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retransmission. Ground-based receivers may then receive the re-transmitted si gnals.

A number of competing factors may affect the level of power used for

20  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.”
Thus, in the presence of rain, signal power levels are generally required to be hi gher
than otherwise to ensure that the signals are received reliabl y.

25 A typical satellite may have up to twenty-four or more transponders, while
each transponder may handle up to one hundred or more carrer 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
tevels. However, the total power available for retransmission is limited. For

30 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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Accordingly, there is a need for a more accurate technique for determining the
operating point of a satellite transponder amplifier. Further, it may be desired to
20 control the power level of the amplifier in response to the measured operating point so
as to ensure that the retransmitted signals are not overly compressed. It is to these

ends that the present invention is directed.

Summary of the Invention:

25 The invention is a method and apparatus for monitoring and controlling the
operating point of a satellite transponder amplifier. In one aspect of the invention, a
time domain signal received at a ground station is di gitally sampled. Then, a
histogram of the received signal is computed. To form the histogram, the digital
samples are categorized according to which of a plurality of amplitude ranges each

30 sample falls within. When plotted as a graph, the number of occurrences within each
amplitude range forms the histogram. Under low compression levels, the histogram
generally appears as an approximately bell-shaped curve. However, under hi gher
compression levels, the bell-shaped curve becomes distorted. By correlating the

acquired histogram to a template histogram, an amount of compression can be
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char act 8pinsearcbeomoreregipglprdigsted. 10 Figure 2 illustrates a satellite system
in which the present invention nmay be inplenmented; Figure 3 illustrates
exenplary signals transmtted fromthe transponder of Figure 2; Figure 4

i | ustr BiesDeReiptibier demyaniggui val ent of the signals of Figure 3; 15
Figure S illustrates an exenplary histogramof the time donmain signals
shown in Fi §igee hillysirgigs @ 2giniqopipsessign éBanepterisiicsalole amerofrt;Fi gure 5 al ong
witfpa diffeggite 8HRARLAL Y i 1T i.ng from gain conpression;
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a 20 sungkmewtedt ransponder; Figure 8 illustrates an exenpl ary averaged

hi st ogram t hat .be used as . tepplate; Figures 9-13 illustrate exenpl ary
acquired hi s?@ﬁ%ﬁﬁf%ﬁ‘?@eﬁwmﬂﬁﬁwgﬁﬁnﬁpg%dﬁi%@ ByrieansAndei gfure 8; 25

Figure R#utd J;ustrates a graph show ng gain conpression vs. the correlation

metric for an exenplary transponder anplifier; Figure 15 illustrates an
exenpl ary gaFigusad Jstraies thettinzndgpoainl equinatphti of itier signals of Figure 3;
15 Figure 5 illustrates an exemplary histogram of the time domain signals shown
in Figure 4,

Figure 6 illustrates the histogram of Figure § along with a different exemplary
histogram resulting from gain compression;
Figure 7 illustrates a flow diagram for determining the operating point of a

20 satellite transponder;

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

ternplate;
Figures 9-13 ilustrate exemplary acquired histograms along with the template
histogram of Figure 8;
25 Figure 14 illustrates a graph showing gain compression vs. the correlation
metric for an exemplary transponder amplifier;
Figure 15 illustrates an exemplary gain curve for a trangponder amplifier;
Figure 16 illustrates an exemplary graph of transponder compression versus
mput power; and

30 Figure 17 illustrates an exemplary graph of transponder compression versus

output power.
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in Figure 3, a transpon Seven different
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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

20 understood that components may be provided for processing a different number of
carrier signals. Similarly, it 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

25  transponder may be loaded with seven different si gnals of varying signal-to-noise
ratios (SNR) and carrier frequencies. Fi gure 4 iflustrates the time domain equivalent
of the signals of Figure 3. In other words, Fi gure 3 represents the power spectral
density of the signal in Figure 4. By inspection of the time domain si gnal of Figure 4
it can be seen that the data is not constant modulus, A single phase shift-keyed (PSK)

30 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 si gnals 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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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

20 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

25  correlation metric may then be indicative of the operatin g point of the transponder

amplifiers.

OPERATING POINT DETERMINATION
Determining a transponder operating point is important to processes by which
30 power is 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
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FORMING THE TEMPLATE HISTOGRAM
20 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
25 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”
30  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
6 o
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conpr esdl G PHE G R MaY ipglud vargousssiagasthabanproximate thi tricontls 30 begin to

appedr asdibueR s BRuteE f ' i i.on.. Figure 7.illustrates a

f1 ow di agram 700ij oiehﬁelfgfg%%h?ﬁgﬁgqgg%é 5311?# kgagpao?lﬂf@%f’emﬁu%at ellite

transpo amaf § gy€emi708 of seandrévat iootomisivatiorast r@bireAnd 3G 0l Fi gure 2,
fl ow di agram of Figure 7. For

may be contr in_accordance Wt e r

exanpl e, a so@%%\rg%eﬂopvf g%?ﬁ%ﬁ“s%%%chg 7b£eF ’@Pb@ﬁd’l%q?(amzowoﬁﬁlyn Hawse el enents
of the gnowsto HHRcRIDY.AGEREBloR 091627

PCT/ USOQZ‘]?t0273 st;ti on, such Oa‘fs@ggﬁﬁé%%@?%s%&%g‘%%hgf{%ﬁé to perform

the st epENn-quEenk Fangponsen gperatiaro OFor Ak traplnathisl may hahde@egogfing conmbi nation
of hard . t N erform.the functions indicated by Figure 7.
For exa\orrglag), ﬁ'a eggdv\%i? Eé&g@rgg‘é‘ﬁ?’%g%%‘d“teﬂeia‘ﬁfﬁﬁlﬁ@n%(gﬂ am aggijior.ncl ude

vari ous tst Bigegnat may bafied) smtheas by faHinGlihQRS i Red n}?ﬁa‘f@%ﬁo@dji naFigure 7. As
such, Fi g}gre T g&é al i?% illustrate a bl ock sthematic I aggam of a system
700 of SULTTHIR BRAende nesiepneken By dotnirendevtadelFasigha ofnt e Rared Pr ogr am f | ow

begi ns _kembadi$teat, thdd 4602, Fr t bl ock 702, programiflow noves to a
bl ock 704. In tRe ok %’oﬁg‘éﬁﬁ?g%gﬁﬁ et po it fRsUma. | ol cat | v
of t hendempie¥gnat anhspionaieapmape gaitiicontrol FAGHXABRRe tHalihS BRYiBE! ude

perform . (radi o-frequency). RF down-conversion to an Internediate
frequae%%(%gjnfmﬁﬁceaﬂmpﬂ%dﬁ,thé’%‘ﬁgmlSFTU@]BQI‘?éFherfa@ﬁlb@ fignal.ePédn such as by an

ant i - al digétizing the bigatl, cABBhOYA 11 Fk b Al EANYEWTHIN,TBY. Lhen be performed on

t he down- ngn e eﬁel F signal. In a pr g*eevr &;59%6%1 ﬁlé?ﬂlr’lg E‘ﬁe

anal og- 1'8"4l; éﬁ tharBehpsriswenldibs difichio tandisti mishherwesahy ededd '

10 4 HBgain
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 is bein g
20 digitized.
The signal sampled in the block 704 may include multiple carrier signals

received from the transponder 108 (Fi gure 2) or may include only one carrier signal.
Further, while the present invention may be most advantageously used for monitorin g
downlink gain compression, some advantages may be obtained by employing the

25 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-

30 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



domai n signal and under automatic gain control (AGC) to ensure that the
conversion 15 does not introduce clipping in the digital sanpl2©abbeh2005
recei vedosp/gnad, \Wen digitizing the signal, care shoulghbebaken to
prevent the AID fromclipping the signal. If the AIDclips, It would be
difficult _to distinguish between the effects of gain conpression and the
A D cl i@Ep rigeh.aAtlbess gherfipsibin pivivgd ipebide efhsimplad deeese 8. 4fyanddl Ofgmvaut omat i ¢

ain c r : : I r L pRi il.e e signal is being 20
gi giti g];]%-sg r@%s‘ﬁqé‘ﬁ’g‘ﬁ]@gﬁrﬁg%@%@te ggé @Ie%rgg'og%ﬂ\é@av it c?rl‘lidsé’grﬂliaﬁ}l“ti ple carrier
si gnal swith theewudainfiredth tih énciudins PO BdepleslB8weEt JUDEnA) afd 108Y niwncl ude only

one carfri ﬁL signal.  Further, while the present invention nay be nost
advant dh¥518¢ @%&%@th%ﬁﬂ%?ﬁ&umh%gfblaé)wawbmse@aﬁeﬁ- conpressi on, sone

d t Al L QY] i nyenti,on ith appropriate
mouPT 2087 oD RRRL, I M8 VSR i P70 L2

2) . Thegedérgictasmealmpndsrimpyf thbkistdpeast acestdingl g tieghidess sfaeaihe memory
device _in block 704 as a "snapshot" of the received signal over a limted
time pSPTBIES opgrthe piedrisrmained Haemeriar way beirgpratedmyurplerd Biimed anér a

pr edet grdn l had - af: 10 1 e vel, . anather tinme
peri od ma;g %g ats\’gf%g?g{jé&%ﬁ%&n]’%ﬁg&g%rﬁg%gé%rﬁ#bf@g%ﬁ%vb‘%\gﬁlgg?%%%w Fzed into
"bi ns. 'fomptlamasbeivsed wrdrgate thehizetngedirarmpphddr ikeogrange of the sanpl es may be
diypded into a plurality of smaller, equal anplitude ranges. For exanple,
if the total range of anplitudes is 12.0 mllivolts, then this range may
be divided into two hundred "b'rpp{sgl,gf;ﬁhl{m mllivolts 7 12 Cctober 2005 WO
02/ 091627 PCT/ LJS02/ 10273 (nmV) each. us, the first bin would include all
sanpl es between 0.00 and 0.06 nV. The second bin would include all sanples
bet ween 0.0 nd-0.12 mvV,and so for W .th the two-hundredth bin including
all sanpl es%@rﬂghlsﬂ@ﬁe OWE@‘S%HIWC transpefder hisioE#paEY ent t hat

anot herreawlgravefaghtigns hf%ﬁrﬁﬁs.%ﬁi@%%ﬁgWiné SH?Q§EU£%%RJS £ b gUARLAnces, a
Thér to gerte

series of histograns are averaged toge g rate a snooth rendering
of 1 he Phigdessrramxcapidbe avinyl iy a signakhigopresmtier tubtapawagpesany| es over the

pr edet %Ms%etdg = 'th%cj%qggpgﬁs Bae]%%%%gﬂaﬁ nunber (N) tinmes and the

results average 0 O i me-ave Hirst ogram For exanple, the
follow ng fFogumB dllusayiteben vsafplhly Sefatehishyraysvaaad idarsponder

hi st Ogroghrymed in the block 704. This histogram may be created by synthesizing multiple
signals on a band-limited transponder. Bach synthesized signal may be quadrature

20 phase shift keyed (QPSK) modulated and had a receive SNR of between 10 and 18
dB. The received signal voltage was histdgramed 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

25  preferred 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 is to be stored in a memory device as a template that may be used for comparison

30 tolater-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



10 TH =1/ N Y-Thi Were Thi is a si ngl e histogramand TH is the_transponder
histogramis created by averaging N histograms. This averagi hgQateper 2005
anal ogous WO #288162%tt 15 Periodogram except the output is BCEES02/10273
hi stogram rather than a power spectrum and may be Iolone usi ng ttd1eh_SI\/tS and
its hardware platform Figure 8 illustrates an exenpl ary averaged histogram
800 t hat mayo B@ stogssk agi arfemplate, prRsran Slorv moves Wlﬂibioqlﬂr%loog wéicinthy cmerdr eat ed

by synt hes; 'Bg”qﬁ! h.pl ' a band-limted transponder. Each
sint%esi zzléi‘gﬂg gha aglgjg/sﬁ)ée q%sgggge@ ?%6'20 phase shift keyed (QPSK) nodul ated
and had a receiktés Sijected et wewnemhplatntold nesiBo bERGre@ifioqBshis). agl Vol tage

i stograned into 200 different bins. Fromthe block 704, program fl ow
mn/g\s}egl ‘o gﬁ%@% a5y, tepplaimay be ektamgd and ptaeedafisr d@@gtmswggm ﬁilttvray be
di ansfil 1 | | J . [Lm: I £iona
ge noot hisng %ﬁg?[ﬁ%ﬂﬁgjgfe %g cliésgiggfngﬁg?%gyéﬁn&qﬂﬁ%dﬁ génarﬁ?rl Stlé}a % t'té)rES preferred
over ot hertrdrisperaies. Ak asathtrendmple)a pewsanplatethey shetgined phicliegragcphi |
snmoothing it,. . From.the blo i< 706, program flow noves to a block 708. In the
bl ock 708,3543il%eY ﬂ’é‘?lp’btgyrray be made as to whether the histogram
obtained in the steps 704 and 706 is to be stored in a menory device as a
tenplate that may be used for conparison 30 to |ater-acquired histograns.
For exanpl e, duri FORMING ATMDETONAANMEASOGREMENT HASSOGRIgvISanpl i fiers may

be set,,to | ow power |evel t ' within the |inear region of
operatlioon. Al tgr nately, pl T@éﬁ%@ﬁ%&@%al ned under gain
conpr essi on at Oﬁéﬂéﬁp&?@m%%%@rggl%ﬂ 'sfb&édin/}ﬁéyilagg%é,i*}gb b Eagr T ent

hi stogram 8 12 COct ober 2005 WO ( 27 PCTI'US02/ 10 e stored as
a t enpl at éenayicsyn dnihelbdagknidide &\ new histigoarh niayGhémbemtitained methe block 704,

[ teppl ate. 1t is ected that_.a new tenpl ate
woul " noed Ryub 2 b8hEhe Biick o et FyFe i mingrig B Tl icHy BB rmy b
obt ai ned ardlpaauedd afstaranlid RRidoABRiATS REJHRE IBEhILE, pgldhensat el lite

syste such as adding or_inactivating individual carrier signals for a
t)r/ansggndé‘?‘?"eﬁ\?"&h@ﬂ‘i’gwk@%rﬁﬁﬂé,bck 7A8w tenpl ate may be obt ai ned

periodically, sHeh pigs 98 kb neWiy Ecl,c}{ur%& hﬂ?&&r%&ay 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, 1000,
1100, 1200, 1300, respectively, along with the template histogram 800 of Figure 8.

20 If 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 histo gram results from operation further into the non-linear region, then the

25  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
histogram and the template. Thus, as a result of increased levels of gain compression
30 in the Figures 10-13, the compression metric progressively falls to 0.98, 0.91, 0.79,
and 0.66, respectively. Figure 14 illustrates a graph showing gain compression vs. the
correlation metric 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 histograms,

9 o
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FORM NG ADDI TI ONAL MEASURENMENT HI STOGRAMS 10 AND THE COMPRESSI ON | NDEX
Once a tenplate has been appropriately stored in the block 7102 Qn‘to_geaﬁOOS
flow may @2609162T he bl ock 704. A new hi stogram may then HRCTAISO2/EA7S N
the block 704, nedian filtered in the block 706 and stored in gennry.

Then, in the block 708, if the newy acquired histogramis to be

corr el at ed! V8 dppitiss graydhensbgsamputedbnihe sistemiN01 B fitst geantitimanhe bl ock 708

: : I - >QUl hi st ogr am be

corr el af e orickifichaf tiY @S ald sl el BRI L BRI, (onas o
causes t heteniplpewith thdeurkinshis@eim. FRnthambirk HARopoetnPdw hdveyss 4 at e
exenpl ary %cqy"e hj st ograns 900, 1000Q, 1000, 1100, 1200, 1300,
respect i vellge Jé{‘dbﬁ@tb\ﬁ?]ﬁglf At %&?ﬂ@t@ﬂi%%ﬁeﬁﬂﬂ@wﬂ@ﬂeﬂm@e@ln;hﬁ {L t he

[ At i ' | region, then e
current hi ovaay armas B hapheRTTRPEEBI ALt Bl Mitnbd R SR RufBrenios 00, i s
i s shown meiriBi Jhisecobypressionhiettic ity bewonestedho decibsiam GO the similar to the
tenpl ate 800 and . resd.ll ts in a conpression netric that is close to unity
(i.e. 1.01f° B9t the current histogramresults from operation
further into the non-linear region, then the 25 current histogram would be

expected to dissimlar fromthe tenplate. This is shown progressively in
Fi gures 10-13, i nDEAERMINNG THESHR ANSEONDEROPERWOIING POINT200, and 1300

i i i ngly dissimlar fromth Late 800. The
compr 40s o’ neURiERRGS BLEREs xRSt mon S T s POGE BLt ReehlohalGur r ent
hi st ogr amIamst B1bek ¥ RSTBhAkMspdiiles op @il fiSUhdy 0 ddidtinanes vhausks af gain

conpression 30 in the Figures 10-13, ‘the corpression netrlc-progressively
falls to GhoBloch7bis axopwpressivg mcteis obtaisg dytcowrelating Hiegumplatedhistoprast r at es a

raph show, ' ression vs. the correlatipn tric for an exenplary
'? ragspondﬁlﬂgﬂp‘gﬁ%}ﬂt éﬁ@gﬁ{nﬁ%ﬂﬂf %@IQOWESS]PHQJ eérrﬁ&fftvgﬁ}ﬁ?f%'@zam and 'lthet
current hicetnpgredno agyindRirvd WOF R thanesbriayr sBKliMgs.t hei r anplitudes equal a
the cepter iltoniq)n of {H%g two histograns. 9 0 Repl acenent Page 12 COct ober 2005

WO 021091627 PEFERH2 Mpiratss whsxeuplaty saireurieySAion a rensponger asblifier.t h e
= Second qusait ey 30 B le d o Bl QRO o Pl iont SGrE IBSAS cur rent
hi st ogr amillFgamctive obtaiedd g, anpppgrxamntdrosuaiveshth@ed 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
20  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 difference 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
25  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
30 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 o
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block 714. In the block 714 a ratio of the first and second quantities
conputed in the 5 block 712 may be conputed. The ratio of thet2Qaoatobeatfe$ s
yi el ds ression netric. This conpression netric rted to
deci be|\§0?g’ﬂﬂfg|§d the "conpression index." DETERM NI Ng%#gﬁ‘@ ONDER
OPERATI NG PO| NT 10 Referring to Figure 7, programflow noves fromthe bl ock
714 t o regibhofkherghfn curbve 150(c Dheomkasnidd, sigrhecdmpmsspondarbeapensitii ng poi nt  may
be determ ned. A value used in the bl ock 7%4 iS a conpression metric

obt ai néteBYY BBPrEF PRGN IR SA e A HIEY P A AP &P LA Whb: i st ogr am
such agg hﬁﬁn é%bﬂ ek?&?hde!%ﬁnlg (3] & VY5 0BG S AERAT 1Rk bOxtdd BRI N curve
t nspon | g

for the I ers. ure 15 ilTlustrates an exenplary gain
curve 15€10 aﬁcaccmamrramsmmtﬁen od el aperaving poifite Thus, vedel $043e penditdensa si nul at ed
def ense satelllqti ni cat.i ons system (DS [11) gain curve obtained

usi ng ahc IpPPeYR ?’Fﬁﬁg‘ B e SRP WrHERA HTHH BTy Re SR pl anni ng system

( DNPS) .estthiage tﬁyémeenl%gé}aﬁﬁ@ﬁ@nEMhEmﬂ@@ pader response and the projected
response if the transponder output response were linear for all 20 inputs.

A gai n cur veltsioempatatiop of Ht traspowter APFRENRY RoiNBapmly apgady ored in nenory by
the sysiem/QQus gﬁcgssg%'h@ doWhlifik 2’1‘?18%0”&% ﬁﬁPT%Q{la' r?@?%fe? imeet”rEe’%Eﬁ‘Zl ly or from

speci fications hed by a nmanu urer

conpr estsldatenhqﬁwdlsmsltarﬁoﬁhli beretdSbathweti hbghaebdatfegata ourye and the
prqj.ection of a_|linear gain response, as shown in Figure 15. Thus, by
%arlﬁ‘i‘ﬂ‘ e %@%G’P@%POPQ‘?MP dS‘F"EB‘ed@rﬂ?P’@é@gBWm it can be deternined where

on the gain Iﬁlég\rﬁgﬁ[e}]rﬁggmB&ﬁp‘feBEW Qﬁ‘éﬁjﬁ ﬁ %&}Jnﬁﬂﬁo&rl 8H1t5re ptly operating.

This is the op ol n ures Re tra isponder

conpr e%wmmem&u&enwtatmg\mrm&mdhtﬁuﬁmﬂmp}@a/\lﬂbc}f Eﬁmgﬁdgrmﬂfb{)w The regi ons
ure 15 indicate where t correl ation

encl osed the q‘@ﬁ%%gj i nes of Flg
netric & P i Uit d persdetsdbioval again H@é’ﬂo%ﬁép@ﬂ%ﬂ@ Tihe 30
transp%dena The ﬂrecyy@ie rdal 'Bfé%e;!eaﬂtlca%xérhﬁeeﬁ B&ﬁsta gﬂ;urn(?xst hat the

orithmis expected to detect non-linear operatio pper lines
gﬁcat@@h@ﬂﬁ@k@ﬁﬂmwﬁmﬁmﬂ&y opeé peresedwtdect i on. I n ot her words, this
approach w Il detect non-linear operation before the upper |i m't i's
achieved. Thus, if the conpression index is low (e.g., less than 0.5 dB),

thi s i ndiUSINGSTHRNERXSERAIP UPHR BING PO T QREDRITERMMINE Dpgmizianear 10 o
Repl acenent Page 12 COct ober 2005
TRANSPONDER OPERATION
The output power of the transponder may be controlled in a closed loop link
20 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
25  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
30 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

11



WO 02/ 091627 PCT/ US02110273 regi on of the gain curve 1500. The neasured

si gnal conpression can be overlaid directly onto the transpohli@ctghen2005
curve two dsbasm ne the operating point. As such, a conpafiseniefis;t he
conpression index to the gain curve 1500 woul d not be expected to yield an
accurate representation of the operating point. Thus, under these

condi t °BF&Ling peEistat ahakyR s PrRARPIRESE Eﬁr"éh ey fygheionesatasdng#int echni ques
may be {0 est L PO e transponder.
The conp tafﬁgﬁ“%? ?E@&%$§a?H@%@%%a%%ggg%%hggg%ﬁﬁF%%Eﬁhﬁépa nearly

i nst anpasteeminpddees Sncrédses thogaih ak bt pansined de thdt B2 ddodp @oapr essi on netric

may be determ ned sinultaneously by the SMS. This data may then be

r ef er eNdE8 tl?%”‘f"?’?é‘mﬂo“@"ﬁ}' H‘“Qlﬁ)’ {pdoB?- %‘Pfeﬁaflﬂ Hﬁ@ﬁ’@ﬁg%ﬁ’ the PPEEH ST ne i ts

opet at i ) SE o ! ing.pai.nt is
con{inggg§$§#%%ﬁr?g?gggqE%ﬁﬁéeﬂbﬁggégbggg%gﬁ%Qﬁ%gngﬁﬁg gg'ﬁk i s determ ned
i n t he nExookm7dpératipg egimant the oranspoagderr et urn to t he bl ock 704 and progress

t hrough agaipp, th | ocks 706, 708, 712, 714 and 716, This pr.ocess nay be

r epeat ed, ‘?h‘i&g'ﬁg?f&gma% s n gt Tesner 4p PAGICHF ﬁ‘ﬂ“bi’%nﬁ‘sd%ctﬂé“r m ned or
per i odigg@htiyn, i6HATASHRASRDBY HBESAMkd i NEASURERQPERATI NG POl NT
TO DETERM NE CPTINﬁiﬁ)TRANSP%&SE%?CH%%AT?%ﬁg?ﬁfggutput po&§$ of the

t r ans pSAGeLinpas Ibay bomade Mtbeutdepartisk drvadthegwinciplesiand 2pirsoiwe cont r ol

Sygd em . J . r rol i ted fromthe ground
stgéigh“%@B&%Eﬁ%%?ggé?&h%§Igéﬂﬁggggg%sﬁﬁﬁ%@%iﬁgp just the transponder

out put power for the downlink 128. For exanple, 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

i ncreased, such as by the ground station 130 25 sending a control signal to
the satellite 104. Conversely, in response to an increased signal quality,
t he power output nmay be reduced wi thout sacrificing signal quality. If a

| ow signal quality results in increasing the power too far into the non

| i near region of the gain curve for the transponder anplifiers, further
increases in power wll not generally increase the signal quality. Rather,
such increases may 30 reduce the signal quality by increasing the signa
conpressi on and noi se. Accordingly, the transponder operating point
determned in the block 716 may be wused to inhibit the closed | oop from

i ncreasi ng transm ssi on power beyond a predetermned | evel on the gain
curve for the transponder anplifiers. For exanple,

12



t he measured operating point may be conpared to this predetermned |evel,
and if the 11 12 Cctober 2005 WO 02/091627 PCT/ US02110273 op#2 &dtobhep2005
is at or avIO2{062Dr edet ermi ned | evel, then further increaseETIUSKAI0273
may be inhibited. Conversely, if the measured operating point is below this
predeterm ned | evel, increases in gain may be permitted by the closed | oop
(e.g., when the neasured signal quality is low). For each transponder, the
oper at or owhgtgg%ng‘?ﬁsr.ational control sub-system (ODOCS) or another
entity, can specify € maxi num operating point of the transponder. Wile
t he foregoing has been with reference to particular enbodi nents of the
invention, it will be appreciated by those skilled in the art that changes

in these enbodjnent de without departing fromthe principles and
spirit ‘of the 1b | véﬁ@%ff,)f%rﬁg‘fe%l&ﬁgaolﬁvmf@ﬁlmC@H&@@ﬁsmdnaymml@e*»appended
clainsg 12 WO O2fQ23647%i Mhdtihd S, is [ S @i delel . Us02/ 10273
1 1. A nethod for deterSl ni'ng aeﬁ]lggéﬁ%ﬁ%{d%gﬁdn%cconpreséﬁtéﬁgg%mgl%étrel ess. 2
transnPtted si gamdlcomphisingstdpedfii npl enent ed by conmuni cati ons equi pnent 3
and conpprising steps_of 4 receiving a wireless fransmtted signal wherein
the transmtted si grf&foY8 advifgless iangpitisy signalnhereinthy “ﬁ%ﬁnﬁﬁeg ggnal is
transmgssi on; Qilrﬂﬂiﬁéﬁibs}glntaﬂgﬂﬁegﬁﬁbr’tottﬁﬁérﬁﬁyioﬁorm ng a series of digital
sanples 7 representative of the signal In the’ ti me-donmain; 8 forming an
acqui r @d hi st ogr am cempling Swrsigrel th@elmoformimt 4 seges bedipitaltsagphs t 0 a

t enpl ate histo ~stared.in,. machi ne.r eadabl e nmenory; and 11
form nz a corrgﬁéﬁ%%a% pfﬁ@sg%ﬁgégﬁpg{eﬁp@m similarity between the 12
acqui r&d hi stogram gbfinihan beqiHedhesi i QAR RaMpREsei n the correlation

metric_ 13 is indicative of an amount of gain conpression introduced into
the wifel ess 14 si grairelging fhe higtpgramto template histogram pre-stored in

10 machine readable memory; and

11 forming a correlation metric representative of similarity between the
12 acquired histogram and the template histogram wherein the correlation metric
13 is indicative of an amount of gain compression introduced into the wireless
14 signal by the amplifier.

2. The method according to claim 1, further comprising inhibiting further
2 gain compression based on the amount of gain compression thereby inhibiting

3 signal quality deterioration caused by gain compression.

3. The method according to claim 2, further comprising controlling gain

2 of the transmitted signal in a closed link power control loop based on received
3 signal quality.

4. The method according to claim 1, wherein the signal is received bya
2 ground station from a satellite transponder.

5. The method according to claim 1, wherein the signal is received bya
2 satellite from a ground station

6. The method according to claim 1, further comprising measuring
2 effective isotropically radiated power when the gain compression is below a
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1 2. The nmethod according to claim1l, further conprising inhibiting further
2 gain conpressi on based on the anmount of gain conpression thé2 &stober 2005
i nhi bi ti ngW®02/08K7 qual ity deterioration caused by gain coBGEANML2T3 3.
The met hod according to claim2, further conprising controlling gain 2 of
t he trgnsm’tted signal, in a closed |ink power control |oop based on
recei ved 3 si gHsdetequngd pveland usimg dhassetrepicallydadigted gowesr to determine swher ei n
the signal isr j d station froma satellite transponder.
1 5. T%e met ho a?é%gﬁio%o?@e%frgﬁﬁé% wherein the signal is received by a
2 satellite froma ground station 1 6. The nethod according to claim1,
furthed conprising rEesuethodaosfifigtt élwien 1 sotthamoamisingrcadipatiag tpower when
t he gai,n conpression is.below a,13 Repl.acenent Page WO 02/ 091627 12
Ot obe? 2005 FATHBERHEA SHUPE SOtk BmCIHR I SR B eA detesnig e
i sotropically ropd i . L& i t he
anpl{ frer 17 Pang SoRPUPie s E it Wipathe duP RahAkiath BloDk: B,
conparftng the apredaterntinesfleyeli wsingmpasessi afective motrapipdllyf radiatedqioweeur ve to
deternigne an 3 operat.n oint. of the anplifier and, when the gain

esi b g%ﬁﬁ}mpﬁgﬁpol’fr%nﬁrpgﬂ’ét ermined | evel, using measured

conpredsion is'f
effective isotropically radiated power 5 to determ ne the operating point.

1 8. The nethod. accqrhélnmghct@a&bﬁiﬁgtla,cleﬁﬁlrt,%&%m@ﬁﬁh@?,eﬁ&%iﬁgm ng 2
automatic gain control on the signal prior to said sanpfing. 1°9. The
met hod? accor di ﬁgtowtlmgam;ﬁomromn%né@mit@m samppliign filtering 2 the
sanples of the wireless signal. 1 10. The method according to claim1,

furthey conpriging i . at ﬁQ'|ﬂ§ m.by oht ainj ng sanpl es
of the signal. 1 11. @eé?%edtt{%gﬁrdélgtctgﬁaa{’%gf 0 ceﬁg%ﬁﬁﬂflgpﬁglaﬁe@{eggﬁpri si ng
obtain2ng a 2t sanmpldstof tlef wirelegsl sigral.hi stograns. 1 12. The net hod according
to claim 11, further conprising averaging the

1 10.  The method according to claim 1, further comprising forming the

2 template histogram by obtaining samples of the signal.

11.  The method according to claim 10, further comprising obtaining a

2 plurality of tempiate histograms.

12 The method according to claim 11, further comprising averaging the

2 plurality of template histograms.

13.  The method according to claim 10, wherein the samples for the

2 template histogram are obtained while the amplifier operates in a linear region.

14. A system for determining a Jevel 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 received signal
quality and in which a histogram is computed from a received wireless
transmitted signal and the computed histogram is correlated to a template
histogram to determine the level of gain compression in the wireless
transmitted signal, wherein the communication equipment inhibits further gain

compression based on the amount of gain compression thereby inhibiting

A= B T Y - % S T e

signal quality deterioration caused by gain compression.

14 °
Replacement Page



lity of tenplate histograns. 1 13. The nethod according to claim 10,
\%hglrg'irﬁ ![ p Im; for the therrpl ate hi stogram are obt ai ned12#)dtebeh2005
ampl i fi er%%ﬂ@gq% a linear region. 1 14. A systemfor detRECHUSREERT3
| evel of gain conpression in a transmtted 2fsi %nal3 conpri f5|ttngd Canal in

[ [ [ nt that coptrol g .gaj the 3 transmtted sig _
SRS s "ERR ST Bl L4 flrsn D Senp gt |
whi ch @ hi st ogr @finké by HEVshAR u{‘éaQRSh@e(gxﬁglﬁbﬂ%Q W‘%%F&%é%ﬁﬁ ns? a”ned si gha
and the conputed histogramis correlated to a tenplate “hi'stogram t o
det er nidne t he |thgdimegdonepin anddetpmesisigamuinbet hﬁs;]agnbglﬁ th?isfaﬂ rl}ﬁtb%ﬁﬁm ftd gd

i | + wherein (o]0 icgtion equi prent inhibits further gain ¢
(Szi)?rg?eési on baspe%ggw(ffﬂ%rnupg% &% gai n conpression thereby inhibiting 9
signal quality deterioration caused by gain conpression. 14 Repl acenent
Page 12 Oct ober162005ThaMDsRA! Q3R BCIHiMSL Wheribint cdRmuliGtipyst em
accordiing to claim14, wherein the conputed histogramis 2 ormgd by the
conmunicat i ons SYUImRTRE APMBHSeS 2 ghepindrséationdhat meaeived tlad el fiom a Satelliee ti ne
donmi nzand det gpixi i a nunber of sanples that fall into each of a 4

pl ur al |3ty of arrp#%@tfglgr'r anges. 1 16. The system according to claim 14,
wherein the comuni cati ons 2 equi pnment- conprises a ground station t hat
recei vés the silfnal Theoystamsmtaldingite cla&ntlmaﬁrﬁ_a@ﬁdﬂg corhmb ﬁicaﬁ?ﬁ‘s S?IHS): iersnes .

} | aim 14, wherein the comunications equi pnment co
Satel I Pre syst Pt FULB1FEE SHADISHGIT thy SArastne ginal Bosearood 1 16
The sysgtem acc@fippg to claim 14, wherein the comunications 2 equi pment
conpares a |evel of gain conpression to an anplifier gain curve to 3 _
deternmine an anplifier operating point. 1 19. The systemaccording to claim
18, whérein whdf. t hdhgaysiemenprdingitonlai lﬂswhm'mrﬂéé b@mm?nag@itgt erni ne?he
| evel ,5effecti isaotropically radi.ated power, is use 0 determ ne
oper at? ng poi n;é.aulfﬁ'%ﬂ{ C%P@I%S)%ltegﬂpégﬁlgrc %ﬁéﬁsﬁlgnéq) é‘?ﬁmﬁﬁew girie the

commun3 cat i ons determine an amplifier operating point.

1 19.  The system according to claim 18, wherein when the gain compression
2 is lower than a predetermined level, effective isotropically radiated power is

used to determine the operating point.

20.  The system according to claim 14, wherein the communications
2 equipment performs automatic gain control on the received signal prior to

sampling the transmitted signal for computing the histogram.

21.  The system according to claim 14, wherein the communications
2 equipment median filters samples of the transmitted signal for computing the

histogram.

22, The system according to claim 14, wherein the communications

2 equipment forms the template histogtam by obtaining samples of the’
transmitted signal.
23.  The system according to claim 22, wherein the communications
2 equipment obtains a plurality of template histograms.
15 ©°
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2 equi pnment perforns automatic gain control on the received signal Bri or to

3 sanpling.the transmitted signal for conputing the histograni2Octebergeds

syst em accWQiRPHE2T| ai m 14, wherein the comunications 2 eqPCEMESH2/063TBan

filters sanples of the transmitted signal for conputing the 3 histogram 1
to claim14, wherein the communications 2

22. The system Qgcorﬁihn / at i

equi pnent  f or ms“the ﬁ%f%&f%awogtila@%ﬂﬂm%mlbﬁrﬁnﬂ@ epaprpnisationst he 3
transmatted si 9fflinpmdntde s l.0g- im22, wherein the
communi cat i ons pequi pn‘grr?g o) tgﬁfﬁ%@%gfegl{ggétlg%%%%%npl ate histograns. 15
O Replacenent Page 12 Cctober 2005 WD 02/091627 PCTI US02/ 10273 1 24. The
syst emlaccor di n#f-t o ThasysteaBacontringtonclaine22; ovhersin (atdoaniBunidatioayi prent

averaggs the pluralit .tenpl ate histograns. 1 25. The system according

to cl a?m 22, meequg?rﬂerﬁﬁg%ﬁﬁ%m@ﬁﬁ t?ﬁéh"%e rrff‘?‘"p‘i‘%é‘i‘?gfa&bWhll%életwlg@rrpl es for
the tegpl ate hi@e@géﬁmmehﬁetgnﬁ anplifier 3 operates in a |linear region.
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