;e3e"}T 4 1*J"6"T" Yy~ - May 2002 Met hod and apparatus for determ ning
characteristics ofmwlmmwwmﬂﬂof a communi cation channel under |oad This
invention rel ates and an apparatus for determ ni ngvay 2002
characteristics of corrﬂ@tﬁénts of a communi cati on channel, especi aI ly a
transponder in a conmunication satellite under | oad. The characteristics of
a communi cation c I change during the lifetinme of the equi pnent
used. Various tesmwmm ﬂ@“ﬂ fornmed not only at the beginning of but also
repeatedly during to verify that the conmuni cati on channel
nmeets predeterm ned s¥¥8®®fications. Usually, these test are perforned
without normal traffic, i.e, wthout™tthé communication channel bei ng used
for transm ssion of a commni cati on si gnal. This scenario drill be

expl ai ned i f,ol | LeElsta ferenoge to

conmuni cat i 3ﬁ Eﬁ?gl ?F e?p Fa hout ?I m t nr%n\g lFl:galgr%ven S f & cPhsed
further bel ow t campanatfis «hp Fefaft‘\i'tiﬁaéllt’ﬁoa’gw"wﬂe lleientiLoﬁLd s
specifically appllcable inthis field. In a conmunication satellite, a
comuni catj on channel, is set up b at anspaonder of the satellite

conpri si nfS8v&PYED &ﬁ’ﬁ‘or‘f&ﬁf“geg «E-:coetfvé?nncg EhCERFL 2 i ’h‘BEt

denmul ti pl @gerrmd njogr @lhaaﬂpltetketlcSanfomwnﬁmﬂst iofl @(@omramllaation
transm t tt:ﬂqn«’f\fétlen%%peﬁl%ﬂqgoadefaﬁp@hasi efnh S | hmutichh @SoRNP! i tude
response an r.Q are nmeasured not only at the beginning of life of
t he spaceff ld':#pet I’r‘é‘%dﬁ’d‘dand after launch, in orbit but also during
the lifetime . These neasurenents are conventi onal ly carried out w thout

normal 94 MaY 2002 e - dJ@ifcfg ") 09 &aﬁuutuaaaapaﬂdatanaef mg% Egrgté\r?aeppayl oad

si gnal being transmtte to an eing re-transmtted % onder .

The necesSYRATSE & tlehfigws ok ﬁBep"g‘SHlé’E‘Bn tjﬁ%ﬁ’ AT heuEebes bepiddent s a
consi der allee phwibatdd Nodt aHly fadr théibagseniof bhebtt aaSsﬁnderneasttme»
cormmuni catd, an; | 5 thﬂ'é eI;[i;'QE%’e &U%egtﬁ? drak fth% e@%@ﬁ%a‘ei %th"a‘; 12fhel -

satellite since’t erformed i n_an expedi
keep the imReks @F?%ﬁtalém’s‘l*ﬁ#ts%:?lﬁb%%'i‘tﬂné Fruabhi: ca§é§e| test i #HBssi bl e
to interruydrcofmbdi Catheds No@ndlheredfiyniicat.i ehtbbananeheso that the

component s gl LRSS - ¢ARNDAL S0 EAMANDE Le AR (b }[h%rnlgg\ilolﬁg SPLgr into

oper ati on. noni torin Fnput power- to_a
t r anspondefoBRUAIiTEPIOA ééﬁﬁﬂhr cHiisofceiAElq it s et é?FPlIaﬁ-”ﬁSRMl§y§t‘§rrs
only a singbgleathgehinf tgeﬁueaﬁydet&mr esentraffieddnee tputcodimihecakavel | i ng

vave tubo gUpLh el i ch, Cocul MERANGEE. oo ARRIALEN 611058 d g e

saturation f 'non-11i neari
i nt er modul ﬁur@herl hedotietor oniBatiute APRpHE2 BRIk GHtD Oal%rﬁh%r iRy estdiqn

transmts asCAbRIdiGH cilaRAlpph tBaKLd He ahp‘sl fiexs. bandwi dth. In the guard
time between bursts, the nonitoring station nmeasures the unsuppressed pil ot
| evel output by the anplifier. Wile a ground station is transmtting an
unnodul at edncar mquafg%ﬁﬁlté%lt%o@ewmﬁmhc%falﬁ‘} ethamaalaticd $RCt he

clock f regu%ﬁ(m @rﬂﬁbgasﬁi&t&érr @tfgugé Ysatieh@ i penEbmys gl 15¢ ag & 08 cERAS Ur esI t he
suppressed pilot |ev presse t --Lin i | ot
and carri er %tﬁo %8?0 aplrle&e“s’ﬂ] r%;etg:;lg% éhrgﬁ:{m{ é%mggkel%rin%t Ppour er
back- of f ofe tHmearaniwki bien mre@néngtyn%aaéﬁéar: aac 02 May 2 pewdl b 1R
éheoretl CS'dthe_drﬁ{a Veﬂrér?é;ﬂér{d%}s@hﬁralah@n?&ﬁtlsersﬁﬁﬁt@@r@ﬁ pedtieise rati odl s
eterm ne nmeasuring the carrier lLeve g.the Jyecovery an
by neasur i n'igalstFPt%“%%p?)‘P %’é%l“hd{esl@ydu?l ngmecaarrlegr né? cﬁqi‘% ge $Yry through
a noise fildeyicehered hiky df dieaspaceenisii onedhsi gnaksdorridhei pfter

I nt er modul afé\?@ctprochéf?lpEbtﬁAt ?aﬁts%‘ld&Ztanilt&@ qaeat@maet hed dfeor

transmitting via a satelTite data and gr |ary&fdn tthonfor control ling
the data c%ﬁﬁépréweﬂaﬁaaﬁ%tﬁ\%'?‘kertte‘gﬁé Y Vet Y 8“ X1 imPoFFation is
transmtted as a pseudo-noi se sequence soO that t he sane frequency can be
used for data transm ssion and auxiliary information transm ssion.



It is an object of the present invention to provide a nethod and an
apparatus for determ ning characteristics of conponents of a comrunication
channel , especially a transponder of a satellite, without the wageesity to
interrupt traffic via the conmunication channel. This object and other
objects are achieved by a nethod for determ ning characteristics of
conponents of a communi cation channel through which a payload signal is
transmtted at a predeterm ned | evel- 2cenprising: generating a first pseudo
noi se signal PN(t); nodulating a clean carrier signal f(t) with said first
pseudo noi se signal PN(t) to generate a PN nodul ated clean carrier signal
s(t); traadfilix iany W &R smehdeted @ eai @t & pAhatdsgtignal

si mul t apegwy M Mridhsaidh pay! Had 15donal - d-nreligh 3l & goymppkcati on channel
at a leyel below the Ievel of said payload signal; receiving a receive

si gnal Ereﬁf RIS Hsponding to said PN nodul at ed clean carrier signal s(t)
after having travel ed through sai d communi cati on channel; correlating said

recei vemegra@écéséiey%f é?t?niﬁ& s&mse@qaméfd sw&ﬁglpﬁ(ﬁ) 1 generate
a recovere carrier sr ﬁﬁL %? ernlnrn th ppl 1t ude Tesponse
and thet Eﬁ?%@s%ﬁ ?h% EORALARER B Eﬁﬁﬁﬁﬁﬁ ? s%PéEt@&%h%&%ete
frequencisesc ot tBe Ot hMaws@ONBet hesbase scmmlam:@ampmmsba mht&ajzd;;ﬁﬂéta,n

carr! ef WO 56 (For abfle SBhA-REGEVEE CMEARL Ca bl D RLe! Shhke ¢ _
Advantaq:ously, | evel sal d dul ate&;L ean carrier sr nal s(t) is
at | eastt®% %IBha}S?eF%rEBIQGEGOHB‘ESrlﬁD?‘é PN E RS II“éUEFroftosdi%leR)aW%ad
signal . imterfupthen esbsHoments pasdiblestIpseode cesse ditgnad PN(t) is a
PLnary R0, 81 80 5eAHEAEe 0L efinli; BAET SR ADLY, 08RG SLag iy, [PANS,Of 2

feed bac sald Tirst pseudo nors srg
PN(t) |scfr%§§e€-héﬁ 5hmr~bﬁscaﬁ\a°ﬁﬁértér abl th§§sCPH§ﬁeér§ SOt 0b2, 5
NChrp/s téatadf ufther havhadi rer satd eperekavhng of said receive signal
s'(t) and said first pseudo noi se signal PN(t) i s achi eved by del ayi ng said
first pseudo noise signal PN(t) and multip the delayed first pseudo
noi se signaf-BNES) -8 §3h@hﬁébé@V@°§ﬂ§ﬁ5Fn§ Fgf ippuemai@® &or ef er ence,
t he net hﬁﬂaﬂsmﬁ@dig otf0 at Mrepran eiiriuerl chatti bhers vntermmt%essygmer athngpaa
second p Oi nal, t I ferenc er signal
P R epaY WS anRr g e R, SRR L
nodul at eéInPé‘FerOefnc?é‘ecé:rrrarV@rl@%éc{a%@(tt“)be @ o A el PN, rmdul at ed
r ﬁf er eRCEhQa‘rerfIdHe Sl}@’lﬁpe&&ﬂﬁ)d Sdllraﬁet aee arlnel ?Sa\MLT:dats.&er wj{ﬂxﬁagffSItg;@al
t hr oug 0 ication c nel -at of s

%‘&"I‘d J.I% R G € €r{’1 laineaa).JJ.et\ﬂ/e ar&? i V%élh%:%\?}’ %5Prnes 5‘nd| ng

payl oad Signa recervrn erence recerve signa
to said PNdrﬁfleCatwsrLe#%rlermet'd%ﬁfﬁ%ﬁf/s|agr‘i‘§1mst5(’{1)n%f=’t‘é$th9m ng travel ed
t hr ough t&ladwmmmr‘a @ N Shagn@hd ) oartitelmattihg mﬁfﬁéﬁéeneed@zﬁwe

si gnal i econ | S ggﬁl gnerate a
recover e(F%z 1?)her et%celscgaﬁr? erCD s?wggl?%%%% ; ed?é teter nr% ? g arrpl i tude

r esponse M&RE YRS gtrtb%rp“d%!myrws%%ep‘e]eﬁﬁnﬂrﬁ‘f%lt | DRER M anRE| té? sel ect ed

di scr et e afEgUENET £ SHiad 5O @ngm@n@aaststrﬂn al < opmpat $1600t Ohgsaind ref erence
carrier gj d said,.recove rig al f t 9 May
2002 Advant ageougﬁ(' é éfa% e 1%V ﬁju’éfn%a{sggﬁﬁ?{ #%?ée%yréé ege(ﬁcérclaer]rr er

si gnal sﬂrqqu}%tefti #Bakhe 161dek ﬁreﬂeeeeryd%“a% etoalr se5OVEW Y hethevel of

sai d paylroai sbgpal. stit foh UnbRehresbere nembpreas ddspc0ad peRUdD noi se

si gnal i har seudo,noi s i i refer bl y
generateggg%pﬁéggggogy g?%eHOBa&k §ﬁ?f€§959?§§lgﬁ ?P Bﬁg rtﬁgygenbodrnent
sai d cor re?BFing- thSaﬁmovetepéneel@écépvéfgﬁghaﬂ iR te)laded stpdtbecond
pseudo noispusi goakrPARCK) oF$ 8¢hikR¥edabyidel BYI Agpgaidos@aondy, pagudednoi se
signal PNR(t) and multiplying the delayed second pseudo noise signal PNR(t)
and said reference receive signal sR (t). The nethod of the invention as
characteri sed above is especially applicable when said comunication
channel is a transponder of a conmmunication satellite. Said PN nodul at ed
reference signal sR(t) may be transmtted through the sanme transponder of
the satellite, but then said second pseudo noise signal PNR(t) nust not
correlated wth said pseudo noise signal PN(t). Said PN nodul ated reference
signal sR(t) can also be transmtted through a different transponder of the
satellite. The characteristics of said comrunication channel may be group
del ay and anplitude response. The above objects and other objects are al so
achi eved by an apparatus for determ ning characteristics of conponents of a
communi cati on channel through which a payload signal is transmtted at a
predeterm ned | evel, conprising nmeans for generating a first pseudo noise
signal PN(t); neans for nodulating a clean carrier signal f(t) with said
frrst pseudo norse srgnal PN(t) to generate a PN nDduIated clean carrrer

_____ o o L e p— — - ——F—Q1-— i—— © - 1



5 9 May 2002 corresponding to said PN nodul ated clean carrier signal s(t)
after having travel ed through said communi cati on channel; neans for
correlating said receive signal s'(t) with said first pseudo noi se signa
PN(t) to generate a recovered carrier siggal f*(t), and neansgfgr 200
determ ning the anplitude response and the group delay of the RP2ati on
channel at selected discrete frequencies on the basis of a conparison of
said clean ca¥rier shepratircpl}y andesizied r sedbverabhéarri &hesi grenier-tey.
Advant ageousLly,, te-hevwslsof rsaid BN godubated sl eaBas@iderimsl anghiskt) is
at |east 15 dé? preferably 25 dB or nore below the | evel of said payl oad
signal . In alew®} helurérBodihentCadied f FRSRVEIdeuddnoPEe Befitdlingenéhati ng
neans is a f§§§pl%%%d5mofifser%ir§5§r-caéri:@f phat &10tkSaledolbfpt tRSGUAP QoI se
signal PN(t) is less than 5 Mchip/s preferably |ess than or equal to 2,5
MChi p/s. | n BOFiR théreentytheFeft aWhd rfaBodey dFparat tiset SApRrSeLT itheir

del ayi ng neangcd Sloqdebavén@preahdedirst pseudo noise signal PN(t) . To
obtain a reference, the above apparatus further conprises neans for
generating a second pseudo noise signal PNR(t); neans for nodulating a
reference cappigricsi gnalifs-(b)lsyiddassah d npeeead ReUdpaiSeish gnRala PAR(T)
to generate a PN nodul ated reference carrier signal sR(t); neans for
transmttingS35F PR BdG A% Pt erénte 1EAPTTHIOG gitdl SREPiLing the

si mul t aneoushytav tdhasakd pay! aattasi geakotr QugPe S&i vk 1§0MURE cadu:anigahannel
at a level below the |eyel of said payload signal; means for receiving a
reference retBr VP GRalSs R LRI PedSorfdi 1§ E8 8 F P MEEGF af8d T2

ref erence cathéersasiegnadegihty addrer bhavised t raveldadat remghis&iadh and
conmmuni cati on cgﬁnnel' qugﬁ.for correlating said reference receive signa
s~ (t) with SEFH &SR PEATIS NI EE™PGHA PNR(t) to generate a recovered
reference carrier signal fR (t); and neans for determ ning the anplitude
response and, L he, qroup;del ay 9 M. 200200, d0g eommmnjicatl op. qhanngl at
sel ected discrete reqaencies af so™ o the"basi'so conpar i son of said
ref erence carni appaiagnal f6R(d9teamdnsnag dchraewover et ircef efencepaantseprfsagnal

fR (t). Advan t | evel al.d. PN refere ier
i gnal s(t) oA acten Bl efbe RvoR SRREE" L P TR o
sai d payl oadwstlymel thennecdagitthieto enfedirnehttraddiid verorid pswuudo adiise
signal generatingmeans is a feed back shift register. In a further

enbodi nent, the above apparatus further conprises a second del ayi ng neans
for del aying said second pseudo noise signal PNR(t) In summary, for

determ ni ng eRaL agheLiSthgs QLnEPMBRREALS Ofe a,COMINMA GAf | 9N reRARRElso, T O
exanpl e of a transponder in a conmunication satellite, a clean carrier

signal f(t) PetmBHdiasedwireRterifddgdo Hoi s@RONgREF PN(t9 SATEHGRSAPRL ed
through the epmmmi catiqprchamnel at payvlexel sbalow the chenghi @lqa paykoad
signal which is transmtted via the conmuni cati on channel sinultaneoqusly.
The recei vedPEFGHATT4ReH ) 19%¢ e o FPBP A IN FHFREIBANR PLEGABSHHS 4P Gnal
PN(t) to obtgignal recever eddeaddingr asicgeah &afdiler Fhengl e )carihesasignal

f(t) and the _recovered carrier  signal f'(t%nare used t%gethei t o determ ne
the desired EhBFadtSErFELITSe AR tHE PN RoHtIcAPEd ¢I8hACERI#TEt SFghal

s(t) is transattied atighal ow (teyvel trddsmistpagsisaia ten peickarstemasiieaenent s

i t hout i tchi ff.th | oad, si | . T [ t t f
the mot hod afBrt IR apiiia: U | Bocot B G EEUEhE PRVBNIToN i€ 0P tod GRet hat

t he through said communication channel at a level below the level of
said payload signal; receiving a receive signal s'/(t)
corresponding to said PN modulated clean carrier signal s (t)
after having traveled through said communication channel;
correlating said receive signal s'(t) with said first pseudo
noise signal PN(t) to generate a recovered carrier signal f'(t);
and determining the amplitude response and the group delay of

the communication channel at selected discrete frequencies on



9 May 2002 7 payl oad signal does not have to be switched off for performng
the nmeasurenents. This |imts considerably the downtine required for

mai nt enance and verification of the °~ conmunication channel, and thus
increases availability of 5 services. t ot her very inportan D?dv%%gge IS
the fact that with thisnethod and apparatls, it is possible to Y

nmeasur echaracteristics of conponents of the comruni cati on channel 10under
real i stic cohlkthamis. ofFop esmppylieoni of ssaiat allepp ecammnisyorndenral hel(t) MaBXdand

OMUX filters are f@%\é@gl:'éc?%afriﬂ&?rﬁl@ﬁq thecharacteristics of these filters
are changi ng wththe tenperature. rmally, the filters are not

uni form yheat ed during operation but are heated dependi ng on thel5payl oad

si gnal . Wienaihe pavbeat, signal 1ivesWht ched obf LBk ermer alis disthikpution
changes conpared to nornal operation even if the test signals provide a

certai n powefittalhenlttingst Bé fppters® dhuLraficrAPEvnevent’ ofvalmore below

met hodschar agf eriesti C§r CaiRObabeohetagahned under conditi ons20present in
t he conmuni cati on channel under |oad. I naddition, in the proposed nethod

the spectral power densityof the nmeasurenent signal is considerably |ower

than thespectfal REWBErdaRsddivert, 8 dPayLoadsHugbahei s sibhat b (t) is
i spossi ble to characterise the behavi our of 6 the25comuni cati ons channel
under the npdtPIEHYi BEFRAQ N EREEEHIEESE ARLFR Her PRETRFAAYe 9BRE AT PY

invention ispthd Jdenat heeLasexofnartsatghstd:e communi cation channel the
conversion frequency 30 of the uplink/downlink can be neasured w t hout
interruption of the payload signal and sinultaneously with the other '
measur ement sa tmigheef ol exddgriastepbodidrent sef sideall rrwany i 05 védd than35

described in_greater detail and with reference to the gr | N0S. 9 May
2002 8 Fig. 1 EHOW °a* S8 HARIEFEH dgPant ot &1 PAREhOTIGK Jof B B/Gimuni cati on
satellite; Fig. 2 shows a schematic diagramof a first enbodinment 5 of an
appar atus accordi o_the invention;. Fig. 3a.and 3b show di agrans
representi nggﬁe%sﬂ’?fé:b%ﬁter&beosd&f“??]glos affidgf:gﬁr%ﬁaot\ﬁsn gaogc aeln%ltriege Vagranest a
second enbodstent afd asmiappdratussacdormhing tsighhe PNVeEntionachieved by

delaying said first pseudo noise signal PN(t) and multiplying

the delayed first pseudo noise signal PN(t) and said receive

signal s'(t).

To generate a reference, the method according to the invention
further comprises: generating a second pseudo noise signal
PNy (t); modulating a reference carrier signal fi(t) with said
second pseudo noise signal PNz(t) to generate a PN modulated
reference carrier signal si(t); transmitting said PN modulated
reference carrier signal sp(t) simultaneously with said payload
signal through said communication channel at a level below the
level of said payload signal; receiving a reference receive
signal sg'(t) corresponding to said PN modulated reference
carrier signal si(t) after having traveled through said
communication channel; correlating said reference receive signal
sg' (t) with said second pseudo noise signal PNyx(t) to generate a
recovered reference carrier signal fi'(t); and determining the
amplitude response and the group delay of the communication
channel at selected discrete frequencies also on the basis of a
comparison of said reference carrier signal f£x(t) and said

recovered carrier signal £R'(t).



For the purpose of describing an enbodi nrent of the invention, Fig. 1 shows
the conponents of a transponder in IS a comrunication satellite as an
exanpl e for a conmmuni cation channel. A transponder of a conmuni cation
satellite conprises a receiving antenna 14f or receiving an up%ibﬁl&t( éioggal
send 20 froma ground station (not shown).” An output signal o SH
receiving antenna 1 is fed to an input denultipl exer %INUX) 3 after
frequency coRYEFRGAGFOPALY r ddigehtyet oty spidr P moskilgteq prafedenas t¢gtérsr 3
conprises sexeg@dl fd 8f fdliersstl 16048; Npfdfe 5803 ati B8 bAdhYiAYRN 0w
signals within the sign~. 1 25 fromthe antenna. Typically, one filter is
provi ded for tBack$ilgRAl 538! Béysephrdudalfrom t he ot her signals received
via said receiving antenna 1 and corresponds to a conmuni cati on channel .
The n output signals of said input denmultiplexer 3 are fed to a

cor r espondi ng®n8nHBF T HHRAZBEHowet LAnsrFPRErRS|IP ngise nsignadadh (&4
which a traveki agowaime tdbedd Til)sel Seqidhy ethikar i anprd ARyt fenauatput
signals of said input denultjplexer 3, As each of sald high power
amplifiers i EyrfPJ‘?aﬁje?l Py dpkTst EGCFHS}H% $a?ti&5-on point, multiple signals
woul d create internodul ati on 35 products and distortion of the signals. The

anplifier output sjpgnals ar assed through second filters 6-1 to 6-n which
are part of @ut’t)'%ft%ﬁﬁl t‘?“&ogf(%‘?nt(’avf%éj7c85’?ﬁﬁarﬁlﬁa ofg FHy! 2BFLEChRe n
anplifier outpoéiwi ginghsl Fhetpusplitsadidgsatord smivdoondisd shdghkil pbexer 7 is
fed to a trangnigthg%dantenn% 8. for bg&n transnitéed t.0 the de iF@ﬁ ?rea
on the ground® BEIREE He Fif¥ErS HHSViTE InPPRES Mt Sd&tare ! pf&s

(I MUX) 3 andahtiemoltimityinygl tthpl exéayédViRGond hasemda sibotieagsiofiduerggton t he

performance of .the transponder, the nethod ag ding to the invention wll
be expl ai neng% ?aoﬁdl oW %ge%et é‘r:eels‘f)eecstlgfl%gnsﬁagg{i ng two specific

characteristics, 10 nanely anplitude response and group del ay, of these

conmponents o ransponder. jcati ls, t af .t he
i nvention bef’rrﬁgghﬁes%lggi g?l%suﬁnﬁggpg&# %% fﬁ?ggg%%ﬁlgggt ?%%.% %\Ag%gerc,latlkg sane
or ot her charaetirabdei wkenfsadhesmmorgenént sclemnehei s onmhmnepondar ofiaanel

can be 15 detgrined bynmans, of 14 hespahog apds e APPALALUS BCCALALND Lo

the invention. According to the invention, in a ground station as n
Fig. 2, a pséudd nuiYsessi gradlstpried ithrejgierdiedsane newansp20det afpseado

noi se si gnal sgeneralor pe {in SBIPEcoR fRAIBAGK: SO § {5 1-80bR! &) Qs
menory device in which a sequence of values of a pseudo noise signal is

stored. The PSeuderidtx€dsivgidl PNCt PIpasioa nadpy sHaPpladldeor r 8padi 8N

function at ze&e@ Heliayerdhirtedlsh g¥s1 Féa(gft@érrﬂarl%ot he tidem2brdel @awhghween
the locally generated pseudo noi Se signal PN(t) and a received signal which
i s del ayed dAedtfFaRBEprepgarrieh ¢§ fBe 2etd'ddnecarrier signal f(t) having
a variable frequency, which is changed as expl ai ned further below, is
nmodul at ed mﬁtg saﬂdépseudo noi se si%nal PN( t QY

The characteristics of said communication channel may be group

delay and amplitude response.

The above objects and other objects are also achieved by an
apparatus for determining characteristics of components of a
communication channel through which a payload signal is
transmitted at a predetermined level, comprising means for
generating a first pseudo noise signal PN(t); means for
modulating a clean carrier signal f(t) with said first pseudo
noise signal PN(t) to generate a PN modulated clean carrier
signal s(t); means for transmitting said PN modulated clean
carrier signal s(t) simultaneously with said payload signal
through said communication channel at a level below the level of

said payload signal; means for receiving a receive signal s'(t)



30 neans of a first multiplier 10 to forma PN nodul ated cl ean carrier
signal s(t) - PN(t) x f(t). The chiprate of the pseudo noise signal PN(t),
whi ch determ nes the bandwidth of this signal, is chosen such the bandw dth
of the PN nodul ated clean carrier signal s(t) is narrowin coap@gi§%%235

wi th the expected peaks in group delay of " the conmunication c antel”.
Typically, the chiprate of the pseudo noise signal nmay be chosen | ess than
5 Mchip/s. COrkesPro@ng, to 'said) FNTHRIPNERRRUFEREH e icaryanet & (Ghal

s(t) is fed Lerap MRAQRVELLEL1H ARduh asf i GhmBRVES L iRAPhEhed1 ;1 Zdagsan
antenna 13 which transmts the PN npdul ated clean carrier 5 signal s(t) to
the transpondefF ePriHétepdmittidcaerehs&teret 12 ndeith etid oty &sevfPom

the vi ewpoi nhobe a&idFaN b aSHot bbiGraePay koash tednahriat Regsat el ity g, the
transponder remai ns usable during the test and can be conti nuously supplied
with a payl 0d89sPgeRd . forp JREEEPH Y t0et RBPThvIf iTGPORRR FRA ethofIToHR
transmtted Bhhapdubat echel @RRmGALEdt@onST @RANSI( T )atd S ssukbted endd serleebow
the | evel of the payl oad signal, for exanple apout 15 to 25 dB or more,
such that thé&*pd SsPEn&lei B3%st QrFotaatraooi}‘piBl?fé‘[&fi SPafledleEbr A IET
reason, the BhNgn®dDu @hedngleal eatsvedsStgidlerscliyngnre’ne)transmtted while
t he communi cation channel is in use, i.e. sinultaneously with a payl oad
signal being transmtted to the transponder of the satellite-fromthe sane
or from anot hervagtaysdssyat kha. 120eTherf cegidersy metul e €darc addrréer

signal f(t) is chan such.,that |t ps_from.the t to the hi.ghest
-frequency oFlgﬂ%fpggg Hﬁh&mogeﬁﬁé %srﬁgTsp?ﬂ%%ﬁéT%a%grgﬁt%ftW%ﬁ%ﬁ%ﬂ%gr, or
any ot her compenkstelobfasgieheeglo2d omalini cati on channel under test. The
PN nodul ated clean carrier signal s(t) has a narrow bandw dth due to the

pseudo noi se signal PN(t) such that anplitude response and group del ay of
t he conmuni cahi oa chamielr cambdbingdeter nbaigtl diirsel epsegiodi sciet e signal

frequenci es, i | 4 rd hed_ i t he, f.0l | ow I n the enbodi nent,
antenna 13 igég?é%hﬁggge%%§%€%§ig%§$ﬁ%8§igﬁ%&pf§8¥%§%§nitted by the
transponder of the satellite, in other words the signal which has travel ed

through the 35.60 | Gat isQE‘dCﬂ%’@%se%@@.&‘&@“%i&&&”aﬁ(‘Bf) ?Q;Pé(‘s{% t\h%ni S

passed through a downconverter 14 t0 obtain a receive signa ichis
fed to a secOndChinAs prreéeraldy lospHihap0ep qqual to 2,5 MChip/s.

In a further embodiment, the above apparatus comprises first
delaying means for delaying said first pseudo noise signal

PN (t).

To obtain a reference, the above apparatus further comprises
means for generating a second pseudo noise signal PNy(t); means
for modulating a reference carrier signal fi(t) with said second
pseudo noise signal PNi(t) to generate a PN modulated reference
carrier signal si(t); means for transmitting said PN modulated
reference carrier signal sgp(t) simultaneously with said payload
signal through said communication channel at a level below the
level of said payload signal; means for receiving a reference
receive signal sg'(t) <corresponding to said PN modulated
reference carrier signal sy(t) after having traveled through
said communication channel; means for correlating said reference
receive signal si' (t) with said second pseudo noise signal PNg(t)
to generate a recovered reference carrier signal £fR'(t); and

means for determining the amplitude response and the group delay



receiving also the sane but del ayed pseudo noise signal PN(t). The delay is
gener ated by del aying neans 16 which are set such that the output of the
second nul tiplier 15 becones nmaxi mal. Thereby, the receive signal s'(t) is
5 multiplied, in other words correlated wth the very same psgzte%o Qg'g%e
signal PN(t) which has been used fax gené’rati ng the PN nodul a s

carrier signal s(t) and a recovered carrier signal f'(t) is obtained which
is only del agédthadcamperiatédni ghevrilardtsomelgated: fdseretm Engduancies
signal f(t). JhWSont REeaRRbilude LESRARSS: s 6h GQId esPROAS O df1§ier
attenuation of the recovered carrier signal f'(t), and the group delay,

whi ch correspsfitis tfe(t)héndefaid Gfecpﬁér%géf@\fé?@@c%&aﬂé?r stigal £'(t); of
the transponder of the satellite, as an exanple of a general 15

comuni cati on channel, can easily be determ ned. The runtime of a
narrowband sPgritagecnssy céieeteYeeqfeddyd ciot rmesydntrd tie tereneg dinFrdéray of
the filters kigdidie Hgsescar heabt neardy, aprrR¥LPB efh idb tde ®r@n@de1ow
bandw dt h. The chiprate of the PN signal_is determned accordingly. 20 As
far as conmmuRPeat§veh Sht¥id Perlead sdgRderned, it is sufficient to

determ ne the anplitude response and group del ay over the pass band of a
transponder only relative to the anplitude response and group del gy at the
center 25 fr&QuehcyUstPthe eﬁ‘ﬁ??%%fhr%. PRLF ef B t PFyf PPE?%ntSlthaael ay
the pseudo ngéséertiighahedMN i sueded Batkt el mMpkyisea .of the recovered
carrier signal f'(t) becones maximal and to subtract the anplitude and the
delay at the center frequency fromthe anplitude and the delay at any ot her
30 frequencyIhna tfigtpassSedmdmenespant avely.addagat3a andhdb shmwyilsgpi gal
measurenent result for anplitude response (Fig. 3a) and group del ay.
(Fro-ab) as BEtdihettia the TR0t octr migos Sufe Sorvet FoRuoss Bt he
case of a sabédndlt eNgonmuni cati on channel, i.e. a transponder, it should be
noted that, during nmeasurenents, 9 May 2002 ' , ~ ' 12 due to the
novenents of the satellite the distance to the satellite can change. Al so,
duri ng neasuifenewtrsgrydudgoto dat epsiplieni chbhreftfedssitheoit t@meatenon of the
path | oss bepyean, (e ground statl ap.and, Lo sabel |1t & can.change, 5 5ince
in the above enbodinent the anplitude response and the groﬁp del ay

i s' det er m nedopyursigbtiact i mfalidtanpl #t udkeares pewgséeandsidralgr dup) deflay at
the center frsqueney fpm LNepLasnecidue valgies aly @ Nehddi Seraldnicred
frequencies, an error mght occur due to the before nentioned satellite 10
nmovenment s antheuabs Fher cemnurdfchsdéen drarpelepti af lenaicdslow the level of

a payload signal which is transmitted via the communication
channel simultaneocusly. The received signal s'(t) 1s correlated
with the same pseudo noise signal PN(t) to obtain a recovered
carrier signal f£'(t). The clean carrier signal f(t) and the
recovered carrier signal f'(t) are used together to determine
the desired characteristics. Since the PN modulated clean
carrier signal s(t) 1is transmitted at a low level, it 1is
possible to perform measurements without switching off the

payload signal.

The most important advantage of the methed and the apparatus

according to the invention is of course that the



As shown in Fig. 4, an reference signal sR(t)can be used to conpensate the
before nentioned neasurenent error. In Fig. 4 the sane reference signs are
used for those parts already 15 described above and referencegh@,qmﬂg to
the above description of these parts. The reference signal sR(t)

generated by means of a third nultipli er 18 which receives a second pseudo
noi se signal PN~(t), which is not correfated with the first pseudo noi se
signal PN(t) and 20 which is generated by a second pseudo noi se generat or
17, and a reference carrier naI f.R(L). whic . I cal t a fixed
frequency sone%@i%a ’Eh%a%h% adet &‘r?)d’ ftotﬁsneﬁﬁgerf (g fedfaor or in the
pass band of aperIﬁermingntlpenulmstmemmssari‘bwaﬂ‘emitﬁec¢fa$/ Ry ab 1t fther ent
center frequen8¥§?§?m5' i‘@th‘ré@ef&b%rﬁfébﬁﬂbgeﬂhd de PN roshtd af esk regfer ence

carrier signal Is transmtted satellite and t enc
receive signal CSRMEPICAEIGH ERIARRY \/ﬁntctqﬁlﬁ‘é %885?33%%&%%%@@ I
PNR(T) to optagartheegecovered reference signal fR (t). Wiile the
nmeasurenent signal is 30 swept in frequency over the transponder pass band,
the frequency of the reference carrier_signal fR(t) remains at a fixed,
frequency. ThePsbsher Hetyr iveeEtRRNATH gteeéﬁoﬁ g 5agt gflitlp "ﬂ’eqlh)ﬂb‘fs t he
connunlcatlonsm@Eﬁaaebnaaappgr@bﬁﬁJnﬂﬂbepﬁmhubaettngmeheunalues of the

et ve i mea2aghRILE U85 VAL Uesuiinddts BRAFHECEB Rl o8l o Andififer

respective ting. 2 arlatlono escri bed rreasurlngthe
group del a}0 comsidets r@falme‘aser rerdi Heophaderor*eRR1techbist r%‘i%]d“c%ﬁ' rier of
the PN nodul at egasisgdakeat theSpeoX f dradl cﬁmamf&rmzyr\zeayecdvmegmmé hied ¥ ersd

frequency, it |s p ?‘?% ggggﬁe%gggglé@:tq} tsféefqu(EEBs J:gycl?é fvgﬁg_ﬁency

| ocated in thed surenen requéencies by ca
phase differ encteleart@mmevadumg bI)TOFIh@lIYed%J%Gf}J&ﬁFﬁeﬁéﬁCEOtO‘ﬂ“yfcb‘%"eﬁﬂ

noi se signals 'i‘@é@:efae%r@hécBﬁ&@ﬂtﬂ&@v@l@e&@&ﬁaﬂe@dt Bepenaiggabs m@ be
gener at ed ¢conpar atively easi

tfUe Qi se sign in
the method! ndptaﬁfé‘oéﬁpasl"gf‘ﬁé aHES’PV\@h R |sr}\?e%tll (%% ?%&gg i o5 ztﬁg?rue
and pseudo noi s:ezr@egma:luxealdesmtxbuth@w\mh@qm@wwweﬁo|ﬁOJEIFI%l art and are
descri bed, for o?@:rgi:ll%n' Rvby Ber gae dr skt agignddQipiralviGemHUBe £841QNSower
n

Fundanentals afor e;égﬂg %ge fi gpglcfh$%“|W1t%9%%nvenglgg¥lZQQ@héés

characteristics cannot be determined under conditions

20 present in the communication channel under load. In
addition, in the proposed method the spectral power density
of the measurement signal is considerably lower than the
spectral power density of the payload signal, so that it is
possible to characterise the behaviour of the

25 communications channel under the most realistic
circumstances.

A further advantage of the invention is that in the case of
a satellite communication channel the conversion frequency

30 of the uplink/downlink can be measured without interruption
of the payload signal and simultaneously with the other
measurements.

: In the following an embodiment of the invention will be
35 described in greater detail and with reference to the
drawings.



NEW CLAI M5 1. Method for determ ning characteristics of conponents of a
communi cati on channel through which a payload signal is transmtted at a
predeterm ned | evel, conprising: - generating a first pseudo @QM§f2@6 nal
PN(t); - nodulating a clean carrier signal f(t) with said first pseudo

noi se signal PN(t) to generate a PN nodul ated clean carrier signal s(t); -
transmtting said PN nodul ated clean carrfer signal s(t) sinultaneously

wi th said payl oad signal through said comruni cati on channel at a |eve
bel ow the | evel_of said payl oad signal'.- rreceiving_a receive signal s'(t)
correspondi ng - %aild PNSHGHS & sFhemakhc A aFEam Gt XaOsPoRaes Ofiadi ng
travel l ed through said cawmmindatitéonchahaklite; correlating said receive
signal s'(t) with said first pseudo noise signal PN(t) to generate a
recovered carrier signal f'(t) ; and - determ ning the anplitude response
and the group dei%y of tBRHEMIUSCEEPREACCRERHEI™ RT goIfddisdd eabsdimert
frequenci esson the basis off aa epppakitasnaotosdiny cteahecdnriett-ishgnal f(t)
and said recovered carrier signal. f'(t). 9 May 2002 15 2. Met hod
according to claim1, wherein the PN nodul ated clean carrier signal s(t)
has a narrow bafidiv did anghsh o K adgiisnEeBresflet PNy firhfweaend] ean
carrier signal s(t) corresads to the group delay at its centre frequency.
3. Method according to claiml1l or 2, wherein the attenuation of the
recovered carrier signal f'(t) corresponds to the anplitude response of the
conmuni cat il6n dienned . shows a schematic diagram of a second embodiment

of an apparatus according to the invention.

For the purpose of describing an embodiment of the
invention, Fig. 1 shows the components of a transponder in

15 a communication satellite as an example for a communication
channel.

A transponder of a communication satellite comprises a
receiving antenna 1 for receiving an uplink signal send

20 from a ground station (not shown). An output signal of said
receiving antenna 1 is fed to an input demultiplexer (IMUX)
3 after frequency conversion in frequency converter 2. Said
input demultiplexer 3 comprises several first filters 4-1
to 4-n for separating individual signals within the signal

25 from the antenna. Typically, one filter is provided for
each signal to be separated from the other signals received
via said receiving antenna 1 and corresponds to a
communication channel. The n output signals of said input
demultiplexer 3 are fed to a corresponding number of high

30 power amplifiers 5-1 to 5-n in each of which a traveling
wave tube (TWT) is employed for amplifying the output
signals of said input demultiplexer 3. As each of said high
power amplifiers is normally operated in its saturation
point, multiple signals would create intermodulation

35 products and distortion of the signals., The amplifier
output signals are passed through second filters 6-1 to 6-n
which are part of an output multiplexer (OMUX) 7 combining



4. Method according to one of the clains 1 to 3, wherein said correlating
of said receive signal s'(t) and said first pseudo noise signal PN(t) is
achi eved by del aying said first pseudo noise signal PN(t) andbnyﬁ@ﬂmhying
the del ayed first pseudo noise signal PN(t) and said receive sighal s' (t)
. 5. Method according to claim4, wherein the pseudo noise signal PN(t) is
del ayed such that the anplitude of the regovered carrier signal f'(t)
beconmes maxi mal : 6. thhod according to one of the claims 1 to 5, wherein

the anplitude r ng.the r et er e S
band of a cormutﬁ1 Rﬁ %&ﬁﬁe?gﬁéﬁgtlv% lgiﬁggb tgpgd%l g%oﬁg gﬁ% t he
group del ay at quwﬁemlrlélpll@qaéniyl@ffQ%etQJ@éiI@@ﬁﬂllttlnneanﬁdnaacarﬂong

to claim6, wheisidgy tthandmmhibddes ande tées el rala bhe taenyieuhlequency are
subtracted fromthe anplitude and the delay at any other frequency in the

pass band. 9 Mad 2002 16 8. Method according to one of the clains 1 to 7,
further conpri ssingre thgedfénakragprosedehdipseeddnpoits desudnapl BRREL ) ; -

modul ating a ref/rsNce Ganr 'tﬁ% 841%;5‘?% rféﬂﬁﬁpl"éief} S(@M@ﬁeqo;;gvgsguggﬁ?lq?se

signal PNR(t) to generate a PN npD reference carrier si
transmtting sakt NSdQPatBE PRFEPERTRCE £ itde ditghapoBApE) the method
si mul t aneousl| y agddrdiaigd tpayheatinsegnidn tunildudie sxipd adardudhc@bildawihannel

at a level be qg;ry%és%%lt b RehduPRY) oAl dnalsic cheakYeRdsRiEES erence

qO namely amplitude response and group delay, of these
components of the transponder communication channels, the
method of the invention being especially suitable for this
application. However, the same or other characteristics of
other components of the communication channel can be

15 determined by means of the method and the apparatus
according to the invention.

According to the invention, in a ground station as shown in
Fig. 2, a pseudo noise signal PN(t) is generated by means
20 of a pseudo noise signal generator 2, for example, a feed
back shift register or a memory device in which a sequence
of values of a pseudo noise signal is stored. The pseudo
noise signal PN(t) has a very sharp autocorrelation
function at zero delay. This allows to determine the time
25 delay between the locally generated pseudo noise signal
PN(t) and a received signal which is delayed due to the
propagation time. A clean carrier signal £(t) having a
variable frequency, which is changed as explained further
below, is modulated with said pseudo noise signal PN(t) by
30 means of a first multiplier 10 to form a PN modulated clean
carrier signal s(t) = PN(t) x £(t). The chiprate of the
pseudo noise signal PN(t), which determines the bandwidth
of this signal, is chosen such the bandwidth of the PN
modulated clean carrier signal s(t) is narrow in comparison
35 with the expected peaks in group delay of the communication
channel. Typically, the chiprate of the pseudo noise signal
may be chosen less than 5 MChip/s.



corresponding to said PN nodul ated reference carrier signal SR(t) after
havi ng travel |l ed through said communi cati on channel; - correlating said

ref erence receive signal SR (t) with said second pseudo n0|se9§hgnﬁb2PNR(t)
to generate a recovered reference carrier signal fR (t) ; and

determ ning the anplitude response and the group del ay of the conmmunication
channel at selected discrete frequenci est®lso on the basis of a compari son
of said reference carrier signal fR(t) and said recovered reference carrier
signal fR (t). 9. Method according to claim8, wherein a corrected

litud t | f 002 17
conmunt cat | one ERE LIS EEEERE | SleA PO 5 gt REt) ot Bebedora Abd by
the reference capcomvestemnall fR{d )vimd thiel evoesr etptafieer 12i goabnf R (1)
fromthe val ues,gblahdofs Bl Clan o il p aBahibEL) eﬂgakhsafffgilefed

reference carrier signal f'(t). %%$§§%$ us determn

charact eri st1 csS&¢n n%ﬁ%bn?% Eﬁe & |5n Eﬁaﬁﬂ@Wu?hFBEbﬁnmhlch a
payl oad signal katéXbhtsen inder atest privgetwrnyi fedm ékel viewppingi 6F: a-udEANS
for generating a1PNGE or dulating a
clean carrier s?g%%fﬁ#i%?ﬁéggwﬁg¥§§Fflrs ﬁg*gﬁ %hﬁofgggg?g%af t) to
generate a PN nbHaheReRCer cgemainy wyakyd he. tﬁﬁhn@“@oﬁaﬁrbﬁsn1tt|ng

said PN nDduIatednciﬁﬁwngmyr$ﬁ5pfu¢umwlﬁﬂt@ pﬁyﬂbhﬁa@ﬁ@u&iy with said

payl oad Slgﬂ?| t hrough sai d communi cati on channel at a | evel below the

| evel of said payload signal; - nmeans for receiving a receive signal s'(t)
correspondi ng tbC@%E@P¢$J?ﬁxﬁh%ﬂ%&V%ﬁ%%ﬁhcdﬁﬁaéﬁvgggﬁﬁlt%%t§r®ﬁ§@¥th%@|P®

travel | ed througbdspa€ed 0nTadt CodtOlecBIIRIL s(t) is sufficiently below

the level of the payload signal, for example about 15 to 25
dB or more, such that the payload signal is not notably

15 deteriorated. For this reason, the PN modulated clean
carrier signal s(t) can be transmitted while the
communication channel is in use, i.e. simultaneously with a
payload signal being transmitted to the transponder of the
satellite from the same or from another ground station.

20
The frequency of the clean carrier signal f(t) is changed
such that it sweeps from the lowest to the highest
frequency of the pass band of the filters in the satellite
transponder, or any other component of a general

25 communication channel under test. The PN modulated clean
carrier signal s(t) has a narrow bandwidth due to the
pseudo noise signal PN(t) such that amplitude response and
group delay of the communication channel can be determined
at selected discrete frequencies, as will be described in

30 the following.

In the embodiment, antenna 13 is also used to receive the
signal re-transmitted by the transponder of the satellite,
in other words the signal which has traveled through the

35 communication channel. The output signal of antenna 13 is
passed through a downconverter 14 to obtain a receive
signal s'(t) which is fed to a second multiplier 15



- nmeans for correlating said receive signal s'(t) with said first pseudo
noi se signal PN(t) to generate a recovered carrier signal f'(t) ; and -
means for determ ning the anplitude response and the group del %ngj
comuni cati on channel at selected discrete frequencies on the basis of a
conparison of said clean carrier signal f(t) and 9 May 2002 18 said.
recovered carrier signal f'(t). 11. Appdfatus according to claim 10,
wherein the PN nodul ated clean carrier signal s(t) has a narrow bandw dth

such that the r%%%&@%n f ggﬁagﬁenyg%%fﬁ&¥j&§1 @dcgééhgé §§99§p51$%%

corresponds to't s centre fre
according to cIPéi(r‘ﬁ)loTéi\le sl@lawméﬁegwqweai Mn@&ﬁﬁﬁhnﬁfm?ﬁ’ésrééowmf&i

carrier signal aye ts)etC%bﬁS@ﬁ@dSth@ éd@xﬁﬂdﬂ ttudeséeaﬂ@rhﬁﬁleiplb@r 15
conmmuni cati on %ﬁanne %%gcqg{ ng.t9.one of the g}alns 10 to
12, wherein sai 99&FFeP§?PW§ Coﬁﬁ??% el &ehGCnEafR Y oF &5 a}F ng sai d
first pseudd naisd igpilgeal PN(Dﬁhandwqrdﬂnqqqmaiahgdnﬂahh tbe nﬁrYi@¢méng t he

del ayed first e;%%am NRlige %Il%ﬂah P¢) andnsakd Heesi ¥segi 88l s’ (1). 14
Apparatus according tq clajm I d del ayi

a
nmeans i s such t4F&° “ﬁnﬁpﬁtEHemB?u{?ﬁqu§;998r§8¥5é?F|ﬁ?gg?gnﬁ ft §?§ L
becones maxi malzectrevdppaeatisracignall Yy ¢td dmeobtatihedchhiak 18 ¢wld4,

wherein the armiélt R ra%apge%%nagéeahﬁ %&%A@bﬁyw%ﬁ Qﬁée&ﬂwﬁdcgyle{ef he

pass band q cO ni cation channel relative to the amp |tu response and
t he group dQIaf”éF“Phé(ééntFQ“FVeﬁﬁ%dﬁvﬂdﬁupﬁerﬁﬁggnﬁﬁndWhi% Appar at us
accordi ng to claimekEpondsertei mhehet terplaitiwte ofnddheheedelrayedt caheieentre

freguency are sgitbtrfaqctfecttf)rOghhhehé”&dﬁﬁl%ﬁ@d WHecHeL8¥r8kp8hYs Ot delne

freduency in the Jpass band
delay of the recovered carrier signal f'(t), of the

transponder of the satellite, as an example of a general

15 communication channel, can easily be determined. The
runtime of a narrowband signal at its center frequency
corresponds to the group delay of the filters if the phase
can be linearly approximated in the signal bandwidth. The
chiprate of the PN signal is determined accordingly.

20
As far as communication satellites are concerned, it is
sufficient to determine the amplitude response and group
delay over the pass band of a transponder only relative to
the amplitude response and group delay at the center

25 frequency of the pass band. Therefore, it is sufficient to
delay the pseudo noise signal PN(t) such that the amplitude
of the recovered carrier signal f'(t) becomes maximal and
to subtract the amplitude and the delay at the center
frequency from the amplitude and the delay at any other

30 frequency in the pass band, respectively.

Fig. 3a and 3b show typical measurement result for
amplitude response (Fig. 3a) and group delay (Fig.3b) as
obtained by the method according to the invention.

35
In the case of a satellite communication channel, i.e. a
transponder, it should be noted that, during measurements,



9 May 2002 19 17. Apparatus according to one of the clainms 10 to 16,
further conprising: - nmeans for generating a second pseudo noise signhal PNR
(t) - nmeans for nodulating a reference carrier signal fR(t)gwh&pmﬁQid"
second pseudo noise signhal PNR(t) to generate a PN nodul ated reference
carrier signal SR (t) - nmeans for transmtting said PN nodul ated reference
carrier signal SR(t) sinultaneously wt ai d payl oad signal through said
comuni cation channel at a | evel below the | evel of said payl oad signal; -
means for receiving a reference receive signal SR (t% corresponding to said
PN nodul ated réferienckhedneyerentyraf Orgtjatgllditenfdpngdistanes|ee the ough
sai d f:ognRu?i ;:aééﬂﬂlphgﬂr@éﬁ chﬂi&@élsd}ﬁpéop%ﬁﬁ:ﬂri@t hn:églsaﬁgéﬂeﬁEE?r@@@eté eceive
si gna t t ai d. secon seu noji se .si.gna to, generate a
recover ed refe%%%%%s%%f+?% %gﬁgﬁf%f e(%ﬁt?n%é%&qp ﬁ%ggégf%?tﬂe ?FHi ni ng
the anplitude pebpeesectiadirdendrotpt beh agndfthensatehbiihe cash ovhabhaanel at
sel ected disscrgiged r eQUERET 850 b SOISHA I MEnPaGIS 28h18+6ABPAE 5500sOf ars@i d
reference carrjer S|gnal ffgt),ang sald,rggqyere% ref erence carrier signal
fR(t). the grdup delay’is determine y subtracting the amplitude

response and the group delay at the center frequency from

the respective values at other discrete frequencies, an

error might occur due to the before mentioned satellite

10 movements and atmospherical effects or other influences.

As shown in Fig. 4, an reference signal sy(t)can be used to
compensate the before mentioned measurement error. In Fig.
4 the same reference signs are used for those parts already

15 described above and reference is made to the above
description of these parts. The reference signal syp(t) is
generated by means of a third multiplier 18 which receives
a second pseudo noise signal PNp(t), which is not
correlated with the first pseudo noise signal PN(t) and

20 which is generated by a second pseudo noise generator 17,
and a reference carrier signal fiz(t) which may be located
at a fixed frequency somewhere within the pass band of the
same transponder or in the pass band of another transponder
on the same satellite having a different center frequency.

25 Like in the above embodiment, a PN modulated reference
carrier signal sz(t) is transmitted to the satellite and
the reference receive signal sp'(t) is multiplied with the
second pseudo noise signal PNx(T) to obtain the recovered
reference signal fr'(t). While the measurement signal is

30 swept in frequency over the transponder pass band, the
frequency of the reference carrier signal fr(t) remains at
a fixed frequency. Therefore, a corrected amplitude
response and group delay of the communications channel can
be obtained by subtracting the values of the reference

35 signal from the values of the measurement signals at the
respective time.



9 May 2002 20 18. Apparatus according to claim1l7, wherein a corrected
anpl itude response and a corrected group delay of the communi cations
channel are obtained by subtracting the val ues obtained by the ygfegpnce
carri.er signal fR(t) and the recovered carrier signal fR (t) fromthe
val ues obtained by the clean carrier si gnal f(t) and the recovered
reference carrier signal f'(t). .A 13

. AA9?. AU. A y. AyU. AA. AA A[ L. Aas. ALR Age. AsR. AF99. Al "E. A AN9. A9r. Al & Ay. A?. A/
| < $%
| wr mthenY] ca] cafe YREApEdPRaPlalha) 2o 5iRed BepesFiRpc P e afEaTRafR A} a] ca] ca]

ca] ca] ca] ca] cajooajsdalteapdajhe@alf trg! tl@d- phase of the reconstructed
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1. Method for determining characteristics of components of
a communication channel through which a payload signal

is transmitted at a predetermined level, comprising:

- generating a first pseudo noise signal PN(t) ;

- modulating a clean carrier signal f(t) with said
first pseudo noise signal PN(t) to generate a PN

modulated clean carrier signal s(t);

- transmitting said PN modulated clean carrier signal
s(t) simultaneously with said payload signal
through said communication channel at a level below

the level of said payload signal;

- receiving a receive signal s'(t) corresponding to
said PN modulated clean carrier signal s(t) after
having travelled through said communication

channel ;

- correlating said receive signal s'(t) with said
first pseudo noise signal PN(t) to generate a

recovered carrier signal f'(t) ; and

- determining the amplitude response and the group
delay of the communication channel at selected
discrete frequencies on the basis of a comparison
of said clean carrier signal f(t) and said

recovered carrier signal f£'(t).
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5. Method according to claim 4, wherein the pseudo noise
signal PN(t) is delayed such that the amplitude of the

recovered carrier signal f'(t) becomes maximal.

6. Method according to one of the claims 1 to 5, wherein
the amplitude response and the group delay are
determined over the pass band of a communication channel
relative to the amplitude response and the group delay

at the centre frequency of the pass band.

7. Method according to claim 6, wherein the amplitude and
the delay at the centre frequency are subtracted from
the amplitude and the delay at any other frequency in
the pass band.
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said second pseudo noise signal PNi(t) to generate
a PN modulated reference carrier signal Sg(t);

- transmitting said PN modulated reference carrier
signal Sg(t) simultaneously with said payload
signal through said communication channel at a

level below the level of said payload signal;

- receiving a reference receive gignal Si!' (t)
corresponding to said PN modulated reference
carrier signal Sz(t) after having travelled through

said communication channel;

- correlating said reference receive signal Sg' (t)
with said second pseudo noise signal PN(t) to
generate a recovered reference carrier signal

fr' (t); and

- determining the amplitude response and the group
delay of the communication channel at selected
discrete frequencies also on the basis of a
comparison of said reference carrier signal £fji(t)

and said recovered reference carrier signal fi'(t).

9. Method according to claim 8, wherein a corrected

amplitude response and a corrected group delay of the
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10.

communications channel are obtained by subtracting the
values obtained by the reference carrier gignal fi(t)

and the recovered carrier signal fi'(t) from the values

obtained by the clean carrier signal f(t) and the

recovered reference carrier signal f'(t).

Apparatus for determining characteristics of components

of a communication channel through which a payload
signal is transmitted at a predetermined level,

comprisging:

means for generating a first pseudo noise signal
PN(t) ;

means for modulating a clean carrier signal f(t)
with said first pseudo noise signal PN(t) to

generate a PN modulated clean carrier signal s(t);

means for transmitting said PN modulated clean
carrier signal s(t) simultaneously with said
payload signal through said communication channel
at a level below the level of said payload signal;

means for receiving a receive gignal s' (t)
corresponding to said PN modulated clean carrier
signal s(t) after having travelled through said

communication channel;

means for correlating said receive signal s' (t)
with said first pseudo noise signal PN(t) to
generate a recovered carrier signal f'(t) ; and

means for determining the amplitude response and
the group delay of the communication channel at
selected discrete frequencies on the basis of a
comparison of said clean carrier signal £(t) and

L- #10%/K( Y& () -

& () -
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18
said recovered carrier signal f£'(t).

Apparatus according to claim 10, wherein the PN
modulated clean carrier signal s(t) has a narrow
bandwidth such that the runtime of the PN modulated
clean carrier signal s(t) corresponds to the group delay

at its centre frequency.

Apparatus according to claim 10 or 11, wherein the
attenuation of the recovered carrier signal f£!' (t)
corresponds to the amplitude response of the

communication channel.

Apparatus according to one of the claims 10 to 12,
wherein said correlating comprises a delaying means for
delaying said first pseudo noise signal PN(t) and a
multiplying means for multiplying the delayed first

pseudo noise signal PN(t) and said receive signal s'(t).

Apparatus according to claim 13, wherein the delay time
of said delaying means is such that the amplitude of the

recovered carrier signal f'(t) becomes maximal.

Apparatus acéording to one of the claims 10 to 14,
wherein the amplitude response and the group delay are
determined over the pass band of a communication channel
relative to the amplitude response and the group delay

at the centre frequency of the pass band.

Apparatus according to claim 15, wherein the amplitude
and the delay at the centre frequency are subtracted
from the amplitude and the delay at any other frequency

in the pass band.
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Apparatus according to one of the claims 10 to 16,

further comprising:

- means for generating a second pseudo noise signal

PNy (t) ;

- means for modulating a reference carrier signal
fr(t) with said second pseudo noise signal PNy (t)
to generate a PN modulated reference carrier signal

Sr(t) ;

- means for transmitting said PN modulated reference
carrier signal Si(t) simultaneously with said
payload signal through said communication channel

at a level below the level of said payload signal;

- means for receiving a reference receive signal
Sr' (t) corresponding to said PN modulated reference
carrier signal Si(t) after having travelled through

said communication channel;

- means for correlating said reference receive signal
Sr' (t) with said second pseudo noise signal PNi(t)
to generate a recovered reference carrier signal

fr' (t); and

- means for determining the amplitude response and
the group delay of the communication channel at
selected discrete frequencies also on the basis of
a comparison of said reference carrier signal f£fr(t)

and said recovered reference carrier signal fg'(t).
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amplitude response and a corrected group delay of the
communications channel are obtained by subtracting the
values obtained by the reference carrier signal £fj(t)
and the recovered carrier signal £fi'(t) from the values
obtained by the clean carrier signal £(t) and the

recovered reference carrier signal f'(t).



