1 A Dugital Filter For 1Q Generation, Noise Shaping

and Nei ghbour Channel Suppression Description The

present invention relates to the digital generation of

a conpl ex baseband signal and in particular to an

efficient realization of a polyphase-filter which can

be used therefore and al so_fpr_other pur poses. The
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Further, EP 0 597 255 Al "Empfinger far ein digitales Rundfunksignal mit
digitaler Signalverarbeitung" discloses an efficient realization of an algorithm
for the generation of a complex baseband signal. To optimize the realization of
the digital signal procéssing 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
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natural constant.

However, all of the above [Q-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




used Internmedi ate Frequency (I F) and therewith in
respect to possible sanpling frequencies of the A/ID
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An IQ-generator according to the present invention is defined in independent

claim 8. Preferred embodiments thereof are defined in dependent ¢laims 9 and

10.

The IQ generator according to the present invention allows a very easy dou-
bling of possible Intermediate Frequencies for a given polyphase filter consist-

ing of N branch allpass filters of order x - N used therein, since signal sym-

metrics are used in an efficient way.

Preferably, the 1Q-generator according to the present invention comprises a po-

lyphase filter according to the present invention which allows to replace the




| yphase filter according to the present Invention

which allows to replace the 3 expensive anal og

filters in front of the A/D converter by weak. cheap
filters, since the polyphase filter according to the
present invention allows a noise shaping and

nei ghbour channel suppressien in an easy way so that
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Fig. 5 - shows a block diagram of the system environment of an
- IQ-filter;

Fig. 6 shows a block diagram of a digital 1Q-filter;

 Fig. 7 shows a block diagram of a digital IQ-filter in case of

quarter period sampling;
Fig. 8 shows a block diagram of the digital IQ-filter according to a
preferred embodiment of the present invention; and

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

Fig. 8.

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

to the present invention wiil be explained in connection with Figs. 1 and 2.

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

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




Fig. 2a shows a state of the art allpass filter of
order 1 which conprises two delay elenents 101 and
102, one adder 103, one subtracter 104 and one nulti-
plier 105. Both delay el enents have a delay T and the
multiplier has a multipli- cation factor a. The
structure of the state of_ tshe art allpass filter of
order 1 4 shown in Fig. 2a is such that an i nput
signal t(k) is fed to an input delay cle- nment 101 and
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describes the transfer function of a polyphase |owpass
filter wwth N filter branches, e. g. shown in
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filters using all paggziseptzHisy by W Drews & L. (1)
Garrsi, IEEE Transactiers on Circuits and Systens.
Vol . CAS33, No. 3, March 1986, the branch filters can
wile ;ch@sen as state of the art allpass filters. The
transfer function of such an allpass filter of order
I whichfs shown in Fig. 2a is given in equation (2).
Ha2=25trord~ (2) = U2 a + Z-1 - (xz + T(2) | + az-1
z + (X {‘ Wth equations (1) and (2) follows the
t ransffer functlon of a branch allpass filter of the
poliyphase filter with one coefficient as shown in
equation (3):
As described in the DE 43 32 735 Al or the publication "A new design method
for polyphase filters using allpass sections” by W. Drews & L. Garrsi, IEEE

‘Transactions on Circuits and Systems, Vol. CAS33, No. 3, March 1986, the
branch filters can be chosen as state of the art allpass filters. The transfer
function of such an allpass filter of order 1 which is shown in Fig. 2a is given

in equation (2).
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With equations (1} and (2) follows the tramsfer function of a branch allpass

filter of the polyphase filter with one coefficient as shown in equation (3):
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H (zO -- PZN+ (3) ZN + 5 Therefore, with equations
(1) and (3) follows the transfer function of the
pol yphase |l owpass filter as shown in equation (4): N1
+ H,(z) z + (4 r=02z To realize a pol yphase
| owpass filter with a transfer function as shown in
equation f4) according ta tshe present invention, the N
branch all pass filters are realized time- multiplexed
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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:
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With [ = N and Q'= 22— 7 follows equation (5):

Q'= 211:-—1;%{:1*{9. . (5)

With 2 = er and equation (5} follows equation (6):
Z' = el¥= gt g8 (8)

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

Uz _ - oz¥ +1
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Heg, 13t oraer (2% =

withr=0,1, .N- 1.

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

plex- allpass filters is replaced by N time-multiplexed coefficients oo, ..o . 1 as




withr =0, 1. ..N- 1. In the preferred enbodi nent,
aditionally the coefficient a of the Ntinme-nulti-
plex allpass filters is replaced by N tine-multiplexed
coefficients ao, --aN - 1 as 6 shown in equation (8):
a(k) Ok .d M(8) The Ntinme -nultiplexed all pass
filters of order Nwth thg sanpling rate f~ =1fs - N
i ncluded in the pol yphasé Filter according to the
first preferred em bodi nent of the present invention
e Hosataten 61| owi ng transfer functions as shown in
equation (9): Z-r O-ZN + U(ZN) Hap,', l-ord~(Z) T(z9
ZN + 0~ with r 0, 1, ..My, The block diagramof (g
this pol yphase branch filter “F'eal i zati on accor di ng to
the first preferred enbodi nent of the present
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with a delay N that re- ceiv t he puf signal t(k);
a first adder 3 tHat. 1roe®é?"1re%hez % signal of (9)
said first delay elenent 1 at a first input for the
first sunmmand; a second delay elenment 2 with a del ay

Wﬂ‘!h&torbceﬁlvés t he sum produced by said first adder
3; a first subtracter 4 that receives the input
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element 2 with a delay N that receives the sum produced by sald 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 second input
for the subirahend; and é 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

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

The allpass branch filters of the polyphase filters can of course be of higher

‘order than of order 1. The following second preferred embodiment according to

~ the present invention described in connection with Figs. 3 and 4 shows how to

" create a polyphase lowpass filter with branch filters second order from a state

of the art allpass filter second order.




the present invention described in connection with

Figs. 3 and 4 shows howto create a pol yphase | owpass
filter with branch filters second order froma state

of the art allpass filter second order. 7 Such state

of the art allpass filter second order is shown in

Fig. 4. The differ- ence-t@ the state of the art

all pass filter first order shown in Fig. 2a is that

the_ output signal u(k) is not the sum generated
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pol yphase |owpass filter the foll ow ng equati on (13)
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- With equations (1) and (12} follows for the transfer function of the polyphase

lowpass filter the following equation {13):

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

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

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




ing the sanpling rate of the input signal t(k).

- According to the second preferred enbodi nent of the
present invention the po- |yphase filter with branch
filters of order 2 - N aditionally respectively com
prises Ntinme-nultiplex coefficients a, and Xr with r
=0. 1, ..N- 1 instead of g8- the coefficients a and X
shown in Fig. 4. Therefore, the polyphase filter
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IN 1L ~order(2) + 0~ ZN + X, (15)

a\KftgH’eF‘ o tbe f‘ln"wmgxleg“%m"TH &coefficients of the N

time-nmultiplexed all pass fllgerf hjorder can be
achi eved by c&ﬂpa@hggxanua ( nd (15). The (15
coefficiéents a, and Xr 4 he®N t3 ek mul ti pl exed

all pass filters are the same as the coefficients P,

 vatdr &ro, 10f. he. pol yphase | owpass filter, as it is

shown In equation (16): o~ for r O, 1, N- I Y, 5 for

r 0,0 1, N- 1 (16) It can be seen fron1both preferred
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of the polyphase lowpass filter, as it is shown in equation (16}:

ar=Br fOI‘I’=O, 1|‘--'N"1
x}:ﬁ, forr=0,1,..,N-1 (16)

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




of pol yphase filters of order x - N consisting of N

all pass filters of order x - N and having a

desireable factor N. According to the present

invention within the structure of an allpass filter

of order x all delay elements with a delay | are re-

pl aced by delay elenments with-a delay N and so the

input sanpling rate of the branch filters is

sed to a sapplin te fs' =S/ Nwth fS
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an A/ D-converter vvlth a sanpling rate is. The sanpl ed
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consisting of mul tipl exed al |- pass filters
according to the present invention. The incom ng
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pE sligr;uafil u(k) of the polyphase filter according to the present invention is
subjected to a multiplication with the function B{(k} - cos{2rnfo/fs . k) in a
mﬁltiplier 23 béfore it is supplied as a first summand to an adder 24 which re-
- cetves its own output signal delayed by a delay element 26 with a delay T via a
switch Sy(k}25 as second summand. The output signal of the adder 24 gets
decimated by N in a sampling rate decimation unit 27 which outputs the in-
phase component wi(l) of the complex baseband signal w(l). To generate the
quadrature-component wg(l) of the complex baseband signal w{l) the output
signal u(k) of the polyphase filter according to the present invention is sub-
jected to a multiplication with the funktion B(k} - sin (2 nfg/fs - k) in a multi-




mul tiplier 23 before it is supplied as a first sunmand

to an adder 24 which re- ceives its own output signha

del ayed by a delay elenment 26 with a delay T via a

switch SI (k)25 as second sunmand. The out put signal of
the adder 24 gets decimated by Nin a sanpling rate
decimation unit 27 which.ogpputs the in- phase

conmponent W (1) of the conpl ex baseband signal w(l).
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by a delay el'enent 31 with a delay T via a switch
SQ k) 30 as second summand. The out put signal of . the
Tadderit20sges faedie inphted compdhént & thampinphey bateband signal
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Th SGaigy (epspRon ot e R/ DabBrRer Gy S 1 ey caua-
tion (WReor @dge of N, NJ 1-2 2 m integer A(k) and B(k)
nmust be chosen dependent on the center frequency of

the A/ D fo=fs(9-*ﬁ5l§+m) (18)
fo= 5%+ a9)
with N: decimation factor
n: integer in the range of [—L; s g]
m: integer

Ak} and B(k) must be chosen dependent on the center frequency of the A/D-

converter input signal. In case of a center frequency fo calculated with equa-

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

Alk) =Bk =1} "

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

equation (21):

AK =Bk =1 (21)




converter input signal. In case of a center frequency
fo calculated with equa- tion (18) A(k) and B(k) are
gi ven by equation (20): A{k) = B(k) = (-1) (20) In
case of a center frequency fo calculated with equation
(19) A(k) is given by equation (21): A(k) = B(k) =1
(21) In the special case_of;the follow ng equation
(22): fo (22) f. (41 + M with m integer, whichis
al so called quarter period sanpling, the carrier nul-

- Initpeispatinbsnsatof tiefoblawpng epfationd2@odi fi ed al | pass
filter is not necessary. In this case, the block

di agram shown in Fig. caflh educed to the bl ock

di agram shown in FlgﬁT’al -@m t he out put signal (%f)
of the Ntinme nmultiplexed allpass filters 22 accord-
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onpl.e eband signal delayed by two delay elenents
Sggagégﬁﬁggﬁ having a delay T via a switch S7 34 as

second summand. The switch 34 is switched in the
- HeoL | @ AGp VM gnad ) & theMP e mu@pléx@ﬁ a1g33s flite@ :5@ accord-

The out put sjgnal  of t ts d te
1ng o P BRIV AR P R ABETSHl: ToR Harh Trsaff i ddder 3
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genera ion, cal cul at ed g
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 siff)ank). TheB)witcAB4nE Rlinned iaboy ellowhe wat:put si gnal of
the IQfilter described in Fig. 7 Is the
time-multipl exed conpl ex baseband signal with a

sanpling rate of fs'f® fslNmodN=0.1 :

S, ={ for (23)
1 else

The output signal of the adder 33 gets decimated by N/2 in a sampling rate

decimation unit 37 which outputs the multiplexed complex baseband signal

wil).

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

Mm:pnm+9 (24)

A{k) - (-I)H r( 2) (25}
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 fg' = fs/N.

Figs. 8 and 9 show an example of an IQ-filter according to the present inven-
tion comprising a polyphase filter with branch filters of order 2N according to
the present invention. Fig. 8 shows that the polyphase filter of order 2N as

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




Figs. 8 and 9 show an exanple of an I1Qfilter
according to the present inven- tion conprising a
pol yphase filter with branch filters of order 2N
according to the present invention. Fig. 8 shows that
the pol yphase filter of order 2N as shown in Fig. 3
is used as pol yphase filten322 according to the
present inven - 12 tion as it is shown in Fig. 7. In
Fig. 8 also quarter period sanpling is used so that
tidiea< ar ki st wilint Fipl 7 Chi Fn 8adlsd heaert pmmocbfsamhmmg is used so
tRY YRN8 AL bl L BEER" R oy eugsogr%hpmgsmh sd Y UdcBRking to
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etealidiz ex) yvahi.ft regi sters, one adder and one
subtracter. The follow ng Table | shows the
coefficients of the branch allpass filters: r ar

Te 2legreage ghe baglwarg piepthe coefligergs piideirrgyl) Etesq‘@ntized in a

wgydtg@.zéxe Tan bedredlided by ShirtléBRELS, ond adlet a4k one“s&btracter
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1 - 2--"f-- 0.03125 Table 1: The hardware size can
Faryier~be decigased when yhe N Tine mg t1plexed all -
pass 1 oldid7s and arder-are [reaBsaad7by| &2-3ecohd2t e
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and add op- eration:

Table 1:

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

eration:

The “multiplier" which is realizing the 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
register 12 and a fourth shift register 13 each having its input connected to the
moveable output terminal of said input selector switch 82, a third subtracter 14
receiving the output value of said second shift register 11 at a first input receiv-

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




The "multiplier” which is realizing the first

multiplier 5 as well as the second nultiplier 9
conprises a first shift register 10 having a shift

value of 2-2 that is receiving the multiplicand and

an input selector switch S2 receiving the output

value of said first shift- negi-ster 10 at a first fixed
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Table 2:

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

column of S0 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
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: ESanﬂliﬁgEh& & fepanadimgzon the sideband that is

required for the 19-generation, the switch SOis
switched according to the left or right states that
Ardigdels t@fibked dagordieg tedhamresfnt3@ventictalhlag @ linear phase re-
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M/AM -rece case_of DAB-receptio

|.ve
PR BRANAIT R e PrUqie RS "Br ETaip Fglay. gfgorsions
Whizhi ;e sanpddebly Wiltkls with avopHiogr iphtage of tHeSaBb288 MHz,
in case of FMreception, the input si gnal wth a

- center frequency of fo = 10.75 MHz is anpled with a

AnfApE PAPerRL Breofeatimtiongol e JaHfltan ac‘f%dﬂsewc%epfS%M inven-
A iLERPIy efficient, since only five adders and no multipliers are required. -
Therefore, the digital generation of a complex baseband signal in combination”
with noise shaping and neighbour channel suppression with a polyphase filter

according to the present invention has low realization costs.




tion, the input signal with a center frequency of fo
455 KHz is sanpled with a sanpling rate of fS 2.048
MHz. A digital 1Qfilter according to the present
i nvention has a |linear phase re- sponse in the
passband and hi gh suppression of. mrrored frequencies,
since frequency nodul ated signals are sensitive
agai nst group del ay distorsgkgons which are caused by
filters with non-linear phase in the passband. As can
be seen, the realization of the 1Qfilter according to
Chiss present inven- tion is highly efficient, since
only five adders and no nmultipliers are required
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5. 1Q-generator according to claim 3 or 4, wherein said polyphase filter characterized by:

- 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 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 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 difference of the first




coefficients (ao,..., oLN-1; X0, XN-1) that are used
in a predetermned order ((X(k)= a(k d N); X(k)= X(k
rn.d N)) 5. IQgenerator according to claim3 or 4,
wherei n said pol yphase filter characterized by: - 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 el ement
(1) at a first input for tie first sunmand; - a
second delay elenment (2) with a delay N that receives
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[ I fil
o gt deban Gyt & ey el e b pEpduced by sad
sepgidygrad®; filter is characterized by: - a second adder
(6) . Hhalcoh®CRbYETert I@@ Qhﬂiplt’écel%sg r{ﬁ’é éﬁ];n té}gdlﬁ:@f OQ)(,‘J said first
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a fcbarid i fir vhe Sulithkerdpandpr oduced by said second adder
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ﬂ%ﬁp@m@ Fdretbrdndh Kilpass (Bfagk out puts the cal cul ated product
o a second input of the second adder (6) that

recei ves the second summand, wherein - in case X
equals to 2 the sum produced by said second adder (6)
7. bui IQigereher autoplitg tosingoad of(alfik} ¥ tof6, wherelnrsaidcivolyphisodiiter is

chatdelelifldSn that every one of said at least one multipliers (5, 9) has quantised coefficients
so that it can be realised by at least one shift register, at least one adder or at least one

subtracter.,

8. IQ-generator according to claim 5, wherein sald polyphase filter is characterized in
that one multiplier (5, 9) comprises:

- a first shift register (10) having a shift value of 2 that is receiving the multiplicand
and,

- an input selector switch (S2) receiving the output value of said first shift register (10}
at a first fixed input terminal and the multiplicand at a second fixed input terminal,

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




7. 1 Qgenerator according to anyone of clains 4 to 6,
wherein said polyphase filter is characterized in

that every one of said at |east one multipliers (5, 9)
has quanti sed coefficients so that it can be realised
by at | east one shift register, at |east one adder or

at |l east one subtracter. 8. |Q generator according to
claimb5, wherein said polyphase filter is

characterized in that one!l iltiplier (5, 9)

conprises: - a first shift register (10) having a
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secppé ied gmiput feaminglde camertqd tg agsecand dnput phie) thindtagder (15) receiving
thelsedghdadmmamdconnected to a second input of the third
subtracter (14) receiving the subtrahend, - a third
adder (15) receiving the output value of said third _
9. sublQ-gencetor (ageprding toqarfypresef claimp dt to rfe sdipsginnggid: prévpbpsedfilter is
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second qut t se%?cgor swtch (S4) having its

amﬁ%vg%%ﬁ%a?ﬂ%ﬁ%mP%F {haf “Sonnected to the output of
said fourth shift register (13), its first fixed
output termnal runs free and its second fixed out put
termnal is connected to a second input of the third
adder (15) receiving the second summand. 9.
| @ generator according to anyone of clains 3 to 8
wherei n said pol yphase filter is characterized in
that a pol yphase filter of order x Nwith x ais
realised in a tinme multiplex and works with a clock
frequency fc = a.fs,




