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EXECUTIVE SUMMARY

In the SARSAT sighal environment, it is possible to receive many (5 to 20)
siﬁllltaneous emergency beacon signals, combined with voice and interference of various
types, all simultaneously occupying essentially the: same frequency-time space. The uplink
signals from each of these sou-rces results in doppler curves (used for position location.
computation) which are interlaced, overlapping, and often segmented due to signal falling
below the threshold for parts of the satellite pass.

This report examines: 1) the problem of differentiating between doppler data
generated by a modulated 121.5/243 MHz beacon and other signal sources in Lhe band; 2) the
signal characterization of ELT signals; and V3) the use of these results to p'l‘OV.ide data
management techniques to reduce position location data proliferation arising from the same
ELT being seen on multiple orbits and by different satellites. ’

The report first provides a survey of the different sources of interference which occur
in the 100 to 500 MPIQ f'requencir band. It is seen that the interference can be divided into two
categories, namely; that due to natural sources (such as atmospheric noise and galactic noise)
and man-made noise (such as autombile ignition noise and CB radio interference). It is shown
that when it is present, man-made noise dominates and can take on a wide range of different K
characteristics.

Next, the report examines those sources of interference which enter the 121,5/243
MHz frequency bands of the SARSAT system. [t is seen that these sources may be either
impulsive or in-band. One simiple method of classifying the interference is to separate on the
basis of bandwidth, i.e. CW, narrowband and wideband. [t is seen that these designators can
be useful in identifying the interference which is in fact received in the SARSAT system.
Thus, it is possible to prov{de identifiers which in turn lead to a measure called activity of the
pass. The activity of the pass gives a measure of the amount of interference level which is

encountered on any particular pass.




The spectral properties of ELT signals are examined in detail. [t is shown that the
typical ELT signal can be related to one of two different models which accuraﬁely predict ELT
signal spectrum. Thus, it is possible to identify properties of the ELT signal which can be
measured and related to a specific ELT signal. Of course, the usefulness of the measurement
is dependent on the quality of the signal being measured.

Finally, these properties of interference and ELT signal characteristics are combined
to form a signal identifier which can be used to classify any received signal. This
classification can then be used to provide a label which is used on all the different received
signals. Signals having the same characteristics fall into the same bin which then provides a

significant reduction in data to be handled.
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4

1. INTRODUCTION

Existing emergency beacons operating at 121.5 MHz have a distinctive siren-like AM

modulation characteristic. Apart from normal production variations in the characteristic of -

this modulation which is allowed in the specifications, there is no other information
incorporated in the signal to differentiate one emergency beacon signal from another.

In the SARSAT signal environment, it is possible to receive many (5 to 25)
simultaneous emergency beacon signals, combined with voice signals and interference of
various types, all simultaneously occupying essentially the same frequency-time space. The
uplink signals from each of these sources results in doppler curves (used for positioﬁ location
computation) which are interlaced, overlapping, and often segmented due to signal falling
below the threshold for parts of the satellite pass.

Although the current signal processing software in the SARSAT LUT can cope with
this signal situation reasonably well, the present processing algorithm is based solely <;n
comparing the available data against theoretical doppler data which would occur from any
position in the LUT coverage axlea.

Occasions arise when the LUT computes locations using segmented data available
from several different signal sou;'ces, but still representing an available doppler curve. The
location thus computed does not represent the location of any real signal source, and is

considered to be a LUT-generated false alarm.

1.1 OBJECTIVES -

A study program in the area of ELT signal identification is necessary to determine the
feasibility of originating signal processing approaches to perform the following functions:
1) Differentiate between doppler data generated by a modulated 121.5/243 MHz beacon

and other signal sources in the band (i.e. CW, voice signals, ete.).




2y Perform signal characterization on each signal to enable differentiation among ELT
signals, and thus associate each available doppler data segment with the cor;'ect
signal source. ‘

- 3) On the ]qasis of being able to differentiate and distinguish among emergency signals

based On'signal processing parameters or characteristics, originate data management

techniques' to reduce position location data proliferation arising from the same ELT

being “seen” on multiple orbits and by up to four different satellites.

1.2 - QVERVIEW OF REPORT

" Section 2 provides a survey of interfering sources in the frequency band from 100 to
500 MHz. These sources include: natural sources such as atmospheric noise, galactic noise,
solar flare interference and the like; and man;made interference such as automobile ignition
noise, power generating facility interference, scientific and industrial equipment noise, CB
radio interference, and so on. Section 3 deals specifically with the effects of interf’erence on
the SARSAT system and examines the problems which may occur and how this interference
may affect the processing of ELT signals. In addition, examples of interference received by
the SARSAT system are examined and a set of parameters is identified which characterize
the interference. Section 4 considers the different types of ELT signals which are received
and provides models which accurate describe ELT signal. From this, it is possible to select a
set of parameters which characterize ELT signals. Section 5 describes how the parameters
charaéterizing interference and ELT signals can be used to develop data management
techniques for categorizing received ELT signal emissions. Finally Section 6 provides

Conclusions, followed by References.
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2. SURVEY OF INTERFERING SOURCES AT

2.1 OVERVIEW

A computer literature search of interfering sources in the frequency band from 100 to
500 MHz has resulted in the listing of approximately 1100 titles of which approximately 100
papers and one textboc;k have been obtained. These have all been rev‘iewed and a summary of
the relevant findings is now presented. In the frequency band from 100 to 560 MHz, there are
many different types of background noise and interference. These can be divided into: natural
sources such as atmospheric noise, galactic noise, solar flare interference and the like; ancﬂ
man-made interference such as automobile ignition noise, power generating facility
interference, scientific and industrial equipment noise, CB radio and amateur radio
interference and so on [1-3]. When it is present, man-made interference is often dominant
such as in the case of the urban er}viro'nment where we see that the background is several dB
higher than the next highest source, as illustrated in Fig. 2.1 {1, p. 14].

Natural sources of interference may have either a relatively smooth spectrum such as
galactic noise or may be impulsive such as; atmospheric noise and solar flares. The galactic
noise is relatively constant in time whereas the impulsive noise oécurs relatively infrequently
such as during lightning storms. i

Man-made noise can take many different forms such as smooth spectrum due to a
large number of automobile ignitions, impulsive noise due to power switching circuits or
harmonic interference due to unfiltered power generators or radio transmitters. Some of
these sources will now be examined in detail to determine their possible influence on signals

in the 100 to 500 MHz frequency band.

2.2 INTERFERENCE AT 121.5/243 MHz

Airborne surveys of interference at 121.5, 243 and 406 MHz were made in 1977 by

flying surveillance aircraft over selected regions of the United States [4-7] using receiver

CRC-20b




—20

T B

5 — :

= —60 - Atmospheric Noise]

Il N 3

z LY

el BN =

e S{—tGrade = 100; -

06 44

AN

& ~100 ; 5

= S

= A

=z e

%) AN

E \\ P \\

g A S

S —140 A\ =

120 s

2 X -

S - ~ 3

Q - — - AN

2 % [<Sal=tEe Man-Made Urban

] N - e I}

[3 —180 ~ -t . 3 - ‘IL..

5 A ol ] e

Z AY =< ‘

ﬁ -kT;’ : \\ RN, NG —— q

'3 \W\ kkk k‘}.\ N\ JIUJJ :e[r \_\ AWANN

Z s

g —220 =

©

g Galactic Equitorial? , ]

+ Solar Flare IV
< {Pola
4 10° 106 107 108 10° 101 10"
Frequency (Hz)
Fig. 2.1 Average power density of natural and man-made radio noise sources

observed with a tuned dipole antenna. Note that for the band from
100 to 500 MHz, man-made urban interference exceeds Solar Flare IV
noise by 4 to 10 dB and Galactic noise by some 10 to 20 dB. Receiver

noise at -204 dBW/Hz provides the lower bound at kTO.

-




bandwidths of £ 25 KHz for the 121.5/243 MHz frequencies and £ 50 KHz for the 406 MHz
frequency. These measurements were intended to give information as to the degree of
background over urban and suburban areas which would be received by search and rescue
satellites.

Figures 2.2 and 2.3 illustrate the variation which takes place in.interference level
when overflying cities of several different populations [5-6]. As expected, the amoﬁnt of
interference increases significantly with the population of cities and the time of day (night) as
shown in Fig. 2.3. Regretably, no estimate was attempted to determine the relationship based
on number density (number of people per unit area) versus interference level.

-Figure 2.4 shows the radiation in the 243 MHz band for essentially the same area as
Fig. 2.3. We can thus conclude the following:
1) At 121.5 MHz, the interference varies strongly with popﬁlation density.
2) At 121.5 MHz, the interference level varies approximately 5 to 10 dB depending on
the time of day.
3) At 243 MHz, the interference varies strongly with population density.
4) At 243 MHz, the interference varies with time of day but not as strongly as for the

121.5 MHz band.

5)  Noclear relation exists between the levels of interference at 121.5 MHz and 243 MHz.

Since these results were conducted in 1977, it is possible that the impact of more
recent developments such as the CB craze are not reflected by the measurements.

A more recent set of measurements has shown that the contribution to antenna noise
temperature near geostationary orbit using LES-5 and LES-6 data is less than 22°K in the
243 to 260 MHz frequency band [8]. However, since square law relationships exist for range,

this translates to antenna temperature of 30,000°-40,000°K at SARSAT satellite altitudes.
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2.3 CB, RADIO AND TELEVISION INTERFERENCE

In the mid-1970’s, there was a huge increase in the number of CB radio systems that
went into operation and a corresponding increase in the number of interference complaints
received [9-11]. The main source of interference was due to the jamming of TV signals at the
harmonically related frequencies of 27 MHz although there are other problems such as the
jammiflg of ambulance radio by 6th harmonic at short range [12].

Two problems were found to arise, the first being due to the inadequate filtering at the
input to the TV itself, and the second problem being due to the lack of filtering at the output of
the CB unit—-It-was further discovered that the majority of cases belonged to this latter case.

Two different causes for the interference are [9]: the use of high power (24 to 400 W)
linear amplifiers which are in fact somewhat non—lineaf producing harmonics and possibly
sub-harmonics; and the use of high gain (4 to 8 dB) antennas which concentrate the nominal 4
W output power of the typical CB unit producing a high effective isotropic radiated power
(EIRP). The problem of the high power linear amplifier is further compounded by relatively
low cost ($325.00 for an increase from 4W input power up to 85W output power [13]). ‘The
combinations of linear power ampliﬁer and high gain antenna also exist and it is estimated
that the EIRP can reach T00W.

Of considerable concern is the fact that the 121.5 MHz ELT band is the 9th harmonic
of the 2nd subharmonic of 27 MHz and 243 is the 9th harmonic of 27 MHz. [t thus appears
quite likely that at least some of the interference received by the satellites is due to these
harmonics especially from faulty CB rigs with perhaps high power linear amplifiers.

Other possible sources of interference may be due to harmonics of radio and TV

transmitters. The list includes[14]:




121.5MHz" - 2iid harimonic of TV channel 3
| - 3rd harmonic of fixed and mobile radio

- 5th harmonic of fixed and land mobile radio

- Tth harmonic of maritime mobile radio

- 9th harmonic of fixed mobile radio

- - odd order harmonics of amateur radio bands-
243 MHz —. 2nd harmonic of'121.5 MHz voic‘e. channel

—~ 3rd harmonic of TV channel 5

~  5th harmonic of fixed and mobile radio

~ Tthharmonic of fixed and mobile radio
406 MHz ~ 3rd harmonic of aeronautical mobile radio

—~ 5th harmonic of TV channel 5
— 7thharmonic of TV channel 2
-~ 9th harmonic of fixed mobile radio
- 15th harmonic of 27 MHz CB radio
An upcoming and related problem is the development of low power TV which operates
with a power level of 10 W for channels 2 to 13 [15]. By late 1982, over 6500 applications had
been recei—ved.
Another potential problem exists with cable TV since the frequency band covered
runs from 5 to 450 MHz. The problems due to leakage from the cable appear to have been

recognized in 1977 [16] but regretably no action appears to have been taken as late as March

1984 [17].

2.4 MOTOR VEHICLE IGNITIONS

Impulsive noise from automobiles is generated by the ignition system, the battery
charging circuitry, accessoryAmoto'rs, electric warning devices, and starter motors [1, pp. 21-

74, and 18-22]. The frequency band of these emissions extends entirely across the band from

10




100 to 500 MHz (up to a reported 7 GHz [18]) and the spectrum for a large number of vehicles
(perhaps hundreds of thousands in a city, for instance) is essentially smooth, not unlike
additive white Gaussian noise passing through a simple RC lowpass filter. Almost all

vehicles radiate at 50 MHz and 75% are found to be noisy at 150 MHz [18].

2.5 POWER TRANSMISSION LINES AND CONVERTERS

2.5.1 High Voltage AC

There are several different possible sources of interference which can arise from an ac
power system, all well documented in '[1, PP 75-134]. These include harmonics of the 60 Hz
power frequency, corona (due to the electric field ionizing the surrounding air) and gap
breakdown (due to voltage difference between two points and acéentuated by the alternating
feature of the 60 Hz). Normally, harmonics of the 60 Hz are too small to be a problem in the
100 to 500 MHz frequency range; however, corona and gap breakdown may be detectable.

‘Measurements on 244, 345, 525 and 735 kV transmissions lines have shown that the
corona has a 1/f frequency characteristic extending into the hundreds of megahertz frequency
range which depends strongly on weather conditions.

Gap breakdown may produce nanosecond duration pulse widths with frequency

coxhponents extending into the hundreds of m-egahertz. Measurements show that in some

- cases the gap breakdown interference may exceed that due to corona, as shown in Fig. 2.5.

2.5.2 High Voltage DC

Radio interference due to high voltage DC is not so well documented. However, it can
be generated from several different mechanisms including corona, station noise, single unit
flashover and HVDC converter stations [23-25]. The noise due to corona is well documented
and is essentially the same as for HVAC. The corona is again strongly dependent on weather
conditions and operating voltage (an increase from 450 kV to 500 kV increases interference

by 5 dB [24]) and can be approximated by a 1/f*, where 1 < n' < 2, spectral characteristic. For

11




[==]
o

[
o

244 kV Normal Line
so-Fair Weather

o Light Snow and Sleet

= Instrument Residual;,
200 ft from Center Line Opposite Tower

=N
(]

Electric Field Strength (decibels relative xb
| microvolt/meter/MHz) Peak Detector

3
o
I

[ I 1 111 | | 11l { | ] 1 -
10’ 1wt 10’ 10% 10’
Frequency (Hz)

(=]

=
=N

140 —TT"T7 T TTT T —TT
200 ft from G, of North Line

8
T

&
o
1

 Aug. 29, 1968, Gap |

3 8
T

a August 22, 1968, Corona  ~

Electric Field Strength {decibels relative to
1 microvolt/meter/MHz) Peak Detector

10° 10° 107 108
Frequency (Hz)

( b

Fig.'2;5 ( a ) Peak electric noise field strength for a 244 kV ac

transmission line with noise due to corona. Measuring

location 200 ft. laterally from the tower [l, p. 104].

( b ) Comparison of two radio noise sources [1, p.109].

12




-one particular case on the Nelson River HVDC line, it was found that the data agreed well
with this relation [23].

The problems of station generated noise for this system were also investigated at
reduced voltage to eliminate corona but it was found that the levels were too low to be
accurately detected [25]. |

Single unit flashover occurs on insulators often due to moisture and other
contaminants [26]. Unlike corona noise, the flashover noise is impulsive and has a spectrum
that can be detected at 100 MHz using a TVI meter. The repetition rate is low and may vary
from one discharge per ms to one discharge in 100 ms. However, the signal is sﬁrong enough to
be n;)ticeable on a TV screen competing with a TV broadcast signal.

Einally, radio interference can be generated by HVDC converter stations using
thyristors to convert the dec into ac [27]. However, the power density appears to drop quickly

with frequency and most of the power is confined to the frequency range below 1 MHz.

2.6 ATMOSPHERE AND [ONOSPHERE

2.6.1 Atmospheric

One of the main sources of natural noise in the environment is due to lightning
flashes [28-31]. The electromagnetic radiation radiated by lightning flashes cover the
frequency range from visible light down to a few Hz [29]. [t has been determined that for
frequencies above 10 KHz, the spectrum varies as 1/f [28] into the hundreds of Mz while at
UHF, the spectrum is flat with density of approximately 10715 W/m2-Hz at a distance of 1 km
from the base of the channel [29]. This corresponds to a level of about 50 dB above thermal
noise for an antenna of 1 m2,

Actual measurements have detected tﬁis noise at 100 MHz and it has been noted that
in the tropics several thunderstorms are normally active within an 1000 km radius [30]. The
total number of flashes ranges from 50 to 100 per minute with each flash comprising a 'bunch

of submicrosecond pulses’ having a total duration in the millisecond range. Naturally, at the

13




higher latitudes this activity is much less; but, with the wide coverage area of the satellite

antenna, there is bound to be some atmospheric disturbance received.

2.6.2 Ionospheric

[onospheric scintillation can’pose a problem-for signals at the SARSAT frequencies
due to variation in the propagation velocity of“tﬁe uplink signal and scintillation fades
[32-33]. Measurements have:shown that:a.signal propagating through the ionosphére from .
the Navy Navigation Satellite System may vary by * 10 dB at 150 MHz and % 5 dB at 400
MHz for a cqnsiderable fraction of the time [32]. As well, the problem of ionospheric
scintillation is worst in the north of thé auroral zone and near the geomagnetic equator.
‘Fortunately, since signal level is not the parameter being measured by the SARSAT system,
these problems. of amplitude change are not significant provided that the signal is strong
enough to be properly received.

The change in the propagation delay of the uplinked signal for the SARSAT
frequencies has been studied and found to produce an error of only approximately several Hz

at 121.5 MHz [34].

2.7 MISCELLANEQUS SOURCES

2.7.1  Printed Circuit Boards (PCB) and Computers

Due to the clocking and timing pulses in computers and printed circuit boards in
general, there is a significant afnount of interference being generated in i;he -freque.ncy band
between 10 MHz and 1 GHz [35-37]. Unfortunately, this source of radiation may leak from
the cabinets containing the equipment and propagate in all directions. Since clock signals are
ric»:h iﬁ harmonies, it is quite possible for the third harmonic of a 40.5 MHz oscillator to be
significant at 121.5 MHz and similarily the third harmonic of an 81 MHz oscillator to

interfere at 243 MHz. Whether this is, in fact, a problem is not clear at this time, however.
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2.7.2 Industrial Heating Equipment

A popular operating frequency for dielectric heating applications is 27.12 MHz with a
tolerance of i‘ 0.6% [38]. Unfortunately, the equipment also generates harmonics and quite
possibly subharmonics with the result being that the 9th harmonic of the second subharmonic
may jlam the 121.5 MHz band and the 9th harmonic may jam the 243 MHz band. Again,.there

seems to be little additional data as to the seriousness of this problem.

2.8 CONCLUDING REMARKS

Except in unusual storm conditions, such as those producing large numbers of
lightning flashes, the main sources of interference affecting the SARSAT system will be man-
made and in many cases, originate in urban centres. There is a wide array of impulsive noise
sources which may coalesce to produce an overall background not unlike Gaussian noise for
narrow band systems such as SARSAT, a certain nurﬁbér of unmodulated carrier sources due
to harmonic generation and the like, which fall in the SARSAT bands, and modulated carrier

sources which are produced by harmonics and subharmonics of CB and other radio sources.
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3.0 NOISE ANDINTERFERENCE IN THE 121.5/243 MHz FREQUENCY BANDS

3.1 OVERVIEW
In this section, we examine the problem of noise and interference which relate
speciﬁcally to the 121.5 MHz and 243 MHz SARSAT frequency bands. We note that the 121.5

MHz band is 25 kHz in bandwidth and the 243 MPIi band has a 50 kHz bandwidth. The ratio

of bandwidth to centre frequency in both:cases is 0.02%, indicating that both receivers can be"

classed as narrowband.

First, we examine the types of interference which can affect the reception of ELT
signals. Then, the interfering sources are categorized into CW, narrowband, and wideband.
[t is shown how the interference can adversely affect SARSAT receiver operation. Some
typical examples of interference recorded from pass data are examined and, finally, the
activity of the pass is examined. This whole procedure leads to an interference classifier

which can be used to evaluate interfering sources and activity of the pass.

3.2  TYPESOF INTERFERENCE

Interference may be thought of as unwanted emanations which compete with desired

ELT signals in the frequency bands of interest. Normally, interference is only significant if )

the strength is sufficiently high to cause a noticeable degradation in the detection of the
desired signdl. Thus, it is possible to define a threshold level which separates harmful
interference from insignificant interference. Specification of this threshold depends on the
type of interference encountered.

There are two fundamentally different kinds of interference which affect receivers of
the COSPAS-SARSAT type of system. These are impulsive interference and in-band

interference.
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3.2.1 Impulsive Interference

Impulsive interference is normally thought as being due to:

1). a small number of high power, short duration video pulses or a small number of high
power, short duration pulses of carrier which shock excite the receiver;

2) a high power carrier which rapidly sweeps in and out of the receiver passband, again
shock exciting the receiver; and

3) a large number (or mix) of low power video pulses, low power pulses of carrier and low
power swept carrier sources which add together to form a broadband spectrum of
interference.
The first two of these are referred to as Case 1 and Case 2 and described in detail. The

third source of interference is considered to be broadband interference and discussed in

Section 3.5.

Case 1

The first of these is due to short duration pulses where the pulse duration is small
compared to the reciprocal of the bandwidth of the receiver. In this case, the pulse may be
either video or modulated carrier. For modulated carrier pulses, the carrier frequency may be
inside or outside the bandwidth of the receiver. Essentially, impulsive interference shock )
excites the 'ringing response’ of the receiver every time a pulse reaches the receiver 'input.

" The output of the receiver due to such an input pulse can be simplistically represented by [39]

r(t) = A expl-at] sin 2I1 th (3.1)
where
A = amplitude constant
a = damping constant which is a function of the bandwidth and the phase
linearity of the receiver.
fR = centre frequency of the receiver passband (for narrow band systems)
t = time
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Normally, this type of interference fills the bandwidth of the receiver and thus
appears to be 'wideband interference’. Since 'a’is usually a complicated combination of the
overall bandwidth and all phase characteristics of the system, its value is seldom known.
However, it can be expected to lie in the range

B/20 < a < B/5 ' (3.2)
where B..is the 3 dB bandwidth of the receiver.

An estimate of the jamming effectiveness of this&i‘mpulsi\ie interference can be
obtained by noting that the receiver remains jammed whenever the RMS value of r (t) exceeds
the RMS value of the desired signal and receiver noise at the output of the receiver. For an
array of impulses with random amplitudes, there is an averagé duration T in seconds for
which the receiver remains jammed. Since the impulses are normally generated at random
times, we define the average number of impulses per second to be N|. Then, the fraction Qf the
time that the receiver remains jammed is simply

J=1-NT (3.3)

We note that when J =0, the receiver is completely jammed and no signals can be

detected. Thus, a threshold canbe arbitrarily set, say J = 0.1, which indicates that 90% of the

time desired ELT signals can be detected.

Case 2

Impulsive interference can also be generated by sweeping a carrier from outside the
passband of the receiver.through the passband and back outside the passband. This type of
interference causes two difficulties. First, there is the interference generated while in the
passband. The effe:cts of this are discussed in Section 3.2.2. Second, there is the interference
produced in sweeping from in-band to out-of-band or vice versa. If the sweep rate is
sufficiently high, the receiver 'ringing response’ is excited and the receiver is jammed as in

Case 1.
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3.2.2 In-band Interference

In-band interference consists of modulated and unmodulated carriers which do not
change frequency rapidly. Here, the signals compete in amplitude and bandwidth with the
desired signals. Examples of this include CW carrier, harmonics of transmitters, and voice
transmissions. In this case, the threshold can be defined.on a power density basis with the
signal competing directly with the interference. The main factor is the num'ber of false
alarms which can be allowed (number of erron‘e'oue peaks in the Apower spectrum for a given
threshold setting) and this can be defined by the false alarm rate for a given probability of
detection as in radar.

All such sources in the COSPAS-SARSAT system are classed as narrowband since the
system bandwidth is very small compared to the carrier frequency i.e., B < < f.

However, within the band we may denote different bandwidths of interference. E:‘or
instance, unmodulated carrier produces a near line spectrum interference. Voice produces a 5
to 10 KHz bandwidth interference and other sources essentially fill the entire 25 KHz
bandwidth. Thus, for the present we will use these classifications:

CW - interference produced by an unmodulated carrier

NB - narrowband such as that produced by voice (5 to 10 KHaz)

WB -~ wideband which fills most of the 25 KHz bandwidth.

3.3 CWINTERFERENCE

CW or unmodulated carrier interference presents three problems to the SARSAT type
of system. First, it produces clutter that appears on the frequency plot which increases the
complexity of the signal processing strategy. Second, is the problem of reduced dynamic
range and thresholding when automatic gain control or limiting is employed. Third, is the
problem of FF'T dynamic range when a strong CW signal appears with weaker signals and

background noise.
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N:ormally,' the effect of increased clutter on the frequency plot is not severe since the
signal occupies a very narrow band of frequencies. However, the other two problems are far

more serious and are examined in detail next.

3.3.1 Automatic Gain Control and Limiting ',

Automatic gain control and limiting produce essentially the same effect on the signal

however the implementations.are: slightly différent. Thus, only. the.case-of AGC will be:

considered.
Usually, automatic gain control is applied to the analog.amplifier stages of the
receiver in the form of amplitude control of the time signal. The gain of any AGC amplifier

can be written as

Q
Il
i P
)
£

where

P = the total output power

P, = the total input power from N sources

N
= Z PIj
4 j=1
Now, if we assume that the output power is constant, which is typical of most AGC systems,
then the gain of the amplifier varies inversely as the input power.
Let us assume that one source, namely the ith source of interference, is far stronger
than the other sources of signal and background noAise, then the gain of the AGC amplifier is

given approximately by

B

G = (3.5)

U

where P|; = input power from the ith source.
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Then, for the kth signal, which may be an ELT, the signal out of the AGC amplifier is

simply given by

P =G*Py

Po* P[k (3.6)

pIi

Both P and Py, are constant. Therefore, as the power of the ith interfering source increases,
the output power of the kth source decreases.

In practice, v;/hat this means is that when a strong CW source is received, it ‘captures’
ﬁhe AGC or limiter, an effect well known radar receiver systems. Weaker sources and‘
background noise are greatly reduced in level and the output of the receiver is said to be
‘quietened’. Naturally, this is highly undesirable since the unwanted high amplitude CW
signal is easily received while the desired weaker signals disappear altogether.

A possible method of combatting this type of interference is to use a log-lin type of rf
amplifier which has the characteristic gain shown in Fig. 3.1. Normally, the noise
background has sufficient level to cause the amplifier to operate at point A, which is just
.above the logarithmic knee. When strong CW interference causes the output of the AGC
amplifier to quieten, the operatihg point runs down the log amplifier curve which greatly
reduces the change in dynamic range. Thus, the background noise and weaker signals are
reduced by the logarithm of the strong signal which substantially improves the detection

properties of the weak signals.

3.3.2 "FFT Dynamic Range

A second problem due to thresholding can arise with the calculation of the FFT, as
illustrated in Figures 3.2, 3.3, 3.4 and 3.5 for one second intervals of 13 block averaged 8 K
FFT spectral estimates. Here we see that the signal spectrum for orbit C1/860 has been
plotted at 9, 10, 11 and 12 minutes into the pass, respectively. At 9 minutes, the spectrum

appears reasonably normal with a flat background and several prominent signal peaks. At 10
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minutes, a very strong CW source is received which reduces the background level by some 30 -
dB. The fact that the signal is CW is demonstrated by the fact the sidelobes of the FF'T are
clearly visible. At 11 minutes, the signal exhibits modulation sidebands which are fux;l:her
developed by the 12 minute mark where the background has again dropped below the 40 dB
down level.

One solution to this problem is to filter the data using a notch filter to remove the CW
source. Unfortunately, the FFT would then require recalculation with the-f’iitered data. If
the spectral plot has sufficient dynamic range, then a second solution is to simply remove the
CW data set from the output spectral plot. In the case documented here, at least 50 dB of

dynamic range would be required and in other cases it could easily be more.

3.4 NARROWBAND INTERFERENCE

Narrowband interference refers to interference having a bandwidth which is
considerably less than the 25 KHz bandwidth being processedvfor the 121.5 MHz signal band.
Typical sources of interference are shown in the dot plots of Fig. 3.6. This kind of interference
can be detected by using a median filter type of avérager on the frequency plot as illustrated
in Fig. 3.7. In this case, we see that the median filter eliminates all of the sharp peaks due to
signals leaving only the background. In this case, th;e background is due to the receiver noise
of the system and the contributions due to the interfering source.

The indication of interference is provided by noting the increase in the level of the
output of the median filter as the window sides across the frequency band. With noise alone,
the output of the filter is reasonably flat whereas with narrowband interference there will be
an increase of several dB in the level which then can be detected by thresholding.

Narrowband interference can be combatted By choosing a processing strategy which
hag little or no effect on the ELT signal but significant effect on the interference. Sﬁch a
processor is the ‘minimum selection’ already investigated as part of the SARSAT program in

CRL. Figure 3.8 illustrates the averaged spectra obtained with the overlap of a coherent ELT
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Fig. 3.7 ( a ) Averaged spectrum showing signal peaks, narrowband
interference and background receiver noise.
( b ) Averaged spectrum after median filtering with threshold

distinguishing interference from receiver noise.
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signal and a non-coherent signal. It is clear that the coherent ELT signal is greatly masked
by the non-coherent signal. Using the ‘minimum selection’ technique, we see that much of the
effect of the non-coherent ELT signal has been eliminated while the coherent ELT signal has

been preserved.

3.5 WIDEBAND INTERFERENCE

Wideband interference can be considered to be interference‘ which covers most of the
25 KH; bandwidth of the ELT band, such as the dot plots examples of Fig. 3.9. In this case,
median filtering rriay or may not be of use in detectiné the interference since the level of most
of the band may be increased by approximately the same level. However, the overall power of
the output signal is increased. This can then be measured by either envelope detecting the
signal itself, as described in the next section, or monitoring the AGC control level.

Wideband interference can be produced by several means, including the effects of a
large number of low power impulsive sources, the shock excitation produced by a small
number of high power impulses or by the wideband modulation of a carrier.

The effect of a small number of high power impulses can be reduced by employing a
limiter in the rf amplifier stages of the receiver at the satellite. Essentially, it is necessary to
use wide bandwidths prior to the limiter in order ;hat the filter ‘ringing response’ is not
excited. Then, the limiter in effect clips off the high level impulse so that it is no longer able
to shock excite the narrowband receiver. Finally, the signal is fed to a narrowband linear-
phase characteristic (possibly surface acoustic wave device filter) filter in order to establish
th.e desired bandwidth properties. Note that very little can be done at the earth station to

solve the problem once the ‘ringing response’ at the satellite has occurred.
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3.6 ACTIVITY OF THE PASS
. 3.6:1 Pass Dat;

R;aal satellite pass data have been reviewéd by considering dot charts. It was foun&
that a small fraction of the passes are nearly free of any significant interference, which leaves
a large portion with some degree of interference. The number of dots as presénted on the dot
charts was arbitrarily divided into eight different levels of activity, as hown in Fig. 3.10.
Approximately 100 dot charts were reviewed for each of SARSAT at 121.MHz and 243 MHz,
and COSPAS at 121.5 MHz, with each plot being classified in one of the activity levels. A plot
of number in each activity level versus the activity level is given in Fig. 3.11. We see that the
activity levels for the three curves are all approximately the same with 50% of the charts
falling in levels 0, 1 and 2. However, this also shows that about half of the dot charts indicate
significant inteference being present. (The activity level of the plots is restricted to a
maximum of 122 dots per line: Thus, there may actually be cases of higher level interference

which are ﬁot recorded.)

3.6.2 Detailed Interference

During a satellite pass, the field of coverage changes considerably as the antenna
scans over cities with their m‘any sources of interfere—nce, areas containing large numbers of
false alarms and other sources of electromagnetic interference. A few sample traces of
" waveforms received are now examined. From S1/2614, we see a 10 ms duration of signal (Fig.
3.12) which appears to represent the case of normal gaussian noise with the possibility of
embedded ELT signals but no significant interference. Figure 3.13 illustrates a strong ELT
signal with a small amount of noise in the background.

Contrast these with the traces from C1/6229 (Fig. 3.14) which clearly indicates an
interfering PSK modulated source or Fig. 3.15 which is a strong CW interferex;. Figure 3.16

could be an example of voice interference. In these last three figures, it is clear that the AGC

circuit has considerably reduced the level of background noise and any weak ELT signals by a
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very substantial amount. The amplitude peaks on Figs. 3.12 to 3.16 are all approximately the
same amplitude; however, the signal of Fig. 3.12 is mainly noise whereas the signal of the last
three traces is mainly interference. Thus, the digitizing circuitry of the data processor must
have sufficient dynamic range to combat this change. Further, special precautions should be
taken prior to the processing and interpretation of these signals.

In order to examine the existence of pulsed interference, an envelope_. detector was
constructed. Figures 3.17 shows strong pulse which has entered and ca‘used a tz:ansient in the
- AGC amplifier. Figure 3.18 illustrates a shorter duration pulses which occurred slightly later
in time and indicates the leading edge of yet another pulse. These few traces' were taken over
a period of only a few seconds. Many other disturbances were observed in addition to these.

Based on these few observations, it is safe to say that a detailed study of the problem is
in order. There are two possible temporal designations which can be used to advantage in
assessing the activity of the pass. First, is the short term in which interference or signals are
received over a short period in time. In this case, the time designation for short term could be
durations less than or equal to the output of one averaged FFT estimate, namely 1 second.
The second d’esignation' is the long term which would include all durations over 1 second. For
the short term, interference would include bursts of signal or interference which would alter
the individual FFT estimates comprising the averaged FFT output. For the long term, the
interference would include sources more continuous in time which would affect many

consecutive averaged FFT outputs.

3.7 THRESHOLD BASED ACTIVITY MEASURE

There are many independent variables which can be used to describe intez"ference
(amplitude, modulation, frequency sweep etc.) but only two which give a useful pictorial
description in a narrow-band system such as COSPAS-SARSAT, namely length of time and
bandwidth. The length of time specifies the duration that the interference is present in any

one pass and may consist of many different contributions. The bandwidth of each of the
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contributions is a measure of the amount of ’f'i"eqUenc_y‘band ‘which-is occupied by an inter-
fering source. Thus, the interference for a given pass can be specified for N interfering
sources by defining the time bandwidth prc;duct
3 3.7
TB= > TB . o :

n=1

where:
" =duration of interference from thé n®source
B, = in-band bandwidth of interference from the nth source
If the total duration for a pass is T (600 to 900 s typical) and the bandwidth of the
receiver isv B (25000 Hz), then the overall goodness of the pass data can be measured by

calculating

T*B-TB

GP = ————*%100% ‘ (3.8)

T*B

For a pass with no interference, GP = 100% and for a pass completely jammed GP = 0%. In

practice, this can be implemented by simply setting several different thresholds in the power

spectrum and counting the number of times the thresholds are exceeded.

3.8 SPECTRUM BASED ACTIVITY MEASURE

' The averaged spectrum pfovides a useful means for measuring the activity of the pass
since CW, narrowband and wideband interference can all be identified easily in the frequency
domain.

We have seen that interference can range in bandwidth from very narrow (CW)
occupying a few tens of Hz to very wide (wideband) covering thousands of Hz. In addition, the
intérference.may be present for periods ranging from milliseconds to many tens or hundreds
of seconds.

Frequency distributed interference can be described by considering the spectrum‘at
the output of the receiver. If the input to the receiver is additive white Gaussian noise, then

the output of the receiver has a flat spectrum, i.e. all components, x;, for a given averaged FFT

bt




have the same value. When ELT signals are present, there is an increase in the spectrum
level in those locations where the coherent portions of the ELT signals contribute. This is
mainly at the carrier peak since the sidebands are approximately 10 dB below the carrier
peak (as is shown in Figure 4.20 to 4.22). Thus, the total contribution to the spectrum from
ELT sources is small compared to receiver noise. Conseduently, it is possible to compute a
meaningful identifier for the detection of interference by calculating the mean and the

variance of the averaged FFT spectral estimate components.

N
S (- a)? (3.9)

Consider for example, the result of this computation for five different cases of output |

averaged spectrum with N = 1024,

Case 1 Receiver Noise Alone (Gaussian)
All values of x; are constant since the output averaged spectrum is flat. Thus,

a=1 (3.10$)

Case 2 Few Coherent Sources (Fig. 3.2, for example)
A few values of X, (say 10) have value 1 and the remaining have value 0.1 (-10 dB).

Thus,
1
a = =—[10+ N — 10)*0.1]
N
= 0109 : (3.11)
1
v = —N-[(1~0.109)2+(0.1 —0.109)%

= 0.0078
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Case 3 Single Strong CW Interferer (Fig. 3.3, for example)

All values of x.are zero except for the point at the frequency of the interference. Thus,

i
a = —

N

= 0.00098 (3.12)

v. = =—=(1--0.00098)
N

= 0.00098"

Case 4 Strong Narrowband Interference
Assume, for example, that 10% of the points have a uniformly high value with the

remaining points being negligible. Then,

1
a = — =90.1
10
1
v = E[O.IN*(1—0.1)2+0.9N*0.1)2] - (3.13)
= 0.009

Case 5 Strong Wideband Interference
, Aésume that 75% of the points have uniformly high value with the remaining points

being negligible. Then,

a = 0,75
1
v = N[0,751\1*(1_0.75)2+0.251\1*0.75)21 (3.14)
= 0.1875

These five cases are plotted in a-v space as illustrated in Fig. 83.19. Cases 2 and 4
produce overlap; however, the remaining cases are quite distinet. Thus, the a-v measure
provides a possible means for at least some determination of the activity of the pass. Note

that the measure can be performed on the points provided by a single averaged FFT at a given
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Fig. 3.19 Plot of five different cases of received signal in a-v space.
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point.in time or by the points provided by a set of averaged FFT points for a signal frequency.

Further studies in this area are required, however.

3.9 ENVELOPE DETECTED ACTIVITY MEASURE

The remaining factor which can easily be measured is the strength, e, of interfering
signals. Since it has been shown that pu'lsed interference enters the system in different formé,.
a convenient method of detecting this pulsed interference is by means of an envelope detector:

A particularly useful implementation is to combine the envelope detection with an
FFT applied to longer records from the envelope detector. All detected signals are in
baseband format which gives a measure of the content of the total signal. For example,
detected noise alone has a spectrum which is Rayleigh while pulse modulated sine wave
produces a spectrum described by Marcum’s Q.function. Monitoriﬁg the zero-frequency
component of the spectrum gives a measure of the total received power while monitoring the
bandwidth characteristics of the detected signal, b, provides an indication of the amount of

modulated carrier in the signal.

3.10 CONCLUDING REMARKS

In this section, we have demonstrated that a wic—ie variety of interfering signals enter
the SARSAT system and compete with the ELT signals. Examples of narrowband and
wideband interference have been presented through the use of dot charts. [n addition,
samples of recorded SARSAT receiver output have been examined and shown to contain CW
interference, data modulated carrier, voice modulated carrier and pulse modulated carrier.

Three possible methods of evaluating the pass have been presented which can be used

as interference classifiers:

1) {GP= } which gives a measure for the whole pass;
2) l{a,v:t} which gives a spectrum measure of interference at time t;
3) I{e,b:t} which gives an amplitude measure of interference at time t.
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Each method gives some useful information at to the activity of the pass; however,
further study is required in order to fully evaluate the effectiveness of the methods with real

data.
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4. CHARACTERISTICS OF ELT SIGNALS -

41  OVERVIEW

This section presents a detailed study of the spectra produced by emergency locator
transmitter (ELT) signals and identifies some of the important characteristics which can be
used to recognize ELT signals in a multi-signal environment. Typical ELT units use very
simple ci_rcuil;s having in some cases poor short term carrier oscillator stabilit&-dde;_perhaps;
to variation in the power supply voltage or loading of the carrier oscillator caused by the
modulation being applied to the amplifier 'stages. This coupled with the modulation leads to a
signature which car; be associated with the individual ELT unit and used to provide .an
identifier.

In this section, three different models for ELT signal generation are developed. The
first mbdel, called the Ideal Coherent Model, produces a highly idealized spectrum which is
not found to exist in practice. The second model, called the Non-Ideal Coherent Model is
capabie of producing a wide range of spectra and represents a large number of real ELT
signals. Use of this model leads to a new design specification which should become
mandatory. The third model, called the Non-Coherent Model, demonstrates the degradation
caused by not providing continuous operation of the ELT carrier oscillator. Computer
generated spectra for the Non-Ideal Coherent Model are compared with spectra from real ELT

signals.

42  BLT SIGNALS
The typical ELT signal may be represented by a modulated carrier waveform, as
illustrated in Fig. 4.1, Two different transmitter carrier frequencies may be used (either

121.5 MHz or 243 MHz). The modulation can be represented in an exponential manner as

shown with the pulse-null duration T, being approximately 0.7 ms and the pulse-null 4

duration T}, being about 1.6 ms. The total period of the signal may vary from 0.25 s to 0.5 s

- CRC-20d
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( a ) ELT signal comprising N.pulse~null pairs of carrier.
( b ) Variation in duration of the pulse-null pairs versus

sweep time.
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depending on the;particular unit. A summary of the pertinent specifications is given in Table
4.1. We note that the long-term frequency tolerance is specif"ied; however, the variation of
frequency in the short-term is not. “

In general, the ELT units can be divided into three models. The first model, called the
Ideal Coherent Model, includes those units which can be represented by a constant-frequency
oscillator that is switched to the power amplifier as illustrated in Fig. 4.2A. We see that in
Fig. 4.2B, the phase fromrpulse to pulse is continuous. The second model, called the Non-Ideal
Coherent Model, can also be represented by Fig. 4.2. However, it is possible that the
frequency of the carrier oscillator during the ON time is slightly different from the value
during the OFF time. This change can be caused by: 1) a variation in power supply voltage
feeding the oscillator due to the change in load current supplied to the power amplifier, or 2) a
variation in the input impedance to the switch as seen by the crystal oscillator as the switch is
" opened and closed.

The third model for ELT units, called the NOn—éohel‘ent Model, includes those ELT
units which can be represented by an oscillator which is switched ON and OFF by the
modulator, as shown in Fig. 4.3A. In this case, the phase from pulse to pulse is no longer
related, as shown in Fig. 4.3B. This results in a very broad spectrum which is difficult to
process using spectral estimation techniques. |

. For these three models, we now coﬁlpute the resulting spectra for the transmitted

ELT signals and compare these with the spectra of real signals.

4.3 SIGNAL SPECTRA FOR ELT SIGNALS
The ELT signal illustrated in Fig. 4.1 can be represented by a set of N pulse-null pairs

in the time domain. Mathematically, we have

N
s(t) = Z Si(t) “4.1)
i=1

where s,(t) is the signal for the ith pulse. Thus,
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Table 4.1

carrier frequency

frequency tolerance

power output

modulation type

pulse duration

percentage modulation
modulationfrequency

sweep rate

modulation frequency change

modulation frequency limits
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121.5 MHz (optional 243 MHz)
+ 50 ppm

approximately 100 mW

pulse

33% to 55%

> 85%

downward swept

2 to 4 sweeps/second

700 Hz minimum

300-1600 Hz
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dT dT,

1
s,(t) = Acos [2n(f, + f)t+0)] t— Y st=st+ 3 (4.2)

= 0 otherwise

- where

A = _ amplitude of the signal

f, = carrier frequency of the pulse
fq =7 doppler shift caused by satellite:motion .
t. =: time shift fromthe. centre of'the first pulse tothe:centre of theith pulse..

T. = the duration of the ith pulse-null pair
d = dutycycle |
8. = phase shift of the ith pulse described later in detail.

First, let us compute the spectrum for the case of constant doppler shift, i.e. fq = o
Later, the effects of changing doppler shift will be taken into account.

The spectrurp for this signal can be determined by summing the spectra from the
. individual components.
Thus, the spectrum of the first pulse can be easily calculated by noting that the

Fourier transform is given by

AdT

Fy(0 = —— sindl(f~ £)dT | - (4.3)

where T, equals the duration of the first pulse-null pair, 0, is arbitrarily taken to be zero, and
f'=f+ f;, which is the doppler shifted carrier frequency.
Using linearity and the shifting property, the Fourier transform for N pulses is simply
N
FN(ﬂ — Z F:(f) (4.4)

i=1

where

F;(f) = F(0 exp[~j(Znft, ~ 0)]

AdT,

1

F.(0 = sinc [(f-f'c) dT)

Hence, the Fourier transform of N pulses of signal is
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N AdT,

1

P ®= 21 5 sinc[(f—f'c)dTi] -expl—j@nft, — 0] (4.5)

This relation can be used to determine the spectra produced by three different models,

described next, which may arise in practice.

4.4 ELT MODELS WITH CONSTANT DOPPLER FREQUENCY <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>