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SYSTEM BAGSIRHP OF THE INVENTION 1. FIELD OF THE | NVEMNE }&,gmnyhs
invention relates to the field of comunications systens an

particular, to the transnission of kessage signals in a communications

system 10 II1. DESCRI PTION OF THE PRIOR ART In nobile radi o conmuni cation
systens, signals containi n§ &Glmmmmcm transmtted for .
reception by a plurality of j ﬁc‘}w PRMP. are transmtted by way
of 15 conmmuni cation channe s erel n%a I ng can occur. The fading in the

comuni cations channels can cause interference with the received signal and
can degrade the received 3 ssage information in
the signal to be |ost. Fur§ %eixfén%?lw{)ﬁ W& sources of varying
power Fevel usually exist and create noise at a recei ver Exanpl es of ot her
noi se sources '@lﬁﬂﬁgﬁg} Qﬁb&r the sane transmtter, signals from other
transmtters o ~ ot ferent devi ces such as electric notors,
tel evi si ons or conpact disk pI ayers. Successful recovery of transmtted
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cont ai ni ng t he PR BFHHAN" 'ﬁ‘eﬂ? ?1@"%8 IRICARDS SYStEms gRr iRricalar, fgthe

i ndi cat i onragémitdieh dFMRsEage Qfnalqh 8 QomakicaessMySterlUr i Ng reception can

therefgre significantly inprove the recovery of information froma
recei ¥&d signal. For exanple, a Turbo decoder 25 which relies. on an

accur ate Kknow EEMOMHEMWART the receiver, can be used to

| nprove recovery of rnformation froma received S|gnal An indication of
the amount of noise that occurs during reception can also be used to
control the tranmpbile rRAYREmBunictRn SYEGR sxcnﬁ@coﬂﬁmtir% rH&kﬂE 'fi’dfcshrfa{?&x fecei ved
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channels can cause interference with the received signal and can degrade the received signal,

s}

thereby cansing message information in the signal to be lost. Furthermore, other transmitting
sources of varying power level usually exist and create noise at a receiver. Examples of other
noise sources include signals from the same transmitter, signals from other transmitters or

20  signals from different devices such as electric motors, televisions or compact disk players.
Successful recovery of transmitted information is a function of the ratio of the power
of the received signal containing the information to the power of the received noise. An
indication of the amount of noise that occurs during reception can therefore significantly
improve the recovery of information from a received signal. For example, a Turbo decoder
25  which relies on an accurate knowledge of the noise power at the receiver, can be used to
improve recovery of information from a received signal. An indication of the amount of
noise that occurs during reception can also be used to control the transmit power of the signal,

S as to maintain the recejved signal to noise power at an appropriate level,
30 SUMMARY OF THE INVENTION

The present invention is directed to a method and apparatus for improving the

transmission of an information signal having message information. A received information



2 signal is formed froman information signal transmtted through an

i nformati on channel. The received information signal has signal noise. The
nmessage i nf q"ngﬁf’“% is removed fromthe received infornatpcpmsemngnral to
provide a sy sequence that is then applied to a first filter to
provide a first filtered signal. The Bower of the first filtered signal is
determ ned and 5 applied to a second filter to provide a second filtered
si‘gnal repr émhtsdo:’mpé frofn mﬁﬁomgnmtiumbtrmnﬁtmﬂ thrévgh ae nformetibni chénpelmdhe on

signal. BRIEF. 10 The fe fures and
advant ages E?f:e'ﬁwe me"ser&u)\{gnﬁ%sn%n m{/l\ﬁerl SESHE WS ‘fém’gﬁ %’l”gvgfﬁ'f"glrtﬁ?t he
detail ed dequﬂhnfommh si‘gﬁm@pdoexhem/syﬁm sdgadned thatis Cen japplied toonfind filler t he

i oughout SRVl B T AL S TRSvRov B HpiTFE el B oh AEPUAGRd (o

spectrals den@ui&ym)‘ se€onBFiSd 10 I’prdiillié(itsécwﬁl filtdrd i1 represeiaife of (i sBRAInoRe
represent atl ;ﬁq ts ect ral ensity of known synbols wthin a fading
communi cat i °€’ﬁ"’d dpio u@“ 88 hows a bl ock di agram represent ation of the

C

noi se estimator systemof the present invention; Fig. 4 shows a bl ock
di agram representation of one preferred enbodi ment of a high 20 pass
filter suitable for use BRIEEDESCIFEIIQNHOIE DRAWHMGSf Fig. 3; Fig. 5

shows a bl ock diagramrepresentation of a further preferred enbodi nent of a
high pass filter suitable for use in the noise estimator systemof Fig. 3;
and Fi g106 showsThe featres abiesigr and advpntasse of shei presentf inyenfion wile beqome faore ed

enbodi nent S§ | mat or
syst em of FIQI;J&@ 3%”&%1&%%&8&%&% %&Qfﬂﬁﬁﬁﬁ/@&ﬁrﬁ%ﬁ’g‘?rﬁﬂ% now to
Fig. 1, thedwawings imwhich Gkesferance champrersddentifit oopspoBiing el¢rhentsthwoughoutiand densi t y
of a Doppl egv segctrum The spectral density of graphical representation 10
s well Egnown to those skilled in the art. The Doppl er spectrum of

gr aphi cal repr eSBgtlshowsa graphicabrepreseMation of thefspectralalensity of 2 Popplev\§peGiiuini: 5328
PC.T/ USG.L)S 22721 Fig. 2 shows a graphical representation of the spectral density of known symbols

within a fading communications channel;

Fig. 3 shows a block diagram representation of the noise estimator system of the
present invention;

Fig. 4 shows a block diagram representation of one preferred embodiment of a high

20  pass filter suitable for use in the noise estimator system of Fig. 3;

Fig. 5 shows a block diagram representation of a further preferred embodiment of a
high pass filter suitable for use in the noise estimaror system of Fig. 3; and

Fig. 6 shows a block diagram representation of a further preferred embodiment of a
high pass filter suitable for use in the noise estimator system of Fig. 3.

25
DETAILED DESCRIPTION OF THE INVENTION

Referring now to Fig. 1, there is shown graphical representation 10 of the spectral

density of a Doppler spectrum. The spectral density of graphical representation 10 is well

30  known to those skilled in the art. The Doppler spectrum of graphical representation 10 has a
Doppler frequency of f;.



3 When a coherently nodul ated signal carrying information is transmtted
through an information channel and received in the absence of fading

condi ti owQ0Ws338s possi bl e for the receiver to demodul REEUSMEE gnal intp
a sequence of sanples si of the for si=Aa;+n; (1) 5 wherein Ais a
constant or relatively sl ow varyi ng conpl ex nunber ni is a real or conplex
noi se term of constant or ‘ﬁw varying varl?nce 6'.-, a is.a real or

conpl ex ter mWisa2 cabefs SHREGITH Tt{?Pd%lf‘F‘HH’“ d?m‘é%!‘a??pl e, if

the transffahbesl cﬁmﬂﬁﬁw@é@ve@?{%e AbBshe Bt Rding conRidng DR PS¢ Rirend O
denodul ate the received signal to obtain the sanp|led signal shown in

equat i onregeiyer ig demagulate the sigpal {0 2 FAWBFIP fisgmplps % plhs foHMs i t t ed i nf or mati on.
ai is 10 usually gefgrigd to in the art as a point of ghe constellation
associ ated with the nodul ation schene. If the transmitted information (ai)
i s al¥ eawbertindwis aconstint of sdlativelysloyy varying ermplercnuaber clg 208l 95 CmRIeE odi ng

process, | é.%e be Ehs ébﬁabggh@&g ‘gam{cs@vmuﬁ épJaPB 8 P S1 Of

equati on yaro tron V\nthasca I ng and tain equatlon(2)
bel ow. 1&ontains=the mianspiiited informatian e Beretxample, Fabe mrm;mmdrmgnhlewemllsl’% f adi ng

oo F oo poRgitiery Wit Bof A8 Semodulfe o8 REGHIHIEND o Bain R sARFIELLERPT D T0C

correspoﬂ"ad Z€ro, surroun a cons rum of
n0| se dushowa mhquamn r(’l)nwnlrkawewérqr -1,ndepesiingpomathe maﬂranSeﬁ»nhdtwnea.us fadi ng

ansm hann carr i_nfo tion. \Wen
fadi b EuaE aeheS 9 it 8 < Al e s Ragth hPodBE IS e Ip b o " has
the bandsdheme.t ed power spectral density illustrated by graphi cal .
o e Pon 8 ettt Mot WL B eed bl B AR TS,
note t haHetEﬂﬁﬁnedﬁﬁiﬁ@"a dacbditig pidcest| tién i & d Smpleitdsk d defiBye thuinfaﬁméd fyoni el at i veI_y

slowy. The spectyumof si ~resulting fromt t.i ne vary I s depicted
in repr eé'éﬁfﬂ{gf‘% by ’E)Ptafi‘loﬁﬁ?'@b'?d"? ﬁ‘ialﬁ"lg&@‘P%tﬂ“ EBRuea{ gt?f%g%tl mate of the

| evehsof interferenea G of a received signal, the nethod of the present

I nvention use riori. kno of. the message informatio [ present
1 the. rocer v PhEtcal SRaRbegE Dt s bp SARESN @&F@&ﬂ%ﬂ%ﬁ“ﬁ?’ et o
priori lspwhnd@s is 8Benbtedbirai daﬂekptmmoa,, dQualed zéid:,gtt@duu@éd tey 4 doastatitNg

sequence. Additional can obt ai ned b the received signal
or qby any PSRt Pgts H%q[? &’EW bfﬁ“ﬁ&e‘%‘ﬂ?ﬁt\égﬁuqa CaseSthere i fading in 9

transmission channels carrying a signal with message information. When fading is present in

20  this manner the value of A varies with time and has the band limited power spectral density
illustrated by graphical representation 10. The time varying value of A can be represented as’
A; and eguation (2) can therefore be represented as si' = A; + n;. Furthermore, note that the
power o° of n; also varies with time, but usually relatively slowly. The spectrum of s;'
resulting from the time varying A; is depicted in representation 20 of Figure 2.

25 In order to obtain an estimate of the level of interference o° of a received signal, the
method of the present invention uses a priori knowledge of the message information (a;)
present in the received signal to derive equation (2) from equation (1). The a priori
knowledge can be obtained using a pilot signal or a training sequence. Additionally, it can be
obtained by decoding the received signal or by any other technique known by those skilled in

30 the art. Using the a priori knowledge of the information in the received signal, the
information (a;) is remov_ed from the received signal. This providés a signal (s;") that is
substantially without any information content and therefore representative of the fading

conditions and noise of the channel through which the received signal transmitted. In a




30 the art. Using the a priori know edge of the information in the received
signal, the information (a) is renoved fromthe received signal. This
provides a sWw@@pisatss;) that is substantially w thout anypcposewzazion
content and therefore representative of the fading conditions and noi se of
t he channel through which the recei ved si gnal transmtted. In a WO 01/15328
PCT/ USOQ) 22721 4 particul ar enbodi nent of -the present invention discussed
bel ow, it vpaticulse egbedimenthef the muespit dneentiorodisensesd teiow: He wilh b8 shewn Biebr nat i on

a,) is not | | N ' f [ 1 ith
i ted o pi Pt i SRR icllips torbn 8 IRE 14ffd di R0 h cBild 1)
gr aphi cal rdspivebizom equation QDwih limitedygprios knovlledgeect ral density of the

sequence Si. wthin.a fading.tr,ansn ssion channel . rdl gss. of th

amount of f adi ntg]akeﬁmfagn’em rt%%éﬁ’rizs B RANhE "Pl*’ﬁz"rqrrﬁr%g&?‘ho @Zg%lg\%’é“gi gnal ,

a | ow pa®s spacichl dénsiny diitle senaerce shwithin n Sadingetsamsrhissiont ¢hamekl eRepardless of thas shown
I n graphical_repr ntatjion 20. . Thus, spectruym 26. of .graphi cal

repr esent at ng %&f‘g B P fraasmissio ;Chjﬂ‘ﬁﬁ %%B% rﬁwfﬂ'c‘i E’g‘?ﬁ&%‘gﬁ&? Bend ¢ he

noi se ni. Thaiel pecnmi DeisgpEeit withinddeqisncs 66 Shéwn DafaphiRalobRe@athenizoed as a
10 noise flgor conmbined with a | ow pass_band |imted Doppler spectrum

Ref erring nowst SPeRYYn 20 of geplucyl Jepresgmtption &} Gwsmf‘gﬁﬁ%r#:r"é‘ﬂrmﬁ on of

noi se  est i oneQPonds HRMoRE nd FThblRfrd) (e SHdttnuh BY Shdnd)s;! APbSEhaREEIAREPL SYysStem
50 receives the sequence. s;' and?%ow des_an_estimate of the noise power c

(al so cH | eppisgdlop jned frith ajlow past baad limited\DERpIET SISSHHR| that transmits the

sequence si. Theefny n&ﬁ*%’?‘%&@, fhere RfshOWP 3 BIRE! didPdn® replezertafioh DMnoide | S
first received by hig ass filter and sanpler 52.” H gh pass filter and

sanpl er 52 €SHMPR ¥y SPrRf the Prssent dpvepliony Nigisp eptBAITYYHEM ) weceiynsthe

preferabl y ggaced® &3 frbRda GHUSRES. of noisQ:ﬁG&;err &% Giso ERRASARRLOShALs t he

out put of high pass filter and sanpler 52 are designated as the signal u;.

The aver agePip®idn thefchanmel that grapsmits the jsenuense & Fhainputisequenresi ofingige ¢stimatodr m

rai sed t . bl b | kg any
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I
redl nunber “differ rom zer ‘berng a normto the power N
oper at or, btlisinatessheeffectnf A mijthiptthresequengecs;' aid prefigreblyireysamples thersequenceat 2 he si gn
of a synbol | apd.@rovides a value that is directly related to the power of
its input signal. The output of operator block 54 is applied to | ow pass
filter and sandhesaagles atithe sutpgylof highrrass filted avd sanipler $3tapudesighattdoay thass

filter and SaP| eTnefeREEpower of the signal u; is determined by obtaining its norm raised to the
20 power N within norm operator block 54, with N being any real number different from zero.

In addition to being a norm to the power N operator, block 54 can be any other type of
operator that removes the sign of a symbol and provides a value that is directly related to the
power of its input signal. The output of operator block 54 is applied to low pass filter and
sampler 56. The samples provided at the output of low pass filter and sampler 56 are
25  representative of the variance (6°) of the noise (n;) of the received signal.
In the preferred embodiment of noise estimator system 50, high pass filter and sampler
52 can be realized as a finite impulse response filter with taps [1, -1]. This is a
straightforward way to implement the required function because it requires only the
subtraction of two consecutive symbols of the sequence s;'.
30 Refetring now to Fig. 4, there is shown a preferred embodiment of high pass filter and
sampler 52 within noise estimator system 50. The input sequence s;' of estimator system 50 is
received by low pass filter 62 within filter and sampler 52. The filtered output of low pass

filter 62 is applied to difference device 64. Difference device 64 computes the difference



25 representative of the variance (6') of the noise (ni) of the received
signal. In the preferred enbodi nent of noise estinmator system 50, high pass
filter anWOWUAHI2Z8r 52 can be realized as a finite i npulPSANSBUR2BIse filter
with taps (1, -1). This is a straightforward way to inplenment the required
function because it requires only the subtraction of tmo consecutive

synbol s f the S ) 0 Ref nowt there is shown a .
preferre ﬁt W&ﬁ‘%é’fg‘é"s H‘Ef Si- sﬁ‘ﬁ‘p‘l‘%\“ of she GoMpPiatioRo| se
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recei ved b%‘a%ciw pass.filter 62 within filter and sanpler 52. The filtered

out put ofse ¥ pass flter ¢4g,be gon-rausal,, [y this gaseoit if negessanPaiclan theqmfilered
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between the filtered and unfiltered values of the 'sequence s; e result
of the chephidlerasd CB’éfFfB\emt%?“eéFﬁ?@tdéﬁ@efﬂe@V@ﬁM i s therefore t he
desired signaRefitring WeHo Fidl 5, RED AL ltfer can be
non-causal . In th?% case, It t?s %ggcesgtg?éltﬁ%rﬁ&% eﬂﬁ)ﬁé&% aéf synbol s

s;' bef oﬁ’éﬁrdtl)ﬂrﬁwpln'g53 withigl rfolse ressiveator system 56! = {1 thcpammtscqunnoeah obﬁmprer f or med

by del a - @éaﬁgﬁf and di fference
dgw ce %4 R’\%g)?srﬁl néb 1%8\% to l},ﬁ&"ﬁgﬁ.ﬂ?lﬁ I]ﬁs b@s?ﬁ’, ttg)\%%%gng’fheé?mﬁlfogf‘gtﬁ ed
enbodi nefd asof lowi nps filtes and thplfeweclmm!e Qampﬂbjor EDSI paiss filten 620 hs:hnseastelumt or -
syst 5 emb50 is a

st/r eg(srh1 o?em&f olif oﬁﬁ&f@ esaﬁ%le%&g%l?g %P’ oéeﬁ'geegecﬁanne rf'aﬂdc?ﬁ filter
72 as a P@W‘G&S@nﬂﬁl Iest@mamﬂlt@rﬂér Shen ahis embrdiment isasqdemjclfamelhm;ims filter

62, LN s GR6C I U5 LA i 0Ulcal o U0 R BN hu Y SLEf S0 | 5 e

di f f erence bet ween mat i on
filter 7Q°mnmamﬂsfﬂﬂf§erm¢boah¢mhy opsrauerechntl:hezerfmmby delay blasalt Vohocaéd | ter can

be nonc S I y the unfilt

synbol s gébe[f]é ﬂ:gtnhéegueﬁ@et ¥, anb tdﬁfe?e& B Vfcgnce ﬁ?ﬁgmagleégfm?ﬂ%r}{iﬁ Bﬁ{ can be

per f b rrentsublyy dsl beyusid m(plerfé’rm doberanttddmocﬂmﬁﬂmeﬂth'e hmmﬁqmatda&emmﬁﬁatg;-' and .
di fferengey; lon filter ally also be
used to ftIl)ler ggrﬁhq&glg xgr“e %ﬁ\%a‘f ?Ogl%t’wo FHee ?‘Feé%cgrﬁ“%é‘ﬁ 'ﬂ%{‘aﬂ“ :
Addi t i onpdss filter in nrdtemosemm@dy bissintroducedilyy deincbeeétrchiine! dsGmiitdnlfives 70 f f er ence
oper at or; %A%ag}éu g&i&tlonéﬂ high pass filter in order to renove any bias

i ntroduce y an |ncorrect channel estimation filter 72 in a particular
situation. Bdidh entydithensiepicué pi ﬁgueiMlandﬁlcgweeBreétlquae&edmafbllb@e(dw ectly

pre Cféj € da %wa Qxlnlp&wgcménll reduce the necessary computation rate.

In a further altemauve embodiment, the signal s; of equauon (1) can be transformed
w:th even less a priori knowledge into a signal s" shown in equauon (3) below:
=B;+n; 3)
where B is an unknown and pbssibly time varying complex number of known phase a. The
25  knowledge of o can be deﬁved from a channel estimation filter or any other means known in
the art. It is then possible to replace high pass filter 52 of Fig. 3 by quadrature operator 80 of
Fig. 6, which returns a measure of the component ef 5" that is not co-linear (perpendicular)
with the complex vector ¢*%, where J is the imaginary number defined by sqr(-1). It will be
understood by those skilled in the art that quadrature operator'S(_)E can be implemented by
30 simply projecting si" onto vector e¥"® and returning the imaginary part of the resulting
projection. Quadrature operator 80 may also be implemented by any other way known by
those skilled in the art.




20 a down sanpler which will reduce the necessary conputation rate. In a
further alternative enbodinent, the signal s; of equation (1) can be

t ransf or ned Eg!%/en Iess a priori know edge into a si gnglpssg wn in
equati on (B)Wge’ B, + n; (3) where B is an unknown an p?)is}si bly
time varying conpl ex nunber of known phase a. The 25 know edge of a can be
derived froma channel estimation filter or any other nmeans known in the

art. It is then waaﬁpﬂai:tibuigaﬁf @fbk@c ewvBith i aodd divisioh il adcésd (CBMRAY
quadr at ure %S.Eat r 80 of, Fig whi ch returns a neasure of the conponent

of si" that 068@%%3?0“(65&?%& th different glempents ofcallof thn embodimeptsy g+
where j iS tdieoell6GAEHdRARTWheR bERREn dﬂfﬂngadevevoﬁ&rr&&wa andte aﬁ;ﬂu{ ofdfee RHFﬂer st 0od

by those skilled in the art that ature operator 80 be 1 npl enent ed
by 30 si npl §opbingre &er prgmpley the high %&l@m&t}ae @mmaomemthrvgemﬂqecmrIngu nary

part of Shelﬁﬁ&%&édr&aﬁfﬁhé%?%g%d@é@& ﬂto'f'ﬁl?oﬁﬂﬁ &I ehe i n?!lﬁé}o}ae

i npl enented by any ot her way known ose s ovi s32s
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i nvention. WHhebwyancordedstherwitleftiscape canitehovithBSErincipEd ash matfsatmsldhscia&dr eadily
apparent towghR il i) the an, and the generic principles 10 defi ned
herein can be a%%??é’é@ ier enbodi ments without the use of the inventive
faculty. Thus, the present invention is not intended to be limted to the
enbodi nment s shovvn herein but is to be accorded the w dest scope consi stent
with the principles and novel features disclosed. WHAT IS CLAIMED I S: WD

01/ 15328 PGI/ US00/ 22721 7




CLAIM5 1. A nethod for inproving the transm ssion of an information signal
havi ng nmessage 2 information in a comrunication systemw th an information
channel , WH{IFI28i ng the steps of: 4 (a) receiving the iBGTOISARZTN signal
after transm ssion through the infgrmation channel wherein the received
I nformati on signal has signal 6 noise; (b) renpbving the nessage
i nformation fromthe received information 8 signal to provide a synbol
sequence; (c) applying the synbol sequence to a first filter to provide a“
first filtered 10 signal; (d) det @AIMS'\g the power of the first filtered
signal to provide a 12 determ ned power signal; and (e) applying the
determ ned power signal to a second filter to provide a 14 second filtered
signal rapr esanhé&hdd/ for Ghploting HedRRkmidabs of 8f iftthahCaEnAE HavidgthkdgRt | on
signal. 2. The net.hod for [nproving transm ssion of an information signal
of cldimi, 2 whePOmRRUoRCIN 2, E‘Pm’f‘g’Pfaé‘Pncﬂﬁ‘ﬁF‘i ¥R 3p Hpfgrmatign schapmel,or . 3.
The method for i nmuoRipisigg the sieggBrssi on of an information signal of claim 2,
2 wherein the first filter conprises a |ow pass filter and a difference
devic&. 4. Th@® nethod FEFIvingp sy infrmatiom sigmalsjafier smnymissionf drorghi v si gnal
of claim3, 2 \Aherelniﬁfaﬁaqbﬁém@ﬁﬁ%%&&e%h%fmmggﬂl@gfsa%, ence
bet ween the synbol sequence and the first filtered signal. 5. e net hod
for i fproving transni s&# of an information signal of claim1, 2 wherein
the informati si gnal o] i an the fj it onpri ses a
& riovhgf o Oles e Bhoriion R b Sfoalep ffp

channel estimation filter erence devi ce. I 111

i )
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(c) applying the symbol sequence to a first filter to provide a first filtered
10 signal; |
(d determining the power of the first filtered signal to provide a
12 determined power signal; and
(e) applying the determined power signal to a second filter to provide a
14 second filtered signal representative of the signal noise of the received
information signal.
2. The method for improving transmission of an information signal of claim 1,
2 wherein the first filter comprises a high pass filter. |
3. The method for improving transmission of an information signal of claim 2,
2 wherein the first filter comprises a low pass filter and a difference device.
4, The method for improving transmission of an information signal of claim 3,
2 wherein the difference device determines the difference between the symbol

sequence and the first filtered signal.

s. The method for improving transmission of an information signal of claim 1,
2 wherein the information signal is a pilot signal and the first filter comprises a

channel estimation filter and a difference device.
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6. The nethod for inproving transm ssion of an information signal of claim
5 2 wherein the first filter further conprises a delay device. 7. The

met hod for iwpé@ikssgg transm ssion of an information si gnapcnbswkzem 6, 2
wherein the delay device del ays the sgnbol sequence to provide a del ayed

si gnal sequence and applies the del ayed synbol sequence to the difference
4 device. 8. The nethod for inproving transm ssion of an information signal
of* claim 14, 26wherBiermethad for pmproving transmisgionef andgfopmasion signal of elaim Hi ng
device. 9. The neth j | '%EH&;&?%' [ ..an i nformati on signal
of clai r%gl, 2 wher g‘?lﬁérég%gﬁ l(%:rorrprl se tﬁ%édg?ye%gg' determ ning the norm
of the first filtered signal. 10. The nethod for inproving transm ssion of

an information sign of claiml. .2 wherei.n step (d) ¢ ri;ses,.the step of
ot ernmning ne Thor e ob v PREERuS, B Efnkphull H T 3 8, o |
is a norezero real nuhden theldeslayTdeeicerdelayscihé eymbiolpeqoaticeigo prosids i dekyain of an

information signal of claiml wherein, t he secaond filter cqnprises a | ow
pass filter. 12. The® ﬁ%@%@‘fﬁ@ﬂ’ﬁ/ﬁﬁd’e{q’%ﬂ#@sﬁ%ﬁnﬁ o the AEBPHat | on
signal of claim2, geviseerein the high pass filter conprises a finite

i mpul se response filter having taps [1 -1]. 13. The nethod for inproving
transm ssion of an information signal of claiml, 2 wherein step (a)
conprises usingga PrrKy metiddotot BB trankiBisdiBhST Al Snformdfi®l pdal SMt14A 18eMOVe
t he nmessage information fromthe received information 4 signal.

LUE i TTIA T | 1211vhkereip the figst filtgpcompyisena phpspyieprminipg #p¥igs0 0/ 22721 9 14. A
communi cati on system having an informati on channel for performng a -- 2
met hod for inproving the transm ssion of an information signal having
nmessage i nfor rm9| on, thdsfoh‘gnpmvmg transmission of an information sxgnal of claim 1,

2 wherein step (d) comprises the step of determining the norm of the first

filtered signal.

10.  The method for improving transmission of an information signal of claim 1,
2 wherein step (d) comprises the step of determining the norm to the power N of

the first filtered signal, where N is a non-zero real number.

11.  The method for improving transmission of an information signal of claim 1,

2 wherein the second filter comprises a low pass filter.

12.  The method for improving transmission of an information signal of claim 2,
2 wherein the high pass filter comprises a finite impulse response filter having
taps {1 -1].

13, The method for improving transmission of an information signat of claim 1,
2 wherein step (a) comprises using a priori knowledge of the message
information to remove the message information from the received information

4 signal,

O T



4 (a) a received information signal having signal noise after the received
- - information signal is transmtted through the information-channel; 6
(b) a sywbalnssggiuence forned by-+enoving the nessage i PEDUSMRRTAN-from the

received information signal; - (c) afirst filtered signal formed by
appl ying the synbol sequence to & first filter, 10 (d) a determ ned power
signal formed by determ ning the power of the first -- - - filtered signal;

and - 12 (e)lda sécopmimbmitation system davihg ap pnfesmtiom changelobr plformingnal noi se’
-of the receivedq linfo 1.00: Si r ed - i ng the det.erm ned
powe% -- 14 si gnglre 0 g&?}é’ %nggfﬁggﬂeafl;&-sg& fg?é“f\ﬁ@%xn%%i el g‘ﬁ“%%/st em

havi ng an i nf or memessage infcamatidn, éomprigiagf orming a 2 nmethod for inproving the

transm ssi o f an information signal. haying .nessage informatjon,
conphising: © - 4 (af IR mmaper et havine, S51al AGRR AN FoRe S af  er
transmi ssion through infemaidncignaltii emsmited debughiteriffondibe ciafed ved

I nf Oé‘mation | gnal has ---- 6 %ie%FaI oi se; (b) nmeans for renoving the
nessage i nf tion fPOwmRohiFapencE formed bremayi fHesiaes intArmptiondrom ovi de a
synbol sequence; (c) tHReatsividinforRitionisipgali he synmbol sequence to a
first-filter to provide a_ 10 first filtered signal; (d) neans for

det e¥ mi ni ng €he power 2 Brst filigzed signal fopmed by applying gis symbel sequeace drea first 12

det erm ned power signgler, and (e) neans for applying the determ ned power
signal to a second-filter to 14 provide a second filtered signal .
rept@sent at i@l of t he? dsiefpuned peyersigaal fopmed by determining theppwen phbefitst on “si gnal .
--- 1111111 111111 |1 fikdred dignbbadd 111 CL MS o

12 (e) a second filtered signal representative of the signal noise -of the
received information signal formed by-applying the determined power ~ -
14 signal to a second filter.

15. A communication system having an information channel for performing a
2 method for improving the transmission of an information signal having -
message information, comprising:
4 (a) means for receiving the information signal after transmission through-

the information channel wherein the received information signal has

6 signal noise;
(b) means for removing the message information from the received
8 information signal to provide a symbol sequence;
©) means for applying the symbol séquence to a first filter to provide a
10 first filtered signal;
(d) means for determining the power of the first filtered signal to providea
12 determined power signal; and o
(e) : means for applying the determined power signal to a second-filter to
14 provide a second filtered signal representative of the signal noise of the - -

received information signal. -
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