagram of the earth station of EUT for OTS operation with

A transponder (Channel A2, A4).



2.2.

In table 2 and 3

Site location and local climate characteristics of EUT,

the main site data and the standard meteoroclogical

parameters for EUT earth station are given.

EUT earth station

8ite location of
|

Coordinates
antenna height
range to OTS
elevation
azimuth

rain gauges
antenna horizon

general terrain

51°27' 1at. N, 5930' long. E.
17 m above MSL
38514 km (nominal)

31°06'  (nominal)
0%38" (nominal)
two, within 40 m from antenna

belt of trees under the path
flat

Table 2 : Main site data of EUT for OTS experiment

{satellite station 590" E.)

Local climate in

Eindhoven, the Netherlands

Rain climatic zone: E (CCIR 1982)
Mean atmospheric pressure (MSL) 1015.7 mbar
mean surface dry bulb temperature 9.4° ¢

mean water vapour pressure 10,2 mbar
mean surface refractivity 326.4
dominant wind direction SW

Table 3 : Standard meteorological parameters

for Eindhoven, the Netherlands

(period

of record 1955-1970).




2.3. Propagation model for clear sky and rain attenuation according

to CCIR

For the determination of the atmospheric losses, the CCIR propagation

model [10]

is used.

The calculated attenuation values are given in table 4 and may be used

to estimate the margin in signal-to-noise ratio at a certain BER for

clear sky conditions and rain conditions for 1, 0.1 and 0.01% of the time.

B-transp. A-transp. A-transp. A-transp. A-transp.
down up down up

down | up A2 A2 A2 A2 .V A4 Ad a4

% (éB) | (aB) (dB) | (dB) (dB}) | (dB) (aB) | (dB) (as) | (dB)
0.01 ] 3.33] 5.13 3.05(3.49 4.7515.31 3.0613.52 4.76|5.36
0.1 1,394 2.11 1.27]11.44 1.96(2.18 1.2911.46 1.96(2.20
1.0 0.18) 0.24 0.17/0.18 0.23(0.24 0.180.18 0.2410.24
cs 0.15( 0.18 0.14|0.14 0.18|0.18 0.1410.14 0.18]0.18

Table 4: The clear sky and rain attenuations calculated according to

ccir {10].

.4, OTS characteristics

The following OTS characteristics are used for the calculation of the
link budgets [ 1 ]:

Farameter Module B Module A
Channel lr Channel &2 Channel 34
EIRP max dBW 40.5 40.0 46.6
G/T ratio dB/X 3.1 0.0 0.0
IPFDS dBW/m2 not appl. -79.3 -79.0
aspect angle loss uppath de 1.0 0.6 1.0
[pspect angle loss downpath dB 1.0 0.6 0.8
gain step number 6 15 15
gain step relative to O dB dB -2.57 5.1 4.88
effective IPFDS dBW/m2 not appl. -84.4 -83.88
output back-off dB 1.7 [12] f12 ]
{measured)

Table 5: OTS transponder characteristics it]l.




3. Experiment periods and characteristics

3.1. Experimental schedule

The transmission times and various experimental conditions are
summarized in Table 6, which shows that a total of 37 hours was
used for satellite access by the involved earth terminals.

The Table also shows this involvement and the purpcose of the

various experiments and demonstrations.



Table 6: Eindhoven University transmissions to 0TS

—
1 2 3 4 5 6 7 8 9 10 11 12 13
Nr.{ Date Time | Hours| Transponder Gain | Weather* Uplink Downlink Main Remarks
GMT Channel step | conditions| antenna(s) antenna(s) | experiment
N, R, “C (m) [{(pol.)| (pol.) (m)
i | 82/9/3 |09.30 2 B:LR [ 0, 0, 8 8 |firc. circ. 8 modem, Initial
11.30 spectrum tests
2 | 82/9/10 {12.00{ 2 | B:IR 6 6, 0, 25 g | " 8 | modulator Initial
14.00 testing tests
3| 82/12/14|13.00 3 B:LR 6 7, 0, 2 8 " " 8 OPSK 8.448 Mb/s Initial
16.00 indirect tests
modulation
4 | 82/12/21|11.00 5 B:LR 6 7, 0, 5 8 " " 8 BER QPSK Measure-
16.00 8.448 group ments
delay,spectra
5] 83/3/15 | 10.00 5 B:LR 6 7, 0, 7 8 " " 8 modem 4 Mbit/s Videophone
15.00 phase noise
6 83/6/16 | 12.00 3 A:A2 15 7, 0, 14 8 H v 8 4 Mbit/s BER Videophone
15.00 videophone
phase noise
7| 8378731 {11.00] 4 | n:aA2 15 |0, 0, 28 8 | = v | 8+3 guT| scec, tf Demo (with Hzn)
15.00
81 B3/11/3 | 11.00 4 A:A2 15 g, 0, 12 8 H v 8+3 EUT| BER 4+8 Mbit/s Loop tests
15.00 SCPC with 3 m dish
9| 83/11/17; 11.00 5 A:A2 15 8, 0, 8 8+3 H v B8+3 gyT{ BER 448 Mbit/s SCPC demo
16.00 Hzn 8+3Hzn | 32 kbit/s (with Hzn)
10 § B3/12/20{ 11.00 4 A:Ad 15 8, 1,9 8 H v 8+3Hzn | SCPC, BER video demo
15.00 Video, puls ({with Hzn)
total hours 37 * N cloud layver covering of the sky; R rain intensity mm/hour;
Temp. degrees’C at 1.5 m height above ground

_0‘[_
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3.2. Link budgets for OTS transmission

In Table 7 the uplink Power budget is given for access of module A and

B from the 8m dish in Eindhoven and module A channel A 2 from the

3m dish in Huizen.

In Table 8 the downlink Power budget is given for all uplink -

downlink

In Table 9 the transmission margin after the demodulation process

is calculated.

combinations employed.

Module B Module & [Module A
Channel A2 {Channel A4
1. antenna diameter m 8 8 Hzn 3 8
2. EIRP max dBwW 72.28 72.11 63 72.19
3. back-off das 1 0.0 13 0.0
4., filter loss dB 2.46 1.3 0.0 1.3
5. pointing loss ds 0.2 0.2 0.2 0.2
6. clear sky loss ds 0.18 .18 0.18 0.18
7. spreading loss dB 162.7 162.7 162.7 162.7
8. aspect angle loss dB 1.0 0.6 0.6 1.0
9. 1I1PFD dBW/m2 ~95.26 -92.87 -113.68 -93.19
10. Input Back-off ds not appl. 8.47 29.28 9.31
11. isotr. apert. (A2/4W) dB.m2 -44 .65 -44,51 -44.51 -44.56
12. G/T satellite dB /K +3.1 0.0 0.0 0.0
13. ¢/T uplink dBW/K |-136.81 -137.38 ~-158.19 ~137.75
14. output Back-off aB 1.7 3.6 22.88 4,2

Table 7: Uplink budget calculation EUT -+ OTS




_Z'[_

Module A
Module B Channel A2 Channel A2 Channel A4

1 uyppath antenna m 8 8 3 Hzn 8

? EIRP max. satellite dBW 40,5 40.0 40.0 46.6

3 output back-off aB 1.7 3.6 22.88 4.2

4 aspect angle loss dB 1.0 0.6 0.6 0.8

5 spreading loss as.m?2 | 162.7 162.7 162.7 162.7

6 clear sky loss de 0.15 0.15 0.15 0.15

7 pointing loss de 0.2 0.2 0.2 0.2

B isotr. apert. (A2/4m) dB.m? | -42.89 - 42.69 _ 42.69 - 42.77

9 receiving antenna m 8 8 3Eyr | 3 Hzn | 8 EUT | 3 Hzn 8 Eur | 3 Hzn.
10 G/T earth station dB/K 30.44 29.81 20,15 22.85 29.81 22.85 29.9 22.85
11 ¢/T down link - aBW/K | 137.70 140.13  1149.79 {147.09 [159.41 |166.37 [134.32 |141.37
12 C/T system - dBW/K 140.29 141.98 150,03 j147.53 |161.85 }166.98 139.38 142,94
13 Boltzmann's constant - dB/HzK| 228.60 228.60 228.60 |228.60 |228.60 |228.60 228.60 |228.60
14 overall C/No dB Hz 88,131 86 .62 78.57 81.07 66.75 | 61.62 8Y.22 85.66
15 bitrate Mbit/s B.448 4 8.448 g8.448 8.448 0.032 0.032 8.448 8.448
16 bitrate dB Hz 69.27 66 p9.27 69.27 69.27 45.05 45,05 69,27 69.27
17 E /N, dB/Hz | 19.04 210.62 17.35 1 9.3 | 11.80 | 21.70 | 16.57 | 19,95 | 16.40

Table 8: Downlink budget calculaticns OTS towards earth stations at EUT and Hzn.



1 System configuration: modem
2 satellite channel

3 uplink antenna

4 downlink antenna

5 bit rate Mbit/s
6 Eb/NO dB

7 BER target aB

8 E, /N theoretical f63:]

b "o

9 modem implementation loss dB
10 non-linear channel loss dB
11 intexferences dB
12 phase noise degradation dB
13 Eb/NO practical dB
14 margin in clear sky ds

COPSK

8.448

19.04
40
8.8
4.0
1,2
0.0
0.0
14.0

5.04

0.1

0.0
13.8

6.82

DOPSK
A2

8.448

17.35
40
10.8
1.8
1.3
.8
0.0
14.7

2.75

DQPSK
A2

3EUT
8.448
9.3
40
10.8
1.8
1.3
0.8
0.0
14.7
-5.3

DQPSK
Az
3 Hzn
3 Hzn
0.032
i6.57
40
10.8
2.1
0.6
0.0
0.0
13.5
3.07

DQPSK
aAd

8.448

19.25
40
10.8
1.8
1.3
0.8
0.0
14.7

4.65

DOPSK
a4

8.448

16.40
40
10.8
1.8
1.3
0.8
0.0
14.7

1.80

Comments

see fig.28,29,30,31,32 back to
back via loop translator.

Transmission wia OTS

calculated [5] [6] [7]

Table 9: Demodulation performance of digital transmission experiments with OTS.

_E'[.-
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4. Results with respect to the obijectives

The results are given in two categories:

- concerning the developed hardware, (see 4.1)

- concerning the measurement results:. (see 4.2)

4.1. Specifications of the developed hardware

With respect to the data experiments, three modems were developed. Two

of them were designed for differential QPSK modulation with differentially
coherent detection (DQPSK) at data speeds of 4 Mbit/s (two data inputs
and ocutputs at 2 Mbit/s each) and 8.448 Mbit/s. The other modem was
designed for a bit rate of 8.448 Mbit/s and, based on differential

OPSK modulation and coherent detection (DE-QPSK) .

The block diagrams of the modems are shown in Fig. 6.

-~
1£F. ey QPSK
data s/p _ d ode | ) by
8 Z3g™] conver encoder o 7 X/170 MHz
bn;/s tor _— = 20
"~
declision
’ % j: device
Nyguist
filter
system  |jeewd p/s data
QPSK [~y lay T, (o clock FOnverT  g¥a4e
70 MHz | R re~ - s Mbit/s
COVEry
Nyquist
filter
950° S :F decision
lad device

Fig. 6 : Block diagram of the DQPSK modems.

In the 4 Mbit/s modem the Nyquist spectral shaping is performed by the
pre-filters in the modulator. Thege Pre-filters were built as binary trans-
versal filters, resultingin a well-determined amplitude characteristic

and linear phase characteristic. However, realisation of the Nyquist
spectral shaping in the modulator implies that the modulator output

filter, the demodulator input filter and the post-detection filters
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must be relatively wide, in order not to affect the Nyquist spectral

shaping obtained. This causes a relatively large effective noise band-
width giving a modem degradation of about 2.5 dB at a BER= 10~%.

In the 8.448 Mbit/s DQPSK modem the pre-filters are relatively wide

and the Nyquist spectral shaping is performed in the demodulator. This
-4

results in a modem degradation of only 1.8 dB at a BER = 10

B. The 8.448 Mbit/s OPSK modem with coherent detection [3]

The block diagrams of the modulator and demodulator are shown in Fig. 7
and Fig. 8, respectively. The pre-filtering in the modulator is not very
tight.

The Nyquist spectral shaping is performed in the demodulator which gives
a relatively small effective noise bandwidth. The 70 MHz carrier re-

covery is realised by means of a Costas loop.

2PSK
D—-LPF;—-

1 MOD.
PIFF. ~
. il L B I - >
CODER osc. 90 ) FILTER
data QPSK
8.448 Mbit 70 MHz
D L. LPFl PSR
MOD.

Fig. 7: Block diagram of the 8.448 Mbit/s DE-QPSK medulator.

2PSK L NYQ. LIM. DFC.,
— PFZ D —
DEMOD FILTFR | | AMP. DEVICR
+ | MOD LIM d/d
IF— F 1 8.4 ] i,
HYRRID loopy asg rloop
- MIXER = D veo He T ¢ >-< + M aet M cdfvexo . L.
FILTER » 90° Eued AN H
[ -Umol {1m a/d el
X-TAL Lm [_____‘&__
osC.
2PSK LPF E> YO LIM. DEC
DRM0D 2 FIiTeR | | AP, DEVICE

Fig. 8: Block diagram of the 8.448 Mbit/s DE-QPSK demodulator

with coherent detection.
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The modem specifications are summarized in the following table

Modem 4Mbit/s 8.448 Mbit/s 8.448 Mbit/s
DQPSK DQPSK DE-QPSK

IF frequency 70 MHz 70 MHz 70 MHz

IF bandwidth ~3 MHz ~8.5 MHz ~8.5 MHz

IF level 4 dBm 4 dBm 5.2 dBm

output impedance 50 50 Q 75 8

data input NRZ signal NRZ signaal NRZ signaal

pre-filtering strict moderate moderate
(Nyquist shaping)

post-filtering normal strict strict

(Nyquist shaping) (Nyquist shaping)

theoretical Eb/No]

at BER = 10 10.8 @B 10.8 dB 8.8 as
exper1mentai4Eb/No]

at BER = 10 13.8 @B 12.6 dB 12.82 dB
Modem degradationl

at BER = 102 2,5 dB 1.8 as 4.0 aB

Tahle 10; Modem specifications

To convert the analegue videophone signal, delivered by the PTI terminal
equipment and having a spectrum up to 1.3 MHz (see Sect. 5), into a 8.448
Mbit/s data signal rather efficient source coding had to be performed.
For the OTS experiments two codecs have been developed. The first one
operates according to the well-known hybrid-DPCM principle [ii] and

a codec description is given in [13].

The second coaec uses a sequential combination of PCM and DPCM.

This is performed by defining 5 proporticnal levels with spacing

S (known as levels A, B, ¢, D and E), and 7 sub—levels around each ab-
solute level. Thus each of 35 quantization levels can be reached from a
certain proportional level by means of differential quantization sieps
+A3 0, -A. As the coding had to be done with 3 bits/pixel, there are
only eight possible code words per sample. Five of them are reserved for
the proporticnal levels. With the remaining three code words the differ-

ential steps +A, 0, -A can be coded (see Table 11}).
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level/step | A B c D E +A O -A

code word [000 001 010 011 100 111 101 110

Tablet i: Code words for proportional quantization levels

and differential quantization steps.

Fig. 2 gives the simplified block diagram of the coder.

Yo
A rocesso 6 elay Ts v
n-1
/ " |

video D p ~ - t

——f sampler _.E;;verter g 5 converte .448
clock t ) ] Mbit/s
£ = . 2.816 MHz

s TS

Fig. Y: Simplified block diagram of the coder.

After sampling at ¢ = nTS and A/D conversion, the processor compares a
digitized input sample z, with the previous reconstructed value Y1+
Depending upon the difference ]mn - yn_1| being greater or smaller than %S,
either a proportional quantization level or a differential quantization

step is chosen to generate the next output code word.

1. Unlike a DPCM codec, the sequential DPCM codec shows hardly any
slope-overload. Due to the five absolute code levels, fast signal
changes can be tracked. However, this gives a rather rough approxi-
mation in the event of large discrete changes in the video signal.
These great guantisation errors do occur in very small picture
areas only. Fortunately, luminance errors in small areas can hardly
be perceived.

2. There is no significant error propagation due to transmission bit

errors. When a transmission bit error causes a luminance error in
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the reconstructed picture, this error will be completely eliminated
at the first correctly received code word belonging to any of the

proportional levels {A,B,C,D,E).

The seguential DPCM codec is more extensively described in [9].

The following table summarizes the specifications of the two developed

codecs,
codec hybrid-DPCM sequential DPCM
resolution 270 pixels/line 330 pixels/line
sampling frequency 2.112 MH=z 2.B16 MHz
bits/pixel 4 3
bitrate 8.448 Mbit/s 8.448 Mbit/s
guantization error 1.5-20% of full scale| 2.8-20% of full scale
programmable coding no 4 coding algorithms
algorithm

Table 12 ;: Codec specifications.
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4.1.3. Specification of Up and Down Converter at EUT.

Up and Down Converters were developed at EUT with the specifications
summarized in table 13.

For block diagrams see fig. 3 and fig. 5. Details of the Up and

Down Converters developed for use in Huizen are available in [8].

Specification Upconverter Downconverter
Input fregquency (1 4B) 70 £ 4 MHz A2, A4, B
Input impedance 50 Q waveguide
Input return loss > 21 dB —_—

Input level - 9 dBm -107 dBm
Noise figure (SSB) 11 4B 7.5 dB
Translating Freq. -stab. < 5 kHz/month < 15 kHz/month
OQutput frequency A2, A4, B 70 MHz + 4 MHz
Output impedance waveguide 50 Q

Output VSWR 1.5 1.1

Output level ~ 4 dBm - 0,2 dBm
Gain variation (ripple) 0.5 as 0.5 dn

Gain slope 0.01 dB/MHz 0.2 aB/MHz
Output 3 order inter-

mod., intercept +5 dBm +26 dBm

Phase noise (SSB) fig.10, fig.11l

Inband spuricus < -80 dBm < -59 dBm
Outband spurious * | < -64 dBm < -15 dBm
Rejection of LO, Imag. < =64 dBm

* with input level -9 dBm

Table 13: Specification of Up and Down Converter for OTS operation

(SCPC operation compatible),
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4,2. Measurement results.

4.2.1. Satellite transfer characteristics.

The amplitude characteristic of the translator loop (B transponder}

is measured on IF level and displayed in fig. 12.

Spectrum Analyser
getting:

res. bw,: 100 kHz
vid. bw.: 300 kH=z
swp time: 20 msmec
function: MAX HOLD
centre freq.: 70 MHz

_ . span: 10 MHz

T i e e - power level: 1 dB/div.
i : ref. lev.: ~5 dBm
att.: 10 4B

Fig. 12: Amplitude characteristic of the translator loop (module B).

The amplitude characteristic of the satellite loop (B transponder) is

displayed in fig. 13. In the band 65.5-74.5 MHz the amplitude variation

is smaller than 0.8 dB

spectrum analyser

setting:

res, bw,: 100 kHz
vid. bw,: 300 kHz
att.: 10 dB
ref. lev,: O dBm
span: 30 MHz
swp time: 20 msec

centre freq.: 70 MHz
power lev,: 10 dB/div.
function: max, HOLD

HNTER 78,8 M-
e P 188w

Fig. 13: amplitude characteristic of the satellite loop (module B).



The power transfer characteristics of module B {channel 1r), and

module A (channel A2) are given in fig. 14 and fig. 15 respectively.

{dBm}
-": 4T+ i"'l‘l'{ T T TET T T 1] T ]
B e S e
o i HE T e EaRE
L L) T T iy b R
. YT T T ili T P - T r’ —{I
O ~HNTITT :
oo L L IlankanSNEd ENE L
8‘ .__ﬁ{.‘ 1 i "_ | 1 I’ "-r’ | RN I‘“i"l
" vERE g FPr<ARNEEN e -
© e - T o
2 : TassmnssEaEy
] : ! T
o ; i L
0 Fipittiiy
TSN
g BEREARE
i ; 1H
i EERED
— ; ]
o A . AnansBeis
s % R G KD e AW IR WA R o i HAET
=5 £ o ol
i * £ o § —

input power EUT earth station (dBW)

Fig. 14: Satellite power transferfunction (module B
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Fig. 15: Satellite power transfer function (module A

channel A2, gainstep 15).
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4.2.2. Comparison of direct and indirect modulation spectra.
i

JdUm Lqg T \ . i i o .
‘ - |‘ : 'fH N : P
.t ‘ ,[i'

i

}
T
ji
1
1

~20 - S i

-30 R A IFE

=40

50 -

trensponderband A | i i ! [

: il
-T0 . Tt

11 SERD

i

| I PR

-30 . [ R PR Se
14,300 14,353 14,400 14,450

14,590
—_— MHz

Fig. 16: Transmitted RF signal spectrum of the 4 Mbit/s direct
DE-QPSX modulator.
ABm -1

I i f : ! i
] V- i . - ——er 0 e e ] — . .__.i- ——rem

i ! ! : B i

/
/
/
!

i

! !
40 i : : \/
. i ’ ' : {"

=50

|
!

-TO

70 75 80 85 90 95 MHz
— MHZ

Fig. 17: Signal spectrum of the 4 Mbit/s direct DE-QPSK modulator after

w7
[oa)

ot

o

o

!

|

| P |
5 50 5

transmission via the translator loop.

=20u oy e TR gatiata s e tnanasets) ph =
dBm b ool : Trisitzonty 5 T
= , e :
: ; i 1 H b
e
: =REr
i = T
'B" [s St BB
3 et U0 FeRThe
IS
T + —
s oy rpreq gwwey puady S
SR
i ;
: :
LRI
e ISR I
i :
i ) ﬁ.fr
o I ok bl il i sl
Bl L ﬂpT
114 ] r117 i H T !’
ik R
7 80 85 90 95 MHz
-———-# MHZ

Fig. 18: Signal spectrum of the 4 Mbit/s direct DE-QPSK modulator after
transmission via the satellite loop (B transponder) .



- 24 -

-
[
x4 H
421 Y
m~ L]
Wy
Q
e H
4] 1]
V] —
o 3
e o]
= =]
e y
93] 43}
Hw [an
N -~ 3] m~ N
3 & =, i
= ‘.Q-.JJ @ T r T s %
T T ST @ ! ' : - i H 3, A H1 HEHTH 4 jaEt
i S HIR S [ - ; : bt B O Eh ]
it w1 =l i o] e} T ..u_u H H "r .
: [tpsn N + - | 4o < 0O 1 b1t L
e o | _ SRS 2 s it Fij e
e | S LT LI i
S R s e [ et D my A w5 3 HiHE o4 1 Hﬂ T
T IR s ® 3 s o5 W sl g
EerE & 8 5 [ e
Ain IR 5 2 Bl Tl
1 [=] 3 . T < m© ILAERTS it ©
s ! a f g bl
HOhns SR i} U DR e o P 3
: sl 5 ~ S e B
E =~ B 3 _ o :
ﬂ” .M, i !.Mv ‘. .- »vmn R cn.w H T T
i 1] ) © s HHo
. g = [l g .m L
= 3B A : ! IS 18541 : .
5 e MU I N IR M o g Hitani L T
. 1 i i 4
: 0 d o i ~-T—— 1 : TN ﬂ m S 3 T
) ] . i ' ; : Lo ] 13 L AR i
i £, M i K e ST i Hit ssighs aged
n Q 1 ™ - 1 le [N b 1]
o 4J U R I EaS S pu—— - ) s _ ] _ 1+ »
1w —~ [is] . H _ - g ! Hin I
) [ B 1 : 1] n T iR ; E
g 3 / c o Wl t1 :
' o 7 . . LN oo i - HTtHHH
L - o] - n -~ 3] H HLTH
v H i w s T
. T 0 s = 41...—‘
o o o [N SR IS PR g e S : H
i T2y —t ﬂ . &~ | 8 .r.r .i;,.
: i ﬂ_... M " G.J —‘ | »
A L }= o= - 1 -+ (=] o Q o (=]
o o i - Eal & ™ < ral [¥1
S ¢ % § 8 8§ § &7 & d& s g 5 %8 § % § 0¥ T,% T
1 1 ] ] 1 f ~ 5 e
= et
3

aasiTeur mnxzoads 3w TOAST Iamod FosATeue umijzoads e TS9AST IoMOd IosATeur umizoads 3e T9aAST Aamod

Fig. 21: Signal spectrum of the 4 Mbit/s indirect DQPSK modulator after
transmission via the satellite loop (B transponder).



Power level at

Power level at spectrum analyser

Power level at spectrum analyser

- 25 =

-2 *16 +20  (MHz)

Yy T
Lo
4]
>
—
L]
= 5
° 3
5 L)
a
9]
8o
@ 2
2 ;
w :
16 T =12 T -8 t -t a T 4 - 12 lols intx)
14,4374 4,497 F447TTS  {Glin)

Frekuestie

Fig. 22: Signal spectrum of the 8.448 Mbit/s direct DE~QPSK modulator.

-80 s ‘ s -.tij_f - gl i L%j-‘t :
45 50 5 60 65 TO 5

90 “§5 MHz

Fig. 23: Signal spectrum of the 8.448 Mbit/s direct PE-QPSK modulator,

after transmission via the translator loop.

I T Trey T

4 T G

45 50 55 60 65 TO 75 80 85 90 95 MHz

Fig. 24: Signal spectrum of the 8.448 Mbit/s direct DE-QPSK modulator,

after transmission via the satellite loop (B transponder).



- 26 -

Mo =20 e A I
gc?.lzlm _____ S U U ‘l; ._.!_ - : _..}‘..-
- e e (VRS SR e
CTV/INE | T
o 40 - : i A | Unequal side lobes due
-40 - : r— 5 e T ]
é L ! - L ’l : to offset of center
; | i
] B I
§ -50 i i ! frequency from pre
& 60 . _l ! } filter.
u ' !
H (VR AR
~ =T0
o ‘ ;
5 _ kﬁ,r”TA,,,;,H_
(i .
L e e
z =90 t - i [ARR N T SR SR BV { iy, YEEL BN
2, 45 50 55 60 65 70 75 60 8 90 95 muz

——r—nacie  MHZ
Fig. 25: Signal spectrum at the output of the 8.448 Mbit/s indirect
DE-QPSK modulator.

~20,

o IO
T T

T
LT3

EH=:
v

B T
~30p L

Equipment failure

{(pen jitter).

85 90 95 MHz
= MHz

Fig. 26: Signal spectrum of the 8.448 Mbit/s indirect DE-QPSK modulator,

L

-ad _'.‘E' e 3B
45 50 55 9 65 170 715

power level at spectrum analyser
1
n
=]

after transmission via the translator loop.

power level at spectrum analyser

Fig. 27: Signal spectrum of the 8.448 Mbit/s indirect DE-QPSK modulator,

after transmission via the satellite loop (B transponder).



_27..

4.2.3. BER measurements.

The owverall C/No—value which was measured after transmission via the
B-transponder was C/NO = B86.9 dBHz, about 1.4 dBHz worse than to be
expected from the link budget calculation (see table 8}.

Dividing C/N0 by the number of bits/s gives an actual Eb/NO = 17.6 dB.
By adding a controlled amount of white Gaussian noise at the demodu-
lator input (see fig. 2} the Eb/NO value could be varied and the
corresponding BER measured.

Fig.28 shows the resulting BER versus Eb/N0 for the 8.448 Mbit/s
DE-QFSK (direct and indirect) modulation via the B transponder. The
BER curves for the direct DE-QPSK modulation were considerably better
then those for the indirect modulation. For the indirect DE-QPSK
modulation the modem degradation ranges from about 4 dB at a BER of
10-3 up to 4.6 dB at a BER of 10_6. During the BER measurements the
HPA of the EUT earth station was adjusted to 1 dB back-off, while the
B transponder gain step setting was step 6. The BER curves for the
DPOPSK modems were measured via the A2 transponder. For the 4 Mbit/s
DQPSK modem, the modem degradation ranges from about 2.3 dB at a
BER of 10 ° up to about 3.2 dB at a BER of 107/ (see fig.29 ).

In case of loop-back operation via the test translator loop and via
the OTS AZ transponder these figures were increased by about 0.4 dB
only.

For the 8.448 Mbit/s DQPSK modem, the modem degradation was about
1.5 dB at a BER of 10 > up to about 2.3 dB at a BER of 10/ (see
fig. 30 ). For loop-back transmission via the test translator loop,
these figures were increased by about 1 to 1.5 dB and loop-back
transmission via the A2 transponder yielded a degradation of about
0.8 dB.

Finally, BER curves were measured for the 32 kbit/s DE-QPSK SCPC
modem via the A2 transponder. These curves are shown in fig. 31

The modem degradation was about 2 dB. Loop-back transmission via the
test translator did only give degradation at very low BER values,
Transmission via the A4 transponder yielded a degradation of about

0.6 dB.
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Fig. 30: The BER versus Eb/N0 for the 8.448 Mbit/s DQPSK modem

via the A2 transponder.
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4.2.4. Intermodulation measurement via channel AZ.

To measure the third order system intermodulation, two equal amplitude

carriers of approximately 70 MHz with a frequency spacing of 13.5 kH=z

were fed into the upconverter. The received signal via channel A2

with different power levels is displayed in fig. 32a, b, ¢ and d.
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In fig. 33 the received (relative) signal power of one carrier and the
third-order intermodulation relative signal power of one component is
shown as function of the antenna input power with transmission via

the OTS channel AZ.
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Fig, 33: Third-order intermocdulation discrimination with OTS

channel A2 transmission via EUT earth station (Bm dish).
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5. 8ystem demonstrations.

5.1. Videophone experiments.

Videophone experiments were performed via the B, A2 and A4 transponders
making use of digital transmission at 8.448 Mbit/s. The system set-up
is shown in fig. 35, The videophone terminal equipment was provided by
Philips Telecommunication Industries, A videophone picture consists

of 312 lines. The baseband signal contains analog videc information
and a digital "sound in sync" signal of ! Mbit/s. The bandwidth of

the baseband signal ranges up to 1.3 MHz. The digital codec developed
for this application is described in section 4.1.2.

An impression of the picture quality before and after transmission
via the B transponder is given by fig. 34. On the left the original
picture is displayed and on the right the picture after transmission.
The transmission delay of 0.27 s. is nicely illustrated by the dif-
ferent phases of the metronome (in front) which was adjusted to a
beat at 2 Hz. Note that on the left picture the shutter of the camera

is open while on the right picture the shutter is still closed.

Fig. 34: Videophone demonstration wvia the B transponder.
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5.2. SCPC experiment.

The blockdiagram of the SCPC experiment is shown in fig. 37, In more
detail the modem, codec and multiplexing are shown in fig. 36.

SCPC measurements were made in a configuration with the Bm dish in
Eindhoven and the 3m dish in Huizen via channel AZ.

The measured C/NO was close to the calculated value.

Measurements of the BER were made and are shown in fig. 31.
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Fig. 36: Block diagram of SCPC unit (Courtesy PTI).
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6. Conclusions

6.1. With respect to the objectives of the experiment (Appendix 1.1)

the general conclusion can be that all the objectives are obtained.

6.2. Three modems were designed and implemented. The test results
show that their performance was reasonable. The modem degradation
was 1.8 dB and 3.0 4B for the two DQPSK modems at 8,448 and

4 Mbit/s and 4 dB for the DEQPSK modem with coherent detection,

at a bit error rate of 10_4 in back to back operation at a bitrate

of 8.448 Mbit/sec.

6.3. Two video codecs at a bit rate of B.448 Mbit/s were implemented.
One codec is designed according to the hybrid DPCM principle and the
second one is using a sequential combinationof PCM and DCPM. The

last one according a new principle (sequential DPCM) which seems to be

suited for video applications with cheap codecs.

6.4. An up and down converter, a low-noise amplifier and a trans-—

lator loop were implemented and applied.

6.5. Digital transmission experiments were carried out at bitrates
of 32 kbit/s, 4 Mbit/s and B.44B Mbit/s, via the B transponder,
A2 and A4 transponder.

The measured BER curves are near the expected values.

6.6. The digital tranmission experiments proved that the non-linear

satellite channel has little effect on the BER,

6.7. A comparison was made between the direct and the indirect.
modulator. Although the direct medulator showed a good performance,
the adjacent channel interference is still a problem for bitrates

lower than approximately 8 Mbit/s.

6.8. The impact of phase nolse on digital transmission was studied;
especially for low bit rates the necessity of tight phase noise

specifications has been experienced.
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6.9, A system demonstration was given with 32 kbit/s telephony

SCPC.

6.10. A system demonstration was given with 8.448 Mbit/s video-
rhone-eguipment.
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Appendix 1: Propcsal for Dutch data experiment with OTS submitted to and approved by EUTELSAT.

Experimenters would like to submit the following application for using OTS transponders A2 and ad4.

1.

10.

11.

12.
t3.
14.

Objectives;

-~ development and testing of 12/14 GHz equipment for digital communicaticns for special services (up to
8 Mbit/s).

- measurement of BER as function of bits/s during average weather conditions.

~ comparison of some modulation equipment (IF modulator plus up converter/switched RF mgdulator).

~ gystem demonstration with 4 and B Mbit/s HDPSK and with 32 kbit/s telephony.

It is the Iintention to demonstrate a videosystem operating at 8 Mbit/s and a SCPC telephony system at
32 kbit/s.

Experimenters: Telecommunications Division, Department of Electrical Engineering, Eindhoven University
of Technolegy, the Netherlands.
Administration submitting: Netherlands PTT.

Countries involved: The Netharlands only.

Signals to be transmitted:

5.1. Swept carrier for channel characterisation (differential gain and phase}
5.2. QPSK signal 2 Mbit/s, 4 Mbit/s, QPSK 32 kbit/s DCDM

5.3. QPSK signal B Mbit/s

5.4. FM modulated telephony signal {only for comparison).

Repeater: Module A, channels A2 and Ad {exclusive use).

Period of implementation: 1 May 1983 to 1 Jan. 1984.

Total time: Approximately 30 hours in total (subject to confirmation) (20 hours A2, 10 hours a4).

Daily time: Between one and three hours during working day.

Earth stations: '

10.1. Recelve/transmit antenna diameter 8 m, noise figure 5 dB, maximum transmit power 10 W {(Eindnoven).

10.2. Recelve/transmit antenna diameter 3 m, noise figure 4 dB, maximum transmit power 1 W (Eindhoven).

i10.3. Recelve/transmit antenna diameter 3 m, noise figure 3 dB, transmit power 1 W. For digltal TV-
signals up to 8 Mbit/s receive-only operation and recelve/transmit operation for 1 channel SCPC
32 kbit/s. .
Subject to approval by the Netherlands PTT this station may be placed in Hulzen (NL) where a
student from EUT (Eindhoven University of Technology) will be persuing his M.Sc. degree at
Philips Telecommunications Industries.

Organization responsible: Telecommunications Diviesion, Department of Electrical Engineering, Eindhoven

University of Technology, Postbox 513, 5600 MB Eindhoven, The Netherlands.
Phone 040-479111, twx 51163 thehwnl.
Points of contact principle: prof.dr. J.C. Arnbak, phone 040-473451.

Points of contact routine: J. Dijk or a.P. Verlijsdonk, phone 040-473417 or 473445.
Comments:

Chief purpose of experiment is educational, and research and development in the field of digital
satellite communications for special services.

Eindhoven, 6 May 1983,



AEEendix 2

Specification of videophone equipment of Philips Telecommunication

Industry.

Subscriber viewing distance 100 cm
camera height to désk top 40 cm
display tube 19 x 14 cm2
lines per picture 313
field frequency 50 Hz
interlacing 2 =1
aspect ratio 4 : 3
bandwidth 1.3 MHz
digital audio in sync.

digital sync. burst

synchronizing code word

AEEendix 3

Specification of SCPC equipment of Philips Telecommunication Industry.

BB (Hz) 300 - 3400

Encoding DE-QPSK

Modulation Digitally centrolled delta modulation (DCDM)
Data rate (kbit/s} 32

IF band (MHz} 52 - 80

Channel spacing (kHz) |22.5

Demodulation Coh. PSK double Costas loop
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