- 1 A Digital Filter For Ig-Generation, Noise Shaping and Neighbour
Channel Suppression Description The present invention relates to the
digital generation of a complex baseband signal and in particular to' an
efficient realization of a polyphase-filter which can be used therefore and
also for other purposes. The German Patent Application DE 43 32 735 Al
"Verfahren zur digitalen Erzeugungeihes komplexen Basisbandsignals"
describes an alggrisfun forihe, BaNRIYIoN.of A compiesRagghand signal
which makes use of a pelyRbigass fiflehahhig Bajpht Application also

describes that the branch filters of the polyphase-filter should be realized
as allpass filters. The paper "EntWgscairtiRealisierung diskreter
Filterbanke", published by Shaker, ISBN 3-8265-0366-X, from Torsten
If_l.%ieckefle%xmajns how to ets‘igrl stuch fpo_lyaqhase-filgers wifth allpass branch
iltere. 17 fhis Case, the iRt signgl of tRE PSITPREELIEY s FRUIRPRE &P eband
PR afffbientalfpadafitersn THeretoraen ialipassdilteraHanpbagedditer which
realipecwith tNedoging 4he deecimationdaptonokiae polyphase filter. This
design leads to high realization costs for the polyphase-filter. Also, only a
rﬁlstri ted amofyqt oI IE- fEe uencies can QS rjt?eaéized w{:h this structure,
since The T fredFERcIEY L5AN SV be Thoter 16 FIF=m EFCERT viith pligitalen
Bensy S samptintp rapicseshBastel andngnpputdsiefiaies Bairgantigrdor the
genstanibbetteendrplkanth s haidgsag matural aonstant kisgher, ERA%Yése-

£ Al %ﬁmp@{lﬂﬁr}(\ p?ll&xgkg{taalﬁs% R}é@@ﬂﬂ}l@&&%| @Pllg %‘;Q{ﬂﬁr filters of the

Si na}llverqrq?ltung' iscloses an efficu?nt re%l{zation of an algorithm for

e GEREF R oY B BOhhSI S BAS B 8RFSAl 1 optimize the realization

of the digital signal processing a switchable allpass filter is used.

Howengre thisrkealizatian has hesdisadvantage thatingshgikal ngigbhewed by

sh3npe! sepRresssNMNQIEe.shaRngcagbe realized and e I iequency, .,
can only be chosen to FIF=m.FF/4 with F being the IQ-filter input

%Lélgrlllpﬁﬁ&q;gfaesgﬁgtmso‘g}% a&lpass brarnch filters.

In this case, the input signal of the polyphase-filter is multiplexed into N
different allpass fiiters. Therefore, N allpass filters have to be realized with N
being the decimation factor of the polyphase filter. This design leads to high
realization costs for the polyphase-filter. Also, only a restricted amount of IF-
frequencies can be realized with this structure, since the IF-frequencies can
only be chosen to Fip=m-F+L.F/N with F being the sampling rate of the filter

input signal, L being a natural constant between "ﬁ— L N;E

and m being a

natural constant.

Further, EP 0 597 255 Al "Empfinger fir ein digitales Rundfunksignal mit
digitaler Signalverarbeitung" discloses an efficient realization of an algorithm
for the generation of a complex baseband signal. To optimize the realization of
the digital signal processing a switchable allpass filter is used. However, this
realization has the disadvantage that no digital neighbour channel suppres-
siont/noise shaping can be realized and the IF-frequency can only be chosen to
Fip=m-FtF/4 with F being the IQ-filter input sampling rate and m being a

natural constant.

However, all of the above IQ-generators are quite restricted in respect to the
used Intermediate Frequency {iF) and therewith in respect to possible sampling

frequencies of the A/D converter converting the IF signal inte a signal suitable



natural constant. However, all of the above 1Q-generators are quite
restricted in respect to the used Intermediate Frequency (IF) and
therewith in respect to possible sampling frequencies of the A/D converter
converting the IF signal into a signal séitable - 2 for a following digital
baseband processing since the output frequency of the generation is
fixed according to certain standards and the input frequency of the 1Q

gEefatfItryr RS g itelihageRnd PEtrsraly o eBshde o R E dEefionRitedt the
agehthetneeded outputtrajuenicyc Emivodinndntd underiyingnne pregesricy of
in%@nﬂpgemm{mq1p@lydataaseﬁf&a@renijmraan1pejy§@m§0<&mﬁe used 1Q-filter

KQ% r@é@c{ég Ige%ger}%rator providing an increased number of

p035| e Intermedi te Frequenties, i. e. more flexibility in the choosing of
the sampling frequency of the A/D converter preceding the 1Q generation.
I adoohidzande withealy mspeait ofthee preserninventiory idere isoprpvidedilter

aﬁrllegeﬂﬁr@EOhsébaf&CtﬁféZ@Q L A @EmiNGRIMIRY 1 GaFBRIe e BARHPAIng an
S‘%”%a% k) @?%%Q?%'Pﬁ“? ¥ ﬁﬁegma' AQQF( R dlogrfN) bl?fore[;l%m%%liy in
supplieda as In ut si ﬁi' toa O ase I er consisting o

alfFasBant&rs 8f° 6'98@@& n&ﬁaeﬂv@*&mﬂjt@rgﬁ‘d%ﬁﬂ?é%wﬁa%%dm&ﬁ&ﬁ 1Q

alipassfifters gets multiplied by a signal B(k).cos (2nfo/fs.k) to calculate
the #compamert of tHe eomplex basebdhd sigrwalkanidiby asigral there is

B(k)-Si(2ifolfs-k) g@l%@@%%}hec%mpgﬂ%@f fhe epmplex %%‘%Hﬂ”ﬂg
signal with A(k)=B(K)=(-I) roor‘gk/N) The polyphase filter accordin

eTABUtlifte MEGFRASSpPeSERE inbEMtIDA RE U prbélfka’moﬁovﬁg rfeék):('
anly every-smalh apaeuentiRfiadders gpd saultipliers pare requirad. dnd (o a
preferred embodiment everg needed multiplier is realized by at least one

oShiH YBGiatsr, Hi 16Ast SR IALHES dhd Bt IBEAR6H iRaster Yo%hatothe rder
reahzation @bst&mt@ additipnaelly datreased: Fuathetmnor; Khel using dfifcers

multi Iexm olo yallows eas % pta ion oadlff
RS BTG it LURHoOh 03 o ATHERRACTR b by ate the
i-componeni of the complex baseband signal and by a signal

B(k).sin(2Znfo/fs.k) to calculate the Q-component of the complex
baseband signal with A(k)=B(k)=(-1) fleer (k/N),

The polyphase filter according to embodiments of the present invention has
low realization costs, since only a very small amount of adders and multipliers
are required. In a preferred embodiment every needed multiplier is realized by
at least one shift register, at least one adder and at least on subtracter, so that

the realization costs are additionally decreased.

Furthermore, the using of a multiplexing technology allows a very easy adapta-
tion to a different "number" of branch filters and therewith to a different IF fre-

guency.

The IQ generator according to embodiments of the present invention allows a
very easy doubling of possible Intermediate Frequencies for a given polyphase
filter consisting of N branch allpass filters of order x - N used therein, since

signal symmetries are used in an efficient way.

Preferably, the IQ-~generator according to embodiments of the present invention
comprises a polyphase filter according to embodiments of the present invention

which allows to replace the



The 1Q generator according to embodiments of the present invention

allows a very easy doubling of possible Intermediate Frequencies for a
given polyphase filter consisting of N branch allpass filters of order x N
used therein, since signal symmetrigs are used in an efficient way.
Preferably, the 1Q-generator according to embodiments of the present
invention comprises a polyphase filter according to embodiments of the
pregent inventidog \iihiels all divsitoofeplace’ the ond eexxpansivesanalag filtes:s,
ingfreut Qlfet({},% l@é@ﬁ%@WﬁEﬁ%&%%’&ﬁﬁ%t&%ﬂ&ﬂlit_]%%’tss_ﬁ}cﬁxéh&@s%lﬁlpﬂﬁ%%tion

0.embodiments ?tbt e pEesen¥ invention allows a noise
BCISnNDoOUr channe

filter according t
sﬁz%?ﬁa ang 1r%iéPl%‘%)’lﬂ"igc_“annelgsuppressmn in ARE4EY Wal'sy' fifat theY °°
effetitie rdsetitiorn oPiHE Y DLEBAVETer Wil it dsethcrasedts of the

present invention which uses and modifies the structure of conventional
alipass ditersifiest,eedsaliiorealizenanabiphase filtar . Aeet xadNwilkbfe of
better urgl%enrﬁtosa Jgg‘)%%?resf Il%vglp[%idetglleg descru?tlon of Fée(ya% ]
eMBodIMaRts EESHHARER TS IRcior Wi the HeRBAiSanying T order X
dPAwiris, RihEfstar Fig destonds B dlbclidiagiinty Brtheeretipde dsettiiered of
beaeetpatipassHiders: ofsthecpalyphise filtepapcerdingJwoa firstapreferrading
embediment of the present invention; Figs, 2a and 2b show how the
design of the polyphase branch allpass filters of order N according to the
first preferred embodiment of the present invention was achieved; Fig. 3
shifvd polyphase brafel afpalsfiitireee sttt © d8ecBhidipleredréganch
embodiment of the prégpest fihlventioithdjg dpslhewd Inove ther diesign ofithe
polyphase fiIte.r accorggg@guggdtgglmp : p[,@fg{gqgfgmlfggmg%gf :Ee

sent inventjon was achieved: Fig. 5 shows a blo [ e
R P A i R AR

c?a[g{ﬂ 3{38?53 filters
Sy e’m environmen lagram a

digital 1Q-filter; Fig. 725R6%5¢ & Brsekdiigrash bfiastRyieabradinebid vaget of

the present invention was achieved;
Fig. 3 shows polyphase branch allpass filters accordingto a
second preferred embodiment of the present invention;
Fig. 4 shows how the design of the polyphase filter according to
the second preferred embodiment of the present invention

was achieved;

Fig. 5 shows a block diagram of the system environment of an
[GQ-filter;

Fig. 6 shows a block diagram of a digital IQ-filter;

Fig. 7 shows a block diagram of a digital IQ-filter in case of
quarter period sampling;

Fig. 8 shows a block diagram of the digital 1Q-filter according to a
preferred embodiment of the present invention; and

Fig. 9 shows an efficient realization of the IQ-filter shown in
Fig. 8.

In the following the first preferred embodiment of a polyphase filter according

to the present invention will be explained in connection with Figs. I and 2.

Fig. 2a shows a state of the art allpass filter of order 1 which comprises two
delay elements 101 and 102, one adder 103, one subtracter 104 and one multi-
pher 105, Both delay elements have a delay T and the multiplier has a multipli-
cation factor a. The structure of the state of the art allpass filter of order §



quarter period sampling; Fig. 8 shows a block diagram of the digital
IQ-filter according to a preferred embodiment of the present invention;
and Fig. 9 shows an efficient realization of the IQ-filter shown in Fig. 8. In
the following the first preferred embodiment of a polyphase filter according
to the present invention will be explained in connection with Figs. | and 2.
Fig. 2a shows a state of the art alipassilter of order 1 which comprises
two delay elements 101 and 102, one adder 103, one subtracter 104 and

sHRG NIt Plier 105,,Both,.delay ﬁl%@@@%gm\e?(z defay Ioam g muitler, .

has ?Orlnultlgll cation factora The structure of the state of the art allpass
hRer OF otdEr 1A TSREWN |F1°I’—t@ SHTEEGEH thdt ah TRpLY SGRal ey’ |§l%rda {orut
PP ple delay elemient ADisdndeisanindeat ftn@anbtiadier 20deThe3 that
prdelayeddngubsigna atit: puthy:thedelay(rjement 101psdnmutas afeStutput
s@umraaaﬂqstqe@@oagy%u@?ttﬁag)pgqgugﬁf» %‘Q\QH IPH3 10 QuItRLL §&Q9$hend

¢ of t ass filter c%utput sgnal u% is fed to an output d @/
OJ[éleme eI‘ﬂch Gutpitfs HEEEBEANBRT 15 thB s Bt atBF Tohe TR 8ets
mwiﬁéié?ﬁ?céﬂéaléﬁrat@aibylmétm;bfmé&rrqen Hergnitiaphed QitlenHethe result-
ingnulttplication fagtorea bys the-sadtipliemifbdand dhe sasult- i0g praductisds its
srstRRlied-asaecondsummang torthe addsr, 103 which adds its first and

second summands to produce its output Slgnal I:E uation (1) describes

the transfer function of a polyphase lowpass filter with N filter branches,
EquagighoWrdigseMivgtrdhe diginsisighalqsioeadsingoiyitiraed ogipemilter with
N fiterbankscnavelels” shyéh h FiagerioBMAt+47 19397 6roe Nstdip@)itidate

sy&tehig) Ak S MINZ 7 RE0- SE=RN §. %h%g%sx%%%%bié ingthe,PEs 43 32

735 Al or the publication "A new deS|gn met hod" for polyphase filters using

allpass sections” by W. DE?W? &2 zGIfil , IEEE
{1}

With T o= ejﬂ

S
e

As described in the DE 43 32 735 Al or the publication "A new design method
for polyphase filters using allpass sections” by W. Drews & L. Garrsi, IEEE
Transactions on Circuits and Systems, Vol. CAS33, No. 3, March 1986, the
branch filters can be chosen as state of the art allpass filters. The transfer
function of such an allpass filter of order 1 which is shown in Fig. 2a is given
in equation {(2).

Ulz) _o+z' _oz+tl
Hap, 18t order (Z}::’ITZZ] =1+az—1 = Z 4 O (2)

With equations (1) and (2} follows the transfer function of a branch allpass

filter of the polyphase filter with one coefficient as shown in equation (3):

Bzt +1
AR

H{z% = (33 °



Transactions on Circuits and Systems, Vol. CAS33, No. 3, March 1986,

the branch filters can be chosen as state of the art allpass filters. The
transfer function of such an allpass filter of order 1 which is shown in Fig.
2ais given in equation (2). H,sabQ (z) = U(zl=a+z- =az+1(2) T(2)

1 + aZ- z + a With equations (1) and (2) follows the transfer function of a
branch allpass filter of the polyphasré filter with one coefficient as shown

in equation (3): Hr(ZN)-RN+ R+rl (3) 1 5 Therefore, with equations (1)
Ard (B follews theuransier funetich ¢fithellpelyptiaseteongasstiiietias of the
ShoWHL N eqationdd): s 3% bk b2 olz ) (4) r=0 L +R: To realize a
polyphase lowpass filter with a transfer function as shown in equation (4)
according to the present inyer } Qemﬁ’bralnch allpass filters are

realized time-multiplexed Wlﬁ‘l pligg+ate of fg = fs / N with fs bem&f‘]

the sampling rate of the polyphase filter input signal t(k). Fig. 2b shows
Thersiiugtuge mgtm@,é\hymgeukﬁinlsxadtailaasﬁaﬁlé@é§ ehorden Nwih vy in
SRl P ola s[5 Mavniehis cnlv.aierent e SORSAIIEL MIetes are

er snown In %aaln tﬁ‘éﬁ' ﬁ’l %efa e&ements now nave 0

rﬁﬁ*é‘%%ﬂrfb‘ﬁ‘r‘?g‘?éiﬂé‘%eﬁféér%f&é’eﬁl E»s'iﬁ&élfffe%awanﬁg Tate dé\élﬂﬁ‘éhofrﬁ Hyeieg the
sattthengutpatdfttherpblyphasdifiteripshifted 40 e input of the branch
filter. The transfer function of each of the N time-multiplexed aIIpass filters

T L ST ek s anaie AR SR @ ereer
Z"”ﬂéﬁwsa&’mhﬂgzﬁtsatyf fs= fs / N which is only different to the aiipass filter

first order shown in Fig. 2a in that the delay elements now have order N and
the sampling rate is decreased, since the sampling rate decimation by N at the

output of the polyphase filter is shifted to the input of the branch filter.

The transfer function of each of the N time-multiplexed allpass filters is calcu-
lated as follows:

t ' f
With f, =‘J1‘E? and Q= 2n-, follows equation (5):

NS
I

Q'=2r = NQ. A ()

With » - oo and equation (5} follows equation {6}:
z' = efl'= et = gN (6

With equation (6) follows for the transfer function (7) of the N time-multiplexed
allpass filters N order in consideration of the delay caused by the time-multi-
plex:

Ul _ o2l + 1
Tz¥ ~ 7 M+

Hap‘. 150 order (ZN] = (7)

withr=0, 1, .N- L

In the preferred embodiment, aditionally the coefficlent o of the N time-multi-

plex'allpass filters is replaced by N time-multiplexed coefficients «g, ..oy - 1 as



With equation (6) follows for the transfer function (7) of the N

time-multiplexed allpass filters Nth order in consideration of the delay

caused by the time-multi- plex: Hap. tot order (ZM ) = U(zN) _.raZN +1
T(ZN) - Z ZN + a (7) with r=0, 1, ..N - 1. In the preferred embodiment,
aditionally the coefficient a of the N time-multi- plex ailpass filters is

replaced by N time-multiplexed coefficients ao, ..aN - i as 6 - shown in
equation (8): a(k) = ajk moa m (8) The N time-multiplexed allpass filters of
drden Novthe thiesdfipling rate fa = fs * N included in the polyphase filter
according to the first preferred em- bodiment of the present invention have
now the following transfer functi9&§=a§;k§hown in equation (9): Hap,% 1'[8)
order(ZI=T(~)=Z 17N + ar (9) withr 2. 1, ..N - 1. The block diagram

of this polyphase branch filter realization according to the first preferred
@mbddimentofithie presertlipyentiotels showmda-ity. Wishichcbasioaliyng rate
Ahows tflmf %@mﬁid %Hufq;fgu_ffe ap%ﬁr;géd%ta, @b@&atm%@ayam%efongw ¢e-RHAES N em-
time-multi ed coefficients scribed ahove. Therefore, t .
e R S R U e
SROERthsCoHpFRdS A first delay element | with a delay N that re- ceives

the input signal t(k); a first adder 3 that receives the+output signal of said

first delay element 1 atfirst srpltTor e first :_ nd; a second delay

element 2 with a delay N that receives the sum produced by said first

adder 3; a first subtracter 4 that receives the input signal t(k) at a first
"fﬁ*ﬁhfﬁ)rothb miruénd and the output signal of the second delay element 2

at a second input for the subtrahend; and a first multiplier 5 that receives
he ealewlated differrance pfithmfisstisublractard. rauttipliesdityesnactiyely the
iih 2 predetermined muliplication. coefficient (k). and outpus e, ) whien
calctlated proﬁuc 0 a séecon mﬁu% of the first adder 3 that receives the
WWSWM&F@WiW?ﬁ%R as Fig. 2b, but the muliiplier now com-

prises N time-multiplexed coefficients as described above.

Therefore, the polyphase filter according to the first preferred embodiment of
the present invention comprises: a first delay element 1 with a delay N that re-
ceives the input signal t(k); a first adder 3 that receives the cutput signal of
said first delay element 1 at a first input for the first summand; a secand delay
element 2 with a delay N that receives the sum produced by said first adder 3;
a first subtracter 4 that receives the input signal t(k) at a {irst input for the
minuend and the output signal of the second delay element 2 at a second input
for the subtrahend; and a first multiplier 5 that receives the calculated differ-
ence of the first subtracter 4, multiplies it respectively with a predetermined
multiplication coefficient o{k) and ocutputs the calculated product to a second
input of the first adder 3 that receives the second summand, wherein in the

sumn produced by said first adder 3 builds the output signal u(k) of the filter.

The allpass branch filters of the polyphase filters can of course be of higher
arder than of order 1. The following second preferred embodiment according to
the present invention described in connection with Figs. 3 and 4 shows how to
create a polyphase lowpass filter with branch filters second order from a state

of the art allpass filter second order,



sum produced by said first adder 3 builds the output signal u(k) of the

filter. The allpass branch filters of the polyphase filters can of course be of
higher order than of order 1. The following second preferred embodiment
according to the present invention described in connection with Figs. 3

and 4 shows how to create a polyphase lowpass filter with branch filters
second order from a state of the art ‘allpass filter second order. 7 Such

state of the art allpass filter second order is shown in Fig. 4. The differ-
epeeltothe sthtbotthe Wpraligassriterfistoorderishown inifrigi2atisthatdifrer-
tl’&eceut:pfllies'lﬁaael bl(fkiluli,s mtmga%@mlg&ﬂsfage&i@ﬂ%ﬁmg(iﬁfﬁg329% @nat the
S ilter st s.to generate this sjgnal.. Therefore, the output
s%%pgﬁj(kl)é%%gﬁirﬁﬁﬁ astng %’uurﬁ? s S.ﬂgf%%fg%ﬂtﬁé?ta %%?rlb%athgf‘t a second
receivas e BLEST Kot TR BHtHE Sutifintde By atéorentrousa ¢ fivemal ulk) is
séfmard. The secoriisamhanthroisaid furthesaddert06.isganemigst sig-
byamedtiplying she differense af the sum .sigaakprpduced By the adder 103,... 4

fAelay t signal u(k mul- tiplication factor. X with a
%g?rgmuItipli%%%%?#ﬁ%%?négn&géggﬁj urfnf?tg %—i% }ﬁ?k%lf%eé% i &letpe sum
BYSR SEREHU 6T HR drim&® A7 Hrne Harrder fteisis wisadh Bn a mul-
diplsstiiltefasseondortier ioshowmineplies ti0A. (Th): gmcHafn2d ergiut sig-
@=uTKR)s) @rerdied - 4 bdchntheneforeawith the transfey function of a
polyphase lowpass filter described in equation (1), the transfer function

for the polyphase allpass branch filters with 2 coefficients follows as

AW IRLGLSRA e M G rN- A S e, Blter peoyng arder 39 sTwith equa-
étpmafibtis (1) and (12) follows for the transfer function of the polyphase

lowpass filter the following equation (13): ""If3N+ 1 S,z" +1i lliP(z)
Ulz) oz+1 yz+1
Tw z+0 Z+Y S 1

Hap, 20d grder (Z] =

Therefore, with the transfer function of a polyphase lowpass filter described in
equation (1}, the transfer function for the polyphase allpass branch filters with

2 coefficients follows as shown in equation (12):

Bz¥+1 82441
2N+ N+,

H(z%)= (12)

With equations (1) and (12) follows for the transfer function of the polyphase
lowpass filter the following equation (13):

Bl B2+1 SN+l
H, (ZM =% z* .
? gg) M+ B 2N+ 8§, ' (13)

For the polyphase lowpass filter with branch allpass filters of order 2 - N ac-
cording to the present invention follows that all delay elements of order 1
shown in Fig. 4 have to be replaced with delay elements of order N and the
sampling rate of each branch input signal is changed to f§= fs / N with fs be-
ing the sampling rate of the input signal (k).

According to the second preferred embodiment of the present Invention the po-
lyphase filter with branch filters of order 2 - N aditionally respectively com-

prises N time-multiplex coefficients or and ¥, with r = 0, 1, ..N - 1 instead of



N-r=o0z z"+13, z"+S, (13) For the polyphase lowpass filter with branch

allpass filters of order 2 . N ac- cording to the present invention follows

that all delay elements of order 1 shown in Fig. 4 have to be replaced with
delay elements of order N and the sampling rate of each branch input

signal is changed to fs=fs / N with fs be- ing the sampling rate of the input
signal t(k). According to the second®preferred embodiment of the present
Invention the po- lyphase filter with branch filters of order 2 N aditionally
ttespectivabheomaprisesiN time:mytiglextooefiice nts=qr anpiée with €= cord-
ihg & erk I0SI6RE Ofn8athe FOSTiiENtS &-ARd ShEUN IR Eighh THEREI08C, o m -
the JDOQ/ _pasel[llt%r a(ﬁcord- ing totthehs%cond Igimbp_dzlimse% ggtgg present . .
RRvention axghowh fh FigT8 Eom - pracd Aditionally to aff components o ™
SHERNHTE Pigte tassgeontf d0derceahat felayenes thie dutpit SiidParthéor the
feeconchdelaydelement 2at-a fishiaputforthe afidelguMniaad recthires dglaysum

flement with;a delay Nihatreceives the sum:Rdueed.hy saidisecend sum

adder 6; a second subtracter 8 that recejves the sum produced b id
R AP S0 8 Tt RACER e Dol Al e A bR output
siird defla) eldmsdrtcreat desertind Mpueforiit sabiapeRds sHE%%28888ndnd 2

sandtigliern Qithatreceives theicalculatech differerdce: 6f thecsecdmdesubeond sub-
Al §,’ Hwﬁl{iﬂﬁ% '¥tr?§$&qw}§v¥ﬂ@1a€pEQQ@EME%WH@J&%Q%n coeffi-

coeffi- cient x(k) and outputs the calculated product to a secon i Lhtof
i €
WEs I:%n%“‘*a& P8t ihAt TeaveY" %pgg?gﬁ% RihATaRd Whersin the sarm ™

AeRiuB i Hyrsard setohdeadadrss Buds th& beipiat Gigrist TRy of waed by said
shranehditenss s Theltranstes dunctien oftha) dimeerbultiplex@dealipass filters

2Nth order in- cluded in the polyphase filter according to the second

referred embodiment are given in the followin uation (15): "+i N+

The éﬁﬁ’bﬁf&érf&)"?%zﬂ\ﬁ-%r&ﬁ‘ﬁ%{ﬁ‘%}‘%ﬁﬁeé@ﬂﬁ?ﬁ-fﬁﬁﬁgeﬂ“% order In-
chadfiicientd ofihly Phamelientiptesading passhiters 2Nt srtieT ¢hrf e odiment
aaehiened byt icompatngaequations((E3) and (15). The coefficients ar and Xr

of the N time-multiplexed allpass filters are the sar?e as the coefficients

T B ks
(3r and Sr | =7 Z;'Z+a, ey (15)

Hap;, 2~ order (@

withr=0, 1, .N- 1.

The coefficients of the N time-multiplexed allpass filters 2N order can be
achieved by comparing equations (13} and {15). The coefficients or and ¥, of
the N time-multiplexed allpass filters are the same as the coefficients By and 3y

of the polyphase lowpass filter, as it is shown in equation (16):

o, =f; forr=0,1,.. N-1
% = 8, forr=0,1,.. N-1 {16)

It can be seen from both preferred embodiments according to the present
invention described above that the present invention allows a very easy design
of polyphase filters of order x - N consisting of N allpass filters of order x - N
and having a desireable factor N. According to the present invention within the
structure of an allpass filter of order x all delay elements with a delay 1 are re-
placed by delay elements with a delay N and so the input sampling rate of the
branch filters is decreased to a sampling rate fs = fs / N with fs being the
sampling rate of the input signal t(k) of the polyphase filter.



of the polyphase lowpass filter, as it is shown in equation (16): or =(3r

forr=0, 1,...,N- 1 xrSr forr=0, 1,...,N-1 (16) It can be seen from both

preferred embodiments according to the present invention described

above that the present invention allows a very easy design of polyphase

filters of order x - N consisting of N allpass filters of order x N and having

a desireable factor N. According to tHe present invention within the
~ structure of an allpass filter of order x all delay elements with a delay 1 are
Prefplaiced by delay elementsanitied dalkdnriN thirdg tve ifiput sdnpling x com-

piate ofthe,brangh fitstuisdecersed 1o @ sampling 1818 fsz 184 Niwith dsede-

tbeirulglt e %{amplig r?ﬁ Qfathe input signal t(k) of the polyphase filter. - 9
Bréterably every uftiplier Achfddt within the allpass filter of order x com-
prises N time-multiplexed multiplication coefficients that are used in a

fprader terminadigrdesrenrg. afkyada i modiN) & idheqpreferablyceviryornte so

t0f said.muigpliets:has grantized: caeffigients.sos dhatdt gansbe fealized ha at
at least on%&il;ttregister, at least one adder and at least one subtracter.

R 00§ e 3T &5 cording to the present invention is described in

connection with Figs. 5 to 9. Fig. 5 shows on the left hand side an analog
Abahgpass: sigonaks () withy acehteprireguency foiwhich dssaihplethbyoanection
wA¥PEgavertergvith a sampling rate is. The sampled bandpass signal s(k)

is passed to a digital IQ-filter according to the present invention that

mixes the sampled bandpass signal s(k) to a com- plex baseband signal,

FigrforhesssemnBinéefatnad gifatioh Withod BaEmaansr fador bf Kithng genter
frajsersiiapinghadtichs depestds oy the numberof branehtfiltersatbbitheate fs.
TReRhask diler, Ihe.ouipuitsignal of theQrfiltex ig:fhe.camplex:basesding to
pand s na|'W‘$|%<=_WI(|g+ lwxf%g%?swtg% a Sanllpﬂngargée OJSTS T fsélf\lé(ﬁjgfoea com-
tl%ﬁé?ﬁgst%'étﬁ HIYraR o ine digital TOMIter according to-the present
PhevehtiorPed itiimle AN Db R PP EBAIISHN § G NAAE- il Sledesdmantion
fpass bitersaaconding: teHhe preserbinkertidn. ckhehincomihgrsdmpledh filters
Noand: asE signal fik).0eis.ultRlied with & sianahA(ld:by-ammestinliek Zhse-

for '
bggé) seignai wi{l) = wi(l) + jwg() with a sampling rate of fs = fs/N.

Fig. 6 shows the block diagram of the digital IQ-filter according to the present
invention that includes a filter block 22 consisting of N time-multiplexed all-
pass filters according to the present invention. The incoming sampled band-
pass signal s{k) gets multiplied with a signal A(k) by an multiplier 21 before
the resulting signal t(k) is input to the N time multiplexed allpass {ilters 22 ac-
cording to the present invention which outputs an output signal ufk). To gen-
erate the inphase component wi{l) of the complex baseband signal w{l} the out-
put signal u{k) of the polyphase filter according to the present invention is
subjected to a multiplication with the function B(k) - cos(2nfo/fs . k) in a
mﬁltiplier 23 before it is supplied as a first summand to an adder 24 which re-
* ceives its own output signal delayed by a delay element 26 with a delay T via a
switch S1{k)25 as second summand. The output signal of the adder 24 gets
decimated by N in a sampling rate decimation unit 27 which outputs the in-
phase component wi{l) of the complex baseband signal w(l). To generate the
quadrature-component wg(l) of the complex baseband signal w(l} the output
signal ufk) of the polyphase filter according to the present invention is sub-

jected to a multiplication with the funktion Bk} - sin (2 nfg/fs - k) in a multi-



the resulting signal t(k) is input to the N time multiplexed allpass filters 22

ac- cording to the present invention which outputs an output signal u(k).

To gen- erate the inphase component will) of the complex baseband

signal w(l) the out- put signal u(k) of the polyphase filter according to the
present invention is subjected to a multiplication with the function B(k)
cos(27tfo/fs . k) in a multiplier 23 béfore it is supplied as a first summand

to an adder 24 which re- ceives its own output signal delayed by a delay
mlement2évdth & delgyitaia a switch.aik)dbias secandesurpiands Theeives
1QHIRUE $ignal of; %zaggﬁi}e%%%e&sd‘@'ﬁ?@@ﬁg&ys'\ﬂ %&%H&@Q{g%@a a switch

e

decimation unit 27 which outputs the in- phase component wl the .
ERpIEK BASHERT EEQH%%EB. T Gettiaté fengusbrdiuriésmpsngre dect-
gy afsthe tom plexihasetrandisignal tiv() thetodthutisigralte@dsofttheyuadra-
tpelyphase fiterageording de sheppre sentinventionmis ski;. jected to a

multiplication with the funktion B(k) sin (2 nfo/fs . k) in a multi - 10 plier 28

before it is supplied as a first summand to an adder 29 which receives its
T&Wwﬁaﬁig}% aIdhed R aderar Bt It aLiEy P FRRad signal
ag\witthe S@iloh30gs)seéednd SumavarnidaThe cwporsigrab bt ivecadueie29base-
bgels desiamated.hyiNdna samplingkate.decimation unit 32 which outputs

the quadra- ture component wg(1) of the complex baseband signal w(1).

The switch sl(k)25 for the inphase compaonent of the complex baseband

signal and the SWitﬂkZQQ;gi?Q {/r%t%rq&ar&f’gtﬂlré 8omponent of the

complex base- band’signaFare witched in the following way: 0 kmodN=F)

S,(k) = SQ(K) _ for (17) 1 else The'centeFffequency fo of the

). f&-ggg%eg%&@g% RO S e B S SRR e by e

=fs(n o=fs(N +m) (19) wit cintation factor n: in
it $angEet - N N
fngs(ﬂwiﬁ—g—‘—@Jrsn) (18)
fo=£u(B 4 m) (19)
with N: decimation factor
In: integer in the range of [-g s %I]

m: integer

Afk) and B(k)} must be chosen dependent on the center frequency of the A/D-
converter input signal. In case of a center frequency fo calculated with equa-

tion (18) A(k]} and B(k]} are given by equation (20}

.3
A = B9 = (1™ ) (20)

In case of a center frequency fg calculated with equation {19) Ak} is given by

eguation (21):

Alk) =Bk =1 (21}



2' 2 m:integer A(k) and B(k) must be chosen dependent on the center
frequency of the A/D- converter input signal. In case of a center frequency
fo calculated with equa- tion (18) A(k) and B(k) are given by equation (20):
~ N~ (20) A(k) =B(Kk) = (-1) fir \ In case of a center frequency fo
calculated with equation (19) A(k) is given by equation (21): A(k) = B(k) =
1 (21) - 11 In the special case of tHe-following equation (22): .fo=fs\4 +m)
(22) with m: integer, which is also called quarter period sampling, the
16aniek paulatipicatonnat the euipuieidbe-medified allpass filter is not
necessary. In this case, the block diagram shown in Fig. 6 can be
reduced to the block dlagram Shm P 7. Here, the output signal u(g?
of the N time multiplexed allpass fift 2/accord- ing to the present
invention is fed directly as a first summand to an adder 33 which outputs

whe 1Q-mitkiplexedicamplexdbaseband signapwl) = withhhijwoe Iheier mul-
tgqua&ééﬁ recaives s 4 drmpultiplexed somplex Qﬁgbgngo%'g,%@wseslgyeﬁn this

¥ two elay elements 35, 36 each having a delay T via a switch

BRSNS IR E R TS ERitln™3% i€ §w’ic‘ﬁ%ﬂe%‘iﬁ%df6ﬂo‘iﬁﬁ181ﬁfd§/ dpgram

skatoN=0ig-S7= for (23) 1 else The output signal of the adder 33 gets
decimated by N/2 in a sampling rate decimation unit 37 which outputs the

Hiidtiplexed: comalex, bagshand signgh iy ‘?B?JPLH QQstﬁﬂé%%e&cord-

sideband for the 1Q-generation, the factor A(k) is calculated by equation

irtng)ooﬁhgq%rﬁgﬂt(%xje% %‘1 as( %fla n@\;ébyzas @ rst summand to an adder 33

which outputs the I1Q-multiplexed complex baseband signal w{l) = will} + jwg(1).
The adder 33 receives the I@-multiplexed complex baseband signal delayed by
two delay elements 35, 36 each having a delay T via a switch 57 34 as second

summand. The switch 34 is switched in the following way:

0 kmodN=90,1
S7 :{ fﬂr {23)

1 else

The output signal of the adder 33 gets decimated by N/2 in a sampling rate
decimation unit 37 which outputs the multiplexed complex baseband signal

wi(l}.

Depending on the required sideband for the 1Q-generation, the factor A(k) is
calculated by equation (24) or equation (25):

At = ™) (24)
g = (1™t %)

As mentioned above, the output signal of the IQ-filter described in Fig. 7 is the

time-multiplexed complex baseband signal with a sampling rate of fs' = f5/N.

Figs. 8 and 8 show an example of an IQ-filter according to the present inven-
tion comprising a polyphase filter with branch filters of order ZN according to
the present invention. Fig. 8 shows that the polyphase filter of order 2N as

shown in Fig. 3 is used as polyphase filter 22 according to the present inven-



A(k) = (1)mar(z) (25) As mentioned above, the output signal of the
Ig-filter described in Fig. 7 is the time-multiplexed complex baseband
signal with a sampling rate of fs' = fs/N. Figs. 8 and 9 show an example of
an 19-filter according to the present inven- tion comprising a polyphase
filter with branch filters of order 2N according to the present invention.
Fig. 8 shows that the polyphase fittet f order 2N as shown in Fig. 3 is
used as polyphase filter 22 according to the present inven - 12 tion as itis

shown ip, F'9 7w!1”1§'9~1%8h%'59nqya tey period gaez‘PB” i used m ha‘ they o6
carrler mu tlp cation at the output Oft e O ase fI ter accor Lh
thrd &t SAVERTI G HLRISH A T Eid ceoie Mot ﬁ&f @zsﬁjpl}flfﬁef%‘r%ﬁﬁwfdmg to

toxamplenthndeciivaticnsfactor iN iSighbsendd Nce8sdfiie coeffi- cients of
the IQ-filter are designed for a DAB -signal with a bandwidth of 1.536

I I-Lz The sa Ilrk%fr ue hos nto 12.288 MHz ﬁl}the )
ﬁequenﬁ(lﬁlo teﬁp %glgré; i$' chosen'to fo = C72()SI\ﬁrI3|z With ?f € coeff

Semiesediatish (oY igvalle sigrgdcfease %%a}%waré%ﬁ&eamndmdth of
lcBefficients (k) saundh %K) far e guiantize dhimsanway ith&itth eyl tan i@ the center
ff@@ﬁéﬁgybyfsﬂﬂét [egistatsnenesadder.and gye-sghiracier - The folawdagvalues
o e ls hnwg the oefficients of the branch allpass filters: r ar -Xr 5
8‘&31!%% 57 0138671875 2 + 2' - 2- 4 0.40625 2 2-+ 2- 0.179 8875 2 +

2-- 2-30.5546875 2 - 2- +2- 0.171875 2 +2- - 2- 2 0.6875 2' - 2- +2-

'I@ Y3675 12 h2rd Ratk GiB2 260t < 2eH#i2<0i0898%N 878 2k 2r2q @R B837b in a

@h%@ﬁile%5 gnTQPIFeéthB%E}agﬁma{ 8ize camhurthesbedegreasastracter.

“shenine Niine mukplescd . pos ersand s e e o
Secon time mu iplex SO atthe branc paSS fr|aerSO r er are

realized by a time multlplexed allpass fil- ter of order N. Fig. 9 shows a

block diagram of thexdQ-filter realized in a time- multislex and

inli b3 ici thatZar éﬁ.?ﬁnnd%dﬁ 2 -29
406 -2 179687 L R
3 0.5546875 | 21-27+24¢ 0. 1718’75 234 2%4.0F
2 0.6875 212747327 | 70.13671875 | 23+2F-28
1 0.8125 1-22%2+27% 0.08084375 | 2%+ 25-28

0 0.9375 1-24% 0.03125 25

Table 1:

The hardware size can further be decreased when the N time multiplexed all-
pass filters and order are realized by a second time multiplex so that the
branch allpass filters of order 2N are realized by a time multiplexed allpass fil-
ter of order N. Fig. 9 shows a block diagram of the IQ-filter realized in a time-
multiplex and multiplication coefficients that are realized by shift and add op-

eration:

The "multiplier” which is realizing the f{irst multiplier 5 as well as the second
multiplier 9 comprises a first shift register 10 having a shift value of 22 that is
receiving the multiplicand and an input selector switch 52 receiving the output
value of said first shift register 1G at a first fixed input terminal and the multi-
plicand at a second fixed input terminal, a second shift register 11, a third shift
register 12 and a fourth shift register 13 each having its input connected to the
moveable output terminal of said input selector switch 82, a third subtracter 14
receiving the output value of said second shift register 11 at a first input receiv-

ing the minuend, a first output selector switch S3 having its moveable input ter-



eration: The "multiplier" which is realizing the first multiplier 5 as well as
the second multiplier 9 comprises a first shift register 10 having a shift
value of 2-2 that is receiving the multiplicand and an input selector switch
S2 receiving the output value of said first shift register 10 at a first fixed
input terminal and the multi- pllcand at a second fixed input terminal, a
second shift register 11, a third shift F’eglster 12 and a fourth shift register

13 each having its input connected to the moveable output terminal of
BHiglispoPeelettr SWitthts2t afthird shbtathélt raskesivihgithdioutped out-
naluerofisaidrsecondeshiftiregistes il ai-adirsh pput tieesivaling thinected to a

S@HQH@QQ;)@J"ES{{ QutRui selagtor.swdich 33.baviny %'E%@QXS&Q%H]PUU%M ad-
?”}Q&&Q{‘”e ed to the ou BUt éfsal thlrds ift reglster 12, its first
fixed oUt- PUt terminal FRs free artd 118 SelBhd X3 3t utteriRafiEst nput

TeBHBEied T8 iseeBreRmp i ef ﬂvérmngma%t@ttmlﬁéc@wiﬁ@lmend a sec-
osybtratyend; Gethird adt deisibhrecelying the-eutpuivalue afhsaid thirghected to

taebiragter k4 akadirsting dgis{énrcﬁﬁ’ ing e st ewnmand.and QuiRUIING. . and
‘tg]e multlfplfed Enultltpllca ond outdp éselector switch S4 having its
moveable |nput t)errﬁlna %ré?llﬁlgctésd f8nﬂtee output b Sat our’tftuFeﬁfstté‘re third

agdend fikenkaasotitpsetentimammadree and its second fixed output
terminal is connected to a second input of the third adder 15 receiving the

F%@g@aqéuwrgangvfutwam@ﬁ%@gm@vc%ﬁ@%%tﬁlﬂyg 1. 4RE JRGOMING, 511,
alé(k?) fas it |§e%§:110wn in Fﬁ? 6 IS fed dlrect%géo a first fixed input
' & Wit 48 TR AT iRFUE e nRATS St thigh 2 ©

ter riinal (which'iS mgrk
agffchess %mem@rﬁgm@é)qfftaﬂ fpth sedtpnswitéls 0w ofaa input
sehuitiplieatormsitiphing vithirdi to acsesond: fixegtidgrminal ofithis dapeihd fixed

téetﬁﬁt@rosvvﬂ@ %tTﬁ%@eavg@t%c%@mﬁtQ&m@ IDRUESG:: 1860 ﬁW ﬁbp%Qse-

1“ 0|ch IS nLCtilggte an arrow %?lntln to the first fixed termi-_nal of

INPUt SEISCOT SWEHE & dBRHNESHH e TSR ke ttifdl st ilxﬁ%tterm‘“
“Péétfbﬁm( iSElsERtievitcly S1ciT e papvadid dwtphietepsrndl Brehetfirstifeddsf a
fibacle stleetosswiteh Siiwhich isrndicatadibybapan ewrpeiating tedhe dirsted-

nlixed. ierminalat said W§tct??gﬂﬂ%%a%@!# f&é@%%tﬁ&@@@%%df&t%ed

cdirst qla¥ eI ent with a delay time 6 T, that'ad |t|ona%/
COMprisEs A cﬁtena ‘fﬁpiﬁl?&:él\?“ﬁ%é?’ Fatéhcgfg‘h%{ttﬁ‘éﬁf%ﬁgs delay

elﬁmﬁ%fsé dftﬂlgeatlﬁfgay time 6T, i. e. 2 - 3 - T, that additionally comprises a
latch enable input receiving the latch signal LEO for the purpose of the time

multiplex. The output of the first delay element 1 is fed via the second fixed
terminal and the movable terminal of a second feedback selector switch S5 to
the first input of the first adder 3. For the purpose of the time multiplex the
first adder 3 is in this case an adder-subtracter and therewith the first input
receives either the first summand or the minuent according to the respective
function of the adder-subtracter 3. The output of the adder-subtracter 3 is fed
to a first part 2a of the second delay element that has a delay T which provides
the output signal u(k) of the polyphase filter 22 according to the present inven-
tion at its output. This output signal is fed to the first fixed input terminal of
the first input selector switch S1 and also to a second part 2b of the second
delay element having a delay 117T. The output of this delay element 2b is sup-
plied to the first fixed terminal of the second feedback selector switch S5 and
as subtrahent to the first subtracter 4 which receives the output signal of the
first feedback selector switch S1 as minuent. The difference calculated by the
first subtracter 4 gets multiplied with a respective coefficient a{k) or y(k) as de-
scribed above before it is supplied as second summand or as subtrahent to the

adder-subtracter 3.



multiplex. The output of the first delay element | is fed via the second fixed

terminal and the movable terminal of a second feedback selector switch

S5 to the first input of the first adder 3. For the purpose of the time

multiplex the first adder 3 is in this case an adder-subtracter and

therewith the first input receives either the first summand or the minuent

according to the respective functior 6f the adder-subtracter 3. The output

of the adder-subtracter 3 is fed to a first part 2a of the second delay

dlementtthat hadavdelayeTeffich [Bevidesréhdoutput stgnah utk)ogthe has its

@alrmhagerﬁbit@rdfaéaq%ﬁafﬁi}m&m_rtmg _NFQS@TAHB_V@EIE t]jp%@,;;fs%%%% Ilhiﬁ order
put signal is fed to.the first fixed input terminal gf the first input selector

L SO RS, Bt Sl S SR o e

REORTG S B&tay 2 D PrHec RTth GV BiEthis deldy Elehent 2b & siip- Presignal Atk)

thepfirst dixeia: teroninal ot itk secopid fe@tibadkseldotos tswitchiShand- faser are

subisahent w;tbe fisst publracter 4, which.igceives the. Q%t;ugvség}nek L8, gir.

first feedback selector swifch ?; mjnuent. The difference calculated
the I}l%rsftﬂ s%@t?a&%? ﬁsgcéetllt}ﬁﬁui pﬂ%%rw%&e a%%g%seggv%go%%%céﬁ a z)to?%bled

XiPaldélsGbetPabdve Befdid A3 dppIlkiassseBona stinsadna pieas! LEO
gihtiahentto theigidderd shiotrddfer 3luet o fASmentionedisitoves e SH1, and
sfiigntiQ:iiter.sealization sheVRIn g (9.has iiS SArBRING MAE marked by de.
gegimation factor of N = 6 and.the N allpass filters 2Nth order are realized
tim -Lrhusiiﬁ)r]gxse‘a’. t%ﬁ‘éraerofleﬂ,todneeucl%)\Climfi‘orlg)?“ Sﬁ%ﬁﬁ E}érrﬁg?e has to be

processed in 12 output clock cycles, i. e. fe = 2fs =2 6 - fs'. The signal

A(K) _is periodic in 2 output clock samples. Therefore, the states of the
|Q-[§F§Fﬁ’r_ r§0|m:$]' ¢$12 ﬁlﬁ %‘Lﬁfﬁrwﬁiﬁ §HQ§#&“ W«Lﬁl%pﬂﬁ d¥scribes for
everypof %écf‘lg.i -Jetghightetingt-statesofit & ot eF L es of the
switcRes thatialiabied iwith[ SO 0Si, &2, 83, 34, 55, and|Stin the figures,
thelaﬁrh(la 8 égci@ al E(1 rgchi?h ctive Ri 1the siift values of
the-shift-regist 63%' @ Sll. Ip "‘{Pf %&:I‘B.%t"t.gs h%t fé nebfeldvant and
theffetore ot care are|marked by dc. ©utpet signals wthat are not
de 'n%d *é\éic% FJ]:P? %h S%"tg c§<‘1§"%3 S l?S',iSt‘ Sm)% SHIISH2
o N 0 He ( ‘Nin 3.0

-NOTo o T i i o123 7decy 1 (+] 1)

[T T deJO(O[IiTiOo[0 1 5 [ 27067¢< nd

12 T[T [T [Lj0JIIIT 0] 2 jde [ 1TT+]7QM

13 de 1O7010701010) 3 |de{de| O |- nd

AT 7o0 1 T{IJ1I]I0 i 00271 1+ nd

i5 Tdc |[OO0[1[1J0t01 21 41 1 7 67° nd

16 OJO[ 11 ([1{1{Ti0i 1 270771 +[ nd

17 | de O[O IVTITO (o6 T "4 2 T 01~ nd

BIOTII[IJIfI I (I I 87971 [« nd

19 VdcJOlO[I[1]0j0] T [ 210 {07°< nd

20 (L1 i7ITT 11 i3 T [+ nd

291 de [OTOTI[I]O0T 07T T 1 37 0T 07T-1 nd

22 (TTOoO 11101l 2 g fdc T 1T i+ i+1)

23 [ de {OTO111i0l0] T [ 52 0 =< nd

Table 2:

Depending on the sideband that is required for the IQ-generation, the switch
S0 is switched according to the left or right states that are described in the

column of S0 inn Table 2.

Preferably the filter can be used in a combined DAB/FM/AM-receiver and in

case of DAB-reception, the input signal with a center frequency of



2011111100021+nd 3dc0011002410-nd 41-T-11111

101201+ndnd 5dc001100142HE610111111152n7d

000110012-nd 8001121212;211il+nd 9do00110013-

nd 100111101123+11) 11do00110015-nd11110110

2+9(l) 13do000,0003dodo %1 nd 14101111100021+nd

15dc0011002410nd 1606) 111101201+nd 17dc0011

001420-nd 1880-T-11111111521+nd 179-dc00110012

B0-ha720M 7ig 2mpledith £ 3anHing @é0d 517016 2B G Ant s8se of

NG dede i, 1t 231l +sighal IwdB do €:0ter] f0eQuieBF OF rid ~TabIERMHz is

Q%P;%@Q'@Qtﬁ%@%é{ﬂﬁ%ammﬁf s reqyired ﬁ@ﬁ&hgd@xge@ﬁr@u@@ dh&M-recep-
SO IS swr[ch aﬁcordlngetof}gedeg or r tst Hl If are led with

escr én%uthmg&?lumn of SBin Table's" S?e%era Iy fhe filter can be
vsed M8 EsHbIfet TABMEMMNEreceiver and in case of DAB-reception,
the input signal with a center frequency of - 15 fo = 3.072 MHz is sampled

sz 'H?g"i‘éﬁwlfﬁg:fa&%&frtﬁn'glt% 288 MHz .k case oficaMrsecaptiaathghase re-
ggtsglgna \éVIE:)hag's%enF:?ragqulilenc¥ggggess%9n7§mel_1]%rlc)sred frequencies, since
frequency modulated signals are sensitive against group delay distorsions

which are caused by filters with non-linear phase in the passband.

As can be seen, the realization of the IQ filter according to the present inven-
tion is highly efficient, since only five adders and no multipliers are required.
Therefore, the digital generation of a complex baseband signal in combination
with noise shaping and neighbour channel suppression with a polyphase filter

according to the present invention has low realization costs.



sampled with a sampling rate of fs = 6.144 MHz and in the case of
AM-recep- tion, the input signal with a center frequency of fo = 455 KHz is
sampled with a sampling rate of fs = 2.048 MHz. A digital 1Q-filter
according to the present invention has a linear phase re- sponse in the
passband and high suppression of mirrored frequencies, since frequency
modulated signals are sensitive againkt group delay distorsions which are
ailljnssed by filters with non-linear phase in the passband. As can be seen,
e realization of the IQ filter according to the present inven- tion is highly
lefficidf;esimcetonhfivetatders dhal Ao Wempiessmpicdebpiifedss Tiaapbfike, gcts

i@ dligial,0enetalion Rf-a somplex hﬁ%ﬁ@%é@&@éﬁ_@eﬁ@@iﬂ:ﬁﬁﬂﬁ@a_é@{iﬁk) fo a
noise shaping and,ne%hbour channel suppression with a.g yphase filter

PabebRdiY 6 tHe iasshiN VTGRS YO Y8hZ o ¢ d8ts. 16 Claims 1.

|Q-getheratqiicharacie rizepbindhat anaibod pagssaimpledt:bandsssl dignadignal
). gets multiplied b ignal A(k)=(-1) floar (") before being sypplied a

P A e R AP A STtk B R g b o

sighairdgk xsN(2arfd’ feé )owtpat-sigrathef theopplyphase brancheilpassditeds signal
ts multiplied byia gignal B(k).cos (2nfo/fs.k) to calculate the

“%%oiﬁ@or%&?t g he complex baseband signal and by a signal
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3. IQ-generator according to claim 2, wherein said polyphase filter is characterized in that

said at least one multiplier respectively comprises N time-multiplexed multiplication

coefficients (Qg,..., Gt Yo» -»-» Yn-1) that are used in a predetermined order (0(k)= Otk moa Ny
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4, [Q-generator according to claim 2 or 3, wherein said polyphase filter characterized by:

- a first delay element with a delay N that receives the input signal (t(k));

- a first adder that receives the output signal of said first delay element at a first input
for the first summand;

- a second delay element with a delay N that receives the sum produced by said first
adder;

- a first subtracter that receives the input signal (¢(k)) at a first input
for the minuend and the output signal of the second delay element at a second input for the
subtrahend; and | |

-a first multiplier that receives the calculated difference of the first



X(k)= X(k mod N)). 4. 1Q-generator according to claim 2 or 3, wherein said
polyphase filter characterized by: - a first delay element with a delay N
that receives the input signal (t(k)); - a first adder that receives the output
signal of said first delay element at a first input for the first summand; - a
second delay element with a delay N that receives the sum produced by
said first adder; - a first subtracter that’receives the input signal (t(k)) at a
first input_for the minuend and the output signal of the second delay .
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polyphase filter is characterized by: - a second adder that receives the
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multiplics it respecfively with a predetermined multiplication coefficient (y(k)) and outputs
the calculated product to a second input of the second adder that receives the second
summand, wherein

- in case x equals to 2 the sum produced by said second adder builds the output signal

(u(k)) of the branch allpass filters.

6. 1Q3-generator according to anyone of claims 3 to 5, wherein said polyphase filter is
characterized in that every one of said at least one multipliers has quantised coefficients so

that it can be realised by at least one shift register, at least one adder or at least one subtracter.

7. 1Q-generator according to claim 4, wherein said polyphase filter is characterized in
that one multiplier comprises:

- a first shift register having a shift value of 27 that is receiving the multiplicand and,

- an input selector switch receiving the output value of said first shift register at a first
fixed input terminal and the multiplicand at a second fixed input terminal,

- a second shift register, a third shift register and a fourth shift register each having its

input connected to the moveable output terminal of said input selector switch,



characterized in that every one of said at least one multipliers has

guantised coefficients so that it can be realised by at least one shift

register, at least one adder or at least one subtracter. 7. |Q-generator

according to claim 4, wherein said polyphase filter is characterized in that

one multiplier comprises: - a first shift register having a shift value of 2-2

that is receiving the multiplicand and, ¥an input selector switch receiving

the output value of said first shift register at a first fixed input terminal and

the multiplicand at a second fixed input terminal, - a second shift register,

a third sHiftdsghsterendaiongthshifindgister ebemhaginedithifhprapster at a first
ifpRReciadtonthgimeygable output terminal of said input selector switch,
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second summand. 8. IQ-generator according to anyone of claims fto 7,
s¥ietedn said polyphase filter is characterized in that a polyphase filter of

order x . N with x = a is realised in a time multiplex and works with a clock
Sfrequ?(g%élfxgr&)ar hr;%;brding to anyone of claims 2 to 7, wherein said polyphase filter is
characterized in that a polyphase filter of order x . N with x = a is realised in a time multiplex

and works with a clock frequency fc=a .fs.



