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MVETHOD AND APPARATUS FCR o TRANSNULTIPLEXER A &h@ﬁNEL

I NFCRI\/ATI‘ERI!@PWL 5 o i Field of .the Invention -
The present invention relates. to rrultl _channel di gi t al . transceivers,
~and nore particularly, to-a filtered fast Fourier =~ . -tran_s_'rr—ultifp'liex-er' '
and a nmethod of’ transnultlpleX|ng a mul ti-channel- '10 connuntcation '
signal -in-a nulti-channel digital transceiver.

-Background- of - the Invention. - . .There are nurrerous advant ages to :

_ .| npl émenting a radi o 15 cormunl cat ion syst em u5| ng di g| taI t echni ques.
. Notably, t.lhe_re. is o : _ o
R METHOD AND APPARATUS FOR
_ TRANSMULTIPLEXER A MULTI-CHANNEL

B ' INFORMATION SIGNAL '

s _-jiv_F.ield -o_f-.-thfe'-l'n've'ntion*'

The present mventlon relates to multl-channel dlgltal
- transceivers, and more partlcularly, to a filtered fast Founer f k L
o transmultrplexer and a method of transmultrplexmg a multl-channel L
10 'commumcauon s1gna1 ina multl-channel drgrtal transcelver o

' 'B_ac':kg_round':of, the' ,' Invention :

R " There : are numerous advantages to. 1mplement1ng a radio -
.15 communication system using digital techniques. Notably, there is - L
~ enhanced system capacity, reduced noise, and reduced hardware and. -
~ - associated power. consumptlon There has been proposed several . -
'dlgltal radio commumcatlon systems. For example, there is shown =
- and descnbed inU.S. Patent No. 5,396,489 several embodiments of
20 - radlo commumcatlon systems 1mplement1ng drgltal techmques .

" In multi-channel transceivers, it is known to use
-'transmultrplexers to recover mdrvrdual ‘commupnication channels
from a multr-channel communication s1gna1 Such a- _ :
S transmultrplexmg device is shown in FIG. 1 embodied in a dlgltal .
25 'recelver 100. As shown, multi-channel radio frequency (RF) signals -~ o
- are received at antenna 102, band pass filtered 104, down converter -
106, TF filtered. 108, down converted to baseband 110, filtered 112 -
and dlgltlzed 114 ‘The digitize multi-channel signals are then . |
-~ - communicated to a transmu]tlplexer 116 which includes and L
o _' 30 interpolating polyphase filter stage 118 and a fast Fourier transform .
SR (FFT) stage 120. ‘The output of transmultiplexer 116 are N _
| .-commumcatrons channels separated from the d1g1t1zed multr-channe] Lo
s1gna1 One w1ll readlly apprecrate that operated in reverse, the |



enhanced system capacity,. .reduced noi se, and-reduced hardware and

associ at € onsunpti on.. Ther e "has been proposed seve | fﬁ”
digital . g’d’o %y“gélr?nu Ii’i"ll'/US!"‘/NSZS

described in U S  Patent No. 5,396,489 several enbodlnents of 20.-radio
_connunlcatlon systens- |nplenent|ng digital technlques : S dn
_nulti-channel- transceivers, it is know tg.use - - transmul ti pl exers to
recover individual comunication channel's "~ “froma mul ti-channel .
comuni cation signal. Such a. transnultlpIeX|ng deV|ce is-shown in FIG ‘1
enmbodied in a digital - 25 .receiver 100. -As shown, _nultl-channel radi o

: frequency'(RF) S|ghals o are recei.ved. at. antenna 102 band pass ,-'7
filtered 104, ‘down conyerter:

_ F filter converted
To baseband 1 1rURRFS Shawtsin FIG. 1 operalstepppetsiR s DR 988, oitize
~mul ti -channel- &anmisslm astammulti-channel Riﬁmgmaiaﬂrem an antennas mul t | pl exer
116 whi ch i'ncl udes_ an ? i nt olatin hase |It§blst?ge 118 and- fhwg
a-fast Fourier trgﬁé'm@mﬁ]tlp exers, ﬁg’ﬁveﬁg peral
tLansz' tiplex odhb@n tighi sample rateoutputs aaid o eratethesetndtemﬂmmpm from
‘the di o]} ti anne e '
that oper aﬁzd and oty sample rates m@t&%&% Fictor EGaA1 1o/ P RLATHE!
PCT I US96/ 108250f channels. Also, transmultlplexers do not prowde ,gpportumtles 10
K : + utilize spemal filter structures. They are limited as to not being able’
to take’ advantage of symmetry, and generally can not be made
| .. j'w1thout multipliers. In addition, typlcal transmultlplexers requirea
- 10" large number of filter taps, 10 times or more as many as the number .
N of channels, and therefore a large amount of memory. Hence, -
'.transmultlplexers are performance hmlted and computatlonally and -
_-memory inefficient.. | -

o Therefore there is a need for a hlgh performance efﬁcrent
15 transmultiplexing device and method for use with digital |
- . transceivers. Sucha devrce and method are prov1ded by the present =
invention, and one of ordmary skill in the art will readily |
" appreciated the many advantages and features of the present D
invention from the fol]owmg detalled descnptlon and accompanymo: .
.20 - drawmgs - - e

Brief Description of the Dia'w"ings‘- -

o FIG 1 isa block dlagram of a pnor art multl-channel d1g1ta1
.25 . receiver; - R - : o
S FIG 2] 1s a block dlagram ofa multl-channel transcelver in

.-_accordance w1th a preferred embodiment of the present 1nvent10n

. FIG. 3 isa block dlagram of a preferred 1mp1ementatlon of a |
T flltered fast Fourier transform (FFFT) for use w1th the transcelver .
30 ofFIGZ o D N
| FIG. 4 i 1s a 31gna1 dlagram 111ustrat1n° the operatlon of the FFFT
o fof FIG 3 ' | - '

ni cati on systems. For exanple, there is's ~and .-



.structure shown in FIG 1 operlates to process N channels for
“transm ss mJItl-channe RF signal froman antenna. ,.n.
Transnul tWeﬁ@P@ “however, general I ygare not capabl e of - PCT,US96118825| ng
“high sanple rate outputs’ and operate best when the input 5 and out-put”
sanple rates are different- by a factor equal to the-nunber .  of
channel s. Al so,” transnul ti.pl exers do not {w-ovi-de opportunities to. : .
‘utilize special filter structures. ‘They.-are-limted as to not being able:
“to .take advantage of -symmetry, and generally cannot be made: ' without

~nultipliers. In addition; typical transmultiplexers require a 10 large - S

.nunber of fi Lter taps, .10 tines or nore as many as the nunber - of -

ISR B IG5 RO MR T s v

menory .inef fi cimaccordance w1th theepnelsene;nvem:ml,l s:a need for a high .
-performance cef fic n 1t L N evjice thod for use. :
with digital Ffaaﬁs’ée@ \bi?é(%ﬁg‘??lﬁ (?e( %é‘ %‘%ﬁgﬂ'@gre provi ded by -

the present . 1mplementanom of anfilten stnicturelforuse &k iactordandecwith the |

readily - = e- many advantages and, features of .the. present'
‘invention f onﬁ%%eﬁdﬁflgﬁllhg det ai | ed- descri pti-on and acconpanyi.ng 20- '

‘drawings.. - FIG. 7 is chart ill@sirafin@ehercamparational performangs of an
o R FFFT in accordance W1th a preferred embodlment of the present "
" invention. ' : ' '

10 -__D,'e'tai'led' Des'c'ri:p'tion: of a',Preferred 'E_Inbodilrlent_ o

, Wlth reference toFIG. 1 a multl-channel d1g1tal transcerver 200 .
~iscoupledtoa commumcatlon network 250. It will be apprecrated |
that transceiver 200 may be. advantageously utilized i in nearly any
15 ,'.'multl-channel communication system such as cellular radlotelephone |
. communication systems, cable télevision (CATV) telephony systems, - -
and the like. Transcelver 200 includes in a receive path a receive .~
. antenna 202 an RF bandpass filter 204, an RF—to-mtermedrate o
_ o _frequency (IF) mixer 206 an IF bandpass filter 208, an IF-to-
20 baseband mixer 210, an antl alias filter 212, an analog-to-dlgltal |
" converter (ADC) 214, and a. ftltered fast Fourier transmultlplexer
(FFFT) 216. Ina transmit path transcelver 200 1ncludes an inverse
. FFFT 218, a digital-to-analog converter (ADC) 220, anti alias filter =~ -
o 222, a baseband-to-IF mixer 224, IF bandpass filter 226, an IF-to- o
. 25 REF filter 228, an RF bandpass filter and amphﬁer 230 and transmlt |
- -antenna 232. : :

In operatlon in receive. mode, mult1-channel commumcatlon -
o slgnals are received at antenna 202 and processed along the receive -
path to FFFT, 216 which ‘operates-to downconvert the channels - _
30  contained within the multi-channel communication s1gna1 to produce
© a block of N.communication channels which are then coupledto ..
'~ communication system 250. Similarly in transmit, a block of N
B communlcatlon channels -are communlcated from commumcatlon



FIG 1is a bIock dragramof a.prior art rrultr channel drgrtal 25

T ecei ver: , WO 97/06618 . FIG2 is a block di agramof a multi- 06/10825 I
transceiver in ' “accordance W|th a. preferred enbodi rrent the present o

i nvention; . RER FIG -3 is a block diiagramof a preferred

N rrplerrentatron of-a- - .“filtered fast Fourier transform(FFFT) for use - R
Wi th the transceiver. . f||tered f-ast Fou41er transform(FFFT) for use with .~
the transceiver. -30 .of FIG 2; ..~ . FIG 4 is a signal.diagram
il1ustrating. the operatron of the FFFT -+ of FIG 3, V\097/06618 :
PCT/ US96/ 10825 S - .3- R _
FIG-'5is a block- di agramof a preferred fllter structure for use -. i-_n

-accordance wi st 2P RS HverS¥ FHEPB18 which operates to upconvert the

- individual communication channels into a multi-channel
' communication signal which is then processed along the transmit .
path and ultlmately radiated from transmit antenna 230.

5 . With reference to FIG. 3, a preferred 1mplementatlon of FFFT o
. 2l6is shown it bemg understood that a similar structure, although '
-,:reverse of FFFl‘ 216 bemg the preferred 1mplementatlon of i 1nverse o
 FFFT 218. FFFT 216 structure resembles the decimation in time =~~~
K Cooley-Tukey FFT structure modlfled however, to include fllters B
10 * on each branch. As shown in FIG. 3, FFFT 216 includes a |
- commutator 302 which commutates an mput multi-channel -
' communication signal to a first filter stage 304 hav1ng a plurahty of
filters 306 - 312 and via delay element 303 to a second fllter stage
: -'314 having a plurahty of filters 316 - 322. In a preferred :
15 1mplementatlon filters 306 - 312 and 316 - 322 are substantlally the |
- same, however, it should be understood that the filters may be of
different types or coeffic1ents The outputs from filter stages 304
and 314 are. Cross summed in summ.tng stages 324 and 334 each
- having summers 326 - 332 and 336 - 342, respectively. While
- 20  indicated as a summing operation, a “-” provided before the
o summatlon sign is intended to indicate a subtratlon The. outputs of -
" summers 336 - 342 of summing stage 334 are further scaled by a
. time varymg coefficient. In the preferred embodrment the outputs o
- of summers 336 342 are scaled by: | |
o - 'W“](_-l)-"_ R ¢ I
 where Wis TP .
: : -2k . ;
_ W= e B ¢
Kis the mstant sample, nis..andcis. o .

30 At the outpufs of summing stages 324 and 334 are commutators :
344 and 346. Commutator 344 commutates the outputs of summmg )

S stages 324 to'a third filter stage 348 having filters 350 and 352 and _

" viaa delay element 345 to a fourth, filter stage 354 havmo filters 356'__ o



FIG 6° is. ablock dragramof an alternate preferred ' _' mplerrentatron of
a filter structure for use in accordance w.th the 5 presept_inventi.on;
FIG 7 is WAM6&$ | ustrating the conput ational performnce bfTHR6/10825 FFFT

in accordance with a preferred enmbodi.ment of the present: - Fnvention. :
10 Detarled Description of ‘a Preferred Enbodinment =~ . = - Wth o
reference to FI'G 1 a nulti-channel digita_ transceiver 200 =  is.
coupl ed. to a comuni cation network 250, It wi'll be appreciated - t.hat-_ '

't ranscei ver. 200 nmay be advant ageously utrlrzed in nearly any 15
nul.ti-channel conmuni cation system such as cellul ar radrotelephone T
.communi cati on systens,-.cabl e tel evi sion (CATV) tel ephony systens, . oand’

‘the like. Transceiyver 200 .includes in a receive path a recei E
ant enna 202, aandrsfrﬁmspnebaﬂy,rmmator COMYMULALES réﬁ ,sgpied OUtPUtS

L ;ggg:ggy m( LQ orrsgﬁr 3§4lt@rflimsst geétseo B viea. ddiay(bltltltl%fit P
‘converter (ADC)’5 1te 11 P&HH siﬂ? #b@%‘?&ﬁl%ﬁ%’@ﬂé‘?m&% §J7§Xer o - B
(FFFT)- 216. | nrespemwelyl The butputerofcﬁlteestge@ 348 lande354are cvessse T
T Ao an el iy ihftng SR 972 aAB7E Ry @EB“%E@?";‘?% R
filter. 228, “anand m}apdsisz,mespectavelya ikewise, the outputsrof-tier Stages ﬁ
gg;ﬁgggc if?on 360 and 366'dteiB5&ed Smimled rﬁsuﬁﬁnmg%tagesl 3g4@hasy0 .
I | hav1ng summers 386, 388 and 392, 394 respectively.: The outputs of S
B - summing stages. 378 and 390 are further scaled by a time varymc B
10 coefficient. - B L
- Atthe outputs of summmg stages 372 378 384 and 390 are
f commutators 396, 398, 400 and 402. Commutators 396, 398, 400
. - and 402 operate similar to those prevrously descnbed to commutate
S - the outputs of summing stages 372, 378, 384 and 390 to filters 404,
15 - 408, 412 and 416 and via delay elements 397, 399, 401, and 403 to -
" filters 406, 410, 414, 418, respectlvely The outputs of filters 404 - .
- - 418 are then crossed summed by summers 420 - 434, and the outputs -~
. of summers 422, 426, 430 and 434 are scaled by a value ( l)k .

The operatlon of FFFT 216 is best understood w1th reference to S
20 FIGs. 3 and 4 and by considering it as a series of comb filters wrth |
. mixers at each input. The multi-channel input signal 450 comes in-
.. from the left side of the page (FIG. 3) where it is separated into two o
~ paths 452 and 454. Path 452 is passed dlrectly through the fllters o
- (i.e. filter stage 304) while path 454 is filtered (i. e filter stage 314) '
25 and mixed such that the spectrum is moved by one channel. The "
" filters eliminate every other channel on each path 452 and 454
: leavmg four unattenuated signals on each path. Next, the paths 452
~ and 454 are broken into four paths. 456 - 462 which are similarly -
_ filtered or flltered and mixed leaving the four paths. 456 ‘462 with
30  two channels per branch Finally, paths 456 - 462 are broken into
o _'elght paths 464 - 478 which are again filtered or filtered and mlxed
N as appropriate. This leaves the eight paths 464 478 with one
. channel per path. Hence a multi-channel signal containing erght -
o channels is separated mto elght s1gna1s w1th one channel per slonal




_srgnals are recerved at antenna 202 and processed anng t he receive :
‘path to FFFT 216 whi ch operat es to downconvert the channel s - 30 . contai ned
wi thin t ha"@#T661&hannel - conmuni cation si gnal to produce - PCTNS%"BF@CK of

N conmunj cati.on channel s whi ch: are then coupl ed to '~ conmuni cation
system 250, Sinilarly in transmt, a block of N - communi cation .
channel s are “‘comuni cat ed from conmmuni catrfp_n - "Wo'97/06618 - -

'PCT/ US96/ 10825 . ' ce 24 . system

250 to inverse FFFT 218 vvhr ch operat es to upconvert the - |nd| vi dual - :
conmuni cati on channel s into a multi-channel conmuni cation signal . Whr ch- '
is fhen processed -al ong the transm't pat'h ‘and uItrnater radi at ed from
transm't- antenna 230. - Wth reference to FIG, pr ef.erred

i pl enent at i on anOf:NhICh are ap the inputhsample rajeiangd ﬂ%ﬂ%@ g@&“@ﬂﬁha@nﬁ]m lar
structure, altgpgggbband reverse of FEFT 216 being the preferred -

i npl enent ati on of inverse FFFT..218., FEFT 216.structure resenbl es the s
decr mat i.on in timeThe mixing, i.e., scaling with thé time varying coefficient, 15~

~.shown advantageously following the summlng However, one W1ll

5 | .readlly appreciate that the mixing may be performed prior to - S

: summmg or prior to filterlng, as the case may be, w1thout departmo :
= from the fair scope of the present mventlon o

Wlth reference now to FIG. 5, a preferred filter structure 500
o for use with the FFFT is shown. Filter 500 is preferably a comb
10 filter structure mcludmg a plurallty of low pass filters 502 - 508 |
o which attenuate half of the input spectrum replicated N times, where _
N is half the number of channels. Filters 502 - 508 form a branch
'-_'whlch commutator 510, 512 dlstnbutes ‘every Nth sample to. Thls SR
~ © . means that each filter input is demmated by N. An equlvalent
.15 structure is one where the filter is upsampled by Nina s1ngle branch
- W1th a filter havmg spectrum consrstlng of N relicas, i. e.,comb
teeth, of the desired response. - Filter 500 is useful because of the :
'_-sharp rolloffs: created w1thout mcreasmg filter order:-

- .  VWith reference to FIG. 6, preferred filter structure 500 is
200 illustrated adapted to a portion of FFFT 216, with analogous - -
D elements to filter structure 500 and FFFT 216 bemg indicated w1th a.
) -prlme ( ). The input commutator 510’ includes a mixer 602 whlch '
 mixes the 1nput multi-channel sxgnal witha complex sinusoid havmg
-+ afrequency of Fs/(2N), N being the number of branches ‘As |
25 described above; each branch contains an 1nput sample decimated by
- N, the samples assoc1ated w1th each branch are therefore multlphed
: == n].k o e
_ (—l)e"'.' R C
R :' where 1is the branch index and k i is the instant sample ThlS means
30 that each branch is multiplied by a constant times +/- 1. In the.
- preferred embodiment, the multlpllcatlon,.l.e., multipliers 604 - |
610, is moved to the filter output as described: This advantageously -



"Cool ey- Tukey FFT structure rmdrfred however “toincl ude fr lters 10 -on
each bran own-in FIG ‘3, FFFT_ 216 |ncI udes a - rr:mut at or:

whi ch conﬂ?af)@(g’ign i nput - mul ti-- channel ~..conmuni cation E HHﬁ?mr”ﬁz%
first filter stage 304 havrngapluralrty of filters 306 312 and. vra_.
‘delay ‘el ement 303 to a second filter stage -~ . 314 having a plurality of

filters 316 - 322. In a-preferred 15 inplenentati-on filters 306 - 312 and .

316 - 322 are substantrally the . . sane, however, it should be understood_'
that the- filters may be of - different. types or coefficients. The . '
outputs fromfilter stages 304 ~and 314 are cross summed in summing
stiages 324 and 334 each - havrng summers 326 - 332 and 336 --342

respectrvely i ndi cat.ed .as,a su erat ovrded d:
before the mﬂ%ﬁ%%ﬂ%@ % S0 e titer o toh b Bixed A0, “The
out puts of - unmnwdebmn&hes- 342 of sunmming stage 334 are further scal-ed-
by a - “time vamg]ﬁeffrcrent Intheg errede od t he
outputs =~ of ‘s 1 ates g1 HRProyeinent ggctopsl.c., e re uctlon 1n
W glr(r]( 1) ferr ]computatlon for the FFFT (of) the presenhm\fenﬁons over the typlcal
-

k' i-s the i ngt aﬁt"d‘?mt’é’le’heﬁ SMoreov&rdW]Zléohas a cowd?F?QlSJPBB}%'Y of .=
sunmi ng st-ages a@i¥antagt. 3Thediltersoof FFEXD 246 may advantageowsly becommut at or
344 commut at es {‘EdDH‘r‘lmf’at'ﬁg%gﬁgde 8f filtéll egéﬂic}@lglst Ollf‘cf)ﬁhra@ f%l ter.

:stage 348 having 45 16 a
_f ourth filter sﬁ’ﬁlj@h srmlmﬂ CXer. nellsresls!ére the storage o %réx’l ter taps,

- where C is the number of channels and M’ is the computation cost, -
_]'0__.'. in shift - adds per output sample, of the leftmost, i.e., most complex,
~filter. A 1024 channe] transmultlplexer w1th eleven taps per | branch )
- w11] therefore require about 11 Kwords of- memory L

(

| As one of ordinary sk111 the art will apprecrated from the
A -foregomg d1scuss1on the present invention provrdes a: |
~ 15 computationally and memory efficient apparatus and method for use
o in multi-channel transceivers through a unique filtered fast Fourier -

: transmultlplexer structure. Many additional features and advantages

. and the fair scope of the present invention is readlly dlscemed from -

) the foregomg d1scuss1on and the subtended clalms :
0. : s
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=5 - © - and- 358 Slntlarly connutator 246 connutates ‘the scal ed
outputs. . WOQW“‘QUHm ng stage 334 to filter- stages 360 and WCI/USoGANEaS
el ement ~, - 347 to fil ter stage 366 having filters 362, 364 and 368, 370, o
respecti ‘outputs of filter. stages. 348 and 354 are cross -5 sumed
in sumn stages 372 and 378 havi ng summegs 374, 376 ~and ‘380 and 382 -
respfectl Jm” e outputs of fi I'ter stages_ .. .'360 and 366
are cros ,’m ng stages 384 and 390 ' havi ng sumer's 386, o
388 and 392, 394 r'espectti vel y. The out puts: of “7'summi.ng stages 378.and -
390 are further scal ed by -a tine varying 10 coeff|C|ent S At the
outputs: of sumni ng stages 372 378 384 and 390, are .comut ators 396,
398, 400 and 402. Commutators 396, 398, 400 - and 402 operate sinil ar
to those previously described to conmut at e - the out puts of sunmi ng
stages 372, 378, 38Whatdsvdaimed is:iters 404, 15 408,412 and 416 and via’ .
~del ay el enents 397, 399, 40 1, and 403 to. - filters 406 410, 414, 418, - .
.respectlvely The outputs of fllters 404-'. S T
o . Clatms -
1 A method of transmultlplexmg a multl channel
_ mformatlon signal at a first sample rate-into a plurahty of selected
’ _'communlcatlon channels at the ﬁrst sample rate, ‘the method
~ comprising the steps of | . .
10 '(a)' } commutatmg the mformatlon S1gnal to a flI'St plurallty
'.'-of filters and commutating a delayed sample of the 1nformatlon o
s1gnal to a second plurality of filtérs, each filter of the first plurahty_ -
~of filters correspondmg w1th a filter of the. second plurahty of
oo filters; S o S
15 - (b) summmg an output of each filter of the first plurahty of _

“filters with an output from the correspondlng filter of the second
. plurahty of filters to form a flrst plurality of summed outputs; '

| © sumrmng a scaled output of each of the second plurahty .
| of filters with an output of the correspondmg filter of the first
200 ._plurahty of filters to form a second plurallty of summed outputs

. - (d) . scaling each output of the second p]urahty of summed
' 'outputs by a time. varylng value, L
' (e) commutatmg the first plurallty of summed outputs to .
- form a first output signal at the first sample rate; and

25 . (f)  commutating the scaled second plurality of summed
" - outputs to form_ a second output s;gnal at the first_,sampl_e rate. -

2.  The method of c1a1m 1 wherem the step of scahng each .~
| of the second plurahty of summed outputs by a time varying value
30 comprises scaling each of the second plurallty of summed outputs by .
- a comp]ex exponent1a1 - o



Cofi Ite

418 are then crossed surmed by surmers 420 434 “and t he - out put R |
S - of
sumers 422, 426, 430 and 434 are scal ed’ by a value ( 1)[ p '

The operawpéwoﬁﬁs FFFT 216 is best understood with" referenceé%msgﬂlmsl—sl Gs. 3.
.and 4 and by cons1der|ng it-as a series of conb filters W th 1 xers.

at- eachrinput. The nulti-channel input signal 450 comes THIS: SHEETthSlBEEN L

“left ' (FIG. 3) where it ig-separated int)p tvvo

ef at hs

452 a Iﬁ““!ﬂﬂ ILEENI s passed. di rectly t hrough the fil REPLACEW_-C_..
path 454 is filtered (i.e., f||ter stage 314) 25

. -and mxed such that t he spectrum i s noved by one channel. The - Filters

. elimnate every ot her.. channel on each path 452 and 454. - - |ea '
- ving four -
unattenuat ed signals on at hs.
. broken into four pat hs 4 e &%Q%?Eﬁi(aéf‘b F%PH;‘?A‘?‘% stepf |fl ?2?e35§r at e -

'f||tered and ng t f _
branch. " Fi nal I af hs ?‘!ﬁhe fiest wtpupeigmlmamsspmamy ofvfilterfannel s per

““which are agai W@?é’@r’om“?%‘tl %ﬁgg fﬁﬁg?}}#ﬁﬁpmgnal to%i ﬂm‘d ?ﬂﬁﬂﬂlt Qﬂ: :I‘h478' |

L] a IS

Ieaves thhe ei gfiltermand thé 4tep éf&ommlutatmgadelayc mle ﬂ}fajlﬁs‘ Hence a ..o
. mubti-c a”;fg &Pﬁ:ﬁ&? gﬂé‘?@ & Q'sﬁgoﬁd ?Jlﬁrahty of ﬁlléi‘i‘@bfn r%&mmﬁmdtmgt o.

- eight 'sign hanne
- PCT/ U89 6/.10825a delayed sample of tﬁe flrst output s1gnal to a ur?h p%urahty of

fllters

A The method of cla1m 1 wherem the step of summrng a
10 -scaled output of each of the second plurahty of filters with an output
. of the correspondrng filter of the first plurahty of filters to form a
_ second plurality of summed outputs comprises subtractlng an output
~ -~ of each of the second plurahty of filters from an output of the S
T correspondmg ﬁlter of the flrst plurahty of filters ’
5 | An apparatus for transmultlplexmg a multl-channel
a mformatlon signal at a first sample rate into a plurahty of selected
._commumcatlon channels at the first sample rate comprlsmg '

D (a) - means for commutatmg the lnformatlon s1gnal toa ftrst
20 . plural1ty of filters and commutating a delayed sample of the
~ information signal to a second plurality of filters, each filter of the
' first plurality of filters correspondlng w1th a filter of the second
'plurallty of filters; o z |
L () means for sumrmng an output of each filter of the first
- 25 plurahty of filters with and output from the correspondmg filter of o
-~ the second plurallty of ﬁlters to form a f1rst plurallty of summed
- outputs; ' 8 :

- (o) means for summmg a scaled output of each of the

o second plurality of filters with an output of the’ correspondmo filter - -
30 of the fxrst plurallty of fllters to form a second plurallty of summed, |
R outputs, : - - -

~ (d) means for scalmg each output of the second plurahty of
summed outputs bya tlme varylng value '

" This Sheet Has Been Re; fi




96- S ' all of which are at the |nput sarrple rat € -and W|ththe_

~desired channel .at baseband. . The mxing, i.e.; scalin with =
the tine v‘é’ﬂmﬁ@ﬂ@oef ficient, sis. =~ shovvn advant ageousl| yPFENWIW the .
.sunmi-ng.. However, -one wl |’ 5 readily appreC| ate that the mxi ‘ng .may be -

perforrred prior to ©summ ng or prior to. f||ter|ng,

.vmthnnHShslae aggeb,f& laced . fromthe fair scopg.of the preseni THtS/éHEEbHAS BEEN

Wth o FIG 5, a preferred filter structure 500 REPLACEDOr
use shown. Filter 500 is pref erably a. cor%——ﬂ:@* fT11Uer
struc a plurality of. l'ow pass filters 502.- 508 .~ -whi.c‘h'
'attenuate haIf of the input spectrumreplicated N ti mes, where - - Nis

‘hal f the nunber of channels.. Filters 502 5 508 form anch ich - :
comut at or 510, ‘512(&i strmsansgfoeﬁemmwea 134:11'15‘513?‘11[%53 qrsumﬁ’é%\d:,rs] t hat |
each filter '“Fbtltpuﬁs ﬁ?foﬁﬁtaeﬁrst.t'oﬁt puliyigaal atathetﬁrstl@mptermeyandl s one:
Wnerethefllter S upsanpl ed lenaS|ngIe branch '

afllter S

havi ng spect rum conéf)st i ripegns for epmmuytating the sealed secondt@é[rgﬂt)b ofthe .
desi red- r esponsgmiridd Sﬁtrp'iﬂftq) FoHhod sécoﬁ&%tp@t ﬁgnhhﬁt the firss§anple ol | of fs™

created w thout | ncreasl ter order: - h reference to FIG
6, preferred filat@s structure 500is .20 |IIustrated adapted to a portion -
“of FFFT 216, with anal ogous elements to filter structure 500 and FFFT
216 being indicated with a= prime (). The |nput ‘commut at or 510" . -

“includes a mixer 608. whi cFhe apparatus of claim 5 wherein the first plurallty of
ﬁlters compnses a plurallty of substantlally 1dentlcal filters

o7 The apparatus of clalm 5 whereln in the means for
) -'commutatmg the first output signal to a first plurallty of filters is
- operable for commutatmg the first output signal to a third plurahty
- of filters and the means for commutating a delayed sample of the
L | first output s1gnal to a second plurality of filters is operable for -
o 15 ;commutatmg a delayed sample of the first output s1gnal toa fourth
; , plurahty of fllters : : S

| 8. . The apparatus of claim 5 wherem in the means for o
| -'commutatmg the second output signal to a first plurallty of fllters is -
20 operable for commutatmg the second output signal to a third-
o .'f'plurality of filters and the means for commutatlng a delayed sample '
of the second output s1gnal to. a second plurality of filters is operable" o
. for commutatmg a delayed sample of the second output s1°nal to a '
. . fourth plurallty of filters L .
.25 _ | .
~° 9. The apparatus ¢ of clalm 5 whereln the means for -
' summmg a scaled output of each of the second ‘Pplurality of filters
with an output of the corresponding filter of the first plurallty of
filters to form a second plurality of summed outputs is operable for .
30 subtractlng an output of each of the second plurality of filters from '
o an output of the corresponding filter of the ﬁrst plurahty of f11ters

10;' A ﬁltered fast Fourler transmultlplexer compnsmo ) S



. m xes the |nput nultl-channel 5|gnal mnth a. conplex SIﬂUSOId haV|ng o '~a .

frequency _of. Fs/(2N), N bei ng the number. of branches.
. above, ed@ﬁgﬁpgﬂéh contai'ns an i nput sanple decimat ed b géTﬂgﬁﬁﬁkﬁped

‘sanpl es associ ated w th each branch ‘are therefore mJ|tIp|Ied cby: o
-_( Dlerrlelerr}—3— - - where 1:s the branch i'ndex and k |s the instant
npl e. This neans “W that each branchlls mul'tiplied. by a constant tlnes

I <5 S

.610; i's m)vedtothefllter -out ut a |
_ Th| s Advant" ageously WD .97/06618 . Pt s desc“ bed
PCT/ US96/ 10825 - Lo - -_7_._ :

e e = ey hbiﬁi» %diq‘itwps?ﬁtpgltéﬁtl’ ?%%fgnd
the reduction dl{tput wherefinhié ﬂrsOOutpmrsdléalFﬂETcmupleba sanaplerof anvent i On
-over. the typ| -
T _ multl—channel information signal to inputs of a first plurality of
. filters, and the second output selectlvely couples a delayed sample of
5 the multl-channel mformatlon signal to mputs of a second plurahty
- of filters;. the first and second plurahty of ﬁlters each havmg an-
output | . .
: a first plurahty of combmers each coupled to an output of
. -one the first plurality of filters and to an output of a correspondmg
.10 filter of the . second plurality of fllters, each of the f1rst plurallty of .
o comblners having an output; : : :

©o.a second plurality of combmers each coupled to an output of
- oneof the second plurality of filters and to'an output ‘of the:
e orrespondmg filter of the. first plurality of- filters, each of the
15 _-second plurahty of combmers havmg an output o
| s a plurallty of scalers each havmg an input coupled to an output |
- of one of the second plurallty of combiners and an output o
- a second commutator for commutatmg the outputs. of the. fn'st
plurahty of filters toa first output s1gnal at the. sample rate; and-

20 -~ a third commutator for commutatmg the outputs the plura11ty
- of scalers toa second output s1gna1 at the sample rate '



5 transnultrplexer Nbreover FFFT 216 has a’ consrderable nenDry .
advant age. The filters of. FFFT 216, nay advant ageously - be: @ red
eli mnati Nﬂ’%ﬂf?‘e@ge of filter coefficients. In-contrast, gcwussvgﬁﬁ %ﬂ cal
-transnultlplexer w Il require. the storage of . M. [err] fllter t aps,

‘where' C is the nunber of charinels and M[err] ‘is the conputatlon cost,, 10.,1;-

n shift - adds per. out put-’ sanpl e, .of the |eftnost, i.e., nost’ conplex
filter. A 1024 channel transnul ti plexer. wififibel even taps per branch
W ll therefore require about- 11 Kwords of. memory. - -As one :of
‘ordinary skill the art mnPT“éﬁﬁ?éETéfea'Tron1The - foregorng
,dlscus3|0n the presqnt i fvention pghvifles a 15° coqputatronally and
menory efficient applgfatug and net h& ieeegusse hn rmul ti-channel =~
transcei vers through unuque;firte "|Lﬁ tsﬁourrer 1 ‘transmul t'ipl exer.
structure.” Many addi @ onal, feat ur esan rant ages . . and the fair. scope
of the present inveni@on i;s readilyS sce-ned from - . the foregorng
di scussi on and the s teﬂﬂed cl ai ns, : 97/0461&D o
PCT/ US96/ 10825 - - ' = o :
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'Mhat |s clalned is: o o S . Caims 5

S 6§%¢&q transnultlpIeX|ng a nultl-channel ékﬁ%&ﬁaﬁ&bQ”
S|gnal at - sanple rate into a plurality of selecte _
communi cati on channel's at - the flrst sanpl e rate, the nethod -

conprising the steps. of:. 10 (a) comutating the |nfornat|on S|gna
toa first plurality. -  of fllters agg/ gomut ati ng-:a_del ayed sanpl e -of -
the information.- . signal to a second’plurality of f||ters edch filter
of the first plurality - -of filters -corresponding with a filter of the :
second plurality of fllters .15 (b). surmming-an out put .of ~each -
filter of the first plurality, Q.f___._fJ_I_te.rs.AM_th.a.n_qutput fromthe
‘corresponding filter of the spcond - plurality of flﬂters to forma

first plurality of Summed. out uts; . (c).- sumgming a scal ed out put
of. each of the second_plurall_y o of filters with gn out put - cof the -
~corresponding filter of theJfjrst 20 pIurallty of filters to forma ,
second plurality of sunwedg@J puts; . - (d)- Icallng each output_-
of .the second plurality of suymed : ouLputs by -a tijme varying val ue;

(e) . commtating the first plural Ry ~of Sanmed outputs to - fornta

first -output S|gnal at 't he flrst sgnpl-e rate; amng

S

230
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(f)

ut at the first sanpl - .
 The YR IHYEt ¢l ai m'1 wherein the step of scaling e?ﬁﬁ%&"ngf the

second pturality of sunmed-outputs by a time varying val ue

-scal i ng. each of the secondipturality-df

exponeéntial . _
- The nethod of claim4

‘the first output sid

outputs to forma second output signal
-comut ati ng a del gye

plurality
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5 S ‘4. The met hod of clalml wher ei n the step- of sunm ng - a. |

scal ed out‘patg.ﬂg;ﬂgach of the second plurality of filters: (% &93/1085 put 'of'
the - correspondlr_tgf|lter of the first plurality of f| ersto_orma
-second plurality of "~ - summed outputs conpri ses subtractl ng an. out put of.

each of the second 10 plurality.of filters froman output of the ..
correspondl ng f.j, ter qf: the f:_rst N pl4/6a||ty vof filters. ;

channel S at the flegst s |s'i'n_g B
.commut ati ng t he o i
commutating a o or mat i-on

plurality. of filtless, e _
correspondi hg: witlg a filléesr of 'cB

means: f or. summing-an quileyt of hach fidster of the: b St :
filters with ardd outpdt fromthe cotresponding ftlter of the v second
pl urallty of filters to forma first plurality. of sunmed outputs
(c) . - ‘means fé&r sunmng a sdal ed tput of ™~ eacgof the secénd &
pturality. of fillters th an.dutput bf" the corredpondihg fil er-ofl the
first 25 plurglitly of fiflte forn '
(d) . means =dr- My eaén out_fﬁl-'-
outputs by aﬁlrre vﬁ.lng v% e; ﬁ o
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-10- . (e) " means. for commtatlng the first plurality, of Surmed :
"outputs to forma first output signal at-the first sanple_rate: an B
(f)  me¥AP¥8 comut ating the scal ed second plurality BfTU TUS96/1 ”§7t§m'red
outputs to forma second output signal at the first 5. sarrple rate.

6.  “The apparatus of clai-m5 wherein tﬁfll’st pl urallty of filters
corrprises a plurality of substantlally identical filters.. 10 R
"The ‘apparatus of claim5 wherein in the neans for - . conmutating the- :
information signal to the first pI urality. of filters is operable =~ . for . -
.commutating the first output signal to a thii
means for- commutating the del ayed. sgpl e
operable for comutating a del ayed lle
15. fourth plurality of fllters s
.vx,hereln in the means - for '

nf or mat signal is .
of t 4sir st og@ut_ signal to a.
—§8.. . The apparatus of claim5
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-commut ating the.information signal to the first plurality of filtersis ..
operable - for cOnnutatlng the second output signal to a t hi rd pIuraI|ty
of  filtergyodimhes8@ -t he means for- commutating the del ayed pernses/mws2d he
information-signal is - oper.able for .commutating a delayed sanple of the -
‘second output signal to. - -a fourth plurality of filters. - 9. -
The apparatus of claim5 thé n the éy; for summ ng ap25 - scaled output

of each of "the second pIura §§ of filt@/SbBwith an outg? of the
_correspondlng filter of the §§st plurality of - filters forma. second
-plurality . of: sumed ou s is operable for subtr g§ng an output of -
each 'of the =~ = second plur Iity.of fitters-fr0ﬁ1an_output of the
correspondlng filter of ‘the- -first plurality of filtlers. 30
10. A filtered fast Four| r transnultlplexer conprls“ :
PCT/U896/10825 : .

\No 97/06618
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T

wherein the first output selectively couples a sanple of
mul ti-channel information signal to inputs of a first p

! . ‘.G._.,_,f\,:” (2] }5
e MR IIANERRIEY ' 6n' < Gnar %5 ot s of o secofd |l @RaIUL w90

of filter’s; *th® first and second plurality of filters eadh}having an

"

out put ; a first plurality of conbiners eacl coupreo

out put of one the first plurality filters and t

corresponding 10. filter of the second™MUurality of filters, each of the
first plurality of conbi ners havi ng an out put; a second
plurality of combiners each coupled to an out put of one of the second
plurality of filters and to an output of the corresponding filter of

the first plurality3.of fiThemsthedohcleimiurthes comprisingthersiep of of _
conbi ne{S hav: nEbrafutatingthe first output sigpaﬁtooégtii?c% fé.h‘%lgié (c)ﬁ H%tl%ra?a ?fh h?V' ng
an input coupl e . Ol ] e 5 ! ﬁ

conbi ﬁers and 4 ’ﬁﬁ\“ﬁ%!"g & ¥diayed samplg %fggﬁrﬁ'&& E%{QB& (ﬂy Eﬁqlt}‘n
the outputs of efffiters.rst plurality of filters to a first output

signal at t&e sanple rate; and 20 a third coomutator for conmmutating

the outputs the plugality. f.scalers to.,a second output signal at
the sanple rate. % The method of dlaim 1 wherein the step of summing a

scaled output of each of the second plurality of filters with an output of the
corresponding filter of the first plurality of filters to form a second plurality of
summed outputs comprises subtracting an output of each of the second

10 plurality of filters from an output of the corresponding filter of the first
plurality of filters.

5. An apparatus for transmultiplexing a multi-channel
information signal at a first sample rate into a plurality of selected

15 communication channels at the first sample rate comprising:

(@  means for commutating the information signal to a
first plurality of filters and commutating a delayed sample of the information
signal to a second plurality of filters, each filter of the first plurality of filters
corresponding with a filter of the second plurality of filters;

20 (b) means for summing an output of each filter of the first
plurality of filters with and output from the corresponding filter of the
second plurality of filters to form a first plurality of summed outputs;

(c) means for summing a scaled output of each of the second
plurality of filters with an output of the corresponding filter of the first

25 plurality of filters to form a second plurality of summed outputs;

(d) means for scaling each output of the second plurality of
summed outputs by a time varying value;



- 12- 11. A method of transnultiplexing a nulti-channel

i.nformation signal at a first sarrplerateintoaphmm
commu | s at the first sanple rate, thg ,S

t he st ' (a) comutating the informatidgnjsignal to a
first jﬂi'!ﬂl H!llﬁllll““l!lers 5 and commtating a del ayed {sgmpB@ JIL 1998

I nfor second plurality of filters,]. dach filter of
the first plurality of filters corresponding with affilTter of The
second plurality of filters; (B summi ng an loutput _of each
filter of the first pIurallty of filters-1 with an output fromthe
corresponding filter of the second pl urallty of filters 10 to forma first
plurality of summed out puts; (c) sumi ng a scal ed out put of

each of the second p{g)ral i isafé for commutdtitigstheifirst plaratity eEéurdmede
correspondi ng f'bﬁl?ht@fo fohﬂatﬂfssbuﬂiwéfgnhl it he ffrsi éaﬁﬁﬂe rate; drfd form a
tsﬁgors]gcglngrgl 'u%é E*,i commutatln the dbled sé dgg:@g?'&fo“t put of
(e) comut at i n% ﬁ‘% ‘;‘?@Eﬂg ura ﬂoy 0 néegs'éh p%tﬁgé%ﬁlé forma

first output“sig "% first sanpl e rate and (f)

comut ating the scal ed second plurali t}/éOf sunmmed outp rma

second out put si gnal 8at t hEhe apparat lajrg Sewherpin the first plurallty °f fllters
comprises a plurality of substantlally identical filters.

10 7. The apparatus of claim 5 wherein in the means for
commutatlng the information signal to the first plurality of filters is operable
for commutating the first output signal to a third plurality of filters and the
means for commutating the delayed sample of the information signal is
operable for commutating a delayed sample of the first output signal to a

15 fourth plurality of filters.

8. The apparatus of claim 5 wherein in the means for
commutating the information signal to the first plurality of filters is operable
for commutating the second output signal to a third plurality of filters and

20 the means for commutating the delayed sample of the information signal is
operable for commutating a delayed sample of the second output signal to
a fourth plurality of filters.

9. The apparatus of claim 5 wherein the means for summing a
- 25 scaled output of each of the second plurality of filters with an output of the
corresponding filter of the first plurality of filters to form a second plurality of
summed outputs is operable for subtracting an output of each of the
second plurality of filters from an output of the corresponding filter of the
first plurality of filters.
30 .
10. A filtered fast Fourier transmultiplexer comprising:



12. The nethod of claim 11 wherein the step of scaling each of t he
second plurality of summred outputs by a tine varying val

U. \JUII 11 DUD'

scal i ng each of the second pI urality of sugme](cj olut putszb MNTSHEEI
exponen The met hod of claiml ' er conpri si
the stem“m”mﬁ“m"mm]tl ng the first out put signal to hig g Uil t
|terrs andr ®. scomutating a del ayed sanple of the st out put sigpa
toafourth pIurallty of filters. 30 14, .
claim1l wherein the step of summ ng a scal ed out put} of each of the
second plurality of filters with an out|c')L]12 ‘of the corresp €
of the first plurality of filters to forma second plurality of sunmed

out puts conprises subtracting an output of each of the second 35 plurality
of filters froman d&t put Aonetheod efdransmultiplexing almulti-alfanniekinfomsation

plurality of fikfgpaPat a first sample rate into a plurality of selected communication
channels at the first sample rate, the method comprising the steps of:

(@) commutating the information signal to a first plurality of filters

5 and commutatlng a delayed sample of the information signal to a second
plurality of filters, each filter of the first plurality of filters correspondlng with
a filter of the second plurality of filters;

(b) summing an output of each filter of the first plurality of filters

with an output from the corresponding filter of the second plurality of filters
10 to form a first plurality of summed outputs;

(c) summing a scaled output of each of the second plurality of
filters with an output of the corresponding filter of the first plurality of filters
to form a second plurality of summed outputs;

(d) scaling each output of the second plurality of summed

15 outputs by a time varying value;
- (e) commutating the first plurality of summed outputs to form a
first output signal at the first sample rate; and

1)) commutating the scaled second plurality of summed outputs
to form a second output signal at the first sample rate.

20 : .

12.  The method of claim 11 wherein the step of scaling each of
the second plurality of summed outputs by a time varying value comprises
scaling each of the second plurality of summed outputs by a complex
exponential.

25

13. The method of claim 12 further comprising the step of

commutating the first output signal to a third plurality of filters and

commutating a delayed sample of the first output signal to a fourth plurality
of filters.

30
14, The method of claim 11 wherein the step of summing a
scaled output of each of the second plurality of filters with an output of the
corresponding filter of the first plurality of filters to form a second plurality of
summed outputs comprises subtracting an output of each of the second

35 plurality of filters from an output of the corresponding filter of the flrst
plurality of filters.



- 13- 15. An apparatus for transnultiplexing a nulti-channel
information signal at a first sanple rate into a pluralit

comuni catﬁmﬁé first sanple rate conprisin REPLWSJE;T
means for c mﬂm formation signal to a first 5 plurality of
filters and | ayed sanple of the informatiagn | 02 dWgna® t g
a second pl ura I'.ty‘-Of"‘fIs|tél’S each filter of the first plurjality of

filters corresponding with a filter of the second pluyalTty of

filters; (b) means for sumﬂ'&g an output of epch filter of the|
first plurality of filters wth and butput fromthe correspondi ng
filter of the second 10 plurality of filters to forma first plurality of
sumed out put s; (c) means for summi ng a scal ed output of each
of the second rali of filters with an out put he correspondi ng
Cliter of the first 15 A agparaus o iransuiRlexng mutechanmsint ur a1ty of

sunmed out puts; information signaliat a firstesampleaatesingd arpjummofmﬂlectedof t he

second pl ur al i t Ypmba; cﬁymﬂ?ﬁ%lﬁ%ﬁhé’iﬁ s’ain‘iﬁeﬁ@’é&lﬁnﬁeﬂ ge:

(e) means for com‘ru rst

t to
forma first output & gna|m9§qnqi9écpmma§a %‘ B'E’Ba“oéhﬂg“a“ o & st (f)
means for cd@mutpitiality ofrldtasahelcbommtaimulaldelaytad saimple of tiseiinfematiorput s to

frﬁremagpz regfﬂg 8;&@5 | to 'agib'ﬂ V\Hatplﬁﬁﬁ f?feré aéH&hehlfel‘?‘to‘F thezﬁrs} plurality of filtdfs
conprises a pl urcarﬁetsyoadmsum arft‘ieﬁlof {he S@Rﬂdcﬂf-"’q ity PE ilters; 17.
The apparatus of cl gbin 15 méans=fon sumrhing areeutpuf of each filter of the first plurality
of filters with and output from the corresponding filter of the second
10 plurality of filters to form a first plurality of summed outputs;

(c) means for summing a scaled output of each of the second
plurality of filters with an output of the corresponding filter of the first
plurality of filters to form a second plurality of summed outputs;

(d) means for scaling each output of the second plurality of

15 summed outputs by a time varying value;

(e) means for commutating the first plurality of summed outputs
to form a first output signal at the first sample rate; and

® means for commutating the scaled second plurality of
summed outputs to form a second output signal at the first sample rate.

20

16. The apparatus of claim 15 wherein the first plurality of filters

comprises a plurality of substantially identical filters.

17. The apparatus of claim 15 wherein in the means for
25 commutating the information signal to the first plurality of filters is operable
for commutating the first output signal to a third plurality of filters and the
means for commutating the delayed sample of the information signal is
operable for commutating a delayed sample of the first output signal to a
fourth plurality of filters.
30
18. The apparatus of claim 15 wherein in the means for
commutating the information signal to the first plurality of filters is operable
for commutating the second output signal to a third plurality of filters and

the means for commutating the delayed sample of the information signal is
35 '



25 comutating the information signal to the first plurality of filters is
operabiﬂ for cnnnntat|ng the first output signal t ' o
of filters and th for conmutating the del aye L]
mforrra“mwmllmuﬂﬁum operabl e for comutating a de] ag
first o fourth plurality of filter
The appar at us *of "clai m 15 wherein in the means for
the information signal to the first plurality of filters}ibt—op
for comutating the second output signal to a third plur I|ty of fllters
and the means for commutating the #rayed sanple o rTiformarion
signal is 35 - 14-

operabl e for commutating a del ayed sanple of the second out put si gnal to
a fourth plurality of filters
opérable for commutatlng a delayed sample of the second output signal to

a fourth plurality of filters. -

302 JUL 1998

commut at ijng

19. The apparatus of claim 15 wherein the means for summing a
5 scaled output of each of the second plurality of filters with an output of the
cotresponding filter of the first plurality of filters to form a second plurality of
summed outputs is operable for subtracting an output of each of the
second plurality of filters from an output of the corresponding filter of the
first plurality of filters.
10

20. A filtered fast Fourier transmultiplexer comprising:

a commutator having an input and a first output and a second output,
wherein the first output selectively couples a sample of a multi-channel
information signal to inputs of a first plurality of filters, and the second

15 output selectively couples a delayed sample of the multi-channel
information signal to inputs of a second plurality of filters; the first and
second plurality of filters each having an output;

a first plurality of combiners each coupled to an output of one the first
plurality of filters and to an output of a corresponding filter of the second

20 plurality of filters, each of the first plurality of combiners having an output;

a second plurality of combiners each coupled to an output of one of
the second plurality of filters and to an output of the corresponding filter of
the first plurality of filters, each of the second plurality of combiners having
an output;

25 a plurality of scalers each having an input coupled to an output of
one of the second plurality of combiners and an output;

a second commutator for commutating the outputs of the first plurality
of filters to a first output signal at the sample rate; and

a third commutator for commutating the outputs the plurality of scalers

30 to a second output signal at the sample rate.
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19. The apparatus of claim 15 wherein the neans for sunnrng_______:uzuiui-
out put of each of the second plurality of filters with an[g gxﬂwE SHEET
corresponding filter of the first plurality of filters to|P¥ ecofeh
plurality of summed out puts is operable for subtractijng an outpu&wyf
each of the second plurality of filters from an out put of OZnéV l
corresponding filter of the first plurality of filterp.{ 10

20. A filtered fast Fourier .transmnult+p§exer conpri sing: a

comut at or having an input and a first output and a second|output.
wherein the first output selectively couples a sanple of a nulti-channel
information signal to inputs of a first pl urality of filters, and the

second 15 output selectiv he mul ti - channel
information signal to i npum'rﬁz;@?eaé%ﬁpﬁé § rs the first
and second pl ur aAlfRANSMULFIBLEXER A M

'HrCIEHTA a
first plurality of conbiners eameRM TON"SPEEN lLof one the first

plurality of filters and to an out put a correspon ing filter of the
second 20 plurality of filters, each of the first plurality of conbiners
havi ng an ougput; a second pl | i f conbi ners each coupl ed
to an outputgof one of t he gi@@ﬁﬁgﬁﬁﬁﬁsﬂbﬁw Ui | ters and to an

out put of the corresponding filter of the first plurality of fllters;
each of the second aIr f combi ners hayi N .qQut put ; a
plurality of scal er & flfer B ﬁb‘ﬂ&ﬁ trwmulémferea(zkﬁ)a 1V @ﬁ)ﬁtmblltl' one

of the second plchanhel&oﬂmﬁmmmﬁr aliilftoesin ¢ chidrinel commumcatibnsecond

ilTors (o afi PRl 583%5? ﬁé‘iiegﬁ]?ﬁ% 314, 848,354, 460,366, 7' (1

comut at or 1Qr AOdnridd Dagdtmmmt(ﬁ(ms- 610). pﬂilmeatbmﬂpjatrsalrmialratesm
maintained at the input sample and memory requirements and
mult_iplications are substantially reduced.

Figure 6 accompanies this abstract.
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