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ABSTRACT

For maritime applications of distress communications via geostationary satellites a special
method of signal processing was developed, called superposition technique. The data
frame containing the alert message is transmitted from a distress equipment repeatedly.
After being relayed by the satellite the signal is detected and improved by superimposing
the frames. Around 14 dB is the actual processing gain. Thus a distress buoy is able to
transfer a message from all over the world with high reliability by only transmitting a
power of 50 mW omnidirectionally over a slant range of about 40 000 km.

The described system, called the Distress Radio Call System (DRCS) was tested in a
Coordinated Trials Program (CTP) of 6 nations. Both in a simulation phase and in a field
test under exactly the same environmental conditions the DRCS with its superposition
technique was able to detect signals with lowest signal-to-noise-density ratio without error.
In laboratory tests using GAUSS channel conditions, a system threshold of 13 dB-Hz
could be demonstrated. In a real environment (North Cape) 15 dB-Hz was the lower limit
for error-free reception.

CCIR approved a recommendation in June, 1984 for a system operating through
geostationary satellites at 1.6 GHz being a DRCS-type with very little modifications.
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INTRODUCTION

Battery-operated radio equipments for distress alerts are subjected to limits in range
caused by natural conditions such as earth curvature or antenna efficiency problems due to
geometry, and in addition the low available DC power. Thus a successful transfer of an
alert depends on the distance from a coast station, a passing boat or airplane.



Geostationary satellites cover more than a third of the total earth (Figure 1). Three
satellites are able to cover all three oceans and only small areas around the poles are
excluded. The equipment for alerting could be similar to the present one: Distress buoys
which are energized automatically when floating in water.

The communication link, however, with regard to its link budget, is a problem area: The
distress message with identification and with position data which are updated from the ship
in regular time intervals, has to be transmitted over more than 40 000 km slant range with
an omnidirectional antenna. Furthermore deap muitipath fades of more than 10 dB exist by
reflections from the sea surface or total dropouts occur due to signal blockage caused be
high waves at low elevation angles to the satellite. At the allocated frequency band of
1.6 GHz doppler shifts of about 30 Hz are originated by the movement of the buoy upon
the waves at high sea states, which are the normal conditions of distress operation.

A conventional technique usually employed for satellite communication would not work
under such circumstances.

HOW TO COPE WITH AN UNSATISFACTORY LINK ?

First it will be demonstrated that the conventional approach would result in extremely low
bit rates even if an effective modulation such as PSK is selected, with additional error
correcting code. A transmit power of 1 Watt is assumed in the following simplified link
calculation:

Table I: Simplified link calculation “Buoy-Spacecraft”

EIRP of the buoy           0        dBW
space loss (-)  189,1     dB
G/T satellite (2nd generation INMARSAT)       - 12,5     dB/K
Boltzmann Constant (-) -228,6     dB(J/K)
multipath degradation (-)     10       dB
link margin (-)       2       dB       
C/No uplink          15,0    dB-Hz
required Eb/No          10       dB        
bitrate (log)            5,0    dB(Hz)

To obtain a sufficient signal level per symbol of about 10 dB (for PSK at bit error rate 10-5 
a bitrate of 3 B/s is the outcome of the calculation. Two reasons, however, exclude this
solution: First, the long time of frequency acquisition within a broad band of totally
200 kHz, even if this range would be subdivided in small slices. Second, the Doppler 



effect of typical 30 Hz at high sea state, which causes lock problems, especially if a
dropout due to multipath has occured.

THE SOLUTION TO THE PROBLEM

The way out of this dilema led to the idea of using the time as the only factor with unused
margins, because the number of information bits (100) is small and also the required
message transfer time of some minutes is not extreme.

Following the present concept the message is transmitted with a higher bitrate in a
noncoherent FSK modulation to meet the condition of rapid acquisition. But the frame is
not transmitted once, but several times, up to hundred times, one after the other,
continuously.

After being relayed by the satellite the appropriate frequency band is down-converted to
audio frequencies (Figure 2). For acquisition And demodulation a filterbank is used with
identical bandwidth of each filter close to the bitrate. 30 Hz was selected for a bitrate of
32 B/s. Each filter has a rectifier function and an integration circuit of adjustable time
constant. By integration of several seconds the noise is smoothed to a DC level, thus a
very low signal is able to be detected in the form of a slight increase of the output level
which is permanently scanned electronically. For a FSK signal of high modulation index
two filters respond, which have a frequency separation equal to the transmitted deviation
of the signal.

If this deviation check is positive both filters are combined resulting in a rectified on-line
signal, without the smoothing circuit, of course, mentioned above. The signal is now
sampled, analog-digital-converted and put in a memory. Each message is superimposed
upon the previous. The law of physics says that the noise is added with the square root of
the number of frames while the signal is linearly added. Thus for every factor of 2 in the
number of frames an improvement of 3 dB in signal-to-noise-density ratio is theoretically
obtainable, in practice, the improvement is 2 dB.

This time diversity technique has two additional benefits: One is a way of using battery
power more efficiently, because of a lower DC-current load. The other is the extreme
favourable characteristic that the fluctuations of a faded signal are totally levelled. Even
complete dropouts are compensated by integrating the received fractions of a message like
a puzzle. The fast acquisition of the noncoherent FSK is a good help. To put it in a more
scientific language: A communication link of Rayleigh characteristic has become a
GAUSS-distribution after a few superpositions. That means the margin normally set as
being equal to the strongest fading depths, is reduced to a very small link degradation of
1-2 dB only.



HOW TO SYNCHRONIZE THE FRAMES

One question is left open, that is the method of superimposing coherently, that means all
frames have to be added with their related bits or samples. This has to be arranged at a
state where no bit sync and no frame sync is known yet.

The solution is easy and it is the key to the entire system (Figure 3): The integration can
start on any sample of the frame not knowing the bitchange or the starting point of the
frame, if the framelength is known a priori and very exactly. Since the integration
procedure in the memory returns to the begin just after having filled one framelength, the
short-time-synchronism is automatically given. The only condition is that the clock-
frequencies of the transmitter and the receiver are identical - or close to identical. The
formula for this relationship is

where Tmax  is the maximum time of quasi-synchronism, A is the permitted sync-error in
fractions of a bit, R is the bitrate and S1, S2 are the clock frequency accuracies of the
transmitter and the receiver, respectively. For A = 10 % and a 2·10-6 accuracy of a
temperature compensated crystal oscillator (TCXO) the maximum time of quasi-
synchronism is 13 minutes. Having a total framelength of 160 bits a total of 156 data
frames could be superimposed.

THE REALIZED SYSTEM

Two kinds of distress transmitters have been developed: A distress buoy (Figure 4) which
was first tested in 1975 with the US-satellite ATS-6 and which is capable to transmit the
ship identification, its position, and additional information. The second equipment is a
keyboard sender (Figure 5), a floatable waterproof typewriter, which is able to transmit
also an individual message, i.e. type of assistance requested, in addition to the standard
message of the buoy.

More recently a Coordinated Trials Program (CTP) has been performed to compare
systems of six different nations, those of Japan, Norway, UK, USA, USSR and F.R.
Germany [1]. For the trials a new detection and processing equipment was built by
German industry (Figure 6) with most functions in software on a PDP11/44 computer.
Also the filterbank was digital in form of a very fast microprocessor. The tests were
conducted first by simulation at the ESA tracking station Villa Franca near Madrid, second
in a field test using the German Research Vessel GAUSS with a routing from Edinburgh to
the North Cape, in both cases equivalent environmental conditions were guaranteed. The



German Distress Radio Call System (DRCS) demonstrated the lowest system threshold of
signal-to-noise-density ratio. From the North Cape with 2.5 m waves and an elevation
angle to the INMARSAT-satellite MARECS-A a transmit power of 600 mW was applied.
At the earth station the signal was artifically degraded 11 dB by noise injection, which can
be regarded as an additional margin. Recalculated as a fictive transmitter power an EIRP
of 50 mW is the result.

In terms of signal-to-noise-density ratio tests with a GAUSS channel via satellite allowed
an operation at 13 dB-Hz, at North Cape conditions at 15 dB-Hz.

THE SPECIFICATION OF THE CCIR-RECOMMENDED SYSTEM

In June 1984, CCIR in Geneva has adopted a recommendation for a satellite EPIRB
system operating through geostationary satellites at 1.6 GHz which defines transmission
characteristics very close to the DRCS:

Table II: Brief System Specifications [2]

transmit frequency within the bands 1644.3-1644.5 MHz+ 
1645.5-1646.5 MHz++

transmit power 1 Watt nominal
antenna gain 0 dBi
modulation FSK
deviation ± 120 Hz+++

frame length - Data 100 bits
- Sync   20 bits
- FEC   40 bits (BCH code)

code NRZ-L
modulation rate 32 baud
transmission duration 4 x 10 min
   +    INMARSAT first generation space segment
   ++   INMARSAT second generation space segment
+++ in agreement with CCIR and IMO requirements; position data derived and

updated via interface from navigational instruments on the ship

In the CCIR recommendation the necessity to carry out preoperational demonstrations in
the near future has been mentioned. The international effort to compare systems before
standardizing a technique seemed to be unique and an excellent example of an
international cooperation.



CONCLUSIONS

In cases of extremely poor communication links with strong signal fluctuations and
occasional dropouts the superposition signal processing technique is able to offer a reliable
method of message transfer. The system works at signal-to-noise ratios down to -5 dB
which would be far below the Shannon-limit if the incoming signal would be without
processing. The method works without reference to a special transmission technique, i.e.
long or short wave radio frequencies or infrared or ultrasound as a transmitting medium.
The actual application however, is presently a maritime and humanitarian one, to transfer a
distress message instantaneously and with high reliabiliy for safety at sea (Figure 7).
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Figure 2 - Block Diagram of the Receiver Processor



Figure 3 - Superposition Technique Demonstrated for a 10 - bit - Frame



Figure 4 - Distress Buoy Figure 5 - Keyboard Sender

Figure 6 - Latest Generation of the Reciever Processor



Figure 7 - Deployment near the North Cape


