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14 June 2005 - 1 A Dgital Filter For |1Q Generation, Noise Shaping and
Nei ghbour Channel Suppression Description 1 The present té4nkeaD0n rel at es
to the digital generation of a conplex baseband signal and in particul ar
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- zeugung ei nes konpl exen
Basi sbandsi gnal s" descri i on of a conpl ex
baseband signal which miﬁ%i&pFﬂeég mg‘% hi&beijﬂjgwkﬁ%hl s Patent
Application al so describes that- the branch f|| ers of the polyphase-filter
shoul d be realized as allpass fil terﬁescigtfﬁae paper "Entwurf and
Real i si erung di skreter Filterbanke", published by Shaker, |SBN
3-8265-0366- X, from Torsten Leickel explains howto design such
ppl yphaseif i Thepsesvht ﬂw@ﬁﬂuﬂﬁﬁ&aﬁ@ &6 Qhe fdﬁélfaﬂ? rg%ner&ﬁoh nftahtSmplas dasédi@d nput

signal of the_pal ase-fjl N g | pass
filters. Ther%‘?%l (p}{f g?ﬁtﬁéli tf°| "1“? r‘gvrga f?“"’ltlt(J"e1 0(r?eala ?fggase ﬁ%er o 5¢i ng t he
deci mati on feeetloy usdd ﬁlh@fmlaﬂdhaelscefmdth@murwﬁes design | eads-to high
realization costs for the polyphase-filter. Also, only a restricted anmpunt

of IF- frequencies can be realized with this struc'lt\}y‘w? si nce (511
| F- frequeﬁcﬂ&e Garmap Fafent HRPUGHORNPE ot PR=AER 17/ PR 8 Hgiteke
sanpl i ng r atExzefigdrgeeifitd kemplexen Hasbgnddignals'bddsngbes aatalgaithoofrgt thiat

bet - [ t t 597
255 a1 EnpfRgEs e Ze{ar bRk e i A 1‘39“%%@"5 ot JL L Feprey

Si gnal ver ar BBterudgts BF%F lca‘i*no%faﬁocidé?wbﬁ%é P Akg d’r’ia@ﬁh afﬂteéff (fér‘ihﬁhm f or

t he gener at iganyfas@naerPhand Baselard -siagipads fillésopti m ze the realization of
the digital signal processing a switchable allpass filter is used. However,
this realization has the di sadvantage that no digital nei ghbour channel
suppres-- si dienpape Yrdping uodnRbdisierahg zbskrated Fikerbanlfef egqublighedcan onl y

be chosen t@3Q.F! fEiFhlghast 6&136Fxb?xlolﬁg ToR8ed @eldiki %kpﬂaﬂ{%uhc)@afmld‘sﬂgnr ate

and m being a nat ural const ant
' such polyphase-filters with allpass branch filters.

15 In this case, the input signal of the polyphase-filter 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




However, all of the above |1 Q generators are quite restricted in respect to
the used Internediate Frequency (IF) and therewith in rd4pee 20Qb possi bl e
sanpling frequencies of the A/D converter converting the IF signal into a
signal suitable 14 June 2005 -2 for a follow ng digital baseband
processing since the output frequency-»f the generation is fixed according
to certain standards and the input frequency of the IQ generation (i. e.
the I F frequency) strongly depends on the used 1Qfilter and the needed
oult puth fr e]gptleacwuommgﬁ@)ﬁcgitaeaiﬁbeﬁd tﬁg@?a@emg ?‘lﬂcleiqth\eedjlitbmnf_rﬁ&wizgef the

pol yphase-filter whi an be ysed for t ratiqQn._and an

0 goner at GETBRIOR &F figed ACTEIng A Pl BEPOHE hdobe gadt ralendek: o
Frequenci eshe IQ gef®ratior (iexi ikl IF thequandyh etromydp aepehdefon fhe usednplfiteg

frequency of the A/D converter preceding the 1Q generation. According to an
aspect of td ﬂi’%(}%‘?fgdcﬁ’ﬂf?p”?hﬁ‘ﬂléeq%% provi ded a pol yphase filter consisting

of N branch allpass filters of order x.Nto filter an input signal t(k),

characteri by a structure of. an allpass filter of order.x conprisin

ot ay ol eramdingyS of Wi Biegert infihedn' PRS2 b ihae flr Shich GBrEH ol 1

ﬂlel aydel err&mble _fowitﬁéllcagei]fératjom?rﬁira?\ h‘q_weﬁm?@gwdiﬁglmyn@émwmw bh a Slel ﬁy
, and a sanpl.jn ate fs' = fs |[. W t i.ng. the s .ing. rate of the
hout s, gndPesipE R§edRE EieBngEs Yo oe TedBlPdim B 3o, PL

i nventi on Rkamplind fhequenay biztht IAUD convestes preseding thenlygemevation. smal | anount  of
adders and nmultipliers are required. 1In a preferred enbodi nent every
needed nmultiplier is realized by at |east one shift register, at |east one
adder and ccorelagt toone spbatt sfathiecihverstion] tare tid@rovided aapolyphase diltst s ar e
additional |y decreased. Furthernore, the using of a multiplexing technol ogy
Al ows a vePysisiing,ol-Nchserch lnges fisers @i arder A to gL most SERAIHBN. 11 1 t or s
and therewith to . ifferent IF fre- quency. An | enerator according to
enbodi nment SC:h%ﬁ‘ac%ngé;!r)’ésent i nvention gl I OV\Z a ver;? geasy doubl i ng of )
possi bl e | nt ea rsirdctatec ofFar qlipassi féter 00 order gi cmmprBoigy gélag eldmdrdemwithconsi sti ng

of N branc | fil .arder. x.. t [0y S1.0N ' I
O Dr anclycl | PAREal Ik 818 Rl ingleial B8y EhSHhE wie 6™} B2
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.




14 June 2005 - 2a Preferably, an | Q generator according to enbodi nents of
the present invention conprises a polyphase filter accoriiJdwgei2805

enbodi ments of the present invention which allows to replace the 14 June
2005 3 1 expensive analog filters in front of the A/D converter by weak,
cheap filters, since the pol yphase f.i2ht-er accordi ng to the present

i nvention 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. rléfef’anja?mr@smfﬂ{glehmmn]tcabwdmbitgbmm&naﬂld_owﬁ ﬁﬂeeienttii;]h&rﬁbr? !th ure ?f
conventional allpass filters first order to.reali a_pol yphas ilter o
order x N GATAISGE SRAYPhage i s SEBBCraRRamETs of T plgenid ey

descri pti onwigith giicergtbaeplacipedi - nents thereof taken in conjunction with

t he acconpanying drawi ngs, wherein 10 Fig. 1 shows a bl ock diagram of the
N time nultiplexed branch allpass filters of the polyphase filter -
according to a first preferred enbodi nent of the present invention; Figs.
2a and 2b show how t he design of the polyphase branch allpass filters 15
of order N according to the first preferred enbodi mrent of the present

i nvention 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 pol yphase filter according to 20 the second
preferred enbodi nent- of the present invention was achieved; Fig. 5 shows a
bl ock di agram of the systemenvironment of an 1Qfilter; Fig. 6 shows a

bl ock diagramof a digital 1Qfilter; 25 Fig. 7 shows a bl ock diagramof a
digital IQfilter in case of quarter period sanpling,




Fig. 8 shows a block diagramof the digital IQfilter according to a
preferred embodi ment of the present invention: and Fig. 94shoe=08h
efficient realization of the 1Qfilter showmmnin 30 Fig. S. In the
following the first preferred enbodi ment of a pol yphase filter according
to the present invention will be expl ?i ned 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 ope L= t he
mul tipli err11 erxrgl:'ltléwe thﬁo% fﬁpégtiﬁg&na? act or E}ﬁ?ﬁg&& er}ab;/yeﬁ?aélgo kﬁ%ﬁ fﬂ% %t e of
the art all F#% thq PQWPB‘I‘-SCOFlﬂé’f agcorging He thpeesent invengigpydlqws i 1§P15t‘2a i s
such that amhappigarnsd ﬂ&@hb&t(lkb:hdrﬁlei 8dpHi@sabn AR e3¢y & Erati@Bterk01 and
as m nuent tﬁmtrheohsl 1thlr &{eé 0% vThe dﬁrﬁ%edrl np C{Jt signal out- put by the
del ay el enent 161 ' p PYPLT ARG P The adder 103 that

produces &and out puts the out put signal u(k) of the allpass filter. The

out put 5 si gl pAdE: i'n$eritﬁﬂl Wi uOL R ofiRlifY Bleesidtuldds %%txﬂﬁ&pm S

t he subtrahend for the subtracter 104. The difference cal cul ated t he
subtracter fYBFR{ltersfinst pplerelg ARpkes ® REWYRORTS Pitercefi FERF Kadt il Qelﬂ‘r’ the
mul tiplier i€@Suaderstdrel fremutie fdllogripy deftagled i desetippon ofl easmpepreehizidmrand t o

t he adder | its
out put s gna ndlt “é%ﬁ%aﬁﬂt??%‘fiﬁl&éﬁ%‘#’?‘é&@?&%@%ﬁﬁﬁﬁf‘erh"éunct o
pol yphas€’ | owpass filter with N filter branches, e. g. shown in "MJItlrate

- digital | Si gPid. 1Processi Ngshdd ta bﬂ:Ele di@taheasthe‘ NI iiﬁfeb@nhsplezv@veﬁeic , by
N. J. Fliege, ISBN 0-471-93976- r(Z 1), r=
‘with z = e5n Q=2a f 20 4% Pas/isg s c?f B‘é“’dpc’ Pf‘ﬁge BEe ?C%‘Z’dg‘%’\l)‘%l(a %)‘F“th
publication "A new desi gnpraf¢rnedi 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 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
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 multipli-

cation factor o. The structure of the state of the art allpass filter of order 1




for polyphase filters using all pass sections”" by W Drews & L. Garrsi, |EEE
25 Transactions on Circuits and Systens, Vol. CAS33, No. 13Jupe2e®5 1986, the
branch filters can be chosen as state of the art allpass filters. The
transfer function of such an aIIpass filter of order 1 which is shown in
Fig. 2a is given in equation (2). P. tst.W(2)= U(z)= a+Z-" = az+l
(2) T(z) 1 +az z + a Wth equatlons 1} and (2) follows the transfer
function of a branch allpass filter of the polyphase filter with one

coef {1 C1 aNtoraSmshomg, b4 LGUa! o drPlio i o (o) oldy 4R A00P a2 1\

Therefore, with equdtions (1) and he transfte
pol yphase: IB%Hakd! #7¢ ?él’mﬁge%‘}fé’\/\ﬂlel W%Fﬂféﬁ HH*‘ Ty dejqyed ppow-signpl oyt-zr  ZNsR
(4) r=0 5put bmhkeﬁlaymeraeraoimpdaaﬁgut avpaeEst firhinend b the adddrarss @fat

function as hown in ti ac ord & nventl n,
N branch all pa‘é%esfal}c% o asf ége o’("aﬁut ) n? n@‘g 0}%? ﬁ%f 1sl%zt h g sal%l(g
rate of Ps sigrfad WkiNg \f\ﬁdtw 15 O@tcnumgletabreelersarmtplQ2n*ghnchtoettmt5tthe spbingbhad e

filter inpyr smgeai)trﬁét&) 10101&9:11&2&11%@%&&1%%9@ S ftet h@?egéil? f
rs of rat e S =

tIITEITU|tI| s filt I|n
5" N whi BHETER PRRE aplaiReg ok fn ¢ pedhs Ftaie TR s uBhown | n
Fi g. 2a i ningarodure islelpglie] eseptmrdeownhavd torttleraddenl@3 whighsaddsl itwg rat e

s decteaseglsy SNERohASu ARG il G ECbEBLL Okl N At the 15 output of
t he pol 8hase filter 1s shit o the input of the branch filter. The

transfer~function of each of the N tinme-nultiplexed allpass filters is
cal cu- |at mquaﬁmﬁ al)l @sasrib@)tW tranéfer FTulttimdofS? palygkade, lolvplako fisteequied | On

(5): s S%I fT: lt BrahnNhes. _NEZ sh(gv?x)x 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

20

function of such an allpass filter of order 1 which is shown in Fig. 2a is given

in equation (2).

U@ _oa+z! _oz+l
.30 . Hap. 15t order (2) = Tz} [ +oaz! Tz +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}):

35 : H.-(ZN) = ZN + B (3} i




Wth z' = e" and equation (5) follows equation (6): 25 Z = e)n' = el Ng= ZN
(6) Wth equation (6) follows for the transfer function (1A)Juoé 206 N
time-multiplexed allpass filters Nth order in consideration of the del ay
caused by the time-multi- 30 plex: Il U(ZN) 02N + i onmt (zN) = T(z") = Z zN
+a(7) withr=0, 1,..N 1. 35 1In the preferred enbodi nent, aditionally
the coefficient a of the Ntime-nultT-2ptex allpass filters is replaced by
N time-nultiplexed coefficients ao, ..aN - 1 as 14 June 2005 6 1 shown in
equati on 8Yhenffdoe, wiall dqAubhd &) 2nlihgs)NeduloWs- M HiapkfxefindlibRags dhil ters
of order N vmfhhthelsan'gl ng rate fs = .fs Nincluded in the pol yphase
filter accoPdrRGTDIMREST F1EL aHPRE! e arwHonddli nent of the present
invention have now the followi ng tramsfegfupctions as shown in equation
(9): N 10 Hap:. 1, order(Zl Zz' Hgl=+Ye +9—withr=0.1,..N-1. Thg bl ock
diagram of this polyphase branch fil t=ar “ehbi zati on accordi ng to the 15
first preferred enbodi nent of the present invention is showm in Fig. 1

whi ch  basi TaldeylishawpolypRastarerpats iltds VitBSa frthsfdbfurtdont fe sylvhi Rl i er

now com .prj . Foe-mal tioplexed coefficient descri.bed ove.
Therefore, %cﬁ%ib%ll %/L?o a":sogy 'fnlglt? é’ge EE%SSPde}\Vémb%n't%ée, Pre parﬁé’fag? ﬂt&r?e'f‘r{?odi ment
of 20 the r¥gehtimenpalinleredcnp e saepling fate of folelfay ¥lvdtefs being the a

del ay ‘N t hadamgting RitY @8 thdFolipHAdt rFiedRRputl lifnal t@)first adder 3 that
receives;4 he output signal of said first delay element | at a first input
for the ]fl rst summand; a second delay elenment 2 with a delay N that

recei ves t hdgs@mshowdubedtringtugaiofl thesesN tagkdamuli3plexeal dlipass fitdos nédokdsr 4 t hat

receives the wiftPAsasipgngrade(df)rsal sy N &hifeniD BHE; di8LrehP %o the allpass 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

15 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:

: 1 A f
20 With £ =—I{T‘ and Q= 21—, follows equation (5):
) Nf
Q=2n 7.: = NQ. (5)

: With 7' = ¢ and équation {5) follows equation (6):
. 25
z' = ef¥'= gz N (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:

Uz - ozN + 1
TN  “ M +a

(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




25 m nuend and the output signal of the second delay elenment 2 at a second
input ' for the subtrahend: and a first nultiplier 5 that MetBeégst he
calculated differ- ence of the first subtracter 4, nmultiplies it
respectively with a predetermned:- multiplication coefficient a(k) and
outputs the cal cul ated product to a second input of the first adder 3 that
recei ves the second summand, wherein i +he 30 sum produced by said first
adder 3 builds the output signal - u(k) of the filter. The all pass branch
filters ofl tshewpdhypluasienf(B)l:ters can of course be of higher order than of
order 1. The follow ng second preferred enbodi nent according to the
present invention described in connection with Figs. 3 and 4 shows how to
35 create a pol yphase | owpass filtef®F ety anch filters second G der from
a state of the art allpass filter second order. 14 June 2005 7 1 Such

oo o " oRnalh, MBI SR WP AR ofee PPV, B sPpafing Biis 1

differ- ence 1o the's ass ter 't |rs
Fig. 2a is tfsatf¢h& lwmcwdtmsﬂlgrmllynhéké fiitsr actording touthre @eﬁepla'ﬁ'@decwnf—l rst

adder 103, BYhirRenSHHRd prééén&eﬁvél&ﬁg%aﬁrel Ioa%etfgu&%gr@éx%férwuﬁcﬁbggag
Therefore, the output is 5 generated as a sumsignal of a

further add& °YBG“FHH?U?%E§|ves t he output sig- naI of the output del ay

el ement 102 as a first sunmand. The sec of said further adder
106 is geperated by nultipIyH@ngm@uﬁnkﬁgggaae lhe sum si gngy) produced
by the adder 103 and the del ayed output 37gnal ? by a mul - tlpllcatlon
factor x with a further nultiplier 109. The tine del ayed out put sig- 10 nal
u(k) is genettted ghy, ansecond out put del ay el enent 107. The transfer
function of such an allpass filter second order is shown in equa- tion
(11): 15 Hv. 2,r, oars (Z2) = Wz) =az +1 Xz +1 T(z) z +az + g (11)
Ther ef ore, W®ht frledkediageam foé ithisup@dyplose dirancip fltgp ealzationpasewrdiig tethe

descri begsi ﬂrsteﬁ%@é&éﬁle&%),dlnté?ﬁ JfrtﬁE'?fr@sr ent liﬁ'&tdt% {s0dn 1P elaY PhaghciRl | pass
branch fllters with 2 coefficients | ows as shown in equation (12): 20

(zN) =0 Z"+1 bagieally shows téﬂ_,_sgfne( ﬂ_tz)tcture 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.




Wth equations (1) and (12) follows for the transfer function of the

pol yphase |owpass filter the follow ng equation (13): 2544un¢2805N i Z.r
VIZN + 1 5XIl + 1 P E z"+ Z"+Wwr (13) r=0 For the pol yphase | owpass filter
with branch allpass filters of order 2 N ac- 30 cording to the present
invention follows that all delay elemepts of order 1 shown in Fig. 4 have
to be replaced with delay elenents of order N and the sanpling rate of
each branch input signal is changed to fs=fs / Nwth fs be- ing the
sanpl i ng rht Such stite dfrtpetarsalpress fil(de)secdivd Aed@rislisA@whk on FIE 45 EaRNG ffer-
preferred e i t § I td e - L ase fiJter with
B anch 111t eraior o japcpteRaE et AR dealoldd? sBRym W B8 1t chache
time-nultipl RTINS Wik & Bt BifdSug dgnerated by (firstladderN O3, but pssemadof 14
Julne ﬁOOS 8filtkr Tsh@e(fﬁgévfs! & Qéﬁe&aiﬁ % ) signghmréf&el:iuge ot?‘bpu;{@?érﬁfl ¥® 15t he
pol yphase i cord- ing tq the_second er i.prent of "t he present

i nvention %sgés'ﬁ%\?m%%i wEG %g%%n%f aptr"‘I@é? aef‘d’ien:qggé\q;vef%‘v%ﬁ e HBYh &S
shown in Fi ghahef tegadpricdedaielem@nt A2 ase fictisvuesndriie Thatspetndssugnabkndl t he

second del ayoRbaRRRitne: Aided 106" S lgehBRld bPind e S : ird
del ay el ement, 7 WM tg aﬁggl % N%{g{\gat recei%es l?ﬁlgﬁ}sg{frhna%frf%g%%g&dbhfa%%?d
second adder S'§P2LPO8uGHLPY Hist pdder di03gndnthe Jelavsr padrytiienal iklhpadeed by
sai d first atpdcat®nafaceriyi wish a fuptierfonltiphier rbauendtinrdddiedauitput sigsi gnal
of the thigr ; t i t  for .t subtrahend; and a
second mul t%%ﬁggygeéfﬁg% Qérdelcz:%igvsggor?cﬁgg@gﬁtggﬁgteée ke Z'rence of the second
sub 10 tracter 8, nultiplies it respectively with a predeterm ned
mul tiplicatiTie caasfer futdtRAtofduch BNEIILAEPItS deBond atdelifkRblvn RAQUGL tO a
" second inputtioor{ 1tlh_e second adder 6 that receives the second sunmmand,
wherein the sum( p?'oduced by said second adder 6 builds the output signal
u(k) of the branch filters. 15 The trfinsfer fun ti+ n of the N _
ti me- mul uspl exed al | pass fHL!0f5..@NH> +] —@—&jed in the pefjyphase
filter according to the second prefefPed 2ithdi feh€ are given in the
followi ng equation (15): "z +1 x,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):

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

Ll B+l 8z¥+1
H, (z =Z Al .
#l2') o M+B 2N+ g (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




Hap;, 2-order(z) =V ZN ,}, zr+x, (15 ¢4 20 with r=0, 1,..N 1. The
coefficients of the N tinme-nultiplexed allpass filters 2N4hlupe@885can be
achi eved by conparing equations (13) and (15). The coefficients ar and Zr
of 25 the Ntinme-nultiplexed allpass filters are the same as the
coefficients or and Sr of the polyphase |owpass filter, as it is shown in
equation (16): a,=p forr=0, 1....,N71 %<s, forr=0, 1,...,N1 (16) 30 It
can be seen fromboth preferred enbodi nents according to the present
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signal t(k) pobdeded qyoéay@h;asemd addeers; aldecdndeuBfabier 8 that Peetvesdb ysum/er y

mul tiplier i ?Géd@ﬁcﬁf’\éaflﬁ st Q&delé Smw o fﬁfthgrﬂe uefid GO thRTdutpSe N
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15 The transfer function of the N time-multiplexed allpass filters 2Nt order in-

cluded in the polyphase filter according to the second preferred embodiment

are given in the following equation (15}):

azd+1 X2'+1
Nt o FAR A

Hap,, 2% order (@ =27 (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.



15 the present invention that m xes the sanpl ed bandpass signal s(k) to a
com pl ex baseband signal, perforns a sanpling rate decirgtduoa2003h a
decimation factor of N and a noise shapi ng which depends on the nunber of
branch filters N of the polyphase filter. The output signal of the
IQfilter is the corrpl ex base- band signal w(l) =w(l) +jwg(l) with a
sanpling rate of fs, fs/N. 20 Fig. 6 shows the block diagramof the
digital IQfilter accordl ng to the present invention that includes a
filter blbcRreferabbnsienyi melidflieN intlmdednwithip| teedipmisk -filpaasef drdet er som-

according t Qnts@@Npﬁﬁ%erﬂﬁltlﬂé’;@@trhﬁﬁxph-&'ﬁoﬁ ReQAL RS HR| £ RBAG: PRIESI gnal
s(k) gets rrultlﬁl ied with signal A(k) by an nultiplier 21 before 25 the

resul ting stgrared pIgeri & $ A8t~ 26 mom® N time nultipl exed al | pass filters 22
ac- cording to the present Inventl on whi ch out puts an output signal u(k).

To gen- ¢f akg, e p'erQE?cﬁ? g@ﬂ?%@tsal’}ﬂ ﬁx}&lugfler%hlf ﬁcaﬂyﬁt%:db eRanttss{gnal
e

w(l) the out- put “sigha ase ter accor |ngtothe
present invBttilbgande eabpetprgt ﬂfiﬁséoﬁﬁls Ffblf?&%%ﬂero‘ﬁ Irpsthorengddeiiaxd & B(k)
cos(2sf 0/ f sleaskdnd Bubtrd&eful tiplier 23 before it is supplied as a first
summand to an adder 24 which re- ceives its own output signal delayed by a
delay elenent 26 with a delay T via a switch SI(k)25 as second sumrand.
The out put AndRagensfatohaceetding @athgenrssenddoierdtandisbyesiribpd an sanpidtisg r at e
deci mat i@ @ithtrigsd sy ¢h outputs the in- phase conponent W (1) of the

conpl ex baseband signal w(1). To generate the 35 quadrature-conponent wg(l)
of the conpl ex baseband signal w(l) the output signal u(k) of the

pol yphase fIigt Brshaws amdibedeftchankesigy eusanaloigrbaaﬂphmsfgsa]ssjb-wxpeatoedtdro a

mul tipl i cat frgcﬂl \fa %*}0 %}ﬁﬁgqgﬁwm 5 kb aAd- @?xﬁx?er&fr%ftﬁ a Qmﬁlﬂxfnﬁgwhﬁt o an

June 2005 1 I'S sup d as
adder 29 whikhsympledkandpess sigpal é@fﬂ pwa§$egnfal a dégita} d@-Byeraz¢roréiy£drenent
31 withia cteJealyreIeﬁ/tl ﬁhvanﬁm Bt mB@6khe ?s@n@ecsesﬂdmhssmmm@(k)mea @uiput

ignal of th deci - nated by N.i te d t
ot i B PSS pREe G wetibins & yTriE st Redr iR Y 4 Bdmafitn o, O
basehand si fgn@lr ofN13nd TheissshapingwhichZepkods pindghé nphdse Oébm@heﬁiter@f t he
_conpl ex basghapgk shigpRhse @1@& trh@oagpl;tcstgrég bKinS@-Hakr i etbahial vik-

conponent of t he conpl ex base- nal are switched in the follow n
Wa;rp band mgnalrrnrr)(l) wil) + jwg{l) with a amphng rate of fs = fs/N. 9

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-




10 0 kmodN=0 S(k) = Sg(k) for (17) 1 else The center frequency fO of the
Al D-converter input signal s(t) is given by equa- 15 ti om4(JL®g 2005(19):
(n0.5+m (18) fo.f: Nfo=f:(N+m) (19) 20 with N. decinmation factor n:
integer in the range of _ NN 12 2 m integer 25 A(k) and B(k) nust be
chosen dependent on the center frequency of the A/D converter input
signal. In case of a center frequency ¥% talculated with equa- tion (18)
A(k) and B(k) are given by equation (20): 30 N (20) A(k)=B(k)=(-1) 1In

g ase of al C@)ﬂl‘?BQBfﬂeﬁtHQﬂ&)bufp@lithﬁlﬂ fatse Quitini dh cegpuat h@dbr(ibﬂx)rhi%ﬁkﬂeci:ﬁegihven
y equatio 1): 35 A z..B =1 (21) 14 2005 . - .11 1 |n the
speci al casg_t so%w% ﬁ‘é1§ u(%lsg%ﬂé\} ﬁﬁia eﬁ%@f fiodr?ia(yzf)ﬂfr:ne?t(]é?%(tzz? a}rrgﬁla{ ilizt‘ﬁlag vk %h m

i nteger, whiSgik) 30 dsseecerd isuampndy t dhe patpeldsiganlppl Hiy, 2dder Ihegetsedeqiul -
tiplicationmalted bg 04t RWanQfinkh@ téradiifda@@nakiPasswikich tRfiphis thRtgdiREEsSSary.
In this §aze t he bl ock ? agr am shown .in Fi %6_6 {]an( ]be reduced to the

bl ock - di agr AfR¢ SHRRGREPRYE Q.O 7he qempler PasehprdienH "l gnal  u(k) of the N
time multiplexed allpass filters 22 accord- Ing to the present invention is
fed directl ﬁ‘h@%v@tc‘x' g[ﬁé25sm@qnfyﬂas%ncoqm%%n§§f the complex baseband signal

and the switch Sglk) 30 for the quadrature component of the complex base-

band signal are switched in the following way:

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)




whi ch outputs the 1 Q multiplexed conpl ex baseband signal w(l) = w (l) +
jwg(l). The adder 33 receives the 1Q nultiplexed conpl exidbluselddds si gnal
.del ayed by two delay elenents 35, 36 each having a delay T via a switch S7
34 as second 15 summand. The switch 34 is switched in the follow ng way: O
. knodN=0,1 S7 = for (23) 1 else 20 The output signal of the adder 33 gets

decimated by N2 in a sanpling rate- ddcirmation unit 37 which outputs the
mul ti pl exed conpl ex baseband signal w1). Depending on the required

si deband f{ o, is 25 calculated b
equati on 1(251) rt%fsﬂé‘%%gag%aftﬂhg)q'.’umgg(ea%ﬁszﬁfﬁ%( K) = 1) s (- ACK) :()1/)0 2)

(25) 30 As nentioned above, the outpu nal of the 1Qfilter described
in Fig. 7 1is the tine-nultiplexedbed eﬂlbaseband signal w th{2sanpling
rate of fs' =1fs/N Figs. 8 and 9 show an exanple of an IQfilter

according to the present inven 35 tion conprising a polyphase filter with
branch fid twid of inteder walthals dsacalded guanttrepqsiodseamplingy éhe carrierPngl- 8

shows that { ﬁcﬂ%xyeha&eodtbhi Sﬂ' tHf meuARE ANa8Ss filt8h VAol AedekGary3 Ih Shigsed as
pol yphase filter 22 a¢ cording to thegFre§ent n tion

v 0
Do Y P Ra® ShEar: the B FadtpR Higr B B Gt AFsr B APEFEmused so
that the cashmwnimﬁﬁgu7pllcat|on at the output of the pol yphase filter
according to the present invention as shown in Fig. 6 is not necessary. 5
In the shown exanple the decimation factor N is chosen

coef fi - 10 eflexe. she priput oigrp] vy obthe Hégpaﬁé’dﬂ?ls#daa‘mg%iltfﬁ%ﬁ%%ﬂrda
bandwi dt h ofng th. h26pd¥ként 1f[¢wusarmlfemgufebﬂﬁ|ueractyrst sumineseintd an bBAd2883MHz and

the center _freqt SRR aﬁghgufw RlleaSloiAle b2seBRRP Bk PwhP=Tnth QTRoM2- WER

t hese val ue¥
: 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:

) kmodN=0,1
S7={ 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):

A9 = (™) (24)

AGD = (- 1, r(“ ) (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-




10 To decrease the hardware size, the coefficients a(k) and X(k) are
quantized in a way that they can be realized by shift regikhe20050ne adder
and one subtracter. The following Table 1 shows the coefficients of the
branch allpass filters: 15 r ar -Xr 5 0.21875 2-2- 2- 0. 138671875 2' +

2-15 - 2- - 2- + 2- 0.1796875 2-3+2- - 2- 4 0.40625 _271 34 + 2- - 2-6- 3
0.5546875 2' - 2 +2 0.171875 2 2 0.687522= - 2' + 2 0.13671875 2- + 2 -
2-13 0.8125 1 - 2-T_+ 2- 0.08984375 2- + 2- - 2- 0 0.9375 1 - 2 0.03125 2

20 Table;1: The hardware size can further be decr ea‘sgd wh?,n the N tine
mul ti pl exedt8P|as haZ shewp iR FLE- fndndige? alsrddyalteriPrrigd sipmpigg ds et iste
mul ti pl ex sthdthae chireer @oltiplianedn at tipaesphit bit tepodfphasdfitte? heardingaal | zed

by a tine ti . ' . of: heddssfb9. 9 shows a bl ock

di agr am of %eeﬁrfgé)%ﬁﬁfgétho?géa ?ljizde“é1 %rﬁf‘lgotgllgrég@rrﬁl £ pr?ex and nul tiplication
coefficients that are realized by shift and add op- eration: 30 The

“mul ti pl% ertn whi chows ek@ablezthe idelifafiorn Scrdfliti phbsdn B Bs= Belthe aefthe
second multiplie | ses firs hi ft.reagister 10 _hayi shift
valve of - SeBis gt ibe SRRl BR Seplefy B DAEAAS W B OGaP E |
switch S2 rbéepwiliyg Tive saupling frequbney &f clywen thi Y5288 MHz am‘éghs_tcentexo at a
first fixedybfiiteytRTtAE NRbuRSEndING dAYsEA 1o Bl ICaRG2RHA WREOMdsE ¥REsi Nput
termnal, a sec_ong shift register 11, a third shift 35 register 12 and a
fourth shi f¢ayLigPdEdh s 18lidach having its input connected to the noveabl e
out pgt_]term' nal of said input selector switch S2, a third subtracter 14
recelving Ffbedé’é%&s;étth‘é%la%ﬁw&f S8, ng RE0RGeR Y L hAGL R e ﬁt&aﬂ&zai fist

i nput receiv- 1Thng the m nuen(f, a first output selector switch S3 having its
nmoveabl e i it thad thqy capn he readiged by shift registers, one adder and one subtracter.

The following Table 1 shows the coefficients of the branch allpass filters:

15

Cr -Xr

0.21875

9-2_9-0

0.138671875

353 30-97

0.40625

21331375

0.1796875

23 +24-27

0.5546875

2°0-277 4 274

0.171875

231 34.20

0.6875

2T-2%+ 272

0.13671875

23+26-28

0.8125

1-272 424

0.08984375

244+ 2%-28

O | b 2| | [ =

0.9375 1-24 0.03125 2-°

20
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-

25

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-




1 mnal connected to the output of said third shift register 12, its first
fixed out- put termnal runs free and its second fixed out4plunet2808i nal is
connected to a second input of the third subtracter 14 receiving the
subtrahend, a third ad- der 15 receiving the output value of said third
subtracter 14 at a first input 5 receiyjng the first summand and outputting
the multiplied multiplicand, a sec- ond output selector switch S4 having
its noveable input terminal connected to the output of said fourth

regi st er 113migalscoppeated ftp stbel outpus il seid thirdashiftagister d&. atsdfirst fised eobnd

fixed out puput edriinal rirs ﬁe@ae@tledsédana fﬁ@@%@pum%n&ﬁ i$ RenAdttédl 1o @dder 15
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i nput se- | getaitpsbit Lid ﬁ@rt&hte(gh;tdtrSIS nek ﬁ,:at gekdyutpat &imowl pahstiea@nto t he

first fi Xecgést ggnd ?I?Ld g}ﬂete}rgﬁxl‘%l gelogcic%d %Mat g&ong ﬁgﬁpgﬁttﬁgheﬁ)"dt he

second fixe erm na Select or novabl e
‘out put t er mdsigr 1§freediging jthe sechpdgumseanid. sel ect or sw tch S 1 whichis
i ndi cated by an arrow pointing to the first fixed 20 term nal of said first

el ay 1 HeEAcFop: to,schieveghe Jnic RASIG (b SHAMIDE EBABL TS 5T FAYER enabl o
I nput receiivikig & Iirefddadiicd'ctlsng reafirst Ei@ed anputhernpiurbivéaciofs thsked \mh ao

I tipl t ; d
mul t1 pl ex. a-ghzﬁl ﬂfgtgl'ﬁe%%pl.{tq r{uh&ﬁ: ofch?ll: g?ﬁtg#egrg%%n :kn éﬁ? P%%eg)l seI \S_I@COI‘I

fixed term na an e rmva e termn a secon &ct or
switch S5 t5lestprigyately PRand e maltiplisator rattiplyigg with -Eé arsssopdifizede of
the tinms rruletdxmlawf tiie 1nﬁdtr§ilec&d®ﬁto’ftx $G. The xhdsuamec&mnaam oacﬂldern;ﬁutyer act er

mi nuent accordi Ry o The res ec |ve by 3R driednbo ? er-s racter 3.

The out put mf thbe aniphety S%mrr switelr isgcpmnefied totthe asemr@fmqﬂatqm@aalmf 4 he

“second - del amsfeireea’smk §Jiél=§torh§§1t@a del e howhie Bu@h@%ﬂﬁﬁaﬁ& gy tdeut s. gnal
u(k) of th p ter 22 according to the resent its

ase fi Ve 0
oot TRl AR Spleh ST P 3 FRlaPpy Ra brerDitin e i et Brd of t he
first iBRPuttesminet bbsaidirttireBiachnetlataoswithds Is scameqad tto 2be difrstt ddas econd ,

del ay el emeflnhiavi QuR adfhdYuht Tor, TG, QUL BULT Ofnat NiaSinsiehily @LAIRAL 2 is

Sup-
P 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.




plied to the first fixed term nal of the second feedback selector switch S5
and 35 as subtrahent to the first subtracter 4 which receldbtnet085out put
signal of the first feedback selector switch S 1 as mnuent. The
difference calculated by the first subtracter 4 gets nultiplied with a
respective coefficient a(k) or x(k) aslﬂe- scri bed above before it Is
supplied as second sunmand or as subtrahent to the adder-subtracter 3. 14
June 2005 14 1 As nentioned above, the effient 1Qfilter realization
shown in Fi gAsgnprtioniedsabayamphq effienhi@-fltnsi rraticatiorf abevor infFifl € iGisand the N

al | pass filtesEpRhg Iﬂa@r&tﬁﬁmaﬁérﬁfi&&l bZRL & iR fdl Iﬁ'a‘?ipﬁé.(@%iteiré"%ﬁlf? der °”e
conpl ex output sampl e has tﬁ E ocessed in 12 output clock . e.
foD of s os! Ditestelllle umainufiplied AP B o s GPE oL I es SBRPIEATIORR

sarrpl es. Thepwicesed mh?ez st@ueslook cyties,|iQef ifbt=c2f € - Pefd.OrtieCsipial?2A(kg| ock
cycl es fcs Tébéé o%upﬁ'l 9"3u@§|§tc5158?§a1£ 'és eff?JrXfopJ t&l@%tﬁé ng {gﬁ?nt | n}]ersgal

states of the 1 states o SW tches 't

S1, S2, S3, Rgriod m éﬁcﬂ% W?Ie@rfe: ﬂ?Bl?r?eQCIOWh@SICQP%fOéWaWeOfSﬁhQr% difEO
which is actﬂevmthmgé‘mandta&ébeosfhef 1g-vistkti@Be Qlatb 1o $hé slvitcBEH AT Mapky SHI,
and- 10 SH2. t t.h e el nt.,and ther re.don car

mar ked by d %ROQ?SSI @E §§ Jgoév?t gfé/%rnethﬁofgucfg?ltﬁ‘ggatﬁp e%f,e %‘ﬁ]‘h
State SO 31 ‘S}zcssss&tl%'h%l Spd tigHghiGHmlp O D eV gloftOregisters SHW SHIL €hd® do 1

+ 9(1 - 19 sHd Qtaleslthkt(&rg n@t 2e11-va‘htrlﬁ|1d t]hr%rggﬂacd&l QcheOaIQ xgat:)keqobo)dﬁco - nd

1 + nd

001100 9{2
nd 0111 g‘itpi‘% i%“?‘iﬂlatn%fe nﬁtéefinef %fed“af dgy@d: nd 0111111 1 1
31+nd200011001300-nd 100111101123do1l+ 1(2)
11dc 0011001520-nd 121111101102do1+9(l) I
State| SO [S1[S2[53]54|S556/SHO[SHIISH2Z2[LEO[AD W
O ojOj1j1JIJO]1]1 0 2 de 1 |+([Q0-1)
15 1 de [0{O0[O0]0{010] 3 de | dc 0| - nd
2 01111 ]1{1}31]0] O 0 2 1 |+ nd
3 de OO} 111{0O0(0!} 2 4 (-1 o |- nd
4 1 ] 1|11 11]1¢t0@ 1 2 o1 + nd
5 de |00 111100 1 4 2 0 - nd
6 L[0T 1 (1|11 (I] 1[5 [ 211 ]+] ud
7 de OO 11010 1 2 0 O1- nd
8 0 ] olr11/11171¢t1 1 i 3 1 |+ nd
20 9 de [OJ]0]1]1|01{0O i 3 0 O1- nd
10 |0 , 11111 1{0f1]1 2 3 de 1 + I(1}
11 de |OJOJI11]010 1 5 2 o |- nd
i2 |1 | It1 /111101171 0 2 de 1 |+ Q)
13 de [0OjO[Ol0O|OlO]| 3 de | de o~ nd
14 I Jo[1J1]1T{1IJT]O] O 4] 2 1 |+ nd
15 de (O[O 111]01}0{ 2 4 1 g |- nd
16 [OfJOjTIT1I]TI]1[1]0 1 2 0 1 |+ nd
25 17 de 0101110 (0O] 1 4 2 0 - nd
80111 [I[1J1 11 (52 1% nd
19 de [O]O0]1]1107]0 1 2 0 4] - nd
20 (T 1 (1 I{I{1{1] 1 [ 1 [ 311+ nd
21 de |O|O}1{1]010O 1 3 4] 0o |- nd
22 (1JO{1IJ1IT1jOTITIT] 2 3 de 1 | +il{l+ 1)
23 de J1O|0QO[11110t0 1 5 2 0 - 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




13dc 0000003dcdcO0-nd 14101111100021+nd 15dc O
011002410-nd 16001111101 201+nd2947eddi0® 01 10
01420-nd 18011111111521+nd 19do0011001200
nd 2011111111113 1+nd 21dc0011001300-nd 2210
11101123dol1+1 I+1 23 do 1001520- nd 30 Table 2:

Dependi ng on the sideband that is rqu?red for the | Q generation, the
switch SO is switched according to the left or right states that are
descri bedli nfa+©@&.0725VHelisismmeledS@th A shallimgZateRifeffser aB12B8t MBz finl dase o€an be
used in a ler@(%ﬂQﬁB/tEMuﬁ?{%E &gﬁmvﬁ{tha;{"iehﬂér ffeﬁﬁ@n&sv OP?EU ?&9?%1@5‘ u%t he

|nput signal with a center eq uen%y 72 NHz
is sanpl ed idFtPled ¥R SAGPHAE a5 olts = 6112442@5’2 o, inj thecise ofPAM-recep-
FM recept i ortior, hRe ifypitt signgraikh i dehted fe@fiieaty bf £61HeIBSYKBE i Sarmpléd with MHz i s ;‘
sanpl ed wg te = 6.144 MHz and in the case of AMrecep- E
tion, the |np§?§@ﬂg% tgof? égégig%r "“frequency of fo = 455 KHz is sanpl ed
with 5 a sanpling rate of fs = 2.048 MHz. A digital I(}filter according to
the present A a8l i0XiRaSasdri@alo ARAFR LR iVRRASE HaR &hﬁne@ﬁgﬂa@@%ﬁnd
hi gh suppression of mrrored frgggen0|es since_ fre quﬁy | at ed
signal s are *88H%] i $he RasThRed FOREHRTRRre3ReT 8F JErpEed HFURARLR a7 R aused
- by filters vrdghengnmddwaedphigsalsi arct henghiass hgaidst Azoganddiey skenrsitrive
realizatiengfif b «%ags%él 'bgef{lﬁgwh%gﬂhh@art spﬁﬁﬁ?@baééﬁ\éﬁa tion is highly
efficient, since on ers an tiplrers are reqU|red
Therefore, the dlgltal generation of a conplex baseband signal in
conbi nat i on Ataw Bdsdenl $Be $EdRRNGN andhd 6] giMeo uecabiannel tHUPREQRSINOEN-W t h

a. pol yphasetlolnlits q’ughly efficient, since only five adders and no multipliers are required.

Therefore, 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.
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according to the present invention has |low realization costs. 20 25 30
35 14 June 2005 16 dains 1 1. Polyphase filter consi stdidige@00N branch
all pass filters of order x Nto fil- ter an input signal t(k),
characterized by - a structure of an allpass filter of order x conprising
delay elenents wth a delay 1 and at_lgast one nultiplier, wherein all
delay elenents with a 5 delay 1 are replaced by delay elenents with a
delay N. and - a sanpling rate fs' = fs/N, with fs being the sanpling rate
of the in- put signal (t(k)). 2. Filt®laiaccording to claim1, characterized
in that said at |east one nmulti- 10 plier respectively conprises N
time-multiplexed nultiplication coefficients (ao, aN1; Xo. . XN-1) that
are used 1 n % pr Bdpbist féer eongisting pf BY) kragtk aﬁn@issl\f}lfers)c(flo)'def KN todd-N)) 3.

Filter accorwiag 1ﬁ@1t041g}iarnt@1<10£ha&ac€é}mea05yerl zed by: 15 - a first delay

elenment (1) with a ecei yves the input signal t(k)); - a
first adf:lez (3) tﬁa&r‘?cgg’éel \9t§ntﬂ£¥aﬁﬁt iR i et * & of O TRy ﬁnﬁiqﬁiﬂy( B%I)‘Tﬁ:fi‘t%l e-
ment (1) at veth iar delay Apartd kbleashené im@tipSemmergein- ala dskyorlemehedsayitk| £ment
(2) withs delay: Md ABlack8H glae@@ HBReRRR QqeR) WUGRA by said first adder

(3); - a first "subtracter recei ves the i nput signal (t(k)) at a
first input for- f‘ﬁémﬂiﬁﬁéﬁﬁ &g {Wé\‘ otithds %"i‘%%ﬁe SplRe sate Ghdhgdray

el ement (2) patt sgr@e@tik))ond i nput for the subtrahend; and - a first
multiplier (5) that receives the cal cul ated difference of the first 25

subtracter (4), multiplies it respectively with a predeterm ned
mul tiplicatifon cBiteppgooedingto chafi)l) charpesemipad in thed said elleasteehnepmolticct to a

second i1pPUpLeF rédpectivelss bomnpAERr N(Bhe nhBtiple @& MiAEpliRIoREER AL SHITRA,

wher ein
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;




- in case x equals to 1 the sum produced by said first adder (3) builds the
out put* signal (u(k)) of the branch allpass filters. 30 4.14Rlune&f0accor di ng
to claim3, characterized by: - a second adder (6) that receives the output
signal of the second delay element (2) at a first input for the first
sumand; 14 June 2005 17 a third delpy element (7) with a delay N that
recei ves the sum produced by said second adder (6); - a second subtracter
(8) that recel ves the sum produced by said first adder (3) at a first

i nput forlthe ni nuenbirdddlay eéemeat §Tt Wikh gnddlapl thherechiveel thiesug fragueddenent
(7) at a secgga@agdm_%né 9dddrl€); subtrahend; and - a second nultiplier (9)
that receives the cal cul at ce of t he sec- ond suhtracte .
miltiplies it resp2SEfPd f/‘%%ﬁcﬁer 8{5 tg‘BEtrE?Weﬁet&erﬁH“E |p5?ﬁ1‘b°§9 {'?h E{)@Fﬁ ci ent
(% k)) and oadgut ) bhe fiest inphafedhpmoduetd tod shseatpnd signplibf tfe thitel dec- ond
adder (6)s! haly fEgelyePa ééﬁgec%ﬁ&mtsfm%m%@wa@idlo - in case x equals

to 2 the sum produce % sal d second der (6) builds _the output signal
(u(k)) of the brarfReaPf FagEprker beFhs'it rEacmm the calgplabsdydifigranse £hybh&eof
clains 2 to dnd @hafraatexera)zxadltipmes tades partivyly wiftta @hede@drehindd ho@dishli@mDdn
mul tipliers n £ t ha )
real i sed by é%f{ %g%tth&gwgm?h gtrgetﬁgg%lwfcatgcpp 1$ &tmglnéeecg dergp%lt OQQ?Q%é%st one
subtracter. e2dEflfirdp) @eémcaivafgﬂtqﬁeep%ﬁ AwBmagHavheredr i zed in that one

mrJll ]E' pl Hlm (5, 9) inccﬁ%)k'e‘éﬁﬁs 8@ thedsulnh rpséd@bafbylsa@gse?bﬁagea@a (@) diRg a
shift va ue t hat n icand and, - an input
sel ect or &c‘?h ‘tt%'és Slg'é%éﬁl@;}r?g%ﬁié agﬁ%ﬁﬁf’a%‘]f‘lifégof said first shift

regi ster (10) at a first fixed input termnal and the nmultiplicand at a

second fixeds, in ds shisf gg g,pt)l ird
shift register Flﬁgﬁe anémé@oa‘)r tgrrlflyosnﬁ|a!1‘fs§£‘i?}{eé 23?& Ehiif%gc 3 havi arl\tgf‘lr%rg I nput

connect ed tOOIFh@f %Q%HF%‘Stdl‘j’Fp}E‘t‘lt‘lP@F‘fﬁ (7219} dfes quan pRAtfidientscivihatftt ch
(52), 15 can be realised by at least one shift register, at least one adder or at least one
~ subtracter.
8. 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,




- athird subtracter (14) receiving the output value of said second shift
register (11) at a first input receiving the minuend, 30 14nei208% out put
selector switch (S3) having its noveable input term nal connected to the
output of said third shift register (12), its first fixed output ter- mnal
runs free and its second fixed output itger-mi nal is connected to 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 ilput recd vacaRd PRPUEiselectar ilighd Sahbrees Bamevable HePwutermitaled

mul ti- plicadshneddd konte m@@lt di8said fousk GAfe regﬁteﬂt13$eit§qir9:.r fifdd bGipult S4)
having its nRve to.the ou of said fourth

abl e |n ut t nect e u
o1t O egi stabrpabrun BE phd i $hona AR RTPEE pial Ty SRt ae Sisamity o
second fi xednput pmhettbxrmadétr (18} vavaiving tbd stoord sewomed. | nput of the third
adder (1%) receiving the second sunmand. 5 7. Filter according to anyone of
t he precedl 279 clains, characterized in that pol yphase filter of order x
Nwth x i s FOLEFaSEyding tg FveRe #f s lb‘leé‘?il%ala‘%r%’s‘“%ﬁ?ﬁ’z& dpddrt
frequency fca polaphasfesﬁltdrOoberdexgdmehﬂt Bl= a chadadic¢®in zedme mithillexaand
i ncom ng sa SGK)y, gets mul tiplied by a signal A(k)=(-
)fl oor (k/ N)mrﬁgore gl?‘?]%frg P%J(f g |nput signal t(k) to a pol yphase
filter consisting of N branch aIIpass filters (22) of order x N 15 9.
| Q geneiat ors. accrg@i:maﬁoe. €h:irhBte¥izedNi BRtefr ARIminYy sdiaplell ANAPEAUEIgS] 9-

nal of the pglypha ranch .al | pas 622k /8 | t ied by a
signal B( k)ncos@% g&)p%ted% ?S{ﬁ%‘a[ AIkﬁ'ﬁeﬁl -cg(knéoﬁé%?%m?ggueglﬁgpqy%i
baseband si dmett sigmed tlkj/ tea pplynhiasBilyrsiontizting of Nibranah aliesalfidtees (42 of

Q conponent oefertheyconpl ex baseband signal with A(k)=B(k)=(-1)floor(k/n)
20 10. I Q generator according to claim8 or 9, characterized by one

pol yphase filter according to anyone of clains 1 to 7 to filter the

| - conpob@nt 9and Idiger@raton apanéing tof clancdnpiaxctraizeddndhai ghalont@it sig-
nal of the polyphase 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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30 35 Abstract A Dgital Filter For 1 Q Generation, Noise Shaping and
Nei ghbour Channel Suppression A polyphase filter of ordddJueeP0ierr] N
that is building N allpass filters of order [err] [err] N according to the
present invention has a structure of an allpass filter of order [err]
conprising delay elenents with a delayql_and at |east one nultiplier,
wherein all delay elenents with a delay of 1 are replaced by delay el enents
with a delay of N and the sanpling rate of [err]s' = [err]s/Nwth [err]s
being the sam pling rate of the inpuj,si.gnal. Preferably the nmultiplier
included in the structure of the allpass filter of order [err] conprises
N-time multiplex multiplication coefficients that are used in a

predeterm ned order. (k&igigitd) Fiiter For IQ-Generation, Noise Shaping
: and Neighbour Channel Suppression

A polyphase filter of order x - N that is building N allpass filters of order x - N

according to the present invention has a structure of an allpass filter of order

x comprising delay elements with a delay 1 and at least one muitiplier,

.wherein all delay elements with a delay of 1 are replaced by delay elements

with a delay of N and the sampling rate of fs' = fs/N with fs being the sam-
- pling rate of the input signal.

Preferably the multiplier included in the structure of the allpass filter of
order x comprises N-time multiplex multiplication coefficients that are used in

a predetermined order.

(Fig. 1)




