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Crogs Reference to Rel ated Appl i cati This

n?inuatlon in-part of U S. Patent Application Serla . 07/ 966, 630

ent tled "A Method and Means for Transnul tipl exi ng Signals Between Signal
Term nal s and Radi o Frequency Channel s" whitzh was fil ed oiCER4128M 22, 1992
for. the sane inventor, Mark Harrison, as the present patent appllcatlon and
is also assigned to Motorola, Inc. is 10 directed to a nulti-channel
digital transmtter and receiver which use a pol yphase filter bank to pre-
and post- process digital signals, respectively, which are used in
conjunction with a Fourier transforner. Field of the Invention 15 The
present invention rel ates to conmmuni cation units which mani pul at e

el ectromagnetic radiation within a frequency band, and nore specifically to
a multi-channel receiver which detects a plurality of information signals
as well as a nulti-channel transmtter which 20 prepares a plurality of
information signals for subsequent transmi ssion. over a comrunication
channel . -2- Background of the Invention Transmitters and receivers for
communi cation systens generally are designed such that they are tuned to
transmt and receive one of a 5 multiplicity of signals having w dely
varyi ng bandw dt hs and which may fall within a particular frequency range.
It will be appreciated by those skilled in the art that these transmtters
and receivers radiate or intercept, respectively, electromagnetic radiation
within a desired frequency band. The el ectromagnetic radiation can be. .

out put fromor 10 |n ut to the transmtter or receiver, respectively, b
several types of ULTI-CHANNEL DIGITAL TRANSMITTER AND RECEIVE

Cross Reference to Related Application

5 This is a continuation-in-part of U.S. Patent Application Serial No.
07/966,630 entitled "A Method and Means for Transmultiplexing Signals
Between Signal Terminals and Radio Frequency Channels" which was
filed on October 22, 1992 for the same inventor, Mark Harrison, as the
present patent application and is also assigned to Motorola, Inc. is

10  directed to a multi-channel digital transmitter and receiver which use a
polyphase filter bank to pre- and post- process digital signals,
respectively, which are used in conjunction with a Fourier transformer.

Field of the Invention
15
The present invention relates to communication units which

manipulate electromagnetic radiation within a frequency band, and
more specifically to a multi-channel receiver which detects a plurality of
information signals as well as a multi-channel transmitter which

20 prepares a plurality of information signals for subsequent transmission
over a communication channel.



devtces including an antenna, a wave guide, a coaxial cable, an optical
fiber, and a transducer. These comruni cation systemtransmtters and
receivers may be capable of transmitting and receiving a multiplicity of
sighal s; however, 15 such transmtters and receivers generally utilize
circuitry which is duplicated for each respéetive signal to be transnmitted
or received which has a different frequency or bandwi dth. This circuitry

duplication is not an optimal nulti-channel c ni';:ati n unit design
architecture, because of the added c Mﬂﬁﬁ%@% Q‘SP"g'ngci ated with
building 20 conpl ete independent transmtters and/or receivers for each
comuni cati on channel. An ' lLier | rchi e
s possi bl e whi ch voui o b RagnIRES 4 rpERRRS o coRfiflunBaRb Shafriy GRAEEH
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sanpling rate equa at lLeast twce andwi .0..be itized).
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a communi cat i onHHni t ‘@3‘3%3&%’%@@2&%‘%’éé%??ﬁi@wf ﬁgost%g@g#lﬂrﬂ)% ?f:di 0
frequency (RF) and i devicesdncludingraryanienna( afyava.guide, @ ceaxialgable, an optical
‘processi ng portion \iﬁber fﬂd’&‘ﬂ%ﬂs@cé?r preceded by a single digital - °

a

pr ocessing portion I'ch “mani pu es the digitized signal as .if jt '
represented nultiple conmihe8aCOaIMUNiGAtRN system transmitters |andyecaiyers ma ey

by those skilled in thgasielofitRaisnAiftingMid receiving a multiplicity of signals; however,

| 15  such transmitters and receivers generally utilize circuitry which is
duplicated for each respective signal to be transmitted or received which
has a different frequency or bandwidth. This circuitry duplication is not
an optimal muiti-channel communication unit design architecture,
because of the added cost and complexity associated with building

20 complete independent transmitters and/or receivers for each
communication channel.’

An alternative transmitter and receiver architecture is possible

which would be capable of transmitting and receiving signals having a
desired multi-channel wide bandwidth. This alternative transmitter and

25  receiver may utilize a digital-to-analog converter and a digitizer (analog-
to-digital converter) which operates at a sufficiently high sampling rate to
ensure that the signal of the desired bandwidth can be digitized in
accordance with the Nyquist criterion (e.g., digitizing at a sampling rate

I equal to at least twice the bandwidth to be digitized). Subsequently, the

30  digitized signal preferably is pre- or post- processed using digital signal

, _ processing techniques to differentiate between the multiple channels

: within the digitized desired bandwidth.  Such a communication unit
structure is essentially equivalent to a single radio frequency (RF) and
intermediate frequency (IF) band analog signal processing portion

35  foliowed by or preceded by a single digital processing portion which
manipulates the digitized signal as if it represented multiple
communication channels.



pod$si bl e technique for providing this type of communication unit structure
is through the use of Discrete Fourier Transforns (DFT's) in a DFT bank and
| nverse Discrete Fourier Transfornms (IDFT's) in an IDFT 5 bank or simlar
digital filtering techniques, to synthesize a series of adjacent narrow
bandwi dt h channel's. The di sadvantage to thi% alternative type of

communi cation unit is that the digital processing portion of the .

conmmuni cation unit nust have a sufficiently high sanpli r ure
that the Nyquist criteri hwﬁlsbq@pprfglateabyytm@gﬁgﬁlﬁﬁﬁﬂ,tﬁgrﬁﬁhﬁ tﬁlﬂgﬁ{&he
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nust typically be addiacent W%PR"GWY@P. !S.t he sanpling rate for these

filtering techni ques is ITpeedisaivantage 16 this atériativentypetofaommunidatiohamitib
P0ssi bi'e communi cat Lot BB HiGHA Sy ScaRaind BonEm SR D imuicktion if st Bave &
receiver, like the sufficientlyrhigh sdawptingirate thoensurevthat the Blyqaishititerion is met
channel s v th- iR s Jghete Halimiin achiistofthevegRie dlsbRoMaEALLE aRton
transnitter and recahieh ipequaldprtheisuny of the individyalseamimunicatioechannels
Srociasor (bopt) | iENRAPIN eohghtieessiad sectqtaghelciaii o1 Orc!
transnitter and recOBPEWIGH CH%QWBO‘@'&PG"Q\!' 'amnﬁgéﬂ?ll{f'ﬁ@n%w ‘Waﬁi thepe
ideally suited for cpditallppécassiigrpitiontvithe Comminnhicationunitymagbe véry!dostinr
base stations 31% t@ﬁ:%'ﬁlal Iﬁéwrgeed toot riggs é and re(‘fel Ve rmjgééﬁlijgl e channel s
within a wide firequéfSymBY UG & GopsK ATSHRL QT PQWers gaRr (0§ .
I n addi tion, conmmer chahnelsgredueed by acBFTwWrdDFThfiltering techniqueamadist typicatliyber
manufacturers is pr ol dindedtls SacHEACTHES, e 'SArpiNG MRY Tor thebE Hitefing
' techniques is necessarily restricted to an integer muttiplier of N times the
number of possible communication channels (e.g., N, 2N, 3N, ...
20 possible communication channels).
A need exists for a transmitter and a receiver, like the one which
is described above, which is capable of transmitting and receiving a
multiplicity of signals within corresponding channels with the same
transmitter or receiver circuitry. However, this transmitter and receiver
25  circuitry preferably should reduce communication unit design
' constraints associated with the digital signal processors (DSPs) which
implement DFT and IDFT functions. If such a transmitter and receiver
architecture could be developed, the it would be ideally suited for
cellular radiotelephone communication systems. Cellular base stations
30 typically need to transmit and receive multiple channels within a wide
frequency bandwidth (e.g., 825 MegaHertz to 894 MegaHertz). In
addition, commercial pressures on cellular infrastructure and subscriber
manufacturers is prompting these manufacturers to find ways to reduce
the cost of communication units. Similarly, such a multi-channel
35 transmitter and receiver architecture would be well suited for personal
communication systems (PCS) which will have smaller service regions
| (than their counterpart cellular service regions) for each base station




t hé® cost of conmunication units. Similarly, such a multi-channel 35

transmtter and receiver architecture would be well suited for personal -

communi-cati on systens (PCS) which will have snaller service regions (than

thelr counterpart cellular service regions) for each base station -4-

and as such a corresponding | arger nunber oft~base stations will be required

to cover a given geographic region. Operators which purchase base stations
cost
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(i.e., each comruni cati o] nnel uses the sane frequency band trR )
nunber of current arfiBveLinfeEasigaal W@P%@h@’lﬁ"&ﬁ“é@&‘@f@gg{gﬁ -e., ar
channel i zation st andpfeiface stindaridf Which shévecati laast h@edaimon chatatteristivese
15 "Bortions of fr cUbALGEGIMERE Mgl olds aytmEr raslede cogupaapeiel
based on frequency dihamiets\whidh arg allcoated substantially thes samenamoupt ef access,
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i ncl udi ng: Advanced ohssined upes the samei frequencydandwidth)NA pumberaf sugent and
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Frequency Hoppi ng Spihmhelipation staridarbisSWhiclhadé ehanhelscalisuxted in equal
- 15  portions of frequency bandwidth include channelization structures
based on frequency division muitiple access, time division muitiple
access, and frequency hopping code division multiple access. Some of
the current and future planned coding and channelization standards
have names including: Advanced Mobile Phone Service (AMPS),
20  Narrow Advanced Mobile Phone Service (NAMPS), Total Access
Communication System (TACS), Japanese Total Access
Communication System (JTACS), United States Digital Cellular
(USDC), Japan Digital Cellular (JDC), Groupe Special Mobile (GSM),
Frequency Hopping Spread Spectrum (FH-SS), Cordless Telephone 2
25 (CT2), Cordless Telephone 2 Plus (CT2 Plus), and Cordless Té‘lephone
3 (CT3). It will be appreciated by those skilled in the art that, although
digital communication open air interfaces typically have a group
including more than one communication channel that occupies the
same frequency bandwidth, the channels within the group are
30 separated from one another by a code (e.g., the code may be time slots
within a time frame or the code may be slots within a frequency hopping
pattern). Further, each group of channels utilizes the same frequency
bandwidth as each other group of channels operating according to the
same open air interface. ' '
35 An additional advantage may be gained by cellular and PCS
manufacturers as the result of designing muilti-channel communication
units which share the same analog signal portion. Traditional



25 * (CT2), Cordless Tel ephone 2 Plus (CT2 PI us), and Cordl ess Tel ephone 3
(CT3). 1t will be appreciated by those skilled in the art that, although
di gJ tal conmunication open air interfaces typically have a group including
nmore-than one comuni cation channel that ocgupies the same frequency
bandw dt h, the channels within the group are 30 separated from one

anot her by a code (e.g., the code may be tine slots within a time frame or
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process or in the fi such that these nulti-channel
conmmuni cation units %’H C% Eé‘rﬁép%é}ﬁﬁéigigkcﬁ%ce with any one of several
i nformati on signal codi ng and channel i zation standards. 10 '

Summary of the ygvention A nethod and gpRaj a?g‘b?thélﬁ\{ dhtiofled for use in a
mul ti-channel digital transmtter and recelv tering process is

acconpl i shed by conditioning portions of a digitized signal during digital
signal 15 processing byA méﬂﬂfdaém@ﬁppéﬁﬂtugﬁs rhﬁll&bd forrsecia @mulpetannel
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recei vi ng process. Td:mdlnomnglptg-tlonswoéasdlgmzed signal during digital signal
| - 156 processing by integrating, taking the difference of, and multiplying
portions of the digitized signal.
In addition, a method and apparatus is provided for utilizing the
filtering process within a receiving process. The receiving process is
. accomplished by utilizing a plurality of filters to pre-condition a digitized
20 signal for subsequent Fourier transformation. Each filter conditions a
portion of the digitized signal by integrating, taking the difference of, and
multiplying a portion of the digitized signal. Subsequently, a Fourier
transformer generates a digitized channel signal from the pre-
conditioned portions of the digitized signal. Alternatively, the receiving
25 process may be described as utilizing an analog-to-digital converter to
' digitize a selected portion of an input frequency band. Subsequently, a
commutator subdivides the digitized portion of the input frequency band
into the plurality of digitized signal portions. Then, a discrete Fourier
transformer generates a plurality of digitized channel signals by discrete
30  Fourier transforming the plurality of digitized signal portions. Finally, a
detector detects at least two information signals from the plurality of
digitized channel signals.
Similarly, a method and apparatus is provided for utilizing the
| filtering process within a transmitting process. The transmitting process
} 35 is accomplished by utilizing an inverse Fourier transformer to generate a
' composite digitized signal from a plurality of digitized information
signals which are to be transmitted. Subsequently, a plurality of filters



acconpl i shed by utilizing a plurality of filters to pre-condition a
digitized 20 signal for subsequent Fourier transformation. Each filter
conditions a portion of the digitized signal by integrating, taking the
difference of, and nultiplying a portion of .the digitized signal.
Subsequently, a Fourier transforner generaf@é a digitized channel signal
fromthe pre- conditioned portions of the digitized signal. Alternatively,
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. 1 is a block diagram showing a preferred embodimen

receiver in accordance with the present invention.
FIG. 2 is a block diagram showing a portion of the preferred
| embodiment receiver shown in FIG. 1.
20 FIG. 3 is a block diagram showing a preferred embodiment filter
l in accordance with the present invention for use in the preferred
embodiment receiver shown in FIGs. 1 and 2.
i - FIG. 4 is a block diagram showing a preferred embodiment
transmitter in accordance with the present invention.
25 FIG. 5 is a block diagram showing a portion of the preferred
embodiment transmitter shown in FIG. 4.

. FIG. 6 is a block diagram showing a preferred embodiment filter
in accordance with the present invention for use in the preferred
embodiment transmitter shown in FIGs. 4 and 5.

J 30 FIG. 7 is a block diagram showing a preferred embodiment fifth
( order integrator in accordance with the present invention for use in the
' preferred embodiment receiver and transmitter shown in FIGs. 1
through 6
FIG. 8 is a block diagram showing a preferred embodiment fifth
35 order differencer in accordance with the present invention for use in the
preterred embodiment receiver and transmitter shown in FIGs. 1
through 6.



10 * anal og converter generates a conposite anal og transm ssion. signal from
the conposite digitized signal. Finally, transmtter transmts the

cor‘rposi te anal og transm ssion signal over a frequency band. Brief
Description of the Drawings 15 FIG 1 is a Ql ock di agram show ng a
preferred enbodi nent receiver in accordance’Wth the present invention.

FIG 2 is a block diagramshow ng a portion of the preferred enbodi nent
receiver shown in FIG 1. 20 : FIG 3 is a block diagram show ng a
preferred enbodinent filter in accordance with the present invention for
use in the preferred enbodi nent recei veDetaileth Descrption 1 and 2. FIG 4 is.
a bl ock diagram showi ng a preferred enbodi nent transmtter in accordance

with the present invention. 25 . FIG 5 is a block di a%am %hovvi nﬂ
portion of the preferred Bmibbeanpreciatady thase skileghin thergrethat althoyahd

a bl ock di agramghovollgwihg’distassien i€ airesieden a parfictilar preferred Eatsediment

the present invention for "use . in the preferred enbodjnent transm.tter

in FIGs. 4 and 5. 3deceiver a"dﬂr@s'ﬁ'ﬁﬁg cgmipyaikation ypu O vsthe %"Hf"’éf"émgﬁ]

enbodi ment fifth or dsommunicationasystematheoprinciplesidistusdsed perefrecanibe,msadilgn

1 through s P 6  oaiegBoRNaP Wieihe Risk o Sshie deomBiusicitth svoms

35 order differencas well ascdataccommunication systems withouh departing fram thee i n

'%.he pr _ef7_er E)g?ai egdiiiesa?rei ?Qﬁghﬁw Wpfés%-ﬁfm\;ehﬁbn.sr]?m. in Ifl .Gs. 1 t hrough

. he preferred embodiment communication unit in accordance
with the present invention as described below permits the maniphlétion
of one or more information signals within a multiplicity of communication
channels. The number of communication channels which can be

15  received is determined by the frequency bandwidth of the signals to be
received. Any combination of coded and channelized signals in
between these bounds may be obtained and the channelization is not
restricted to immediately adjacent channels within a frequency band.
The receiver's channel bandwidths may also be modified by changing

20 the signal processing algorithms. This allows the reuse of existing
hardware and minimizes the need to replace hardware when the air
interface standards of the communication system (e.g., cellular
radiotelephone, paging, or any other wireline or wireless
communication system) change or are expanded.

25 Referring now to FIG. 1, a block diagram of a preferred
emboaiment multi-channel receiver in accordance with the present
invention is shown. It will be appreciated that communication units also
typically include transmitter circuitry (such as the one shown and
described later in reference to FIGs. 4-6). The preferred embodiment

30 receiver is preferably included within a communication unit (e.g., a
cellular base station, a cellular portable phone, a patio phone, a pager,
or a trunked radio) for receiving electromagnetic radiation within a
frequency band containing muitiple communication channels. For the
purposes of the following discussion, the preferred embodiment

35 - communication unit is described for use in an AMPS or NAMPS analog
cellular radiotelephone communication system (as described in
Electronic Industrial Association standard EIA-553 and interim

a
Bs



It ™ill be appreciated by those skilled in the art that although the 5
follow ng discussion is directed to a particular preferred enbodi nent
receiver and transmtter communication unit for use in a cellular or PCS
comuni cation system the principles discussed herein can be readily
applied to other wireline, radio, or satellBte tel ecommunication systens as
wel | .as data conmuni cation systens w thout departing fromthe 10 = scope

d spirit of th t i Th f d enbodi ment i cat i
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mul ti-channel receiver 1n accords resent vention 1s shown.
It will be appreci atdesigned teseeeive the number of shanselstavsilable fpriseevingdhe

e o S b et o L

preferably included withi H&T nPre 'FBR ipaiudes anyinpul sueh as ap aptenna

station, a cellular 100 whitte imame?_ts slerontagheticradiationowithinotheafréduenicyd

radi o) for rece1 | n%{}rﬂg&aggenl ﬁ'éra | aetrlég \%t hip,a freg enct‘wgand

cont ai ni ng mul t1pl e {nereshA % fREHCE t ﬂﬂ"ﬂ!ﬂ&ﬁ%‘é’

fol | owi ng di scussi orinterbeptedediectraniagnéticiradiatiorsinto anocelectricabsignal. ultiwillibe

described for use | nyaleohled B thidd skifldiirfhe art that other types of input devices

' may be used for intercepting or capturing electromagnetic radiation. For
example a wave guide, a coaxial cable, an optical fiber, or an infrared

_ 20  frequency transducer may be used to intercept electromagnetic

b radiation for subsequent input into the preferred embodiment receiver.

The receiver preferably consists of a front end (analog portion)

s consisting of elements known to those skilled in the art that provide a

: low noise figure and ample protection to undesired out-of-band signals.

25  These elements consist of a preselect band pass filter 102. The output

electrical signal 104 of the preselect band pass filter 102 is input to a
down converter. The down converter consists of a mixer 106, a local
oscillator 108, and a band pass filter 112. The oscillator 108

| - preferably is a fixed frequency oscillator; however, as will be

30 appreciated by those skilled in the art a frequency agile local oscillator

may be used in place of the fixed frequency oscillator without departing

from the scope and spirit of the present invention. The electrical signal

104 is operatively coupled to one input of the mixer 106 and the output

i of the oscillator 108 is provided to another input of mixer 106. Mixer

| 35 106 mixes the electrical signal 104 down to an intermediate frequency

; band electrical signal 110. Subsequently, the intermediate frequency
(IF) band electrical signal 110 is filtered by a band pass filter 112 to




celTul ar radiotel ephone comunication system (as described in Electronic

I ndustrial Association standard El A-553 and interim standards | S- 88,
1S-89, and 1S-90). The communi cation channels used by each cell or service
regi on (served by a base site) are typically_ assigned according to a
channel reuse separation pattern (e.g., a 218 cel| or 24-cell reuse
pattern). This type of channel assignnent based on 5 a reuse separation

pattern reduces co-channel, and, ad ent channe e

bach base site i o dosngae; droadreRiEetansy Panmale Rt R BnghiisRL band
communi cat i on channeletedtrical. sighaP114r 1/ 24 of all avail able channels). It
w Il be appreciated by th ' ' dotridal i é}% ation
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such each base site @npthar«iawn coperiarsi this down copveRar Qq:@lstmi@rmerﬁii a
channel s avai |l abse T grpgbRhisy 2y :léh@cél%dcmmoﬁﬂslsﬁdraewgaéﬂmeﬂmz thee
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for intercepting or adpasebangi electricab sigmab 4 20. r Subsequently;-dhe besepaoda wave
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transducer may be us ation
subsequent input i nt gndasired érregueaay é’ﬁﬂmm 'ﬂt@cﬂaméﬁmf’mﬁ@ b&ﬁ%’iaﬁ'é‘r

preferably consists @ie@ﬂéﬂog]gnggnﬂz.{anal og portion) consisting of elerents

known to those skilled in_the rovid l. gw nQi s ure, and anpl e
protection to undesired OJ&' égﬁaﬂgan 9?em%s%9@?'ei%%t@e@5ﬂ§h’s'§ of
a presel ect band pasgpbratively &QZpIeEIhG adigititing ldevice 126 (kegamaldgo-digitahe

presel ect band pgss {(A)g)er#g@%?tf&swh@ﬂ‘ﬁ;ggﬁeé‘ adSMoﬁod}‘ﬁﬁétbearseblhﬁ §l8¥fPical

converter consists o
signal 124 into a digitized signal 128. The digitized signal 128

represents the electromagnetic radiation within the intercepted
frequency band. FIG. 2 shows a graphical representation 128’ of this
digitized signal 128 which contains a plurality of channels (i.e., N
i 20 channels) contained in frequency divided passbands. The sampling
rate of the digitizing device 126 preferably is set to be within the Nyquist
criterion of at least twice the highest desired frequency with the
baseband electrical signal 124.
Commutator 130 receives the digitized signal 128 and
25  operatively couples portions of the digitized signal 128 to a discrete
Fourier transform pre-filter bank including filters 132, 134, 136, and
138 (i.e., f1, 2, f3, and fn). For the purposes of the following description,
four filters 132, 134, 136, and 138 are shown in FIG. 1; however, it will
be appreciated by those skilled in the art that the principles described
30 herein may be applied to more or less filters in the filter bank. The
commutator 130 distributes portions of the digitized signal 128 to
four filters 132, 134, 136, and 138 such that if commutator 130 is
operating at a first sampling rate (Fs), then each of the N filters receives
portions of the digitized signal 128 at a second sampling rate (Fs/N)
35 where N is the number of filters to which the commutator 130
operatively couples the digitized signal 128 (as previously noted N also
corresponds to the number of channels in the digitized signal 128).



osclllator 108, and a band pass filter 112. The oscillator 108 preferably
Is a fixed frequency oscillator; however, as wll be 30 appreci ated by
those skilled in the art a frequency agile |ocal oscillator may be used in
pl ace of the fixed frequency oscillator wthout departing fromthe scope
and spirit of the present invention. The et¥ktrical signal 104 is
operatively coupled to one input of the m xer 106 and the output of the

mxes the el ectrical i gridteml3ackas $58 end1ah atpalate; vidasTRg iogency
electrical signal 1lébmpohersausthe digitifed sighalsngeél,aconditien trendigitizeéd) signals)
indes! red 1 equancy TolTES ik EBmlaordy SARGARC he lbsadgehdisrrdle FRLRLF
114. Subsequently, ttransferm{BETe operatioramayi be educed. i These fitterso1 3ot Ibr
frequency agi| e 3 ocalSBeand F38 Ypetdo™StF 15 plyphall fifers i kndyn QFT pre-
electrical signal 11filterbasksimthatdhey rengivetheiinputs frama cemmulater aed ryng
and-the out put of thg Ryakelte¥erm iﬁ’émp&t £ 8\distaete Poudvier thaisfoffet. OherSuehr
118. M xer 118 mixes the |F nﬂ?elep rical 5|gﬁgkiéééid%£g to.a gas band
el ectrical signal 12‘39”@&?59@& gnk is;showf, ang fged IRt Preigy ¥|C§ﬁ I
120 is filtered by aelatedithSs PaténteApplication SerialiNg07/866,630rertitledctuency
e b1 Mo 854 NBSRORE T b8 eiahod 9Bk HeeHiESigpa
coupl ed to a digitizlergidalsiand Radiq Frequensy {Fhapnels"dwvhichavag Sled omQstober
Foroca o Jn 1 zen 3 B, RS et Mdehes s Fios g
el ectromagnet i c radithgiRsaleffachembpdinent receiver sliuetuee Gk Hig Prasent pafent >
shows a graphi cal r egiieatioRiutitFes Aiodifled Cascadad Intagehtsr Comb (CIT)ilters
contains a pl urﬂl’ ! tyﬂ&;, H]f %%,%n%' 138 ’rat'?ller than polyphase filters. The outputs
. | 140, 142, 144, and 146 of the respective filters 132, 134, 136, and
| 138 form the inputs to a discrete Fourier transformer 148.
Discrete Fourier transformer 148 preferably operates at the same
or higher sampling rate of the filters 132, 134, 136, and 138. The
20  discrete Fourier transformer 148 performs one transform (e.g., fast
Fourier transform) per input block of samples 140, 142, 144, and 146
from the pre-filters 132, 134, 136, and 138. Each of the N outputs
150, 152, 154, and 156 of the discrete Fourier transformer 148
contains samples for one of the N different down converted channels.
25 These N outputs 150, 152, 154, and 156 are generated by performing
an N point Fourier ransform which produces one output sample for
each of the N channels. In the preferred embodiment receiver structure
the fast Fourier transformer (FFT), operating at a rate higher than the
sampling rate of the filters 132, 134, 136, and 138, (e.g., the FFT may
30 operate at a rate which is three times greater than the filter sampling
rate) are used to perform the operations of the discrete Fourier
transformer 148. This high rate of operation for the FFT is required to
avoid aliasing, because the modified CIC pre-filters used in the
preferred embodiment receiver have a rolloff rate which is not as high as
35 typical polyphase filter banks.
The use of FFTs allows the receiver structure to be implemented
in a computationally efficient manner while providing for a means to




20 © channel s) contained in frequency divided passbands. The sanpling rate
of the digitizing device 126 preferably is set to be within the Nyqui st

criterion of at |east twice the highest desired frequency with the baseband
el ectrical signal 124. Conmutator 130 receiyves the digitized signal 128 and
25 operatively couples portions of the dfﬁktized signal 128 to a discrete
Fourier transformpre-filter bank including filters 132, 134, 136, and 138
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di gitized signal 12&dmpomerdsibzirg missec-(lel thesdiscrete samplidg amits partiouterer
and 138 attenuat o uroe SOmPolaRis orar bianal wiih ocoyre Bewbef:sahifle reifs).
(i.e., condition thelhrsg sourses of grrarssin e discrete Foudenisansiormets may be
e Pugueen “Tncl% £ ReEES Wyt h Ry et RIS (ETLralphatgn
pol yphase filters i rerRf§@uedioraliasing may: ke '@&m@éﬁ)}’] ingrgesipgdpe samping atei r
TS Boury o T ane s Foule pareimie Ao i e font pmiinize
descr i bed i the pr AU9GqEReppY SheFER b o 18 donuts th i Misc it F&Ue
No. 07/966, 630 enti ttrarnsforind0148.VEurthdr,ahd sieatral distortion duetiotieakage may be
Signal's Between 55 ON@aly,ced by increasing the number of DFT points through operating at a
‘ higher sampling rate or increasing the window width using window
functions that have Fourier fransforms with low sidelobes, and/or
eliminating large periodic components by filtering before performing
- window functions. Furthermore, the picket-fence effect may be reduced
20 by increasing the number of DFT points while holding the sampling rate
fixed such that the "pickets" are moved closer together and/or filling in
additional DFT points with zeros (i.e., zero padding), if the data length is
limited.
Because the discrete Fourier transformer 148 in the preferred
i 25 embodiment receiver structure operates at a rate higher than the
P decimated sampling rate of the filters 132, 134, 136, and 138, N
decimating post-filters 168, 160, 162, and 164 must be used to bring
down the corresponding baseband response outputs 150, 152, 154,
and 156 sampling rate to a desired sampling rate of N conditioned
30 outputs 166, 168, 170, and 172, respectively (e.g., the post-filters
bring down the sampling rate to typical voice or data sampling rates of
_ less than 9600 bits/second). These N post-filters 1568, 160, 162, and
| 164 (denoted g1, g2, g3, and gn) may be computationally simple (e.g.,
the filters may be Infinite Impulse Response (lIR) filters), if phase
35  distortion is not critical. In addition, if recovery of only a subset of the N
channels is desired (e.g., in lightly loaded communication systems),
then these post-filters need only be implemented for that subset of



Terfrinal s and Radi o Frequency Channel s" which was filed on Cctober 22,
1992. However, as will be described in reference to FIGs. 2 and 3, the
preferred enbodi nent receiver structure of the present patent application
utilizes nodified Cascaded |ntegrator Conb QQIC) filters 15 132, 134,
136, and 138 rather than pol yphase filters.”'fhe out puts 140, 142, 144, and
146 of the respective filters 132, 134, 136, and 138 formthe |nputs to a
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reduce the effects oteeodingssteps dependingvapdn the paetiouidrosignal cading ena ns.

15  channelization standard to be received. For example, each conditioned
output 166, 168, 170, and 172 may need to be convolutionally
decoded, maximum likelihood sequence estimated, or vocoded to
retrieve the voice or data present in the particular conditioned output.

Referring now more particularly to FIG. 2 and the pre-filters 132,

20 134, 136, and 138 (fy, {2, f3, and fy), the pre-filters 132, 134, 136, and
138 receive their inputs from a commutator 130 and operate in parallel
to form the inputs 140, 142, 144, and 146, respectively, for the DFT
fiter bank 148. However, the preferred embodiment pre-filters 132,
134, 136, and 138 incorporate a bank of Hogenauer's Cascaded

25 Integrator Comb (CIC) fiiters. This type of filter is generally described in
an article by E.B. Hogenauer, "An Economical Class of Digital Filters for
Decimation and Interpolation", JEEE Trans, Acoust, Speech, Signal
Processing, vol. ASSP-20, No. 2, April, 1981, pp. 165-162. The CIC
filters have advantages over typical polyphase filters in that CIC filters

30  consist of cascaded first order integrators and combs (i.e., differencers),
which allows these filters to be implemented without multipliers. In
addition, since CIC filters include decimators, the multiply-accumulators
(MACs) which are also in the pre-filters can be operated at a slower rate

_ to further reduce the required computations. Thus, the pre-filters are

35  more computationally efficient and, when implemented in a device,

: require less computational power, size, and execution time, than a

typical polyphase filter.




Sond of these potential error sources in discrete Fourier transforners

i nclude: errors due to aliasing (i.e., errors resulting from overl appi ng of
the deci mated signal in the frequency domain), spectral distortion from5

| eakage (i.e., spectral energy |eaking fromgne frequency to another), and
the picket-fence effect which results in iﬁﬁgftant spectral conponents
being mssed (i.e., the discrete sanpling omts particular spectral
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poi-nts while hol ding the Hamixerds used in cepjiinction withaad modifieg Cl@dilter bank,
moved cl oser toggt hefhew%gw&dr{\}e?@rw@%f?ﬁékgéﬁ{d BRiGH dowh bingénes

I .e., zero paddin b, e data | enqgt sJdinted. Because the discrete
I(:ouri er t~rangforme?) ¥4@"Nf§ tq?éﬂb? Qﬁﬁ?r?%f" él“)t e??ﬁ%f‘ﬁ&ﬂ” 18B%i ver structure

operates at a rate higher than the decimated sampling rate of the filters
132, 134, 136, and 138, N deci mm'-l%l. ost-filters 158, 160,162, and 164
r'es

must be used to bring goiMNThe Y0y 2sPa(MINT basendad—1pb{MINE &+ m]t-5-150,
152, 154, and 156 sanpling rat g-~stida0=zesi red sanpling rate of N conditioned
30 out puts 166, 168, 170, and 172, respectively (e.g., the post-fil ter%q 1)
bring down the sanpling rate to typical voice or data sanpling rates of
| ess than 9600 bPts/seconWhere&these N post-filters 158, 160, 162, and 164

(denoted g1,g2,93, and gn) nay d{MNIPKtah]-ofal) ¥ the miking sequence
| x(M[NT -k - m]~ j—1) = the input to the down converter
M = the number of channel outputs to be input into the FFT
N = the decimation rate of the modified CiC filter
20 : T = the time as referenced to the FFT's output
k, m, j, and | = indices.

If the mixing sequence is periodic in M, then the sum may be separated
from (eq. 1) as follows:

25
M-1M-1 . N~1 N-}
V2(MNT)=Y Y &(~j-1)) Y x(M[NT-k-m]-j-1).  (eq.2)
i =0 =0 k=0 m=0 .
The expression in (eq. 2) can be simplified by rewriting it as follows:
! M-1M-1
30 Y2(MNT) =3 > ®(-j~Z(MNT - j-I) (eq. 3)
j=0 1=0

where:
Z(MNT - j~1)= Y Y x(M[NT -k -m]- j-1).

k=0 m=0



the filters may be Infinite Inpul se Response (IIR) filters), if phase 35

distortion is not critical. In addition, if recovery of only a subset of
the, N channels is desired (e.g., in lightly |oaded conmunication systens),
then these post-filters need only be inplenented for that subset of -12-

desired channels. In the preferred enbodi nehf- receiver structure, the N
deci mating post-filters 158, 160, 162, and 164 preferably are designed with
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sequence esti e d, or vocoded to retrieve the voice or data present in the
particul ar conditioned output RefejrjRg now nore particularly to FIG 2 and

the pre-filters 132, 20 NTA3 eﬁ‘@) MNTLA).f3, and fN), the (gq. 4
pre-filters 132, 134, 136,Y%Qﬂd ﬁ%ggg e tzgelr inputs froma com‘rutégoq )
130 and operate in parallel to formthe inputs 140, 142, 144, and 146,
respectively, for the DFT filter bank 148. However, the preferred

enbodi ment pre-fil t eThelipressidn iBleq. #)¢ah e rewrittanctoréliminateokedf the
!—Iogenauer S CasC""dedsummation terms as follows:
15

M-t M=-1+j
Y2(MNT)=Y Y ®(-A)Z(MNT-4A)
j=0 a=j
M-=1 j-1

" Y O(-A)Z(MNT-A)- Y ®(-A)Z(MNT-A)

- z A=:-1+j A=0
=1+ S ®(-A)Z(MNT - A)
= M§¢(-A)Z(MNT-A)

A=0

. +§[§¢("A)Z(MNT— A)+ E‘p(—A)Z(M[NT— 1]_ A)]

j=0 { A=0 A=0
M-
=MY ®(-A)Z(MNT-4)
A=0
j-1

' ' +u2_1[2 ¢(—A){Z(M[NT ~1]-A)~Z(MNT - A)}}

j=0 | a=0

= M§¢(—A)Z(MNT—A)+ Y(0)+ iY(A)-&- zz:Y(A)+...+ki2Y(A)

=M ®(~A)Z(MNT - A)+(M=1)Y(0)+(M-2)Y(1)+...+Y(M=-2)

A=0



25% Integrator Comb (CIC) filters. This type of filter is generally
described in an article by E. B. Hogenauer, "An Econom cal Cass of Digital
Filters for Decimtion and Interpolation", |EEE Trans. Acoust. Speech.
Signal Processing, vol. ASSP-20, No. 2, Aprjl, 1981, pp. 155-162. The CIC
filters have advant ages over typical pol yph&‘ filters in that CICfilters
30 consi st of cascaded first order integrators and conbs (i.e., .
differencers), which allows thegge filters to be jqgpl enented without
multipliers. In addition, sip 2 At d dgciiygtiprs, the

mul ti ply-accunul ators ( MACs) %&Faégmg |&n&gagr e-f W%er can be
operated at a slower rate to fuygther reduce the required conputations.
Thus, the pre-filters are 35=M g_gym(mmat-i@pal |y efficient and, when
inplenented in a device, requirsol ess conputational power, size, and
execution tine, than a typicalm—pol yphase filter. -13- However, since

t hese principles, discussed bﬁl{Nb-eAmﬂéQ(—Aé{MNﬁ61]3&)%@(5@4'5—\&@% not
specifically designed to be used in the preferred enbodi nent nulti-channel
conmuni cation unit receiver sMucture, they nust be nodified., For
sinplicity, the foll owing di=s @ﬁ—am)?(sA+1bg(MlN?ferA)sﬁ(Mcr@—MM[i\Efd—%]ecé)}d .
order CICfilter. However, itaw|| be appreciated by those skilled in the
art that for the preferred enbodi nent receiver structure a nodified fi(eghb)
order CICfilter would provide a nore optimal filter characteristic for
this particular receiver structure. If a mxer is used in conjunction wth

a nodified C C filtdf theamixingsequaaee i SRHIA beopaua! te i) 7 expieifTAfiM )s ieshd
Oprer 1oun SOMY! o4 6)ban bR HE BT ihbER e sdrefte FBLIiENrafkATYrAE:

[err] (eq. e m Xxing
sequence bracketed sum as follows:
M-1
¥2(MNT) = exp(j2raf/M)w(MNT - A) (eq. 6)
a=0
where:
10

w(MNT - A)= (A +1)Z(MNT - A)+ (M~ A - 1)Z(M[NT -1]- A)
j= -1

As previously noted, the modified second order CIC filter

15  expression derived above which resulted in (eq. 6) does not have an
optimal filter characteristic. Stated differently, the modified second order
CIC filter will not provide enough selectivity for the preferred
embodiment 32 channel NAMPS receiver as shown in FIGs. 1 and 2.
For this preferred embodiment an eighty decibel (80 dB) stop band is

20 required in the modified CIC filter. This can be accomplished with a
modified fifth order CIC filter which is substantially similar to the modified

second order CIC filter described above. A fth channel output of the
modified fifth order CIC filter y;(MNT) can be described as follows:

25 YL(MNT) = 3" exp(~j2naf MW (MNT + A)

| where: - .
i w(MNT+A)=iak(A)Z(M[NT—k]+A)

k=0



X(MNT - k- nm - j- 1) =the input to the down converter M= the nunber of
channel outputs to be input into the FFT N = the decimation rate of the

nodified CGCfilter 20 T =the time as referenced to the FFT's
output k, m j, and | = indices. If the m xing sequence is periodic in M
then the sum may be separated from(eq. 1) 18 follows: 25 M1 Ml N -1
N-I [err](IMNT) = [err] (eq. 2) The expression in (eq. 2) can be.
sinplified byrevvritingitgsfollovvs: M 1M1 30 [err]

(eq. 3) where: [err] -39¢

“f'?%’eexpr ession i,n (&4 y3)uow has two distinct
oper.ations of conputing Z and ?{Wm-i_qg]g_@k rz{:u h exam nation of the
Z operation, it should be note at each ;grh ikg‘g,?.:,, a nodi fied second
order CIC filter function operated at a partjcular phase (j+l) of a

decimated version 5 of the input x. These WHGIANTens bk efierapl v deeiayht e
by N. As a result, the conputation of Y2 onlk%,[i r(ltvﬂgl ves °corfput2ati:bns‘gas

on the nodified CIC filter outpugs,( okyfurther sinplification, the
expression in (eq. 3) can be r%hp?}'t'é%(kp@'é)rphasi ze the dependence of the
product termon (j+1) as fol | o= tA® nliatber of channet outputs to be iapat info tHidEFT
expression in (eg. 4) can be r g il ga,to &l M8} fhebaied T ARG O

T = the time as referenced to the FFT's output.

(ea.7)

10 It will be appreciated by those skilled in the art that the sign of the

A has been changed in (eq. 7) from the sign in (eq. 6). This allows a
DFT (instead of a IDFT) to be used in the preferred embodiment receiver
structure. In addition, A(k) preferably is an impulse response of a 5th
order CIC filter (not modified CIC) with a decimation rate M. This

_ 15  impulse response may be found in a variety of ways. One way is to use

l . FFTs. Since the impulse response of a 1st order CIC filter with a

! decimation rate M is a unit step of length M, the response of the 5th
order CIC filter is just the convolution of five of these unit steps together.
This convolution may be computed using the inverse FFT of the FFT of a

20  unit step of length M padded by 4(M-1)+1 zeroes, raised to the 5th -
power. [t should be noted by those skilled in the art that this A(k) is only
one of many A(k) sets of coefficients which may serve as combiner
coefficients for the CIC outputs. Other coefficients may be generated
which produce other desirable frequency responses.

25 The modified fifth order CIC filter expression of (eq. 7) may be
implemented in a variety of different means. However, a preferred
embodiment fifth order modified CIC filter design is shown in FiG. 3.

The fifth order filter design is used to implement each of the paraliel
modified CIC filters 132, 134, 136, and 138 (i.e., f1, fp, f3, and fy) as

30 shown in FIG. 2 and previously described. By way of example, the
modified fifth order CIC filter shown in FIG. 3 will be described as
modified CIC filter 138 (fy); however, each of the modified CIC filters
132, 134, 136, and 138 (i.e., f, 12, f3, and fy) in the preferred



15 Yerr] [err] M1 M1 [err] [err] (eq. 5) If the m xing

sequence is set to be equal to [err] = exp(-j2[err]f/M, then 5 (eq. 5
can be solved as an inverse discrete Fourier transformof the bracketed sum
as follows: [err] (eq. 6) \/_\_lqi_r_e: 10 [err] As previously
noted, the nodified second order CIC filter "15 expressi on derived above

which resulted in (eq. 6) does not have an optinmal filter characteristic.

Stated differently, L : S ! | de
cnough sel ot vi ty. 1 Spdieht SomARREICH AR rfdeiyer picterathy impaindrig
as shown in FIGs. 1 &Westantialy similas medified n&mﬁfcﬂﬁ%t an ei ghty deci bel
(80 dB) stop band is 20 TheQteldrfed Bribodiment odificd CIC filtern38Treceivesa be

e . PRAELG e bilasa S 1284t Sl Thel bR vt ' Y
channel output 0§ t hdigiizéd sigral receivenr by madified OlCdilter 43§ is\détermimedoby
described as fol | owsyogin tator 130 Whidh 8P&fatively®éduples portions of the digitized
signal 128 to each of the modified CIC filters 132, 134, 136, and 138
(i.e., f1, fo, fa, and fn). This digitized signal portion 128/130 is input to a
fifth order integrator 174 which integrates bits within received in the
10  digitized signal portion 128/130 over an infinite time period to produce
part of Z(M[NT]-A) of (eq. 7).
A preferred embodiment fifth order integrator 174 is shown in
FIG. 7 which consists of five cascaded 1st order integrators. Signal
portion 128/130 is provided to a summer 701 which adds the output of
16  delay element 702 to signal portion 128/130. The summer output 703
is then provided to the next integrator stage, consisting of summer 704
and delay element 705, which adds the output of delay element 705 to
with summer output 703 to produce summer output 706. This
integration operation is repeated three more times utilizing summers
20 707,710, and 713 as well as delay element 708, 711, and 714. The
result of this fifth order integration process is integrator 174 result 176.
The fifth order integrator 174 result 176 is output to fifth order
differencers 198, 200, 202, 204, and 206 (Ap, A1, A2, A3, and Ag)
through delay elements 178, 180, 182, and 184. More precisely, the
| 25  integrator 174 result 176 (i.e., integrator output) is input to differencer
] 198 aftter being decimated to a lower sampile rate (e.g., one seventh of
the sample of the integrator 174 result 176) by a decimating device
186. It will be appreciated by those skilled in the art that this decimation
of result 176 allows the subsequent parts of (eq. 7) to be implemented
: 30  within pre-filter 138 in a less computationally compiex manner, than
would otherwise be required if the result 176 was not decimated. The
' | differencer 198 implements part of the function within (eq. 7) and
computes Z(M[NT -k]-A) when k=0 ).
By way of example differencer 198 is shown in FIG. 8 consisting
35 of five cascaded 1st order differencers. The output of decimator 186 is
provided to summer 801 which subtracts the output of delay element



[err] and where: [err] M= the nunber of channel outputs to be input into
the FFT 5 N = the decimation rate of the nodified GC filter T
= the time as referenced to the FFT's output. (eq. 7) 10 It will be
appreci ated by those skilled in the art tha{sthe sign of the A has been
changed in (eq. 7) fromthe signin (eq. 6).“This allows a DFT (|nstead of
a |DFT) to be used in the preferred enbodi nent receiver structure.

addition. A(K) pref eagbleho nd Butdih Y SBeinfaiBPiBs, Oﬁ%‘é‘sﬁH?n&ré'@lbui:b%ﬁé'tﬁéd

(not rmdlfled A0 w |on | Se"respgnse nay
be found in a variet prmmdecbgmthecn@d\mfieregcebstag@ PP"I'§'St'@r?é§UFHEeT

response of a 1 st o &2 &éﬁehthbsrwm&hs@omsméldmpmtaéfedérhysosmsmt step
of length M the respon ordr CICfilter

convol ution of five ‘meﬁ,fs%l’tgmg tt% %%W@F‘efﬂﬁ@ Eghgolm'§6wf?@9°'89
conputed using the ig éfamnFiETepéaﬁeHahFé*eT mredid® utilizing swhaers 807 183100 akd

Phose skl 11 ed 3%1%2533 & wall sy felbd eiedis ap8 811, and BIR o picnieg| 6 fbh
coefficients which rra;daejuﬁeremecdeﬂ ouiputc208.f ittcwilinbe apprema@dcbscﬂmmkﬂ&d
Qher coeff| ' C' ents tH% é?xdql"’fﬁtbc&haf ﬁﬁH@?%@tt Bﬁer&?ééréa!ﬂoe fdzeﬁpﬁ,ncy

responses. order expr ess| on
(eq. 7) may be i mpl eBnd 206 mnyaba/mnlempntﬁd i amearner similas to thalowhich has
B o *She o bbb oty Tbenes G19c, W o lasngar s o
paral l el nodified CIC fil bé’i@e‘i@ ]yiglp gﬂ-ﬁ%ohgyﬁ’?n%e' ?é?
[err]) as 30 shovmfunchﬁh(Z(M[ r]d-tp ls\/SQahsd joycaataqwroamwnmuapher ZéSanp| e
e 0L 1111 OGiRial o ghait 378 ok o bl AR R B
;L32 134, 136, and 1B8ingi delayed érrdneasample tilne by deltay eleaientr 28 and
15  subsequently decimated to a lower sample rate by a decimating device
188. The output 210 of differencer 200, which is the result of the
function Z(M[NT —k]- A) when k=1, is scaled by a factor a; with
multiplier 220. Further, a delayed and decimated version of result 176
is input to differencer 202 after being delayed for two sample times by
20 delay elements 178 and 180 and decimated by a decimating device
190. The output 212 of differencer 202 (i.e., the result of
Z(M[NT —k]-A) when k=2) is scaled by a factor az with multiplier 222.
Furthermore, a delayed and decimated version of result 176 is input to
differencer 204 after being delayed for three sample times by delay
| 25 elements 178, 180, and 182 and decimated by a decimating device
| 192. The output 214 of differencer 204 (i.e., the result of
Z(M[NT —k]- A) when k=3) is scaled by a factor ag with multiplier 224.
| Finally, a delayed and decimated version of result 176 is input to
5 differencer 206 after being delayed for four sample times by delay
30 elements 178, 180, 182, and 184 and decimated by a decimating
; device 194. The output 216 of differencer 206 (i.e., the result of
| Z(M[NT -k]-A) when k=4) is scaled by a factor a4 with multiplier 226.
It will be appreciated by those skilled in the art that the decimating and
delay functions performed by elements 178, 180, 182, 184, 186, 188,
35 190, 192, and 194 alternatively may be impiemented as a single
decimating device coupled to integrator 174 result 176 followed by four

-




-17- enbodi ment communi cation unit receiver preferably inplenents a
substantially simlar nodified CIC filter design. The preferred enbodi nent
nodj fied CIC filter 138 receives a portion of the digitized signal 128 at
an input. The portion of the 5 digitized sjignal received by modified CC
filter 138 is determ ned by conmutator 130 which operatively couples
portions of the digitized signal 128 to each of the nodified CIC filters

132, 134, 136, and 13fidy el%medtgwdhoaﬂaebaﬁmg)frormhé ot arice gpivit @ the
portion 128/130 is |qput tao a fifth order integrator 17 WhICh I nt egrates

bits within recei ved Ar@S ?'T'Fe'“!@"t' 'Hl gitized signal portion 128/ 130 over an
infinite tinme period to pritiusealpdrdifferenceMobiiputs drarh)maftipliers 218, 220, 222,

Ponsi st o of |51 ve cas 22 @neC2E prefBly 38ndd SurmBi Rty W sudpl A28
provi Idedo£3 gnsgéﬁg}srlsmh thad thie scadisd diﬁermqmutputsﬂsasecﬁem&lyzar@sﬂmtsamgi% )
Thiegrator stage. colhis Otk PrBES saidhth afdSyininad BRRGMaE (185 g Mt el
adds the out put of d@aymatl@merﬁmaths the fﬂﬁlﬂ'hffmm%ﬁ '579!':‘)\@(353 asdiR e

summer out put 706. Tryqumnfmbﬁ{né)ﬂfmm@,tm@mt@» -[g)eat ed three nore tines
utilizing sumers 20

710 [ t 708, 711,
and 714. The result of th Q‘Pﬁ’?q\glﬁﬁdéscﬂﬁﬁg%%ﬂ rsf%‘gégétsge ‘Srﬂ%ré?%tor
174 result 176. 1Dhe fentlbddinvent recaiargasishowh’ift FiGsI|1-3 Lifay also Wepapplied to a

Lert]2 3. and Fé?P%ié%%gﬂaﬁgﬁméﬁ%@réﬂwﬁf*ﬁ%@%é‘w@é@ﬁﬁ' HECPIESEN o o
precisely, the 25  iinwanfioa; as shownrisdtlGs. 476 By. way of exampie, dikedhepregedisg
input to differencer {kgﬁnﬁﬁdﬁb fid @%fﬁﬁéd Esstifrent {%&Wér f‘tﬁé?éin;oélglﬁge

(e.g., one seventh o ntegrato
deci mating devi ce 18@es¢ﬂpfbﬁﬂ Pﬂﬁ@ﬂﬁﬁfé@d 8 dzmeﬂhtyaes@mqr|r§tﬁrsrtof¢w art

that this deci mgig onchannels (i.e., channels 1, 2, 3, and N). However, as will be appreciated
by those skilled in the art the principles described herein may be readily
applied to more or less transmitter channels without departing from the
scope and spirit of the present invention.

As shown in FIG. 4 N inputs 300, 302, 304, and 306 (i.e., N

20 digitized channels or N digitized information signals 300', 302', 304",

: and 306' as shown in graphical form in FIG. 5) may be input to pre-

I filters 308, 310, 312, and 314, respectively (i.e., pre-filters g1, g2, g3,

| and gN). These pre-filters 308, 310, 312, and 314 perform baseband

. filtering (i.e., condition) N inputs 300, 302, 304, and 306 with respect

! 25 to at least one signal characteristic including: optimum selectivity,
controlled phase response, and controlied amplitude response. In
addition, the pre-fiiters 308, 310, 312, and 314 interpolate the N inputs
300, 302, 304, and 306 to increase the sampling rate such that an
subsequent inverse discrete Fourier transformer 324 can operate at a

30 rate higher that the of the N inputs 300, 302, 304, and 306 (e.g., the
FFTs may operate at a rate which is three times greater than the filter
sampling rate). This interpolation may be accomplished by zero-
padding the N inputs 300, 302, 304, and 306 (e.g. inserting two zero
value samples between each sample of the inputs). The pre-filters 308,

35 310, 312, and 314, like the receiver post-filters 158, 160, 162, and
164, preferably are computationally simple to implement. As such, IIR
filters may be used, if phase distortion is not critical. In the preferred

‘




of Yesult 176 allows the subsequent parts of (eq. 7) to be inplemented 30
wWithin pre-filter 138 in a | ess conputationally conplex manner, than woul d
otherwi se be required if the result 176 was not decimated. The differencer
198 inpl enents part of the function wthi zpéeq. 7) and conputes

Z(M NT-k]-[err]) when k=0O). By way of exa differencer 198 is shown in

FIG 8 consisting 35 of five cascaded 1st order differencers. The out put

Get oy elomant —* - SESRGEhe sradatiEF sitfwpe, £8 RuiRisrdikfing i tiefiao8!
output 803 is then pdHdi3nR) and 8hé preferablyfarerdenigned witerespenttas at inpstfone
sumrer 804 and del aysi@h&l”&fﬁra Bti%&ﬁdﬁgpPBmga%ﬁygﬁtjﬁoﬁolﬂaw&%

fromsumer output 803 to produce su r ) ILfferencing 5
operation is regeat e"&sPﬁ%@ MGOFVR&TE?NPL#‘E‘F%TW Hﬁ,"j Qﬂtﬂutﬁﬁd%a%&
i T or encer 198 out pe o S e B O oy 2 o S PreReely are
i fferencer out pu , Wi . appreci at e ose i1l in e
Gt that each of “t nePBYIREE to a0 ivsrse AiPeCFaisi teisiornanazd wniéh astiosds
may be inpl enent ed ian N painhinvessenFFbariern transfarm (ig:Hinkerselfast Foamer transform)
described in refere ; ' r t

out put 208 of diffemcléﬁufbgcﬁq@&@hﬁgguﬁgﬁﬁ%ﬁ %%r ) !#%z'sca c(—?d
by a factor ao with ofitheiNiquiputs 326, 928, 380, and: 332 ioh the invesse discretes kourier
176 i s input toglif ithamicmher39a bhtling SaRpISeIt KM SO ifférERt fip! | e by

del ay element 178 an sequen mated to a | ower sanp rate by
a deci mati ng devi ce canyerteddrequenay Pementss f er encer 200, which is the

resul t of ht heI f _un|C_t i onzg(Mé;e% Nh&sﬂ:tpuwazlb) 3wg,easg,=énd !3326934 pdsbiiltaredasy or
ern] Wh P! ik o HRS58,nd BV, SRk TRIE 14 R4 0, e
ti nmes by 20  del ay pdstiitetssopdiate similétGopolyphaseniiiters i knewddnvensei digcrete
?ev' ce 15  Fourier transform post-filter banks in that they receive their inputs from a
inverse discrete Fourier transformer, and run in paralle! to form the input
to a commutator 350. One such polyphase filter bank is shown and
described in the previously cited related U.S. Patent Application Serial
No. 07/966,630 entitled "A Method and Means for Transmultiplexing
{ 20 Signals Between Signal Terminals and Radio Frequency Channels"
which was filed on October 22, 1992. However, as will_' be described in
reference to FIGs. § and 6, the preferred embodiment transmitter of the
j present patent application utilizes modified Cascaded Integrator Comb
(CIC) filters 334, 336, 338, and 340 rather than polyphase filters.
25 These modified CIC post-filters 334, 336, 338, and 340
implement a fifth order function X(M[NT —k]+ A) similar to (eq. 7) as

described below:

X(M[NT —k]+4)= 3 a,(4)28 (NT -k)
30 where:

M = the number of IFFT outputs
a,(A)=A(kM-4)
A N-1 N-1 N-1 N-1
Z2(NT-k)=> ¥ > ¥
ko=0 ky=0. kp=0 ky=0
N-1
> [WAx(NT =k —k, =k, —k, —k; ~k, )]

k¢=0




190.. ‘The output 212 of differencer 202 (i.e., the result of Z(MNT -
K]-[err]) when k=2) is scaled by a factor [err] with multiplier 222.
Furthernore, a del ayed and deci mated version of result 176 is input to

di fferencer 204 after being del ayed for thr;e sanple times by delay 25

el ements 178, 180, and 182 and deci mated by = ldeci mat | ng device 192. The
out put 214 of differencer 204 (i.e., the result of Z(MNT- Kk]- [err]) when
k=3) is scaled by a factor [err] with rml{jld 224. Finally, a delayed

i plier

and deci mated version of result-dZ6-i$.in ?(T)hkd’l@j_ n i@F being
del ayed for four sanple tines bV @53)3’0 eloem§qqgé’?’%é6ﬂ%%?ﬁaﬁg 184
and deci mated by a deci mati ng devi ce _194."' The out put 216 dj f.ferencer 206
(i.e., the result of z(M RMd h?"@r‘f’?ﬂ&ﬂft@?ﬁ i@gh?uﬁpé’%lQé&eemag'mgcfﬁl"cﬁih&
with nultiplier 226. It will be g reg;ate b 08 killed in the art
that the deci mati ng and del ay f¥nkk A D eﬁ@&?&%f@@)”b@il enents 178, 180,(eq' 8)
182, 184, 186, 188, 35 190, 192, an§®194 alternatively may be inpl emented

as a single decimating device coupled to integrator 174 result 176 fol | owed
by four -19- gel ay el eneigq: 8)j M{MiNTdekhs Al ithier cutputief thedrensmittes,pwhere

216, 220, 222, 204, HRINEATSATOEPSINITE o THHS SARHHERCHSIER Uvasge Hiter
oot it bur. pr cyPReabgRagd Beimrent i i, hiygens ity opppiutatr
Zﬁrrrrgrate i gn;J.s Fi nal Ipy, cgﬂéegggéﬁqtbefqu%qtsqﬁg%ncgjggpgnﬁ,p(géqeggg'&daigv?rﬁg %’afput
146 of the fifth orderanchest i Intadditici. A(K) preferabily i the semerdsbwes previously
mmy Al 56 be apph Do PEEGTERL forHBMreERe bERSlfent AReRR Haler Bs il be
with the present invappregiateddythose skilled icghe arbthasshisf(kbmayearmaslified e
the preceding change the transmitter's filter response to meet design specifications for
' the transmitter which differ from the receiver design specifications.

The modified fifth order CIC filter expression of (eq. 8) may be

15  implemented in a variety of different means. However, a preferred

| embodiment fifth order modified CIC filter design is shown in FIG. 6.

The fifth order filter design is used to implement each of the parallel
modified CIC post-filters 334, 336, 338, and 340 (i.e., f1, fz, f3, and fN)
as shown in FIG. 5 and previously described. By way of example, the

20  modified fifth order CIC filter shown in FIG. 6 will be described as
modified CIC filter 340 (fn); however, each of the modified CIC filters
334, 336, 338, and 340 (i.e., f1, fo, f3, and fn) in the preferred
embodiment communication unit receiver preferably implements a
substantially similar modified CIC filter design.

25 The preferred embodiment modified CIC filter 340 receives the
Nth output 332 of inverse discrete Fourier transformer 324 at an input.
This Nth output 332 is input to a fifth order differencer 354 (A).
The differencer 198 implements part of the function within (eq. 8). The
preferred embodiment fifth order differencer 354 was previously

30 described in reference to FIG. 8.

Subsequently, the differencer 354 result 356 (i.e., differencer
output) preferably is input to a fifth order integrator 362 after being
upconverted to a higher sample rate (e.g., seven times the sample rate
of the differencer 354 result 356) by an interpolating device 358. It will




description of the preferred enbodi ment receiver, the follow ng description
of the preferred enbodi nent transmtter refers to four 15 channels (i.e.,
channels 1, 2, 3, and N). However, as will be appreciated by those skilled
in the art the principles described herein nay be readily applied to nore
or less transnitter channels without depart®#y fromthe scope and spirit of
the present invention. As shown in FIG 4 N inputs 300, 302, 304, and 306

i.e., N20 digitized ch I N digiti. i i ' | :
(o aba” ane Sb BS SoBHBIAR b e e o B TaBbORILS of o,
pre- filters 308, 31856 allewsahe skbsequeniparts ob(gq.(8).t0.he pnplemented withim r |
d . Th sdi ; i :
Fltering (10 contoqiiey FO°ste ks tuplil g Shohfia0i® MERRRRY transmy
to at |east one signelannelé gande urther sapaiated §i-e.opeparated by ane o mpre other
control | ed phasegr espansfit chaaneRpt rol I ed anplitude response. In addition,

504, "and 30610 i nor ease THE TEAFeA PARISLIEA WG MROGIS Difs A 1R s

di screte Fourier tr ajngrpolated diferenceoresult: 360 bver 8A infinite timlel period tchat the

Cate which 15 throo PRRECe ZUNTRR) 80feq. )% The BRfoTad effbodiBnfify Brad

i nterpol ati on may beintegratqrl362wasipreviously gestribed intrefereneg te £1G0T7, 302,

The sy 710, o7 | SEsAbri e i AR mdfaleges ¢ oapyac”

recei ver post-fil t erfactassaa withimultipliew3744, Siptilarly; the integraterodBe rasulb 48R i§

sinple to inplenment.sdfied by fdctdt 4] With muliplieP876tér beling Baksyedi fak Ohbi On

|s not critical. In the preéf erre& _ 'IA‘ - 20- gb(}_dylfg'eerrlt ye?% ttelron of result

structure, the N i nt%quBféatf’PﬁgPyp elay glerpeat §g , ergg sl ag

preferably are desi g364lis\stdieddypa factoragwitremedtipliee 378 after being delayed for

f 15  two sample times by delay elements 366 and 368 . Furthermore, a
delayed version of result 364 is scaled by a factor az with multiplier 380
after being delayed for three sample times by delay elements 366, 368,
and 370. Finally, a delayed version of resuit 364 is scaled by a factor
a4 with multiplier 382 after being delayed for four sample times by delay

o 20 elements 366, 368, 370, and 372 .

. The scaled integrator outputs from multipliers 374, 376, 378,

5 380, and 382 preferably are then summed together by summer 384
such that the scaled integrator outputs based on the present sample

plus four previous samples are summed together (i.e., a fifth order

i 25 summation). Finally, the result from summer 348 is provided as the

! output of the post-filter 340.

It will be appreciated by those skilled in the art that the
integrating, delay, scaling, and summing functions performed by
elements 362, 366, 368, 370, 372, 374, 376, 378, 380, 382, and

[ 30 384 alternatively may be implemented by moving the integrator 362 to
g follow the summer 384 without departing from the scope and spirit of
, the present invention.
The outputs 342, 344, 346, and 348 (i.e., post-conditioned -
digitized information signals 342, 344, 346, and 348) of the respective
35 modified CIC post-filters 334, 336, 338, and 340 form the inputs to a
‘commutator 350. Commutator 350 operatively couples the modified
) CIC post-filter outputs 342, 344, 346, and 348 to a digital-to-analog



si gnal characteristic including: optinumselectivity, controlled phase
response, and controlled anplitude response. The N outputs 316, 318, 5

320, and 322 of the pre-filters 308, 310, 312, and 314 preferably are
provided to an inverse discrete Fourier trapsformer 324 which perfornms an N
point inverse Fourier transform(e.g., invefSe fast Fourier transform per

I nput bl ock of pre-filtered sanples 316, 318, 320, and 322. Each of the N

outputs 326, 328, 33 Dlﬁ")ngo»%r’%té?f:;@&rbﬂﬁﬁ@m@hﬁqgf?ﬁ*g5@#""9&5“-9The

transfornmer 324 contadrns sSanples Tor onevo I up converted
frequency conponent s ConHautator 360 sommutates postionsAf eagh.ofthe pest-conditioned

o Ter 15 “Those' poctifzt boARatod Shnute 8421046, 340, sperad getier ke o

tnoun | nver se i scr ecompssiterdafen thioshelon igial, 42 (BASwE sniaraphicah frm in

they recei Vﬁ t Iheitsr :c FIGL £5) fwhich & outpat 6a cbnymnutdter Bsgrdmnputtssmsf ormer, and
o T10orm | d . . (0]

[i1ter bank i< shown and doecooeests ikl ety siohaf ape s Bielee sy

Pat ent Applicati on Séhe digital-to-@anaigs(lya) converter 854 Antaea lcothpositeNanalogf or

e PP e e 20 . et . ' !
Ghannel s* i ch was {ErETieson, Sl élog batEbihd Biscties) Siap 3sbRaucney
described in refer endhseqnently, thedaseband rlegtrisaksignal 386dsifilterad by a low
transmtter of #ige PHABSTitePBE8D eliRithaterlin@dsitdd fre§@endiP8bmppfeRsitsl ad

fters 25\ “eapdtioped basepari dgatical Slanal 36853 356, 338, ang 340
i npl ement a fifth order f et conditigndd\baseband elestridal sigmall 360 isvinpetito ah ups
SR Rt (AR TR s gt b, Kl it
ocal oscillator 362, and a band pass filter 368. The conditioned
156  baseband electrical signal 360 is operatively coupled to one input of _
the mixer 364 and the output of the oscillator 362 is provided to another -
input of mixer 364. Mixer 364 mixes the baseband electrical signal
360 up to an IF band electrical signal 366. Subsequently, the IF band
electrical signal 366 is filtered by a band pass filter 368 to eliminate
20 undesired frequency components into a conditioned IF band electrical
signal 370.
* The conditioned IF band electrical signal 370 is input to another
j up converter. The up converter consists of a mixer 374, a frequency
agile local oscillator 372, and a band pass filter 378. The electrical
| 25  signal 370 is operatively coupled to one input of the mixer 374 and the
| output of the oscillator 372 is provided to another input of mixer 374.
Mixer 374 mixes the IF band electrical signal 370 up to a radio
frequency (RF) band electricai signal 376. Subsequently, the RF band
electrical signal 376 is filtered by a band pass filter 378 to eliminate
30 undesired frequency components into a conditioned RF band electrical
signal.
Finally, the conditioned RF band electrical signal preferably is
| _ output by a device such as antenna 380 which amplifies and radiates
the conditioned RF band electrical signal as electromagnetic radiation
35  within the frequency band of interest. It will be appreciated by those
skilled in the art that other types of output devices may be used for
transmitting or radiating electromagnetic radiation. For example a wave



-2T- [err] and where werr](T) is the [err]th output of the IDFT at tinme T
such that: [err] (eq. 8 5 In (eq. 8), X(M NT-k]+A)
is the output of the transmtter, where the [err]s are an offset in tine.
Thus, each branch of the inverse FFT corre nds to a different tine
offset, whi ch neans that a commutator can f@gover the output sequence from
t he processed inverse FFT branches. In addition, A(k) preferably is the

same as was previous r d f ﬂle@sﬁ

recei ver. Hoalever é%dé o Fa‘fcrhg% ab%cPtE;aFf'ﬁoﬁg?sﬁ(ﬁ ’%Q@@ e art that
this A(k) may be rmdtranaduqanmaaa elseﬁetOttraarmﬁ elestromagneticrradi@igfase t o
meet design specificati On?hé?’reéé}ﬂ ihvertion ﬁ\h?ralté‘i‘hﬂi\r y beededoripedtineeference

recei ver design speci f#r@st el %%fJ’OW'f'p"D&?{EIFFﬁgﬂjI‘ﬁI)‘H 1§ qr P}%Q%?wnhearéﬂognt

expressi on of (eq.
means. However, 8 pr@‘c@w’ unitioghownt Thé bbnmmﬁcaﬁmdréoewng:lmltfpﬁefembly

design is shownln Fl ift u

i mpl gmant each of th® % ;Bfeéﬂﬁﬂcp %%ggo&rb%élférpgﬁ ggg géﬁ §§§6&?§3§1sand

340 (:c. ., [ler r] ﬁndﬂ&,raﬂld 122 fshuwaroeptmgcancsseladhmg avpmmgnwfcan;mmﬁed By

way of exa e, the f |G 6

will be described as each of the
y np ﬁ%%%ewg&@’ Tbb f ébrdérglg:g s c.@o }éfﬁfa\@cmﬁhdéb

nodified CIC filter stTBBQdUQﬁBdﬂoBS@W'Qn\MhGh@WGSS af['@PP} frequepey bandi(g-g-he

preferred errbodmentrédéivamb%hl diitehing HOO?Q@ahEéleﬁh@éEé@hhM THig sleetical a

mbodi ment madi {1 ed- BBA! I SuESeGUEMIE IR (A farkt Rl fiters 32 odt SRIEHEE
i screte Fourier trapeftionnsfrardaliectricahsignadd04 which rsphesertts uttetddpted | nput

o, 17D orer LRl kb o 6l S PR

d| fferencer 354 was frequéncysbgnd. In addition, this electrical signal 104 (i.e., which

15  represents the intercepted electromagnetic radiation within a particular
portion of the frequency band) may be frequency translated to a different
frequency band (e.g., an intermediate frequency (iF) band 110 or
baseband frequency 120) to facilitate signal processing of the electrical
signal. This frequency transiation may be accomplished through a one,

20  two, or more stage process. For example, the two stage process
consists of a first stage in which the selected portion 104 of the

| electrical signal is input to one input of a mixer 106 and the output of a

| local oscillator 108 (set at a predetermined IF frequency) is provided to

, another input of the mixer 106. The output of the mixer 106 is a down

! 25  converted electrical signal 110 having frequency components

predominately near the. predetermined frequency of the local oscillator
108. This electrical signal 110 may be conditioned to remove
undesired frequency components by a bandpass filter 112. The filter
112 output (i.e., the conditioned IF band electrical signal 112) may then

30 beinput to a second stage.

In the second stage, the electrical signal 114 is down converted
by a mixer 118 in conjunction with a local oscillator 116 and
subsequently conditioned by a lowpass filter 122 to producea
baseband electrical signal 124. This baseband electrical signal 124 is

35 then operatively coupled to an analog-to-digital converter 126 which
digitizes the baseband electrical signal 124 (that represents the
selected portion of an input frequency band). Next, a commutator 130,




30" . described in reference to FIG 8. Subsequently, the differencer 354
result 356 (i.e., differencer output) preferably is input to a fifth order
integrator 362 after being upconverted to a higher sanple rate (e.g., seven
times the sanple rate of the differencer 354-result 356) by an

I nterpol ati ng device 358. It wll -22- b®¥appreciated by those skilled
in the art that this interpolation of result 356 all ows the subsequent

t f . 8) t :
a1 {57 S PERATMESTEAIAI I Bl it cpit 128 s
separated (i.e., septedigitized pordios128xithetinput fSeqUQMnE%ﬁ'Q intadhe @%,)ahm%

fifth order i nt egratgiglt%a gfghgh oftfiopgr ates bits wt h| n the i nt er pol at ed
di fferencer result 36 r

k) of (eq. 8). The preferf etrg&@k%?%ﬁttrﬁn%sragﬂ pRetRaNoFolgibbiigihe -
previously descr§bedcommithtoretB0; dendratés a?pluralnty of dngntﬁedammm signalhd 66,

S arly, the it oglBol Teand 47 Gislierd Falfie rfifidinita e ‘?'B"fii oh
mul tiplier 376 aft erdigiizeg sighalypertions. dihe discnete Founer brnstarmeret
366. Further, a delay @eg P%I 'n%lu&%s fsﬁﬁigco%@ﬁldn%@qlaﬂ?qw f’abd a%'kf‘isﬁ%w th

mul tiplier 378 after del a
el ements 366 and 36spreegqamdm@wagéhe@ltérahary@fcdlg@zgdcﬁ*grtﬁl nas’ﬂem pyem the

scal ed by a facigr [giuraiityior tmgmiéd Btghar pé%nafse@ﬁ%%dastedpbaﬂ@dtréﬁgfohhéee

sanpl e times by del ay el enments

37 |
version of result 3689 §h%@gfréﬂgb9f digy Q@E’o&'%{w 3{9{132% “tqyspl"%ac'j 13@2/ and 1f2.
bei ng del ayed for foUhe sigmdiecdriditiondry 182,484,136, ainelt38 mag e feRiifiay 0,

380, “and 382 pref er <EA e PRERah R (GRTR b bbhfes e s bbpeo

t he scal ed i nt egr at oabena.piihe preszanditioning: periogpad byathel signal conditioners 132,

16 134, 136, and 138 preferably consists of filtering each digitized signal
portion with respect to a signal characteristic (e.g., optimum selectivity,
controlled phase response, or controlled amplitude response).

Finally, detectors, operatively coupled to the discrete Fourier

transformer 148, detect at least two information signals from the plurality

20  of digitized channel signals 166, 168, 170, and 172. Each information
signal preferably conforms with a signal coding and channelization
“standard such as frequency division multiple access, time division
multiple access, or frequency hopping code division multiple access.

Referring now to FIG. 4, a communication transmitting unit is

25 shown. The communication transmitting unit preferably includes an
inverse discrete Fourier transformer 324 for generating a plurality of
digitized signals 342, 344, 346, and 348 by inverse discrete Fourier
transforming a plurality of input digitized information signais 300, 302,
304, and 306. Each information signal preferably conforms with a

30  signal coding and channelization standard such as frequency division
multipl'e access, time division multiple access, or frequency hopping
code division multiple access. The inverse discrete Fourier transformer
324 preferably includes signal conditioners 334, 336, 338, and 340
for post-conditioning the plurality of digitized signals 342, 344, 346,

35 and 348 after the plurality of input digitized information signais 300,
302, 304, and 306 have been inverse discrete Fourier transformed into
the plurality of digitized signals 342, 344, 346, and 348. The signal




pl us four previous sanples are sunmed together (i.e., a fifth order 25
summation). Finally, the result fromsumer 348 is provided as the out put
of the post-filter 340. It will be appreciated by those skilled in the art
that the integrating, delay, scaling, and summ ng functions perfornmed by

el ements 362, 366, 368, 370, 372, 374, 376,72B78, 380, 382, and 30 384
alternatively may be inplenented by noving the integrator 362 to follow the

384 without d | L L
Chventi on. The out pulBnaiioness 8, 36, S Sl $40 Bny belinolied ERSGled
digiti zed i nf or mat i onntegeatar com(CIG) filtersior, pelyphasefilters asideserinstabove.35
dified CIC t-fil éﬁ%? dHibhi |
ggn;m![ :tor 358?SCOH;TU-!§r§%? 3 On-operlg%%\(/égof/lﬁgoup tﬁ@%ﬁpedﬁn%grcgﬁﬁjﬁr%%ﬁ’ 33_6’
post-filter outputs 388, apgd34Qpreterghly gopsists 9 gﬁ@ﬂ"i‘&leaF - Q‘J\‘Pﬁg signalwith
DA t 4 QOSIgH gt, GBtitnurhlselect ebmrol
((:omrzj‘t gﬁg\s{e[)o(ra'[i ﬁs gfbg‘g%tgﬁoof th%'aéphoysragégsg?t(?gn _iui i ed%*orna?%ﬂ
h G 86 sksdon
signals 342, 344, 346, a§ﬁde§a%"$%g% mﬁlgafgpgﬁg 8d%ﬁ§g £ qi gitized
i nformation signal 352" (#hoommutatpr:350,operéatively icoupled ol tBe ibyersei disciete
t put t at . . .
oghal 352 15 converCuieh afittoniied 32 CoRIRES poRidtidbt e pluldlity o Bigiika.
a conposite anal og t isignats 342,344, apsc348 into, a compesiterdigitizad signal 352.
Si gnal 356) " SURSPaUR hitaiop-FARANehleF 45 GRlervEKR codBled & el { T od
Il ter 35 d equ

by alow 1l 0 pass el Tmnate undesire ncy, conponent s
into a conditioned b&98KRHtAtAN 330, gengratas;a gommrsiteraraleg TEANSTBISEPNLSIgaRkNd

el ectrical signal 36@56sfrbfPthe EEmPBsite’ digitized siRynal 8B2s up converter ’

consists of a mxer 364, I o & MU %%Inltgat!ls%i%lin Oﬁrclftl Ire e%blg’?r%ﬁluggg aa band

pass filter 368. The condi theoﬂgﬂ unica gunitp y

| frequency selector mechanism 358, 362, 364, 368, 372, 374, and

15 378, operatively coupled to the analog-to-digital converter 354, for
selecting a portion of a frequency band that the composite analog
transmission signal 356 is to be transmitted. The composite analog
transmission signal 356 preferably is provided to an input of a filter 358
that selects the portion 360 of the composite analog transmission signal

20 . 356 which is to be transmitted. This selected portion 360 of composite
analog transmission signal 356 may be frequency translated to a
different frequency band (e.g., an intermediate frequency (IF) band 366

| or a radio frequency (RF) band 376) to facilitate transmission. This

| frequency translation may be accomplished through a one, two, or more

: 25  stage process. For example, the two stage process consists of a first
stage in which the selected portion 360 is input to one input of a mixer
364 and the output of a local oscillator 362 (set at a predetermined IF
frequency) is provided to another input of the mixer 364. The output of
the mixer 364 is an up converted composite analog transmission signal

30 366 having frequency components predominately near the
predetermined frequency of the local oscillator 362. This composite
analog transmission signal 366 may be conditioned to remove
undesired frequency components by a bandpass filter 368. The filter
368 output (i.e., the conditioned IF band analog transmission signal

35  370) may then be input to a second stage. in the second stage, the

- analog transmission signal 370 is up converted by a mixer 374 in
conjunction with a local oscillator 372 and subsequently conditioned by




15~ _baseband el ectrical signal 360 is operatively coupled to one input of
the m xer 364 and the output of the oscillator 362 is provided to another

i nput of m xer 364. M xer 364 m xes the baseband el ectrical signal 360 up
to an I F band el ectrical signal 366. Subsequently, the IF band electrical
signal 366 is filtered by a band pass filte27368 to elimnate 20

undesired frequency conponents into a conditioned |IF band electrical signal
370. The conditioned | F band electrj.cal signal 3 i s input to another up
converter. The up co%’l&aségﬂtﬁ'gig @fprgdﬁFﬁé" é%t?argﬁ ?B@t?@etﬁ%?srgﬁﬂoé‘

| ocal oscillator 372signall Firallyd aptearsnhittinge meghanisth 886, eperatively esdupled to
signal 370 is operatiyel 'mi 0 h 1

out put of the oscill Ig;{%rf %i;@“?geéélé(&?grehgeéo a%rgt {e‘?’ ?ﬁgh?ggf §§1ék§?§3§z&’ and
M xer 374 nixes the BEZ8piranswiitsdheiRfabapd@nalogiransmission signdl Over adtrausncy
(RF) band el ectrigcal pghgnal 376. Subsequently, the RF band el ectrical

signal 376 is filtered by ban ass fiJter 378 to, eli,m nate .30 ]
undesired frequency conpoﬂ&t!'?’PEg‘g‘rtﬁ% Invention; tﬂ%h_@ﬁn Iﬂes_ﬁﬁgﬁgé"gdﬁ‘l‘?t@?d "f"th a
signal. Finally, theceaaih degreedffariculgrity| itds undetstsod tiedt the preseritl v i s

out put by a device s 8 | if] and radi

condi ti oned RF band gfsg&qaqirég{f %&%ﬁn@ggﬂhggP%garméhgﬁycwgﬁ(ﬁ’?gf(g%ﬁ?%énﬁ' and
wi t hin the frequency thatmuméroustchanges in thevariangement rand combination lof parts as
skilled in the gpt t ' : ; :
transmtting or a}padi gﬁl ln? %?E%W%SE%?%@%PQW %%_éllgggd‘ggg‘ﬁdﬁg%{h\%"\t/e
-24- guide, a coaxi adepaging frem tbgtspiritiand seape of theninvertien ag daiggdency
transducer may be used to transnit el ectromagnetic radiation. The presént
invention may alternatively be described in reference to FIGs 1-6 as
follows. Referring nowto FIG 1, a conmunication 5 receiving unit is
shown. The communi cation receiving unit preferably



i ncludes a frequency sel ector nechanism 102, 106, 108, 112, 116, 118, and
122 for intercepting and selecting a portion of an input frequency band.
The, frequency sel ector preferably includes a transducer (not shown) which
converts an input frequency band (e.g. 10 ecei ved by an

—antepna-100)—to——
an electrical signal. This electrical si gné?é'l s subsequently provided t

input of a filter 102 that selects a portion of an el ectri cz:miullg {Ii&l}ﬂi’!ﬂ“l'
whi ch represents intercepted el ectromagnetic élgﬂ,'hgti on wt hi c *
portion of the input frequency band. In addition, this electrical signal

104 (i.e., which 15 represents the intercepted el ectromagnetic radiation

within a particular Wa‘tﬁ@?laﬂﬁe&@ frequency ‘band) may be frequency
translated to a different frequency band (e.g., an internedi ate frequency

(I'F) band 110 or baseband frequency 120) to facilitate signal processing of

we el ﬁCt rical zggna’tq,. ThAsfiwer@omp[msjng & Phadatity m%%%m foghed
rough a one, Wo, age. 1 ROl ge
process consists of a fi rgén@‘ﬁéﬁgaﬁgwgﬁgaggpgﬂg ﬁﬁ"ﬁepfégg%ﬁ%fhe
el ectrical signal is inpueachconditionipgtmeans comprisinkp)andntegrater,cattlpast ofe a
l ocal oscillator 108 (set e ] F 1 yded to
anot her input of the m xe?ﬂ%f)%?dghlgﬁ%ag Ej&%fnletwgk@‘%greﬁﬁﬁiv?bpg%gvg 25
converted el ectrical signtggether tapandifion a portian ot e digitized sigraloni nat el y
near the predetgegm ned frequency of the local oscillator 108. This

el ectrical signal 119 may_pe condjtioned to renove undesired frequency
conmponents by a band"g-ass TF‘PF'@Pfﬁﬁ@a""rﬁéﬂ'P?ﬁee%r 112 output (i.e., the

conditioned I F band el ect(d)cal thel airleastidn® differenderofisach denditignihg treans
second stage. I, the second ot alpndbieatiitiid Slpcihdliobblo A0l
subsequent |y conditioned by a opevativelyicoupted twan outputad tie: integrater) cthe
opor at i vely coubled to an anal Soct dorgiger Bing opgrtivhfy codpigd thrdubia
t he baseband el ectrical signal delay element;r epresents the sel ected portion of
an input frequency band) . (g)extthesatqea806rid Riultipliér of each conditioning means
comprises a first and a second multiplier, operatively
coupled'to the first and the second differencer,
20 respectively, for generating scaled outputs of the first and
the second differencer; and
(c) . each conditioning means further comprises a summing
means, operatively coupled to the first and the second
multiplier, for generating a portion of the conditioned
25 digitized signal from the scaled outputs of the first and the
' second multiplier.



-25- operatively coupled to the analog-to-digital converter 126, subdi vi

the digitized portion 128 of the input frequency band inwe/p'r’mfil’it/ydﬁ?
digitized signal portions. A discrete Fourier transformer 148 \\‘m\\“\
coupled to the 5 comut at or 130, generate plurality o\ ““W rd
channel signals 166, 168, 170, and 172 by distrete Fourier or m‘_ngsthe
plurality of digitized signal portions. The discrete Fourier transformner

148 preferably includgs si ksl , 134, 136, and 138 for
pre-conditioning the plur a‘ iiié bh%'?&ﬂ%%'hf?%rzeéﬁénal portions prior to the 1
0 plurality of digitizedai greacheonditioringdneansfuthern compiisessr

transformed into the plurality @f digitdaRferéricerdperativaly Tolipfed o8n olifsut
and 172. The signal conditioners 13 i

U
2 34,136,, and 13 nodifie
cascaded integrator comb (CIC) fil te‘?féﬁﬁr'nﬁ?&@ﬁﬁ QUQEIQETE%/%SQS‘Q’O&%Y ieggﬁents;
above. The pre-cahditioni ng perfornmeghdy the signal conditioners 132, 15
134, 136, and 138 preferably copsi st i in (e TR i
portion with respect to a si gna(lr'ﬁchaqsyﬁ{deH'Jg@’ﬁ@rKgp%%ﬁO%&t%ﬁgq @ﬁf}@h Y,
control |l ed phase response, or contr diifferensen, for geseratingom sealedriutput of the

detectors, operatively coupled to thg:.di : yer transfornmer 148,
detect at |east- two information si g@!’? @ﬁ%%h?ﬁ_gc%fdural ity 20 of

di giti zed channel signals (by6, 1tbe summing.@eans is fuigher operalively seupleshta the
preferably conforgrs with a si gfirdandtipher? for GAIRSHaGhG 1 E_@ﬂlioﬂ@mk%fd such
as frequency division nmultiple accgss, {i.ng. diVisi nmul i pl e access
frequency hopping code di vi si oﬁ%ﬂftquﬁéed'g&@@gss.'g@é;}é?mit 3%96!&%“##&9%8 a
communi cation transmtting uni tthird rAbitipliehown. The conmmuni cati on
transmtting unit preferably includes an inverse discrete Fourier
transformer 324 for generating a plurality of digitized signals 342, 344,
346, and 348 by inverdke diEhwe filter ofalaimet whereir:orming a plurality of input

digitized informgdion signals 3f8.intdGfator of each conditioning means is operatively
coupled to an output of the differencer of each conditioning
' means; .
(b) the at least one multiplier of each conditioning means
comprises a first and a second muiltiplier, operatively
20 coupled to the integrator, for generating scaled outputs of
the integrator, the second multiplier being operatively
coupled through a delay element; and
(c) each conditioning means further comprises a summing
means, operatively coupled to the first and the second
25 multiplier, for generating a portion of the conditioned
" digitized signal from the scaled outputs of the first and the
second multtiplier.




304, and 306. Each information signal preferably conforas_with a 30
'signal coding and channelization standard such as frequency division ———

‘mul tiple access, tinme division nultiple access, or freqtﬁumum '
division nultiple access. The inverse discrg{e Fourier th& mnﬂlﬂﬁﬂr
‘preferably includes signal conditioners 334, 336, 338, and 340tfo¥ s = 5 .
.post-conditioning the plurality of digitized signals 342, 344, 346, 35

‘and 348 after the plgiral itpe filtes Méigﬁjhglilﬁéréﬁﬁ i nformati on signals 300,

302, 304, and 306 have been Inverse discrete Fourjier transfornmed jnto the
plurality of digitized si{@hal searipcongiioning neans,fusiner comprises,athird - 26-

conditioners 334, 336, 338, anfufiipfierdiperstivelylcousiedtoHrreaput Bf &8s Htégrator
comb (CIC) filters or polyphasg filters a -

d i bed ab . Th .
|post - condi ti oni ng per f or ned bf}ﬁm@%?’g‘ﬁé&@ﬁag@yﬁ%@f‘%i}f gglggraggg,a and

1340 preferably gnsists of filsomledgutputof theitegratorsagdal with 5 respect

it ' | ch teristi o, ' Ll ] |l
response, or cantroll ed dphi i iip FbIE Heahs € Mntidronei VA coffickl B |
icoupl ed to the inverse discr ettbirdsoultiplien, ferrggnerating gmipodiomofithe porti ons
,of the plurality of digitized &W@ﬁéiﬁz@ﬂ‘biqrﬁégmrﬁ@gﬁa%éﬁleid‘é&grﬁt githe

jconposite digitized signal 352 6 An dnal og- 1 git convert
‘operatively coupled to the cortifddpultiPliefo. generates a conposite anal og
transm ssion sifgnal 356 fromthe conposite digitized signal 352. The

lcomruni cation transrg tti unit preferably .includes a frequency sel ector
'mechani-sm 358, 362, 364, r@ggm@q@ga@re%%wngyn’i‘t. §9BPSNG-at i vel y coupl ed

l]'E o the anaLogat Ohdi gi Lal (apnvea pluraltp 4f filtering eheans fuy pteﬂmrﬂtwnéng acdigitized
(ransm t1ed The composi e andi@iRapanarm s ForfeefaBeliBlalpn sach ity
provided to an input of a fil traeasseompasingean integtater, gbladst onecdiffefendee,
fonpOSi te anal qg transm ssi on gidfiAteast one multiplier operatively coupled together to
S pre-condition a portion of the digitized signal; and

| (b) Fourier transforming means, operatively coupled to the
plurality of filtering means, for generating a digitized
channel signal.

| 20

'[ 7. The communication unit of claim 6 further comprising:

% (a) input means for intercepting electromagnetic radiation

| within a frequency band; and _

' (b) digitizing means, operatively coupled to the input means,
1 25 for digitizing a portion of the intercepted electromagnetic
radiation into the digitized signal.

8. The communication unit of claim 6 further comprisi’ng
conditioning means, operatively coupled to the Fourier
30 transforming means, for removing undesired signals from the
digitized channel signal by filtering the digitized channel signal
with respect to a signal characteristic selected from the group

consisting of optimum selectivity, controlled phase response, and
controlled amplitude response.

35 .




207 356 which is to be transmitted. This sel ected portion—360-—o6f——conposite

fanal og transm ssion signal 356 may be frequency transl ated ' nt
frequency band (e.g., an internediate frequency (IF) bt‘lll hﬁlmﬁwiﬁlﬁo
frequency (RF) band 376) to facilitate trangy ssion. Thi¥ s 'k
transl ati on may be acconplished through a oe, two, or nore 25 st age
process. For exanple, the two stage process consists of a first stage in

whi ch the sel ected p@yti ORrpPRnidn i t oo ' ' . :
output of a | ocal os;yi'l I aﬁ)@g%@wgé@{gtn g"'g?ﬁ g e?gﬁ’flcw&éﬁ%c@gc{éﬁ
provi ded to anot her input raeansoparativelycaupteddodhefiaurigr transformipg Means.s

an up converted conposit e fgndbRtihg arsitérmationssignal within thatdigitizedthannel
frequency conponents predoni ngtely near the predeterm ned frequency of the

local oscillator 362. Thi$! osite anal og transm ssion signal 366 may be
conditioned to r&mve undesired frequency conponents by a bandpass filter

368. The filter 368 qutput, (i . c RENe F l og -

transm ssi on signal g? SAI%’"@?P'{:%EW ﬁgg%lﬁ” ﬁ&gghac@@@giﬁﬁigt age. In the
second stage, the anal og t(@pnsrinearseFairign Mansiomisg meansforganeratingani xer
374 in conjunction with a |ocal | dials Bt Qs : - Lid oned
by -27- a bandpass filter 3fm§lt'ﬁgél§§|g§§%'@g%%ﬁ%ﬁ%&ﬁ?ﬁ@%ﬁ%| on
signal . Finally, a transnmittindniospation signai®to bedransmitted; a8ddpl ed to the

frequency sel ecygy nechanigm 3Bplupdify of filteri® fheahs? opérativel8odpied to the
transmts the RF band anal og transm ssion sighal qver a fredquency 5 ...band.
Al t hough -t he invention has beeﬁnmﬁﬁ%@@'ﬁg’sﬁ?mﬂ% MRS fﬁoﬁy'eg?(?’g??f”g

degree of particularity, it is thedenmpositd digiﬁZedlsignmtfelesﬁIbséqudMSWe‘of
enbodi nrents has been made by . . t s_changes
In the arrangenent and conbi nﬁ%ﬁwgégﬁf{agdﬂ"%m"@% %@Hgﬁéﬁgﬁy be
resorted to by those skilled inntegeatar,ta differencer, and at least one multiplier
15 operatively coupled together to post-condition a portion of
the digitized signal.

11.  The communication unit of claim 10 further comprising an input
means, operatively coupled to the inverse Fourier transforming
20 means, for receiving the plurality of digitized information signals
to be transmitted and subsequently providing the plurality of
digitized information signals to the inverse Fourier transforming
means.

’ 25 12. The communication unit of claim 10 further comprising a
conditioning means, operatively coupled to the inverse Fourier
transforming means, for removing undesired signals from the
plurality of digitized information signals prior to the generation of
the composite digitized signal by filtering each digitized

30 information signal with respect to a signal characteristic selected
from the group consisting of optimum selectivity, controlled phase
response, and controlied amplitude response.




departing fromthe spirit and scope of the invention as clained. —28

Clains What is clained is: 5 1. A filter conprising a
condi tioning means for conditioning a digitized signal durlF "I !!’“IE l,”“",
si gnal processing, each conditioning neans nprising an integr

| east one differencer, and at |east one nul™plier operatively coupled

together to condition a portion of the digitized signal 10 2. The filter
of claim1l wherein: ( ch condi tioni ng
means conprises a first an gﬁ{néicnﬁ@%ﬁ%fpffcéhﬁé%ﬁnﬁﬁ at i vely. coupl ed

to an output of the integri@ or, an aaalpg-to-digital C°“V9"s'°§éﬁéﬁ'é§ ferrdigitizing:a

bei ng operatively coupl ed thro%&eéﬁo@ﬂorﬁbﬁﬂﬁﬁﬁ ut(fléquenty dnd;east one
rmltlpller of each conditi rises afl

nul tiplier, operatively clo(ﬁgl e o(nrgl%p %??"ﬁnﬂp?rﬁgvggcwlﬁq ?‘P @?%ﬁ%lrog %0
respecti vel y, ford generating sdigital comversien afieans; for sabdixiding e digitized

Teans, “oper at | vel v koupt ad 1 o oo Bt b FRER reGHEhBP bafAiTRa HET Brafiyt "0
generating a portion of the cordigitized signad portions; digitized signal
fromthe scaled outputs of(f he disérale PBAriéNPansARthgHIedn.! bPbratively coupled
to the commutating means, for generating a plurality of
10 digitized channel signals by discrete Fourier transforming
the plurality of digitized signal portions, the discrete Fourier
transforming means comprising conditioning means for
pre-conditioning the plurality of digitized signal portions
with a modified cascaded integrator comb filter; and
' 15 (d) . adetecting means, operatively coupled to the discrete
| Fourier transforming means, for détecting at least two
information signals from the plurality of digitized channel
signals.

20 14. The communication unit of claim 13 wherein the conditioning
means comprises means for filtering each digitized signal portion
with respect to a signal characteristic selected from the group
consisting of optimum selectivity, controlled phase response, and
controlled amplitude response.

25
16. The communication unit of claim 13 wherein each information
- signal conforms with a signal coding and channelization standard
selected from the group consisting of frequency division multiple
access, time division multiple access, and frequency hopping
30 code division multiple access.




- 29- 3. The filter of claim2 wherein: (a) each conditioning neans
a third differencer operatively coupled to an

(119 a T gl er Coporatively ooyl ed i€ illlllilllﬂﬂlllﬂlllllLLlIIJncer

further conprises:

artd (ii) athird nultiplier
for generating a scaled output of the thirt

(i)

i fferencer * t Re

summi ng means is further operatively coupled to the 10 - third

mul tiplier, for gengg ti

fromthe scal ed outpu

P"Fﬁ bt pahsiRBnG U, Copaieiny: ?'eﬁi of dch.g“rPf:g

wherei n: 15 (a) tBe i dﬂ\é%fﬁﬁtdﬁ(’@?e EQEHeEUﬁBﬁQWQﬂ‘ rigenera
-operatively coupled to an out F&'Fltﬁéll yitiz&d %Iy?ﬂls by ievarse disctete Pourier
‘nmeans; (b) the at |east one

conprises a first and a secon

‘coupl ed to the istegrator,

l"i'ﬂe‘é@r P'%%@ya%%&:{ﬂug@fz@g infortiation

f 0rsngnals,rmb| mgemeadilsdretetﬁmlrter tfansforming mgarnsor
'the second multiplier being o
.and (c) each conditioning nme

%ﬁ@ﬁ#ﬁf’ﬁ@ Wges it dé?—cﬁ}‘ndﬁibﬁﬂ?ﬂ‘fhe

‘operatively coupled to the fi rpluralityiot digiti ignals Wlth a mod%Ied caﬁgadesh i er,
for generating a portion of th@teg;ﬁéﬁ I EbRibEfitet 0i ti zed signal fromthe
e

scal ed outputs of the first an
fllter of claim4 wherei

10

15

20

30

- 17.

18.

(©

(d)

second rrul'tlgl i er 8 % . The
commutating means, operatively couple to the inverse

discrete Fourier transforming means, for combining
portions of the plurality of digitized signals into a composite
digitized signal; .
digital-to-analog conversion means, operatively coupled to
the commutating means, for generating a composite
analog transmission signal from the composite digitized
signal; and

transmitting means, operatively coupled to the digital-to-
analog conversion means, for transmitting the composite
analog transmission signal over a frequency band.

The communication unit of claim 16 wherein each information
signal conforms with a signal coding and channelization standard
selected from the group consisting of frequency division muttiple
access, time division multiple access, and frequency hopping
code division multiple access.

The communication unit of claim 16 wherein the conditioning
means comprises means for filtering each digitized signal with
respect to a signal characteristic selected from the group
consisting of optimum selectivity, controlled phase response, and
controlled amplitude response.



(a). each conditioning nmeans further conprises a third nultiplier,
operatively coupled to an output of..the integrator through at |east two
del,ay el ements, for generating a 5 scal ed out put of the
|ntegrator and (b) the summ ng neans is % ther operatively coupled to
the third nultiplier, for generating the portion of the conditioned
digitized signal fromthe scaled output of the third nultiplier. 10 6. A

communi cation recei 4 “HUL”TI‘—OI-BQNWELS?QEIW TRARSMIITER ANDI RECEIVER

nmeans for pre-conditioning a digitized signal for subsequent Fourier
transformation each filtering neans conprising an integrator, at |east one

di fferencer, 15 and at AbstsactagfeheDisclosume operatively
coupl ed together to pre-condition a portion of the digitized signal; and

(b) Fourier transform ng neans, operatively coupled to the plurality of
filtering nmeansd for gené«raapp@'aMSJagl prom!ied:immsel insa gnti-chaanal dlgltahe

t t
Cnter cepting ol act r RASTENT dnd Heceifer. % iteting Blocedh is aciiiniERedty o))
di gitizing means, osengﬁlpamg/p@ﬁ@ps&i a dlg.imd algna g@ang digital signal

the digiti iLQgs?gﬁSP“&%sm m‘tb%?ﬁ{?.@ﬁ?. ; %ﬁé’gﬁg?g’h?%‘amﬁﬁm nte
conpri sing condi ti oﬁpﬁ{?mﬁge @9‘9?3@ signa). M&l@'wm@sﬁmy 5? uged in

t L ansf IOr m ng Im&ensf cjbn junction witroa Yegeivi R otess ab Yeneratel a dligitiged chafnel

Signal charact er: st PignaL( .o Aol reF by P m.gﬁ% {34, ol MR e ©

sel ectivity, contr otigiizethsigaal (k28)raned subseq:mmlymmeretrmsmmmgregmme.

i conditioned portions of the digitized signal. Alternatively, the filtering
process may be used in conjunction with a transmitting process by

16  inverse Fourier transforming (324) a plurality of digitized information

digitized signal (352) and subsequently conditioning the composite
digitized signal (358). ' '

(FIGs. 1 and 4 accompany this abstract)

signals (300, 302, 304, 306) to be transmitted to generating a composite |



35 -31- 9. The communication unit of claim6 further conprising a
dete¢ti ng neans, operatively coupled to the Fourier transform ng neans, for
defecting an information signal within the digitized channel signal. 5 10.
A communi cation transmtting unit, conprising: (a) inverse Fourier
transform ng neans for generating a conposite digitized signal froma
plurality of digitized information signals_to,be transmtted; and. 10

(b) a plurality of filtering neans, operl v#ly coupled to the inverse
Fourier transform ng neans, for post-conditioning the ' di gitized
signal for subsequent transm ssion, each filtering neas
integrator, a & fferef a a Eéast one nultiplieﬂ%lS
operatively c o§T;gondition a portion of
signal. 11. dh¢.C ik g claim 10 further co
means, oper ati¥/
means, for receiv
transmtted and_ s

y of digitized infornatiop; s to be
iding the plurality of (i
i nf or mati on si gRats—to wer-se Fourier transformng B¥al
‘The conmuni cation unit | arken 10 further conprising a coQgh
operatively coupl edg g i nverse Fourier transform ng nea
undesired signals fpomthdg plurality of digitized informati
to the generatias of tlhe dqonposPte digitized signal by filt
digitized Ly ™

FICG. 4

FIG.7




30 ° information signal with respect to a signal characteristic
§e|ected fromthe group consisting of optinmmselectivity, controll ed phase
nesponse and controll ed anplitude response. 13. A conmuni cati on
recei ving unit, conprising: (a) an analog-to-digital conversion neans for
digitizing a selected portion of an input frequency band; (b) commutating
neans, operatively coupled to the analog-to- 5 digita
gonversi on neans, for subdividing the digitized portion of the input
frequency band into the plurality of di gitiz ggnal portions; (c)
di screte Fourier transform ng neans, operati¥Yely coupled to the connutatlng
means, for generating a plurality of 10 digitized channe
signals by discrete Fourier transformng the plurality of digitized signal
ortions, the discrete Fourier transform ng nmeans conprising conditioning
ans for pre-conditioning the plurality of digitized signal portions with
nodi fi ed cascaded integrator conb filter; and 15 (d) a detecting

means, operatively coupled o the discrete Fourier transform ng peans, for
qietectlng at Ieatgt twcfgl nfor&atlonﬁgnals fromthe plural (ty dfsdigitized
channel signal s.v20 : co ication unit of clai 3 Werein the
condltlonlng nmea s co rlses nmeans flor filtering each digit] zed S|gnal
portion with res ect td, a sidgpnal chagacteristic selected fro group
donS|st|ng of opt m sel ectiVity, cOntrolled phase responsg
sontroll ed anplitud .Lespiﬁse 25¢15. Tﬁe conmmuni cati on
erei n each informatbon Shgnal cpnforr@LmAth a signg
hannel i zati on standlard ~ !
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sel*écted fromthe group consisting of frequency division nultiple access,
time division nultiple access, and frequency hoppi ng 30 code
lelSlon mul ti pl e access. 16. A conmmunication transmtting unit,
ponpr|5|ng (a) inverse discrete Fourier transform ng neans for generating
a plurality of digitized signals by inverse discrete Fourier transformng a
plurality of input digitized information 5 signals, the
i nverse discrete Fourier transform ng neans conprising conditioning nmeans
for post-conditioning the plurality of di ft¥zgd signals with a nodified
cascaded integrator conb filter; (b) commtating nmeans, operatively
Coupled to the inverse 10 di screte Fourier transform ng neans,
or conbi ni ng ponﬁons of the plurality of digitized signals into a
%onp05|te digitizg8 signal; (c) digital-to-analog conversion means,
peratively c&ggled to t he, commut ati ng nmeans, for generating a conposite 15
anal og trans i on al{ "rom the conposite digitized signal; and (d)
transmitting means, oper £ ver coupled to the digital-to- analg
conversi on ne , for tr “nlttlng t he conposite anal og twansm™si on signa
over a frequeﬁgi band. L% The comunication unit of & aiff 16 wherein
each informat signal ahfvrns with a signal codi ng and ael i
standard sel egted from thg! Gf oup consisting of frequency di

access, tinme Kgvision mi+ ple access, and frequency hoppi code
division nmultiple access. The conmmuni cation unit [
he condi ti oni ng 5% M
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ans conprises neans for filtering each digitized signal with respect to a
i dnal characteristic selected fromthe group 30 consi sting of
(;)pt;i____,___num selectivity, controlled phase response, and controlled anplitude
Fesponse. -
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