Office de la Proprieté Canadian CA 2446301 C 2009/10/27

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 446 301
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2002/04/01 (51) CLInt./Int.Cl. HO04EB 7/7185(2006.01)
(87) Date publication PCT/PCT Publication Date: 2002/11/14 | (72) Inventeurs/Inventors:
“1; . CHU, JEFFREY C., US;
(45) Date de délivrance/lssue Date: 2009/10/27 DOWNEY MICHAEL L. US:
(85) Entree phase nationale/National Entry: 2003/11/03 ESTUS, ROBERT W., US
(86) N° demande PCT/PCT Application No.: US 2002/010273| (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2002/091627 GLOWLINK COMMUNICATIONS TECHNOLOGY, US
(30) Priorités/Priorities: 2001/05/04 (US60/289,002): (74) Agent: SMART & BIGGAR
2002/04/01 (US10/114,373)

(54) Titre : PROCEDE ET APPAREIL DE CONTROLE ET DE COMMANDE DE COMPRESSION DE GAIN DANS UN
SIGNAL EMIS

54) Title: METHOD AND APPARATUS FOR MONITORING AND CONTROLLING GAIN COMPRESSION IN A
TRANSMITTED SIGNAL

104

102
128

i |

100 130

> J

(57) Abréegée/Abstract:
A method and apparatus for monitoring and controlling the operating point of a satellite transponder amplifier (108). A time domain
sighal recelved at a ground station (100) Is digitally sampled. A histogram of the received signal iIs computed and plotted as a

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2446301 C 2009/10/27

anen 2 446 301
13) C

(57) Abrege(suite)/Abstract(continued):

graph. Under low compression levels, the histogram generally appears as an approximately bell-shaped curve. Under higher
compression levels, the bell-shaped curve becomes distorted. By correlating the acquired histogram to a template histogram, an
amount of compression can be determined. This amount of compression Indicates the operating point of the transponder
amplifiers (108). If desired, the transmission power levels used by the satellite can be adjusted to ensure that the amplifiers operate
at desired levels of compression. The Invention has an advantage over prior technigues In that the operating point of the
transponder amplifiers can be more accurately determined. The operating point can be more precisely adjusted.
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METHOD AND APPARATUS FOR MONITORING AND CONTROLLING
GAIN COMPRESSION IN A TRANSMITTED SIGNAL

Field of the Invention:

The present invention relates to the field of satellite communications. More

particularly, the present invention relates to the field of power monitoring and control

for satellite transponders.

Backeground of the Invention:

A communications satellite typically operates by receiving communication

signals modulated according to individual carrier frequencies from ground-based
lransmitters. A transponder in the satellite typically processes the signals before re-
transmitting them. For example, the transponder typically amplifies and may also
translate the recerved signals in frequency and perform filtering prior to
retranstrussion. Ground-based receivers may then receive the re-transmitted si gnals.

A number of competing factors may affect the level of power used for
transmission of satellite communication signals. For example, weather patterns can
interfere with satellite communications. More particularly, rain can reduce the
effective power of the communication signals. This is often referred to as “‘rain fade.”
T'hus, 1n the presence of rain, signal power levels are generally required to be higher
than otherwise to ensure that the signals are received reliably.

A typical satellite may have up to twenty-four or more transponders, while
each transponder may handle up to one hundred or more carrier signals. Depending
upon communication demands, not all of the carrier signals may be active at any one
time. Thus, total power requirements can vary depending upon communication traffic
levels. However, the total power available for retransmission is limited. For

example, the on-board power supplies for the satellite have limited output.

In addition, the transponder amplifiers used for retransmission of the carrier
signals have limited output power. More particularly, at low power levels, an
amplifier may be operating in a region in which there is a substantially linear

relationship between input signal power and output signal power. At higher power
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levels, the relationship between i1nput signal power and

output signal power becomes increasingly non-linear. This

galn characteristic i1s illustrated in Figure 1. As can be

seen from Figure 1, at low output power levels (e.g., below

approximately 15-20 watts), the gain response 1s relatively

linear. At higher power levels, the gailn response becomes
compressed. Some compression may be tolerable. Operation

beyond certain levels of compression, however, 1is generally

undesirable as the resulting signals can become corrupted,
such as with excessive nolse. A position on the gain
characteristic at which an amplifier 1s operating 1s often

referred to as its “operating point".

Thus, 1t 1s often desired to determine the

operating polint of a transponder amplifier in a satellite.

A conventional technique involves measuring the power level

”

of a communication signal received from the satellite at a

ground station. Then, by estimating the signal attenuation

between the satellite and the ground station, the power

level at the satellite may be estimated. This estimated

power level 1ndicates the then-current operating point.
This technigque has a drawback in that the estimation of
attenuation 1s prone to error. As such, the operating point

cannot be determined with accuracy.

Accordingly, there 1s a need for a more accurate

technique for determining the operating point of a satellite

e '

transponder amplifier. Further, it may be desired to

control the power level of the amplifier in response to the

measured operating polint so as to ensure that the

retransmitted signals are not overly compressed. It 1s to

these ends that the present invention is directed.
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Summary of the Invention

According to one broad aspect of the present

invention, there 1s provided a method of determining a level
of gain compression 1n a wlireless transmitted signal, the

method 1mplemented by communications eguipment and

comprising steps of: receiving a wireless transmitted signal

wherein the transmitted signal is amplified by an amplifier

prior to transmission and the gain of the transmitted signal
1s controlled in a closed power control loop; sampling the
signal, thereby forming a series of digital samples
representative of the signal in the time-domain; forming an
acquired histogram of the samples; correlating the histogram

to a template histogram pre-stored in machine readable

memory; forming a correlation metric representative of
similarity between the acgquired histogram and the template

histogram wherein the correlation metric is indicative of an

amount of gain compression introduced into the wireless
signal by the amplifier; and inhibiting further gain
compression based on the amount of gain compression thereby

inhibiting signal quality deterioration caused by gain

compression.

According to another broad aspect of the present

d

invention, there is provided a system for determining a

-

level of gain compression in a transmitted signal comprising

communications equipment that controls gain of the

transmitted signal in a closed link power control loop based

on recelved signal quality and in which a histogram is

computed from a received wireless transmitted signal and the

computed histogram i1s correlated to a template histogram to

determine the level of gain compression in the wireless

transmitted signal, wherein the communications equipment

1nhibits further galn compression based on the amount of

2a
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galn compression thereby inhibiting signal quality

deterioration caused by gain compression.

Embodiments of the invention provide a method and

apparatus for monitoring and controlling the operating point

of a satellite transponder amplifier. In some embodiments
of the invention, a time domaln signal received at a ground

station 1s digitally sampled. Then, a histogram of the

Byt

received signal 1s computed. To form the histogram, the
digital samples are categorized according to which of a
plurality of amplitude ranges each sample falls within.
When plotted as a graph, the number of occurrences within
eacn amplitude range forms the histogram. Under low
compression levels, the histogram generally appears as an
approximately bell-shaped curve. However, under higher
compression levels, the bell-shaped curve becomes distorted.

By correlating the acquired histogram to a template

histogram, an amount of compression can be

2b
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determined. This amount of compression indicates the operating point of the
transponder amplifiers. If desired, the transmission power levels used by the satellite
can be adjusted to ensure that the amplifiers operate at desired levels of compression.
The invention has an advantage over prior techniques in that the operating point of the
transponder amplifiers can be more accurately determined. As such, the operating

point can be more precisely adjusted.

Brief Description of the Drawings:
Figure 1 illustrates a gain compression characteristic of the prior art;

Figure 2 1llustrates a satellite system in which the present invention may be
implemented,

Figure 3 illustrates exemplary signals transmitted from the transponder of
Figure 2;

Figure 4 illustrates the time domain equivalent of the signals of Figure 3;

Figure 35 illustrates an exemplary histogram of the time domain signals shown
in Figure 4,

Figure 6 illustrates the histogram of Figure 5 along with a different exemplary
histogram resulting from gain compression;

Figure 7 illustrates a flow diagram tor determining the operating point of a
satellite transponder;

Figure 8 illustrates an exemplary averaged histogram that may be used as
template;

Figures 9-13 illustrate exemplary acquired histograms along with the template
histogram of Figure 8;

Figure 14 illustrates a graph showing gain compression vs. the correlation
metric for an exemplary transponder amplifier;

Figure 15 1llustrates an exemplary gain curve for a transponder amplifier;

Figure 16 illustrates an exemplary graph of transponder compression versus
input power; and

Figure 17 illustrates an exemplary graph of transponder compression versus

output power.
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Detailed Description of a Preferred Embodiment:

OVERVIEW

Figure 2 illustrates a satellite system in which the present invention may be
implemented. As shown in Figure 2, a ground station 100 may transmit an uplink
signal 102 to a satellite system 104. The satellite 104 may include a receiving antenna
106, a transponder 108, and a transmitting antenna 110. The uplink signal 102 may
be received by the antenna 106 and passed to the transponder 108. Within the
transponder 108, a demultiplexer 112 may divide the received signal into the
individual carrier signals.

From the demultiplexer 112, the carrier signals may be processed, such as by
filters 114, 116 and 118 and amplified by amplifiers 120, 122 and 124. The
individual signals may then be combined by multiplexer 126 and passed to the
antenna 110 for re-transmission via downlink 128. A ground station 130 may receive
the signals from the downlink 128.

It will be understood that the satellite system 104 of Figure 2 may be
conventional. As such, modifications may be made to the transponder 108 while
achieving advantages of the present invention. For example, Figure 2 shows
components for processing three individual carrier signals, however, it will be
understood that components may be provided for processing a different number of
carrier signals. Similarly, i1t will be understood that the satellite system 104 may
include multiple transponders 108.

Figure 3 illustrates exemplary signals transmitted from a satellite transponder,
such as the transponder 108 of Figure 2. As shown in Figure 3, a 40 MHz
transponder may be loaded with seven different signals of varying signal-to-noise
ratios (SNR) and carrier frequencies. Figure 4 illustrates the time domain equivalent
of the signals of Figure 3. In other words, Figure 3 represents the power spectral
density of the signal in Figure 4. By inspection of the time domain signal of Figure 4
1t can be seen that the data is not constant modulus. A single phase shift-keyed (PSK)
signal may be constant modulus, however, when multiple PSK signals are added
together, the result is generally not constant modulus. Further, the signal appears
somewhat random. In theory, if an infinite number of signals with different SNR’s
and bandwidths were added together, the distribution of the data samples would be

“white” or normally distributed. Also, if the voltages in Figure 4 were to be limited or
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compressed, this would substantially alter the statistical distribution of this signal.
For example, 1f the output voltage in Figure 2 were to limited to +/- 2mV, the tails of
the distribution would grow in magnitude.

Figure 5 illustrates an exemplary histogram 500 of the time domain voltages
shown in Figure 4. This histogram 500 may be formed by digitally sampling the time
domain signals of Figure 4 and dividing the range of amplitudes into a plurality (e.g.,
200) of equal ranges or “bins.” Then, the number of samples that fall into each bin
may be counted. Thus, Figure 5 1llustrates the distribution of sample amplitudes that
fall into the bins. The distribution of Figure 5 is not quite normally distributed,
however, i1s does have a “bell”-like shape. Accordingly, the histogram 500
exemplifies a transponder whose amplifiers are operating substantially in the linear
range.

Assuming that the output voltages are limited, such as occurs when the
amplifiers of the transponder operate further into the non-linear region, the histogram
will be different from that of Figure 5. Figure 6 illustrates the histogram 500 of
Figure 5 along with a different exemplary histogram 600. The histogram 600 may
result from limiting the voltages of the transponder signals of Figure 4. The
histogram 600 may be normalized such that its peak level is equal to that of the
histogram 500. From Figure 6, it can be seen that the distribution 600 has changed
from the substantially “bell” shaped-curve of the histogram 500. Particularly, the tails
of the distribution have grown dramatically in magnitude.

By correlating the two histograms, the operating point of the transponder
amplifiers may be determined. For example, a correlation metric may be formed that
18 representative of differences between the two histograms 500 and 600. This
correlation metric may then be indicative of the operating point of the transponder

amplitiers.

OPERATING POINT DETERMINATION
Determining a transponder operating point is important to processes by which
power 1s controlled in a satellite communication system and to ensure the quality and
integrity of the underlying communications traffic and content. The power control
processes are necessarily imprecise unless the current operating point of the
transponder is known for each upward or downward power adjustment. The inventive

power control process uses direct measurements from the spectrum monitoring system

PCT/US02/10273
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(SMS) present in a receiving ground station of most satellite communication systems
to determine the operating point of the transponder during each power adjustment.

The algorithm for determining the transponder operating point may use up to
three principal pieces of data to determine the operating point. This data may include
a transponder compression index based on direct measurement from the SMS; a
transponder downlink effective isotropically radiated power (EIRP) as measured from
the SMS; and a predicted operating point from a transponder gain curve.

These three data may be combined together to determine the operating point of
the transponder at any given time. The gain curve may be used only as a frame of
reference. The transponder downlink EIRP measurement can provide a fairly reliable
indicator of the transponder operating point. However, the accuracy of this
measurement 1s influenced by many tactors including such things as site calibration,
antenna pointing accuracy and local weather conditions. This metric (downlink
EIRP) will not generally be sufficient by itself to determine the operating point of the
transponder. The transponder compression index is a very reliable measurement and
1S insensitive to power errors caused by incorrect calibration values and antenna

pointing problems.

FORMING THE TEMPLATE HYSTOGRAM

The transponder compression index may be calculated by forming a histogram
of the downlink transponder signal. This time domain process may be performed
directly on the received voltage of the downlink transponder signal. As mentioned, if
the transponder is working in its linear region, the transponder histogram will have a
“bell like” distribution function. If the transponder is completely loaded with a
variety of signals, this density function will approach that of a normal distribution. As
the transponder begins to move from the linear to non-linear region, this distribution
function changes from a single-hump bell-like function to a multi-hump “camel-back”
function. When the transponder is operating in a non-linear region, the output voltage
will be compressed. As the compression increases, the tails of the “bell distribution”
begin to appear as humps on the edges of the distribution.

Figure 7 illustrates a flow diagram 700 for determining the operating point of
a satellite transponder. A satellite ground station, such as station 130 of Figure 2, may
be controlled in accordance with the flow diagram of Figure 7. For example, a

software program stored in the ground station may cause elements of the ground
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station, such as general-purpose computer system, to perform the steps of the flow
diagram 700. Alternately, hardware or a combination of hardware and software may
perform the functions indicated by Figure 7. For example, a hardware system located
in a ground station may include various stages that approximate the functions
indicated in Figure 7. As such, Figure 7 may also illustrate a block schematic
diagram of a system 700 of such hardware or combination of hardware and software.

Program tlow begins in a start block 702. From the block 702, program tlow
moves to a block 704. In the block 704 a histogram may be formed that 1s indicative
of then-current transponder operation. For example, this may include performing
(radio-frequency) RF down-conversion to an intermediate frequency (IF). In addition,
the IF signal may be filtered, such as by an anti-aliasing filter. Analog-to-digital
conversion may then be‘performed on the down-converted IF signal. In a preferred
embodiment, the analog-to-digital conversion is performed on the received time
domain signal and under automatic gain control (AGC) to ensure that the conversion
does not introduce clipping in the digital samples of the received signal. When
digitizing the signal, care should be taken to prevent the A/D from clipping the
signal. If the A/D clips, it would be difficult to distinguish between the effects of gain
compression and the A/D clipping. Accordingly, this problem is addressed by using
automatic gain control to prevent the A/D from clipping while the signal 1s being
digitized.

The signal sampled in the block 704 may include multiple carrier signals
received from the transponder 108 (Figure 2) or may include only one carrier signal.
Further, while the present invention may be most advantageously used for monitoring
downlink gain compression, some advantages may be obtained by employing the
invention, with appropriate modifications, for monitoring gain compression in the
uplink 102 (Figure 2).

The digital samples may then be stored in a machine readable memory device
in block 704 as a “snapshot” of the received signal over a limited time period. For
example, the received signal may be sampled for a predetermined time period of 10-
20 microseconds. However, another time period may be selected.

Then, the stored samples may be categorized into “bins.” More particularly,
the total amplitude range of the samples may be divided into a plurality of smaller,
equal amplitude ranges. For example, if the total range of amplitudes is 12.0

millivolts, then this range may be divided into two hundred “bins” of 0.06 millivolts
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(mV) each. Thus, the first bin would include all samples between 0.00 and 0.06 mV.
The second bin would include all samples between 0.06 and 0.12 mV and so forth
with the two-hundredth bin including all samples between 11.94 mV and 12.00 mV.
It will be apparent that another number of bins may be selected.

Under most circumstances, a series of histograms are averaged together to
generate a smooth rendering of the histogram. Accordingly, this process of obtaining
samples over the predetermined time period may be repeated a number (N) times and
the results averaged to obtain a time-averaged histogram. For example, the following

formula may be used to create the averaged transponder histogram:

TH =1/N 2Thi

Where Thi 1s a single histogram and TH is the transponder histogram is
created by averaging N histograms. This averaging step is analogous to a Bartlett
Periodogram, except the output 1s a signal histogram rather than a power spectrum,
and may be done using the SMS and its hardware platform.

Figure 8 illustrates an exemplary averaged histogram 800 that may be
obtained 1n the block 704. This histogram may be created by synthesizing multiple
signals on a band-limited transponder. Each synthesized signal may be quadrature
phase shift keyed (QPSK) modulated and had a receive SNR of between 10 and 18
dB. The received signal voltage was histogramed into 200 different bins.

From the block 704, program flow moves to a block 706. In the block 706,
the averaged histogram TH may be median filtered. A median filter may be used to
perform additional smoothing on the averaged signal histogram. A median filter is
preterred over other filters since tends to preserve the shape of histogram while
smoothing it.

From the block 706, program flow moves to a block 708. In the block 708, a
determination may be made as to whether the histogram obtained in the steps 704 and
706 1s to be stored in a memory device as a template that may be used for comparison
to later-acquired histograms. For example, during the steps 704 and 706, the
transponder amplifiers may be set to low power level that is known to be within the
linear region of operation. Alternately, plural templates may be obtained under gain

compression at various known operating points. Assuming that the current histogram
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1s to be stored as a template, program flow moves to a block 710 in which the current

histogram may be stored as the template.

[t 15 expected that a new template would need to be stored inirequently. For
example, 2 new template may be obtained and stored after alterations are performed 1o
the satellite system, such as adding or inactivating individual camer signals for a

transponder. As another example, a new template may be obtained penodically, such

as daily, weekly cr monthiy.

FORMING ADDITIONAL MEASUREMENT HYSTOGRAMS
AND THE COMPRESSION INDEX

Once a template has been appropnately stored in the block 710, program flow

may return to the block 704. A new histogram may then be obtained in the block 704,
median i1ltered in the block 706 and stored in memory. Then, in the block 708, if the
newly acquired histogram is to be correlated to the stored template, program flow
moves from the block 708 to a block 712.

In the block 712, the newly acquired histogram may be correlated to the stored
template. As mentioned, gain compression tends to causes the shape of the histogram
to change. Figures 9-13 illustrate exemplary acquired histograms 900, 1000,

1100, 1200, 1300, respectively, along with the template histogram 800 of Figure 8.

[T the current histogram results from operation in the linear region, then the
current histogram would be expected to be similar to the template 800. This is shown
in Figure 9, in which the current histogram 900 is similar to the template 800 and
results in a compression metric that is close to unity (i.e. 1.01). However, if the
current histogram results from operation further into the non-linear region, then the
current histogram would be expected to dissimilar from the template. This is shown
progressively in Figures 10-13, in which the current histograms 1000, 1100, 1200, and
1300 respectively are increasingly dissimilar from the template 800.

The compression metric indicates the degree of similarity between the current
nhistogram and the template. Thus, as a result of increased levels of gain compression

in the Figures 10-13, the compression metric progressivelv falls to 0.98, 0.91, 0.79,

and 0.06, respectively. Figure 14 illustrates a graph showing gain compression vs. the
correlation metnic for an exemplary transponder amplifier.

In the block 712, the template histogram and the current histogram may be

normalized by making their amplitudes equal at the center bin of the two histoorams.
9
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Two quantities may then be computed by the system 700. A first quantity is an
autocorrelation of the template, while a second quantity 1s a cross correlation of the
template with the current histogram. From the block 712, program tlow moves to a
block 714. In the block 714 a ratio of the first and second quantities computed 1n the
block 712 may be computed. The ratio of these two numbers yields a compression
metric. This compression metric may be converted to decibels to yield the

“‘compression index.”

DETERMINING THE TRANSPONDER OPERATING POINT

Referring to Figure 7, program flow moves from the block 714 to a block 716.
In the block 716, the transponder operating point may be determined. A value used in
the block 714 1s a compression metric obtained by correlating the template histogram
with a current histogram, such as the compression index. This value may be
compared to a gain curve for the transponder amplifiers.

Figure 15 illustrates an exemplary gain curve 1500 for a transponder amplifier.
The curve 1500 may be a simulated defense satellite communications system (DSCS
IIT) gain curve obtained using an approximation equation obtained from DSCS
network planning system (DNPS). This curve 1500 shows the transponder response
and the projected response if the transponder output response were linear for all
inputs. A gain curve similar to that shown in Figure 15 may be stored in memory by
the system 700. This gain curve 1500 may be obtained experimentally or from
specifications published by a manufacturer of the amplifier. The compression level is
a different between the actual gain curve and the projection of a linear gain response,
as shown in Figure 15. Thus, by comparing the measured level of compression, it can
be determined where on the gain curve 1500 the transponder amplifiers are currently
operating. This is the operating point. Figures 16 and 17 show the transponder
compression versus input power and output power respectively.

The regions enclosed by the dashed lines of Figure 15 indicate where the
correlation metric approach is expected to detect non-linear operation of the
transponder. The lower lines indicate the earliest point where that the algorithm is
expected to detect non-linear operation. The upper lines indicate the maximum
boundary before detection. In other words, this approach will detect non-linear
operation before the upper limit is achieved. Thus, if the compression index is low

(e.g., less than 0.5 dB), this indicates that the amplifiers may be operating in the linear

10



10

15

20

25

30

CA 02446301 2003-11-03
WO 02/091627 PCT/US02/10273

region of the gain curve 1500. The measured signal compression can be overlaid
directly onto the transponder gain curve to determine the operating point. As such, a
comparison of the compression index to the gain curve 1500 would not be expected to
yield an accurate representation of the operating point. Thus, under these conditions,
the transponder EIRP measured using conventional techniques may be used to
estimate the current operating point of the transponder.

The computation of the transponder operating point can be a nearly
instantaneous process. The downlink transponder EIRP and compression metric may
be determined simultaneously by the SMS. This data may then be reterenced to the
gain curve of the transponder to determine 1ts operating point.

In a preferred embodiment, the operating point is continuously monitored.
Thus, once a current operating point is determined in the block 716, program flow
may return to the block 704 and progress through again the blocks 706, 708, 712, 714
and 716. This process may be repeated, for example, as soon as an operating point is

determined or periodically, such as once per second.

USING THE MEASURED OPERATING POINT TO DETERMINE OPTIMAL
TRANSPONDER OPERATION
The output power of the transponder may be controlled in a closed loop link

power control system. More particularly, power control implemented from the
ground station 130 (Figure 2) may be used to remotely adjust the transponder output
power for the downlink 128. For example, the signal quality may be measured in the
ground station 130. In response to a reduced signal quality, which may be caused by
rain fade, the output power may be increased, such as by the ground station 130
sending a control signal to the satellite 104. Conversely, in response to an increased
signal quality, the power output may be reduced without sacrificing signal quality.

If a low signal quality results in increasing the power too far into the non-
linear region of the gain curve for the transponder amplifiers, further increases in
power will not generally increase the signal quality. Rather, such increases may
reduce the signal quality by increasing the signal compression and noise.
Accordingly, the transponder operating point determined in the block 716 may be
used to inhibit the closed loop from increasing transmission power beyond a
predetermined level on the gain curve for the transponder amplifiers. For example,

the measured operating point may be compared to this predetermined level, and if the
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operating point is at or above this predetermined level, then further increases in gain
may be inhibited. Conversely, if the measured operating point is below this
predetermined level, increases in gain may be permitted by the closed loop (e.g.,
when the measured signal quality is low). For each transponder, the operator or
DSCS operational control sub-system (ODOCS) or another entity, can specify the
maximum operating point of the transponder.

While the foregoing has been with reference to particular embodiments of the
invention, it will be appreciated by those skilled in the art that changes in these
embodiments may be made without departing from the principles and spirit of the

invention, the scope of which 1s defined by the appended claims.

12
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CLAIMS:

1. A method of determining a level of gain
compression in a wireless transmitted signal, the method

implemented by communlcations equilipment and comprising steps

of :

recelving a wireless transmitted signal wherein
the transmitted signal 1s amplified by an amplifier prior to
transmission and the gain of the transmitted signal is

controlled in a closed power control loop;

sampling the signal, thereby forming a series of
digital samples representative of the signal in the time-

domain;

forming an acquired histogram of the samples;

correlating the histogram to a template histogram

pre-stored in machine readable memory;

forming a correlation metric representative of
similarity between the acquired histogram and the template
histogram wherein the correlation metric is indicative of an
amount of gain compression introduced into the wireless

signal by the amplifier; and

inhibiting further gain compression based on the
amount of gain compression thereby inhibiting signal quality

deterioration caused by gain compression.

2. The method according to claim 1, wherein the gain
1s controlled in the closed power control loop based on

received signal gquality.
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3. The method according to claim 1, wherein the
signal 1s received by a ground station from a satellite

transponder.,

4 The method according to c¢laim 1, wherein the

signal 1s received by a satellite from a ground station.

5. The method according to claim 1, further

comprising measuring effective i1sotropically radiated power

when the gain compression 1s below a predetermined level and
using the 1sotropically radiated power to determine an

operating point of the amplifier.

6. The method according to c¢laim 1, further
comprising comparing the amount of gain compression to an
amplifier gain curve to determine an operating point of the
amplifier and, when the gain compression is lower than a
predetermined level, using measured effective isotropically

radiated power to determine the operating point.

7. The method according to claim 1, further

comprising performing automatic gain control on the signal

prior to said sampling.

8. The method according to claim 1, further

comprising median filtering the samples of the wireless

signal.

9. The method according to claim 1, further

comprising forming the template histogram by obtaining

samples of the signal.

10. The method according to claim 9, further

comprising obtaining a plurality of template histograms.

14
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11. The method according to claim 10, further

comprising averaging the plurality of template histograms.

12. The method according to claim 9, wherein the

samples for the template histogram are obtained while the

amplifilier operates in a linear region.

13. A system for determining a level of gain
compression 1n a transmitted signal comprising
communications equipment that controls gain of the
transmitted signal in a closed link power control loop based

on received signal quality and in which a histogram is

computed from a received wireless transmitted signal and the
computed histogram 1s correlated to a template histogram to
determine the level of gain compression in the wireless
transmitted signal, wherein the communications equipment
inhibits further gain compression based on the amount of
galin compression thereby inhibiting signal quality

deterioration caused by gain compression.

14 . The system according to claim 13, wherein the

computed histogram 1s formed by the communications equipment

sampling the transmitted signal in the time domain and
determining a number of samples that fall into each of a

plurality of amplitude ranges.

15. The system according to claim 13, wherein the
communications equipment comprises a ground station that

receives the signal from a satellite transponder.

16. The system according to claim 13, wherein the

communications equipment comprises a satellite system that

receives the signal from a ground station.

17 . The system according to claim 13, wherein the

communications equipment compares a level of gain
15
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compression to an amplifier gain curve to determine an

amplifier operating point.

18. The system according to claim 17, wherein when the

gain compression 1s lower then a predetermined level,

effective 1sotropically radiated power is used to determine

the operating point.

19. The system according to claim 13, wherein the
communications equipment performs automatic gain control on
the received signal prior to sampling the transmitted signal

for computing the histogram.

20. The system according to claim 13, wherein the

communications equipment median filters samples of the

transmitted signal for computing the histogram.

21. The system according to claim 13, wherein the

communications equipment forms the template histogram by

obtaining samples of the transmitted signal.

22. The system according to claim 21, wherein the

communications equipment obtains a plurality of template

histograms.

23. The system according to claim 22, wherein the
communications equipment averages the plurality of template

histograms.

24 . The system according to claim 21, wherein the
communications equilipment obtains the samples for the template

histogram while the amplifier operates in a linear region.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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