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14 June 2005 - 1 A Digital Filter For 1Q Generation; Noise Shaping and
Nei ghbour Channel Suppression Description The present invdnined00®| ates to
the digital generation of a conplex baseband signal and in particular to
an efficient realization of a polyphase-filter which can be used therefore
and al so for other purposes. 5 The German Patent Application DE 43 32 735
Al "Verfahren zur digitalen Erzeugung éi mes konpl exen Basi sbandsi gnal s"
descri bes an al gorithm fo¥. raf i _ . haseband si gnal
whi ch nmakes use of a po|‘%ﬁa€;§§%§ﬁfj¢ﬁm “giﬁéﬁgi%ﬁgg@cati on al so
describes that the branch filters of the polyphase-filter should be
realized as allpass filters. 10 The peRefptidant wurf - and Real i si erung
di skreter Filterbanke", published by Shaker, |SBN 3-8265-0366-X, from
Torsten Leickel explains howto design such polyphase-filters with all pass
br anclh fi :1t enge pﬂe&eha&inwgmfs?rcaa@testtlbahh Qiﬁlgiﬁat_l l%Eﬂ&atioﬁli)_Loftahfeorﬂ@lle&Maiaﬁnfdi | ter
is multiplexed i.nto i rent al | pas ilters. er re, .N a SS
[F1ters haveteattunt B pfolaiy Grem BN g ¢ Bhl of mePORRr s SR Ehe
pol yphase fidanebe uidsi therdsiegmd| dedriodhdripgimpogegal i zati on costs for the
pol yphase-filter. Also, only a restricted amount of |F- frequencies can be
realized with this structure, since the |E-frequencies can 20 only be
chosen t o°FI'PEnEerern Ratett £Ppitsangnt RE 45581 19y Arlat‘éerg?hrfﬂewfri %gﬁglen N2 |
and m bei ng Exzehgpigt eiseégRampleked @aspbandmagnaisl| desoribtsant diginvbenfdl thie

natural con . Eu e 5 BN f r [PY=Y) LgLtal es
Rundf unksi g%ée?lgltn@lut()ﬁ %Qa‘:"é‘}l’tl% gﬁ%ﬁaﬁ%@a‘?@? trﬁ%ﬂe"s 8%‘!56’ If(?_s' gf}g%h%e?fi ci ent
real i zat i on BteraThig Fatent Haplisatiom alge Aescabrd thaf ‘ge daptiefiltsss @b kg
signal . To qptypHazeflBesiaal ibeatinRdok albhes @itgs!t al signal processing a

SW tchab% al l'pass filter is used. However, this realization has. the

di sadvantage that no digital neighbour channel suppres- sion/noise shaping
can be real iThedpaprt tEBrawhE: iindBeaiisierong dsrgtageFittqoizarket .0 p8blishied=h¥F/ 4

with F bei ngbher | QeN bldies.ouél xS ARl Ak LAURIARH IR God takMER

~constant. However, all of the above | Q-generators are quite restricted in
respect to tHER Pab@BaseriikemrartrlrassddaRtt ¢ BE) and therewith in respect
to possible sanmpling frequencies of the A/D converter converting the IF

Si.gnal Ifg oy t%lll rc]:ge!?.e. Stlljlietl%%lu? signal of the polyphase-{ilter is multiplexed into N
different allpass filters. 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

20 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 -r;- b _I_\!_:q:__l_ and m being a

natural constant.

Further, EP 0 597 255 Al "Empfinger fur ein digitales Rundfunksignal mit
25 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_thé disadvantage that no digital neighbour channel suppres-
sion/noise shaping can be realized and the IF-frequency can only be chosen to .
30 Fip=m-FiF/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 into a signal suftable




14 June 2005 -2 for a follow ng digital baseband processing since the
output frequency of the generation is fixed according td4cdene g9 st andards
and the input frequency of the IQ generation (i. e. the IF frequency)
strongly depends on the used IQfilter and the needed output frequency.
Enbodi nents of the present invention g-ovide a pol yphase-filter which can
be wused for the | Q generation and an | Q generator providing an increased
nunber of possible Internmediate Frequencies, i.e.nore flexibility in the

choosi ng offoutA Ba‘ollcgﬁmg)bigitl bamuﬁquxo?éssihbesirﬁeﬁh@mpmﬂ ﬁéq@hg@@ﬂitmg_ fj hg I Q
eneration. Accarding tp an gspect of the invention, there is proyided a
Dol yphase. aeneEnon i fed prehdoR TR sshain Reatar s aber e bpd GrduBpBbRY « N to
filter an ithpuh geheratidn (i( &) the IEN@Ga6ME) siteshlPdeperriraictherngeafiQditeal | pass
filter of Orgﬁﬁ aﬁ&%ﬁprisi Fg del ay elements with a delay 1 and at | east
one mul ti pl3dngpne WY FEUENY-" el ements with a delay 1 are replaced by
delay elenents with a delay N, and a sanpling rate fs' = fs IN, with fs
bei ng the | .ng rate of the .input signal t . Jhe po hase filter
nccordi ng iamarments 2 fhe prase MR thn S PR, poliMasarGh WRERAEBE: noe oniy
a m\:/)e;I y smaluseafording IstgemlalFfrﬁarTm% I@ld;ériepét?i_em@vidlhg alhﬂlﬁ]cltréﬁwdi.nurﬂbér afh p][ eferred
enbodi nent _eve eded. iplier is realized.by.at |east.one. .shift

oo ster. apohks el Erdntes. TomSre JRESUTDG, e FARSB0%t R ¢ he
realiza- tisampitagirequinhey efttie /D cahveyterlpetediagthe IBugdreeationr e, the using of a
mul tipl exi ng technol ogy allows a very easy adapta- tion to a different
"nunber" of branch filters and therewith to a different IF fre- quency. An
| Q gener at Grecacingr th g dspectndvotthemanértionf thane ippesdddd anpayphass filtet ows a

very easy doubling of possible Internediate Frequencies for a given
pol yphase feengigling efol sirarghalingss itersaefcerden xHhtes fiker aneinpubpigBaldes). x. N used

therein, si i symmetrics are used in an efficient way. 14 June
2005 - 2a cEﬁ%}ptZerng%féy an | Q generator according to enbodi nents of the

present i nvenaistmcturoofpan stgass fitel pp bedee xf cdnmrisirgecdelayl ielggnants aitbadi nent s of
the present, | Bvelld Meadths IndfiidV Swefeih GR'BRF eidiferts wik S udlPP are 3
~ replaced by delay elements with a delay N, and
a sampling rate f' = fs /N, with f; being the sampling rate of the input signal

(tk).

The polyphase filter according to the present invention has a 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 one substracter, so that the realiza-

tion 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-
quency.

 An 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

symmetrics are used in an efficient way.




1 5 10 expensive analog filters in front of the A/D-converter by weak,
cheap filters, since the polyphase filter according to thbhﬁﬁééﬁﬁt
invention allows a noise shaping and nei ghbour channel suppression in an
easy way so that the effec- tive resolution of the A/D-converter will be

i ncreased. The present invention whiclzgauses and nodifies the structure of
conventional allpass filters first order to realize a polyphase filter of
order x . Nwll be bet- ter understood fromthe follow ng detail ed

dﬁscri pti Omr@ferﬁﬁjg,rﬁﬂ !I]I—geﬁéfbmdiac_cm‘ﬁilf:\gioté:ifﬂioﬁﬁﬁeﬁtﬁloelﬂ‘!é Eeggﬂj ihm'tib?)n \I‘,]VI t RI

t he acconpanyi n rawi ngs erein Fiqg. shows a bl oc iagram.of the
el v e dpases fisicaopraned rafodents of i rese R h  or df ng
to a first wiiclehowsad regiiadiheent of the present invention, Figs. 2a and 2b
show how t he design of the pol yphase branch allpass filters 15 of order N
according to the first preferred enbodi nent of the present invention was
achi eved; Fig. 3 shows pol yphase branch allpass filters according to a
second preferred enbodi nent of the present invention; Fig. 4 shows how t he
design of the polyphase filter according to 20 the second preferred
enbodi nent of the present invention was achieved; Fig. 5 shows a.block

di agram of the systemenvironnent of an [1Qfilter; Fig. 6 shows a bl ock
diagramof a digital IQfilter; 25 Fig. 7 shows a bl ock diagramof a
digital IQfilter in case of quarter period sanpling; Fig. 8 shows a bl ock
diagramof the digital IQfilter according to a preferred enbodi nent of
the present invention; and Fig. 9 shows an efficient realization of the
1Qfilter shown in 30 Fig. 8. In the following the first preferred

enbodi mrent of a pol yphase filter according to the present invention wll
be explained in connection with Figs. 1 and 2. 35 Fig. 2a shows a state of
the art allpass filter of order 1 which conprises two delay elenments 101
and 102, one adder 103, one subtracter 104 and one nmulti- plier 105. Both
del ay el ements have a delay T and the nultiplier, has a nultipli- cation
factor ac. The structure of the state of the art allpass filter of order 1




14 June 2005 - 4'- 1 shown in Fig. 2a is such that an Input signal t(k) is
fed to an input delay ele- nent 101 and as minuent to thd4siypeegalt er 104.
The del ayed i nput signal out- put by the delay elenent 101 is input as a
first sunmand to the adder 103 that produces and out puts the output signal
u(k) of the allpass filter. The output 5 signal u(k) is fed to an out put
del ay el enent 102 which outputs the subfrahend for the subtracter 104. The
di fference cal culated by the subtracter 104 gets multiplied with the

mul tiplicati I pd j.er k | {,-..1.Nn r.oduct
is suppli Zd "g‘ eé%g%%gargﬁ%kgq{l gﬁj Jf tewagqge%;qgg%f%h%a ggyl éhseapft?lrtésorts "and
second summerRs thr peyabese filtsr ggeydingsiqgtly prassntdurention owsdasedishes t he
t ranﬁf er f umﬁgf}fg_ Md aei@pbmhas@dew?gﬁ&séibhtiﬁranwéésblwdy §d thArtnbreaehes, e.
g. shown in tirate | sl gn rqcessing: . multirate systens,

P11 or banke Tahserabs of bt A7 pondRer BBk %e 1 03076. 5. 15w th 2 =
ein 20 j4%1 Nt HP(z) =Y z-H(ZN) r=o (1) As described in the DE 43 32

735 Al or t hgePppilbi il Oftior \whEM A8 S TRIAL ee0firRALYPBAZENfenlibBEE USI NY
al | pass sections” by W Drews & L. Garrsj, |EEE 25 Transactions on Crcuits

and Syst ens 21PgFs fitpesatirst pEdergto neglizena pelyghazeilltenofgrder £ 1Y &l be Hstpe
chosen as stat endérstdvel Abin eHd PpARsvidgd ldemilsd dekeriptian of ekemplang teimvodof such

quat | on. ( 206 tpRboBREL I Bt R ok By RSB el
+a Wth uations (1) and (2) follows the transfer function of a branch
- al I pass firkigrr of the pobypiaseblock tdigrimt bf ane NCagkl mnaligNtxaSbadienN i N
.equat ton (3): RZNtL 35 Hr gﬁgas?s éi\tlex(ss)nf tt{e %g'ly‘lj)ﬁggee %RQI'S according to a first
preferred embodiment of the present invention;
Figs. 2a and 2b show how the design of the polyphase branch allpass filters
15 of order N according to the first preferred embodiment of
the present invention was achieved; ‘
- Fig. 8 shows polyphase branch allpass filters according to a
second preferred embodiment of the present invention;
Fig. 4 shows how the design of the polyphase fﬂter according to

20 ' the second preferred embodiment of the present invention

was achieved;

Fig. 5 shows a block diagram of the system environment of an
. 1Q-filter; '
Fig. 6 shows a block diagram of a digital 1g-filter:
25 Fig. 7 shows a block diagram of a digital 1Q-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
30 _ 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.

.35 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-
plier 105. Both delay elements have a delay T and the multiplier has a rﬁultipli-
cation factor o. The structure of the state of the art allpass filter of order 1




- 5 1 Therefore, with equations (1) and (3) follows the transfer function
of the polyphase |owpass filter as shown In equation (4)14J4ng2005zN + 1
Hp(z) =1z ZN+ Ir (4) 5 To realize a polyphase |lowpass filter with a
transfer function as shown in equation (4) according to the present

i nvention, the N branch al | pass frlterg are realized time-nmultiplexed with
a sarrplrng rate of fs = fs / Nwith Is being the sanpling rate of the

pol yphase filter input srgnal t(k). 10 15 Frg 2b shows the structure of

these N i rgrmml il ﬁ exged euérpm 4d 4 Q(k@'?{ fedl\to%{l hn,g#tsexgp#' o rate

of fs =fs / N whi I's only different ass st order

shown in Fr"@entzh‘”r ?'rmE RaMIpRER G the %ﬂ%ﬁ?éﬁ?rsl%\ﬁhﬁ&\?@%? dBPUuiNSigRAl otthe

sanpl i ng]c r ghe bﬁthéeﬁ[@&ﬂ}ﬁd]mtslmcﬁ 1hEe¥ sagmrrsrrgnﬁﬁta@d d@@mmﬂd&mdwtﬂﬂtat t he
out put of th y | ift t

oL Par . OTnE B RRLYBIAGE ek 1L olifhult MEASudd of 5 WfiPale fitet MBSORHRE
filters Ps signad k) isfeabitozn petpuswelayaxeminthl G2 whichl ogtplatg, the Zybtrahend ows
equation (%3¢ thé s%tractgxlrlomf The NBkferehed 2allilidted by-tHR10uHRsL e UL @is (5)

foll t 6 = N Wth t f f
the o1 anct STIPAES Pk oA RRENRY (48 T rrepe&%rﬁgéuir'on@% 1glfve, e
order in comspdehatiinsuppliddes detand samseddby thiheddenmd Ofuvkich aﬁispitex:
WzN = azlrdi Jnd@Rond sHmA ks C}gﬁroJ&@eN)cs Gutpht §fpi. th r=0, 1... N 1. 35 (7)

In the referred enbodi nent, onally the coeffrcrent a of the N
tinme-nu _
Equation {1) describes the transfer function of a polyphase lowpass filter with

N filter branches, e. g. shown in "Multirate digital signal processing: multirate
systems, filterbanks, wavelets", by N. J. Fliege, ISBN 0-471-93976-5:

’ N-1
15 Hlp(Z) = Z Z"HT(ZN) : (n

r=0

With zZ = ejn

Q= 21:-%;

7

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
25 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

20

in equation (2).

Uz _oa+z! _oz+1l
30 . Hep, 15t orver (2) = Tzy l+oz! zZ +0

(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}):

. _ +
35 B =15 (3)




plex allpass filters is replaced by N time-nultiplexed coefficients ao,
..aN -''1 as 14 June 2005 - 6 1 shown in equation (8): a(i14=zluaelkOBwd N) (8)
5 The N tinme-nmultiplexed allpass filters of order Nwith the sanpling rate
fs =fs Nincluded in the polyphase filter according to the first
preferred em bodi nent of the present invention have now the foll ow ng
transfer functions as shown in equati®n-(9): 10 N Hap;. lorder(zZN) =
UZN) - Z.r O T ZN) zN + ar (9) withr=0, 1, ..N |. The block diagram of
this polyphaserds@DGith i dduatioheah) 2ald @5) AARHEHHO thstedCuntBoh! 66 kne
preferred en‘gpdhrren} of t F“Sresent invention is shown in Fig. 1 which

basi cal |y sROWE Fhe ¥RA8S SIPLRT el Bptosd4 hut the nul tiplier now com
prises N time-multiplexed coefficientis agdescribed above. 20 25 30
Therefore, the pol yphase filter Haizbe@ir - the first pref erreql ]errbodi ment
of the p%esent i nvention conprises:r=& fEr&P delay element 1 with a delay N
that re- CTeives the input signal t(k); a first adder 3 that receives the
out put si gnab rehlizsai golyphisde Weipays alieiFerith la atasfdr fifictioAPad shewnt he first

summand; a | el 2wWth a del hat .recei ves, the sum
pr oduced byécg’g#g}q'f ﬁ?? ? cyoé%’éﬁgg;ﬂé PSP F% steg ﬁ% '?%Elt}l'e ralfmthhagﬁ)afﬁglzﬁe{—ﬁegret he
i nput si gnatealiggd tigte-muitiplexedi wiphyr Jagepligeratephfiendsahl wibe feltepng thei gnal

of the secosuingighyatelotRNfolgptdlse F1&LG digwiitery for the subtrahend: and a
first nudiplier 5 that receives the calculated differ- ence of the first

subtracter 4, nultiplies it respectively with a predetermn ned :
mul ti pl i catFign2bedbws chestruatucy ofitidessul putes muhgplesddcall pase dilpro dfiokrddro a

second i npy i L [ : d., $A0TEEH

wherein in t’ﬁgﬁ{ Etﬁgﬁ’gﬁ‘ggﬁt@g’q% .Sjgsl %@P%@qghﬁﬁdiﬁaﬁ(ﬁ% %ﬁ out pgﬂtr si gnal
u(k) of thdlmstPrdsr shgve i Figa2a iprthat Kbe delag ederaents Rovph Bpysopedss N apder s can
of course lheahnplgigante o dRfedsbansiite BidleimplinglRRe ldetiRiioAdbys RCANGe
preferr q(% %@89{ gP{He paocf)?p%ragzla ﬁﬂext 1% 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:
Cwirh e Cond
20 With fs= N and Q=287 follows equation (5):
k]

Q'=2n 7 NQ.
= fs = (5)
With . z' = v and équation {5) follows equation (6):
- 25

Z' = = gz gN (6}

- 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-
30 plex:
UlzM oz + 1

T{ZN) =zF ZN + o {7}

Hap'. 13 order (ZN] =

withr =0, 1, .N - 1,
35

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

_ pIex'allpass filters is replaced by N time-multiplexed coefficients og, ..on - | as




the present invention described in connection with Figs. 3 and 4 shows how
to 35 'create a pol yphase |l owpass filter with branch filt edsiupe@862 or der
froma state of the art allpass filter second order. 14 June 2005 - 7 1
Such state of the art allpass filter second order is shown in Fig. 4. The
differ- ence to the state of the art allpass filter first order shown in
Fig. 2ais that the output signal W{kK§ 4s not the sum generated by first
adder 103, but a second filter stage follows to generate this signal.
Ther ef ore,l tshewaubhpujuasiogri@l: u(k) is 5 generated as a sum signal of a
further adder 106 that receives the output sig- nal of the output delay

el ement 102 as a first sunmand. The second sunmand of said further adder
106 is generated by nultiplying t he®™ T fertnce of the sum si gna(ls)produced
by the adder 103 and the del ayed out put signal u(k) by a mul- tiplication

factor x af It her | t r e ed ou -. .10 nal
u(k) is gen?rﬂat edlg ol gusltgulexe qitelr%y&e 1Ead’rrrgn%j Y@% 91Ieh tlm g&?‘t
function of fsuwchs al aicnpbeslsmfﬂlbtr@rlyp@ee@ﬂuemd@rrdng tsrtbwﬁrsmp@éﬁfaed £iton

(11): 15 20 pbaine1dt B Phedeht imvediith HavEaod the’fndwihg tir.—(ré}erzfu*ﬁc(x?;(né at X
Ther ef or e, vvhth t he transfer function of a polyphase | owpass filter
descri bed i APORPIREABALPASY: the transfer function for the pol yphase all pass

branch filters with 2 coefficients foll ( sho in equation (12): J
(ZN) = c39ZN + 1 SrzZ + | (12}Ia§N*Qmer(Z'N*ﬁ\'é ﬁlé?,m‘, ons (1) andgf12)
follows for the transfer function of th 7pr| fasé= | owpass filter the
follow ng equation (13): 25 n - t (3,zN + 1 S zN + 1 1l1IP(ZN) z r ZN + Nr
ZN + Sr F=@itd0r £13)1, FEor- 1.he pol yphase | owpass filter with branch all pass
filters of order 2 N ac-
The block diagram of this polyphase branch filter realization according to the
15 first preferred embodiment of the present invention is shown in Fig. 1 which

basically shows the same structure as Fig. 2b, but the multiplier now com-

prises N time-multiplexed coefficients as described above.

Therefore, the polyphase filter according to the first preferred embodiment of
20 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 output signal of
said first delay element 1 at a first input for the first summand; 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 input for the
25 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 a(k) and outputs the calculated product to a second
input of the first adder 3 that receives the second summand, wherein in the
30 sum produced by said first adder 3 builds the output signal u(k) of the filter.

Thé 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 econnection with Figs. 3 and 4 shows how to
35 create a polyphase lowpass filter with branch filters second order from a state

of the art allpass filter second order.




cording to the present Invention follows that all delay elenents of order 1
shown in Fig. 4 have to be replaced with delay el enents df bnd@P0N and t he
sanpling rate of each branch input signal is changed to fs =fs / Nwth f
S be- ing the sanpling rate of the input signal t(k). 35 According to the
second preferred enbodi nent of the present invention the po- lyphase filter
wth branch filters of order 2 N aditionally respectively com prises N
time-multiplex coefficients ar and Xr with r =0, 1. ..N- 1 instead of 14
June 2005 1 Such stite afdbé rcaklbpss fatandcand bew ik Bhbing m #ig. Tﬂ"‘@‘h@f&lff@r— t he
pol yphase filehes t@ﬁﬁogtgfe dfr{getagt Lll‘%asﬁ%f)e@q'l Srhod! ovEr% mF hgégﬁgﬁ

i nvention as shown In g) com prises aditiona
shown in Fi gOUPutsigRalgHl isduet the suratgeperatedpy diyst. ﬁ@%ultq&utbtmagﬁ@don@f t he

second del ayﬂdadeem@te fall@ks & fédeshtel ﬁhl@yt-,lghar THfefbrel tESbuut mag?ga Wit i3 rd

del ay el emen 2, del a at cer uced by said

second ad(rj%r E%r? rmegea Cohd %Frrl%lcr} $i f dedrsééégg\}égt ‘ieﬁg“’%mrﬁe VreghsiE by

said first agdbef @eeﬁutauifﬂﬂqi%}t elem\mt 1ﬂ@raStah§rsinsnuemhdaﬂ‘de tsh@nduduynninandi gnal

of the thi rdoﬂgalayuahelnmer7m@tlsageﬁ@ra@wdbr RAEp 39{5 H&%ﬁ&%hé@?ﬁﬁ% sifd a
e

second nul t| glr g'g-’m S t he calcul ate ference o second
sub 10 tract Prr?ﬂ}‘f‘?at)'i”f of d9Fetd (el dFlawe 1pusp i signal a1l iea mul-

mul tiplicati '@nhcﬁieﬁlf ﬁaetoazlxemth>e( fortieamcn olitppiet 909 heh€ ahedeaiyed, oapadegt to a
second i nput ,.of r second sunmmand,
wherein the gﬂrﬁ%?% %diybggr gEorgde{’:o td§%§ Y%ﬁ%nﬁﬂﬁgs t he out put signal
u(k) of thé branch frlters 15 The transfer function of the N

time-mul ti plEeettanbep astetion! drafuen2k hupsdeitdrrecthdOR 1 19 shiifn 99'&&%&56
“filter accor%rpﬁl 0 the second preferred enbodi nent are given inthe

foll owi ng equation (15): 1 /u"N + 1 Hap, 27" order (2) =Z N' + Z +% zN+X,
20 with r=0, 1, ..N- 1. (15) The coeffici enEs he N tinme-nultiplexed

al | pass fisl ters 2Nt h orderHgam ng)a%) ring equatiepg (13) and
(15). The coefficients ar and Zr of hZé+I\11t| ﬁ‘e"' |'tipl exed all pass
filters are the same as the coefficients or and 8r . of the pol yphase

| owpass fi | tlderefase, wtith thestrangfer furrtioatof @pdifhase lowpass filter described in

equation (1), the transfer function for the polyphase allpass branch filters with

2 coefficients follows as shown in equation (12):

20 Bz'+1 Sz2%+1
z¥ + ZN +
H(zM)=—; e (12)
V+B ¥+,
With equations (1) and (12) follows for the transfer function of the polyphase
lowpass filter the following equation {13):
25
B+ 1 2N+
H
w2 Z o Br 7N+ §, (13)
For the polyphase lonass filter with branch allpass filters of order 2 - N ac-
30

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 fg= fs / N with fg be-
ing the sampling rate of the input signal t(k}.

35 According to the second preferred embodiment of the present invention the po-
lyphase ﬁIter_ with branch filters of order 2 - N aditionally respectively com-
prises N time-multiplex coefficlents oy and xr with r = 0, 1, ..N - 1 instead of




forr=0, 1, .,N1forr=0, 1,...,N1 (16) 30 35 It can be seen from both
pref erred enbodi nents according to the present inventiorfddese2082d 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 ordet X all delay elenents with a delay 1
are re- placed by delay elenents with a delay N and so the input sanpling
ratﬁ ?f E) he thbl‘cﬁﬂﬁhxeﬁid fc%fniliSh&iﬁC?rﬁE@ed_ tﬂe@f&ammleipmpgﬁtsefﬁitsa acéo‘sldl E

W t S bei Sa 1IN te.o | t_ sl ol yphase
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the all pass Prisep @ﬂltwfnaﬁyderalkcmepta steagviNing Fllselhﬂlswwcb&(@@rrﬁ,uﬁﬁtp‘br cation
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| east one a@deducadcbyaﬁmdlseemtd adder it s@ohé subtkacteQ8gbreratedresgbesudi ng t o

Lhe Present ou@RhiBLd:3 diestialofad B don %%Tt 8 ¥ne Mhillehl delaGe éltg,ge 9. 15

20 Fig. 5 shows on de an a bandpass si with a
center fre§if@atyf ?16: Wliﬁdc‘l’lel?)é elemast goatt?yseéﬁnﬂ/‘@‘&fﬁ’(/é‘?‘t BUbLHE ‘Wda a‘“§‘8r13pl i ng
rate fs. Tbeccﬁﬁirmh&ebltbarwpassreﬁe@mthesémuua&dpmsfaeﬁmbmfahel|sgcdrai sk filter

accor di ngy t ?rac%e prglg ;spglgs if! \éeesrf}eﬁ:gx(ely Watthf Iprf:edsf:term ngcrl%lﬁgl -{)aql% P& si gnal

s(k) to a com Iéx ecl et i on
with a deci gignt o:ﬂ() dndcowpuds tie aaidulatqqlop@éushbppa ﬁgcw‘ﬁ Wu(ﬂé’[ﬁéhﬁs?emdt he
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|Qfilter according to the present invention that includes a filter bl ock

Zfegggf' ﬁbgﬁ% ?Iéaﬁlgféf ﬁﬂcﬁ‘g%trﬁ!fﬁﬂhﬁﬁqmﬁé hm%@@gy?ecf b R SrRGS Otk N a kO -NeE
P cluded in the polyphase filter accordmg to the second preferred embodiment

are given in the following equation (15}):

azd+1 X2'+1
Nt o FAR A

Hap,, 2+ order (@) =2Z° (15)

20
withr=0,1,.N- 1.

The coefficients of the N time-multiplexed allpass filters 2Nth order can be
achieved by comparing equations (13) and (15). The coefficients or and yr of
25 the N time-multiplexed allpass filters are the same as the coefficients B and &,

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

o =P, forr=0,1,..,N-1
X =5 forr=0,1,...N-1 (16)
30
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
35 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.




pass signal s(k) gets multiplied with a signal A(k) by an nultiplier 21

before 25 the resulting signal t(k) is input to the N tirfd June20@3 exed

al l pass filters 22 ac- cording to the present Invention which outputs an

out put signal u(k). To gen- erate the inphase conponent w (1) of the

conpl ex baseband signal W) 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(2rtfo/fs . k) ina 30 nmultiplier 23 before it
i's suppl i BdPaeferably exerysmmitipittr tipcladed deitirin 2 evddinsiss rfdtercef| endsr ixt sorpwn

out put si gnglisele hayed-A¥itihidelianuRlpRRRAbn 26:bieNtLtHR] BY uEed iR a90req¥ t Ch
SI (k) 25 as secaond. summand. The out put signal of the adder 24 get's

=
deci mat ed byFREPFA 8T nf § ¥ afe "wd® mati on unit 27 which outputs the in-
phase conponent wi (l) of the conpl ex baseband signal w(1). To generate the
35 quadr & uge- . . i gn i t he

out put o gegr et pReRpkup ol o G AL R e A Rt

i nvention i Ehﬁdb-caflé?@t@éliﬁ%fﬁy #Ellﬁtaisblopééflffbﬁegﬂﬁtteh heasyena rer B|AGE . sin
(2 nfolfs lehst bn@shbirhdétedd June 2005 - 10 | plier 28 before it is
supplied as a first summand to an adder 29 which receives Its own out put
signal delayed by a delay elenent 31 with a delay T via a switch Sg(k) 30
as second snifngeneTHer agtendingsiogiiigl profenthiavertdibar isPdesgeibsd deshpnnepdtoad by N
in a sanp i REn'MAES Flgcomation unit 32 which outputs the quadra- .5 ture
conmponent wO(1l) of the conplex baseband signal wW(1). The switch si (k)25 for
t he i nphase conponent of the conpl ex baseband signal and the switch Sg(k)
30 for the Bgadrshbwsencorpefidrnhdaifidd e acalvglbexdbasesighalnsdt) syitinal ceates

st tefed | Neldfrdspls QB YRkimpkd By KHDON-Bon Byt 30LdBpiing Plie 5! S€
(17) The center F eﬁuenc of Th D-converter 1 nput signa sft? S
gi ven by eqthe samplef O‘FPI(C%@PS giengh ol is papssdntone digitpl HopHltersasgorde®g wit h
N deci mst i R Fraséf inReniiéd @BAT midestthe shaipdl Phndpd¥s-didnal Z(k)2to a com-
plex baseband signal, performs a sampling rate decimation with a decimation
~ factor of N and a noise shaping which depends on the ﬁumber of branch filters
N of the polyphase filter. The output signal of the 1Q-filter is the complex base-
band signal w(l) = wi(l) + jwg(l) with a sampling rate of fs. = fs/N.
20 ‘
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
25 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 wj(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(@nfgo/fs - k} in a
30 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 Tvia a
swifch 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
35 quadrature-component wQ(1) of the complex baseband signal w(l) the output
signal u(k} of the polyphase filter according to the present invention is sub-
jected to a multiplication with the funktion B(k) - sin (2 nfo/fs - k) in a multi-




m integer 25 (18) (19) A(k) and B(k) must be chosen dependent on the
center- frequency of the A/D- converter input signal. |n cilsknef2085cent er
frequency fo calculated with equa- tion (18) A(k) and B(k) are given by
equation (20): 30 (-Qr( ) N A(k) =B(k) 1) In case of a center frequency
fo calculated wth equation (19) A(k) (Z given by equation (21): 35 A(k)
B(k) =1 (21) 14 June 2005 - 11 - In't special case of the foll ow ng
equation (22): fo=fs~4 +m) (22) 5 with m integer, which is also called
qug_r ]E er dpblr :paidr Sa;ﬁﬂfdrﬂgt istsi@phied bk ar fir¥tsumndild ©add addeatad hﬁicglutelauxtzegf t he
nodi fied al |Lpa | : n S as (o] agram
shown in Fi gtg 035%011{%3 réeg1 gd Y degf% d%EﬁX’ ﬁma‘}’géfé’ﬁ%% sﬁe tl‘ewalf’smt% 10 15
Here, the ogikt 3Qiagnsdcond ﬁ)mmaqdheTNetquﬁnumilgpalppéﬁeeda@ﬁqr%geﬁs' fiedrs 22
accotr]I (cji Ingxﬁa\%& r@ﬁf%egatmﬁtimgefaté aemhfan}‘oaduﬂt %chtlllnﬁhaﬁltﬁ_ltfgwhgt Mmlan\c,iv( |t§)
an adder ich ou i.pl exe ex, baseband signa

= wi () +§ WE $°mp°ﬂ‘?é‘ EIE]J}%'@E %EB{ J‘E‘S?'Ff’é‘%l I“fmpl exed conpl ex
baseband S|gnal del ayed by two del ay elenents 35, 36 each having a delay T

via a switchysi vﬁéhasg[\hﬁﬁ)QQhe§Hmé qbgleﬁgv'omra %ﬁ%ﬁ%émﬁds gﬂaf he

foll owi ng way: e _out put si
t he adder 33naet1h§ dtahng & 3Byf°RVth|%a§r%t&ﬁi)PP‘H§°Iﬂea’cte° f&écqwl%ﬁaaﬁn 37

whi ch out pubsnd Bgmaubid iexed it ampifeiwhaseband signal  w(1).

10
0 kmodN=0
Si(k) = Sglk) { for (17)

I else

The center frequency fg of the A/D-converter input signal s(t) is given by equa-

15 tion (18) or {19}

o= 12502 ) 1)
fﬁﬂ.(ﬁ +m) (19)
20
with N: decimation factor
n: integer in the range of [--g . .g]
m: integer
25

Al(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 fp calculated with equa-

- tion {18) A(k) and B(k) are given by equation (20):

£

In case of a center frequency fo caiculated with equation (19) A(k) is given by

equation (21):

35 ' All)=Bk) =1 (21)




25 Depending on the required sideband for the | Q generation, the factor
A(k) i's calculated by equation (24) or equation (25): MidrduheR0O)5A(Kk) 1) 2
. ( "oor~ - A(k) =(-1) 30 (24) (25) As nentioned above, the output signal
of the 1Qfilter described in Fig. 7 Is the tinme-nultiplexed conplex
baseband signal with a sanpling rate of fs' = .fs/N. 35 Figs. 8 and 9 show
an exanple of an 1Qfilter according t£d the present Inven- tion conprising
a polyphase filter with branch filters of order 2N according to the

present il!‘V?ﬁ“{féé) edidi%as8oFiROMSuNAL e%g:;tip,gl[%hase filter of order 2N as

shown in Fig. I's used as polyphase filter according to the present

inven 14 June 2005 - 12 1 5 10 tion ityis showmm in Fig. 7. In Fig. 8

al so quarter period sanpling is udedfgog; tthat the carrier nultif@acation at
the output of the polyphase filter according to the present invention as
shown in Fig. 6 is not necessary. In the shown exanple the deci mation

fact or N§ switiomeintegerNwhich isFigo ealddd fuari¢reparipdofamming th¢ cprrégr @mpk

]giesi gned fpfipﬁﬁ% ait; g&a(Lzutgié% br M%lzebeqladmteﬁtm&tg? fiiter's%?anM'BeceIg&?fS?Iﬂﬁhi:sng t
frequency is chosen 2. and._ center r,e n e _inpu
signal is cﬁ%sfeﬁﬁ'f 5’1‘?‘% dﬁa‘%’?ﬁ‘?ﬂ“%.‘n %ﬁ‘ heef?fégg rs,%lﬁggst%@aﬁ%?@gﬁm@gw i's
valid. To demsveaseFtghd. hardware size, the coefficients a(k) and x(k) are
guantized in a way that they can be realized by shift registers, one adder
and one subtracter. The following Table 1 shows the coefficients of the
branch d© pggg.ftpp puiRut signabu(ky gf Iheg N time multiplexed allpass filters 22 accord-

ing to the present invention is fed directly as a first summand to an adder 33
which outputs the IQ-multipléxed complex baseband signal w(l) = wi(l} + ij(l]..
The adder 33 receives the IQ-multiplexed complex baseband signal delayed by
two delay elements 35, 36 each having a delay T via a switch S7 34 as second

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

0 kmod N=0,1
S«;={ for (23)

1 else

20 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 IQ-generation, the factor A(k) is
25 calculated by equation (24} or equation {25):

Alk) = 0™ (':“) (24)
A{k) —_ [_l)ﬂoor( 2) [25)

30
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' = fs/N.

Figs. 8 and 9 show an example of an 1Q-filter according to the present inven-
35 tion comprising a polyphase filter with branch filters of order 2N 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-




50.218752-2 - 2"0.1386718752° + 2- - 2 40.406252' - 2- + 2" b0.17968752- +
2- - 2- 30.55468752 - 2- + 2°0.1718752- + 2- - 2" 20. 68752 Jung'2085

2-20.136718752- + 2' - 2" 10.81251 - 2' + 2-0.089843752- + 2- - 2" 00.93751
- 2'0.031252" Table 1: The hardware size can further be decreased when the

Ntime nultiplexed all- pass filters and order are realized by a second
time multiplex so that the 25 branch-alfpass filters of order 2N are
realized by a time multiplexed allpass fil- ter of order N. Fig. 9 shows a

bl ock diagram of the I%I;]i'l ter realized |n a tine- | Itigﬁ)l,ex .and d :

mul ti pl i cat A8 a8dEAT FRYEMIR FighFr [8,fder R Ao A0 15y RERCFS2ARY EdE WEd %8r at i on:
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the second q[gu: LRl ; . GO0 L] ; i hidest£9i ster 10 having a shift
value of 2-2t rtaetggljllﬂsl%?%éogll %/gl)gﬁljb t lerpﬁ%’jl' F?%F?Qangsaﬁg an input selector
swtch S2 receiving the output value of said first shift register 10 at a

first fi%edid BRUshdwH Bkidbleathd dedGnilidr Factd¥ N Garbosin o Necendhticsefi-i nput

termnal, a _secon hift_registe 1, thir hift. 35.regj r..12 and a
fourth shi fEePEoPCHEr TRsnhE0RRS, Hreger ot M BN shit SRl S0b R flaat G0 P,
out put ter ni. 586 Miflz.sHhal skmpling Sekeenar issoliaseh t8212.288 MHzdagdilthe zenter 14
recei ving tfHgqHPWr thalilguofissal § SREEN Fhif 8. o7 dist ewithlindbe dafdesSt

i nput receiv- ing the mnuyend, a first output selector switch S3 having its
nmoveabl in"pﬁj’l‘at‘f’gr(2§)4‘sfﬁﬁg' 2005 - 13 minal connected to the output of said
third stmft register 12, its first fixed out- put term nal runs free and
its second 4] t put ] i d L t he
third subt r’fadcﬁgc(r}e%% t?lgcheﬁgg‘?’%}en%%eé t§a%§ %E@%% a[g?? ﬁcll ngﬁgag?q&%{}{?ﬁ%d fr;qce?:ei Vi ng
t he output Wal thatdhewseanibe realided htshife registams. ane gdder and pRmpibiragtetei vi ng
the first sStHIBNGwRROTME PUhbivB8hd Beefikibhispifiked bratchi Algacantiera sec- ond
out put selector switch S4 having its noveable input term nal connected to

t he out:%ut of said fourth register 13, its first fixed output term nal runs
free an i tsf second. fixed*out put_terninal is rrn"@rf:snri to _a-gecond i nput
of the third3ddd 1-2?%;;{ eckiv2ag The 62134, etg 2padhdron, to -
achi eve { hert o guidthex shiepirdepi po 1 AIG +Higmagh rorjshown | i 1
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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
25 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:

30 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 272 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-
plicand at a second fixed input terminal, a second shift register 11, a third shift

35 register 12 and a fourth shift register 13 each having its input connected to the

" moveable output terminal of said input selector switch S2, 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 $3 having its moveable input ter-




selector switch SO and via a nultiplicator nultiplying with -1 to a second
fixed 15 termnal of this input selector switch SO The neabe@002r m nal of
the input se- lector switch SO which is indicated by an arrow pointing to
the first fixed term- nal of the input selector switch is connected to the
second fixed termnal of a first feedback selector swtch S |. The novable
output termnal of the first feed- back selector swwtch S 1 which is

i ndicated by an arrow pointing to the first fixed 20 termnal of said first
f eedback Isefdealotonsafted Ko She Ptred i setde thitdoshifgegistes tl 2l élisaljrst éikedrent- 1 with

a delay ti nﬁuﬁ%rnixnalerur% fres3and -itst S@lona ke I00BAl ﬁérﬁmrxé %gﬁntﬁzted 3 @h
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the time rrultlp first IsInh this case an der-'subfracter
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m nuent acciedivigut 6f 42 faiegPRgisitarel 3, fitinfidst m&‘d()futt)heteaﬁdﬁ‘l randideaahar 3.

The output 8 S0SAALE SURLI AShEL: Jo! BnlBlley 10 8o LUE T oBR b 38: Ohchhe

second del ay enen I’OVI he “out puf1 si gnal
‘u(k) of th@%FQéH&S@VIPEIt@EPCCQQdaem?ﬂidng to the present inven- tion at its
out put. 1dhi s output signal is fed to the first fixed input term nal of the
first input_selector switch.,S 1 and also econd part he second
el 2y ol ondiEEyly SehiE AP fiae DpIEs b itsrien PenBel Gy et aheht 2D | <
sup- plied 1nd“1gh@19‘, fadsdirdcitilydd at #rsirifixadl imfutttieniselcwidcH seabeold widh ec® or

sw tch S5 andPhed ot BSANeHinb diftfic bilies SUBLH 38 WAL igudl) Gfhd £6LVES the

out put Si gnal of rst ect or swtch as m nuen
di f f er ence SEpctan Htitd BY apdgia m%&npélaﬁpr Fedigplying gutl - Hﬁ’i’ @i SePRg fiked h a
respect l9e teaginki of ek mqﬁdt)seuerctof(éﬁxtcﬂussaﬂefhe&ﬁdsuabmﬂtemw ob el ® irpuittset S

supplied a rahent to.t adder. ter 3. 14
Sbne. ba0s"3e95° SLE TR O ot ObY AR Bl 2O VR4 B

| Qfilter msdlofzht iinputssrdeaton swikihyis gormsteritts ths;mmndq@xmt@nml ofei on
factor -of Mrst fReaPsbit H8edbadhiBasS1 fThd 8loSarddNbhitpt d&minal of the first feed-

back selector switch S1 which is indicated by an arrow pointing to the first fixed

20 terminal of said first feedback selector switch S1 is connected to the first delay
element 1 with a delay time 6T, i, e. 2 - 3 - T, that additionally comprises a
latch enable input receiving the latch signal LEQ 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

25 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

30 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 11T. The output of this delay element 2b is sup-
plied to the first fixed terminal of the second feedback selector switch S5 and

35 as subtrahent to the first subtracter 4 which receives the output signal of the
first feedback selector switch S! as minuent. The difference calculated by the
first subtracter 4 gets multiplied with a respective coefficient a(k) or x(k) as de-

" scribed above before it is supplied as second summand or as subtrahent to the

adder-subtracter 3.




are realized tinme-nmultiplexed. Therefore, one conplex output sanple has to
be processed in 12 output clock cycles, i. e. fc = 2fs =149Jung 2006s' . The
signal A(k) is periodic in 2 output clock sanples. Therefore, the states
of the 1Qfilter are periodic In 24. clock cycles fc. Table 2 bel ow
describes for every of the 24 dif- fergnpt_internal states of the IQfilter
the states of the switches that allabled wth SO SI, S2, S3, S$4, S5, and
S6 in the figures, the latch enable signal LEO which is active high and
the shift Nagﬁﬁe%ﬁoﬁqﬁlea@?ﬁf the efiient d8iIBHG ealkhtion ahevn ShiFig 3P dtassits hat
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w that are not defilned are parke nd. StateSOSI S2
00 011101102%?#&5(’“&‘2‘?‘19%?’erraggamgo%agb%rﬂi“ez‘t?“ipii’ii'i@e‘éfimﬁlf has to be
3dc00110024 1pragdsskd ih 1121 6 dipL2 Clbehdy8de.00 100 HA20; Ad -6l B1 1kl dizh2A1 ARl
7¢0011001200gn6k, 80; 0413 4 %%) - 04123dol +l (1) -
11dc00110015258€e-r.n(1:l T4 S0 st AR B shirey g e Lt
0111110002 1R5TPHS i 6 derkansiesd c1 dable 2 bolppodesstbasy e GO 00426 -3 dif8 0
1111111521 +nfdrefdiat&10 a1 001200t tk 1Q-B0Er 144 btakidd 3t the s¥itches that allabled
' with SO, 81, 82, S3, 54, S5, and 86 in the figures, the latch enable signal LEO
_ which is active high and the shift values of the shift registers SHO, SHI1, and
10 SH2. States that are not relevant and therefore don't care are marked by dc.

Output signals w that are not defined are marked by nd.

State| S0 |S1[S2[53|54|S5]S6]SHO[SH1IISHZ2[LEQ[ADO] W
O |0jOj1i1J1[OJ1]1] O 2 {dej 1 |+]Q0-1)
15 1 de |0{0[0]0]0J0] 3 fdeide] O |- nd
2 01111 ]1{1}31]0] O 0 2 1 {+ nd
3 de |00} 1}1]0]J0} 2 4 |1 |~ nd
4 1T HIJITITITTIfGT 1 2 o171+ nd
5 de [O]JO]1I{1]0;0] 1 4 2 0f- nd
6 J1JTO[TT1J1ITI]TIfI] 1 5 2 I |+ nd
7 de [OJO]1]1]010] 1 2 0 [ nd
8 JoJOI1TjITIjITITIT 1 H 3 1 |+ nd
20 9 de [O0]JO{1|{1]0f0] 1 3 0 0 |- nd
10 OTI[IJY[1]OF1TY] 2 3 Jde] 1|+ I(1}
11 de [O]O[1}1{O0}J0] 1 5 2 c |- nd
12 1111 rjof1ji1j o 2 {de| 1 [+ Q)
13 de ([OjOJOlO{0]O] 3 [def[dci O [~ nd
14 I Jo[1J1]1T{1IJT]O] O 0 2 1 i+ nd
15 de |[OjOfIJ1]Of0O| 2 4 1 0 |- nd
16 [OJOjITTT]TI]TI1]0] 1 2 0 1 |+ nd
25 17 de {OJO[2[1]O[O] 1 4 2 01f- nd
18 011111 j1]1] 1 ) 2 1 {+ nd
19 de JOJO]1]1j0{0] 1 2 [4] O q- nd
20 1 J1j1J1j1{1jI1nmrs} 1 1 3 11+ nd
21 de {O]O}1{1]0J0] 1 3 0 o |- nd
22 (1JO{1IJ1IT1jOTITIT] 2 3 idel 1 [+iIi+ 1)
23 de |O|O[1]1]01}0O} 1 5 2 o |- nd
30

Table 2:

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

35 column of SO in 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




21dc0011001300-nd 221 ( 1 2do0011001520-nd Tabl e 2: 35 Dependi ng on the
sideband that is required for the | Q generation, the sw tidhiun€@00s sw t ched
according to the left or right states that are described in the colum of
SOin Table 2. Preferably the filter can be used in a conbi ned '

DAB/ FM AM recei ver and in case of '-:)APE reception, the input signal with a
center frequency of 14 June 2005 - 1571 fo = 3.072 MHz is sanpled with a
sanpling rate of Is = 12.288 MHz, in case of FMreception, the input

si gnal wi fLh /& €@&mMm7@rMHe ¢gjuampledofitt @ sandpdingFatdtf fiss= 18 285! MUz viint dusea of
sanpling ratgy( = - cad ep | .he

i nput si gnal%Qgﬁépzlégéﬁ?%?#%ggﬂcytgfé1? gngﬁzggqﬁrﬁ%g%an%?zg%% #1 5 a
“sanpl i ng r at®7Htled with 3 spmpliggprate Pigfsyr G144 WHE jandeln RecHegichgM-secche
present i nveandd,ahe hfgutssigndledith ARG fLequeRONGES 4 A 455cKPASS kangleandtthi gh
suppressi gn _of_ m.tror r.eq 1 since frequency nodul ated signals are
sensi ti vegagaa%ar%?hngg?%ggodéf5%@%%@25 ons 10 which are caused by filters
wi th non-1linear phase in the passband. 15 20 25 30 As can-be seen, the

real i zation DlidiR@ 10Qikdd h&lord@glodiRlptletth tivRh86E Hasi AMBIRar tphaBe irs- hi ghly
efficient, since only five a deqr)cﬁ and no nul ti ptl ers a%? re%le_r ed..
Therefore, t°R8™H Yt f%ﬂ PRRTRErt Fuh PER SURRSfT Sk b SUBIPATY TRAYfiAties: (Fince

- conbi nat i on fregutheyn mgimlsted psiggalanaren eergityou ageinan ngrbus uppaie sistorsioist h

- Dol YPNEg e gt Ble o RARERHY IS QudM PESAhaLE P H PR.BaRg! Ow T eal 1 zation

costs. .35 14 June yphase t'er consisting of N branch
all pass filters of order x Nto fil- ter an input signal t(k),
characteri zad day be Seedl th€ kedlRatbn aN tikd (@G faktdra@ingofo tHedpfesentcian@i- si ng

del ay el enment s él a.delay 1 and.,at. |l east one nultiplier, wherein.all
el oy ol oronPd ‘ialy SR ooy 3B8Les R B Bl Bl aob NG
del ay N. andherefore, the digital generation of a complex baseband signal in combination

15 with noise shaping and neighbour channel suppression with a polyphase filter
according to the present invention has low realization costs.

20

25

30
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- asanpling rate fs' =fs f N, with fs being the sanpling rate of the in-
put signal (t(k)). 2. Filter according to claim1, charackeluneg@d0%n that
said at |least one nmulti- 10 plier respectively conprises N tinme-nultiplexed

multiplication coefficients (aQ, ..., (XN1; xo, XN-1) that are used in a
predeterm ned order (a(k)= a(k nod N; (k) = X(k nod N) 15 3. Filter
according to claiml or 2, characterized by; - a first delay elenent (1)
with a delay N that receives the input signal (t(k)); - a first adder (3)
that receives the output signal of saiCtims st delay ele- nent (1) at a
first input for the first summand; - a second delay element (2) with a

delay N that receives the sumpro- 20 duced by said first adder (3); a
first subtrakt er Pelyphasedfiltereeomsiptingtof & hrypok alpegsafilt¢ns(d)oydetx aNftorfgt | nput

for the m I’lLtefldnaﬂlghttsh@é)utmuéhﬁhgf@izegfbyt he second delay elenment (2) at a

sec- ond input for the subt flrst mul ti e 5). t hat
recei ves the cal ¢l Y& 10 é‘Pe%gF@SBPfq{% f9TAEE X GBI szf{ﬂllf’((-?’ clemjents
mul tiplies ivith espday iLvald ahdast anpmadeipeniwieeimall idplaycetmentscwith a
ef 1 ¢l ents (31 SRl deiy Ghonlsahedls REpUeLadp 2 second Tnput of

the fi rst adder g receives the second sunmman wherein - in case X
equal s to 1 the sBi*PPHAECEt by ‘sé$/cl\I TVt s Redg thessampplingisate o€ the dpput
signal (u(kputeigmaharanch allpass filters. 30 4. Filter according to
claim 3, characterized by: - a second adder (6) that receives the output
signal of the second delay elenment (2) at a first input for the first
summand; 14 23 uneFiftgpaccording to ¢lagm1lg characterizgl RYtigy said at least one multi-

10 plier respectively comprises N time-multiplexed multiplication coefficients (ag,
cers OIN-I3 X0» ---» %N-1) that are used in a predetermined order {(o(k)= ok mod N);

X(K)= % mod M)-

3. Filter according to claim 1 or 2, characterized by:
15 - a first delay element (1) with a delay N that receives the input signal
(t(k)); '

- a first adder (3) that receives the output signal of said first delay ele-
ment (1} at a first input for the first summand;

- a second delay element (2) with a delay N that receives the sum pro-

20 duced by said first adder {3);

- a first subtracter {4) that receives the input signal (t(k)) at a first input
for the minuend and the output signal of the second delay element (2) at a sec-
ond input for the subtrahend; and

- a first multiplier (5) that receives the ecalculated difference of the first

25 subtracter (4), multiplies it respectively with a predetermined multiplication co-
efficient (a(k)) and outputs the calculated product to a second input of the first
adder (3) that receives the second summand, wherein

- in case x equals to 1 the sum produced by said first adder (3) builds the
output signal (u{k)) of the branch allpass filters.

30 ,
4. Filter according to claim 3, characterized by:
- a second adder (6) that receives the output signal of the second delay

_ elelment (2) at a first input for the first summand;




- athird delay elenent (7) with a delay N that receives the sum produced
by said second adder (6); - a second subtracter (8) that Telwe2€85t he sum
produced by said first adder (3) at a first input for the m nuend and the
out put signal of the third de- lay elenent (7) at a second input for the
subtrahend; and - a second nultiplier )_that receives the cal cul ated
difference of the sec- ond subtracter % ), multiplies it respectively with
a predetermned nultiplication coefficient (x(k)) and outputs the

cal cul at el product 2 third dslag siranant §Tit wish at deday Behabregeierithre ) nrhduced
recei ves thepgegonécssmpaagd wherein - in case x equals to_ 2 the sum

produced by said second ad | ds the ut si gnal K of the
branch al | pass f|1"’l‘esl”§°nd55dl75f5f°§"é) (ézi B3t Py o 5 é’rB ‘i?fiaé’fn(? Qtr

char act eri zedddsr Bhat a divelripnpudfoe tht nsanendntni ¢dlasdutpne signht ppthecthdrd 6e- 9)
has qua”tsseﬂayca%éﬁtc(bﬁﬂésécgn& E}?ﬁut'fér t}&%b‘?ﬁh&?@'duﬁw by at | east one

shift register, at |east one | east one subtracter. 6. Filter
according to claim® 53°°Bﬂé’ﬂ‘&E‘P’é?rl f?bH‘ﬁtﬁe?%‘éﬁs ‘Bﬁéalﬁ‘:ﬂatt‘?dpﬁ‘iffél?er’("s of ghe sec-
conprises: -oadfkubshctshid tmnagshss & re6pdtivBRpWitiga pr&fetdrinivad texl@plicktnt hat

i's receivi ngcéel?fa%lexggt'&@(ypl I(:IC ut%.qg Falcu{&t&cﬂ?#&dugteéo Cée% né%ﬁd_}qbf (tr?'g)s?c—

rece|V|ng the ou Iue Of PSR I'rs
fixed input eeg ﬁﬂ@ﬁlfslaﬁﬁldt reveivanithe ysicped Agmatang, ‘S’é@eﬁ'd fixed input

]Eer mt Ral 1h0];ta SeC-QHEEa%"kfeTquﬁl@gb st @le itﬁllbr?tﬁl&@b?%aﬁi‘éécbn?%gﬂfﬂ @? ﬁ(ulla)s angl a
our shi i ster e avi its ut connected to the noveabl e
out put termﬂ’ﬁl t%dé‘??f‘?@f&??%é {’] g?’“?@\ﬁ@ﬁéofsm - a third subtracter
(14) receiving the output value of said second shift register (11) at a

first Input éece'ﬁ‘ﬁ'té}gactcﬁ':%l EBJEx‘I%ne of%1didsSh th:it QHL:a%?J:ﬁEé&)En %HM E#b S3)
having its noveabl e i nput ter m nal  connected t he Omgﬁgntﬁ said third
r

shift regi st phsyid atileastjqngimyltipligrsol pﬂ!lthatsé%uanH‘Feﬁ’aF"ﬁf e thatdti t s
second fiskedcaplibpuiéalised Bl Mlledss ofiORBALT kaMisten) a2 1S&R€0nd addptibr at 1dase ohbi r d
subtracter (4L C?CEI ving the subtrahend. - a third adder (15) receiving

t he out put val ue of “said third subtracter (14) at a first input receiving
the first summand and outputting the multiplied multi- plicand, 14 June

2005 -- 18 Is. Filter according to claim 5, characterized in that one multiplier (5, 9)
comprises: ’
20 - a first shift register (10) having a shift value of 22 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 multiplicand at a second fixed
input terminal,

25 - a second shift register (11), a third shift register {12) and a fourth shift
register {13} each having its input connected to the moveable cutput terminal of
said input selector switch (52),

- a third subtracter (14) receiving the output value of said second shift
register (11) at a first input receiving" the minuend,

30 - a first output selector switch (S3) having its moveable input terminal
connected to the output of said third shift register {12), its first fixed output ter-
minal runs free and its second fixed output terminal is connected fo a second
input of the third subtracter {14) receiving the subtrahend,

- a third adder (15) receiving the output value of said third subtracter (14)

35 - at a first input receiving the first summand and outputting the multiplied multi-

plicand,



5 - a second output selector switch (S4) having its noveabl e i nput termnal
connected to the output of said fourth shift register (13¥June0Pprst fixed
output termnal runs free and its second fixed output terminal is
connected to a second input of the third adder (15) receiving the second
summand. 7. Filter according to anyanggof. the precedi ng clains,
characterized In that a polyphase filter of order x Nwth x =ais
realised in a time multiplex and works with a clock frequency fc = a . Is.
10 8. | Qlgener at o2 sespad gutmsitisglegtarswiteht (Sanhavied i mepveakiplisplivteamirals si g-
nal is'( ij getconiiidbied Ft_bitﬁéilthplﬁ & gﬂalfoﬁl(tﬂ;)sﬁ(ft Irt)g(fiétl@ﬂ[llﬁ.kftg\l)ﬁrgﬁfiﬂécﬁo?@j’\ldﬂg ]
supplied as , input sigpal t(k) to a polyphase filter consisting of ranc
i Phase f11 tisPERAs5hEe abd b spfors RS BBREiermiaf iy EPMELEs Gk GrepBacl ai m
8, char act erinpetiof thetthiafl atfier (38} meeivinggthe satondf summeampd| yphase branch

all pass Bilters (22) gets nmultiplied by a signal B(k)cos(27cfp/fsk) to

cal cul ate the |-conmponent. of the conplex baseband signal and by a_signal

B( k) si n( 2nf of*f sk te5 acatrdedeeayRBe E}? ByrRrshetins sainyehaspgherized Jadbah ng

si gnal w t h sApklypBide) ftiter19ff drder kk/Mwil0x 25 B0redOsed @ getr@raholtipdecandi ng to
claim8 or .aCt ar | | yphase filter according to anyone of
clains 1 tqunfgqéﬁﬂ%g?afﬁg®?¥gggggﬁgn Qand the @ conponent of. a conpl ex

baseband signal. 35
10 8. IQ-generator, characterized in that an incoming sampled bandpass sig-

nal s(k) gets multiplied by a signal Alk)=(-1)f1007 (K/N) hefore being supplied as
input signal t(k) to a polyphase filter consisting of N branch allpass filters (22) of

order x - N.

15 9. IQ-generator according to claim 8, characterized in that the output sig-
nal of the po'lyphase branch allpass filters (22) gets multiplied by a signal
B(k)-cos(2nfo/fs-k) to calculate the I-component of the complex baseband signal

~and by a signal B(k}-sin(2xfo/ fs-k) to calculate the Q-component of the complex
baseband signal with A(k}=B(k)=(-1)fleor(k/n)

20
10. IQ-generator according to claim 8 or 9, characterized by one polyphase
filter according to anyone of claims 1 to 7 to filter the I-component and the Q-
component of a complex baseband signal.

25
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