U
;e3e}xxydzXT{>}6t}T}] k4 s 1 9 SEP 200 Digital Signal Mdulation System
.The present invention concerns digital signal phase 5 nodul ation t ?%‘%
particularly suitable for spread spectrum applications. Background o e 2002
I nvention Two wel | - known nodul ati on techniques for radio 10 frequency (RF)
bandw dt h conpression (ie., pronoting spectral efficiency) are muadr ature

anpl i tude nodul ation (QAM and quadradrature phase shift keyl n l‘mmmmu{«"mlm

Bot h of these nmethods suffer a | oss of sr gnal povver with incre
nodul ation |levels or the a %g,rgpé ssion. | n addidisen,
t hese net hods are 15 Irke??/@gmrgg%w I'n errors b caur‘sﬁe of low s
noi se ratio (SNR). To conpensate for these errors, an increase ||‘mmﬁwﬂmlmmmm
approximately equal to to the square of the i ncrease in bandwi dt

conpression is required. For efaei ef tles Invemsidnandwi dth conpressi o'oo002*
requires a 100 tinmes_increase in power. 20 Some commonly used nodul ation

t echni ques such as ﬂ"ﬂl@q@éﬁwtsmwntk@ym@nqu) digital signdlr phasacy shift

keyi ng ( MFSK), and QAM tr t no urn to zero (NRZ) |ine coded
dat a Shatm@Q\’é%HPF‘atﬂé%t Han8af4Eha f] Ea PT efPrepf- PRESEUEbdI ng 25 (eg.,
Manchest er_and Ier codi ng, as known) keeps the information sidebands
away fronthRdCE Sar. Fi gure 1 illustrates the spectral characteristics of
di gital bi-phase signals such as QPSK, BPSK, QAM etc. The spectrumof I|ine
coded signals concentrates around baseband, whereas for digital bi-phase
signals the spectrum noves Bwekeofdoid 30 tHee Iankdtiont 0 a poi nt around hal f
of the transmtted bit rate. In order 1 1 SEP 2002 2 to obtain
significant savi ngsTwo tWellt—knowrm' trhedulmimini ttichniquesy fonersdideband need be
transmtted. A bi-phase si is time varying and hence has no zero
crosPOng ﬁmqnﬁgcmg}& Fyabgn I m.q%npmssms@eoo@éewmoosmctmid have

little or oDCco onent., 5 Anot her m)dulatro | se.width

nodul at i 1q1gng)ﬂ)"&<; (ﬂ"éldrﬁ%sbﬁﬁkplf%’rdesﬂgeflp &SN}E afrd pr oduces

out put pul t ri th this
met hod, p “i&% g%t‘g ai)ﬁai Egﬁdkgy &@S@) ﬁ](g aqlc)rlﬂ?gs ﬁ?ﬁ'ﬁ’ Ssh 10

bet ween i c I

exanple o f{ |sEl ??/Spiqgf §lréo ul ?vlvgir:]e@%grdh %ﬁaﬁbn%r{h%%ﬁlggbﬁfg?%st ﬁrt I's type

of nodul afdcomp@epingotbairiveritie coashessiion. Us Rdtiiién4,thége Savthsdseard 0

H R Wal ker describes a 15 nethod of nodul ation ref erred to as variabl e

phaskS5shilikelyeyo mgsylASKerrovPdiccandel off low eigrade® obisegeatibetSMBL TD' and

"0" logic states of .a binary non-return to zero data signal., The_encodi ng
produces %OIBDFBEALS §Ak these! REFOFSr AIngNBEFAS§ddNoPOR/eS, aBPEOXigRLelY 4

I I f d d d f d
"l os aceeliadi RS 8o teRcrfie ngf Mhfolbikas B, SERON I ChubBtosdtart 6y P
coded asnrgqﬂér%do' Fop gkimple, ghg@glﬁ%&f BURIORIA' blapresERA FelRisOh? b L

wi dth, a condi t1ona ast IS coded as a 6/4 bit
wi dth perigyl timesnindrehse ain gpwered reset of the codr ng/ decodi ng system
This nethod can theoretically produce a 25 Nyquist factor of 7.2 bits per
Hz- ba@dwi dt h. US Patent 5,185,765 of H R Wl ker describes an inproved

met hod of VPSK nodul ation. Wth this nethod, each input data bit has a bit
peri od constituted D9ME coFHROpLY | berd medalafien piacknigyes such as

frequency shift keying (FSK), minimum frequency shift keying
(MFSK), GMSK, and QAM transmit non-return to zero (NRZ) line coded

data that concentrates bandwidth around a carrier. Bi-Phase coding
25 (eg., Manchester and Miller coding, as known) keeps the information
sidebands away from the carrier. Figure 1 illustrates the spectral
characteristics of digital bi-phase signals such as QPSK, BPSK, QAM,
etc. The spectrum of line coded signals concentrates around baseband,
whereas for digital bi-phase signals the spectrum moves away from

30 the origin to a point around half of the transmitted bit rate. In order



3 0 changes are phase shift key coded with waveformw dths of MM 4 sgploghz
.SEP 2002 3 M+1/M and M+2/M bit periods, where Mis an even integer greater
than 3. According to the coding rules, no change in the polarity of the
data is coded as Mcl ock periods, a change in the polarity of the data is
coded as M+1l/ M cl ock periods, and a final encoding bit for the 5 period to
indicate a reset occuring at the M1 data bit polarity change is coded as
M+2/ M cl ock periods. This nethod theoreRically allows a signal spectrumto

fit into gnegisiakd Nsilghefi bamdwadidysofina thase e e WWﬁitﬁ[‘toﬁlggﬂﬁie
resulting in Nyquist efficiencies of up to 15.3 bits per Hz-bandw dth for
10 nodul asidebahdvaksd Bbi ranamitbde Ahbsphabe f $igh@l cigusiene t herying and

codi ng/ decodi ng systemto | ose synchroni zation with the beginning of each
bit peri obenco hmsemnoozera hrospingbpemtsathatswarbiwithutimbe Berpleasdedodas t he
data for every_ bit period di scl osed net hod of codi ng/ decodi ng exhibits
oper at i ngaIPSPQMaﬁpéghév%dh‘ﬁQr 88 7% ]isj%e ceptedldescri bed by Wal ker. In
parti sul ar, the disclosed variable aperture codi ng nethod provides tw ce
the efficiency of the nethod described in US Patent 5,185,765 of \Wal ker,

andi s more econon adlodtbt Nk BRRAESy | MeiRGAYAsENGiaf! LRGIEEGH! TN,

20 Summary of the I nven vari abl e aperture coding system according to

the pri nce@b%¥@d aheha3eBagat foNVgdiaimeeRtodng Nend Optoiced @ugphi thmto
encode an input NRZ bitstream 25°If the bitstreamexhibits a phase change
froma | opulse® which |agi enttgenmmaksplesabfdheodbtkd pieaidal.t Véithi thiss a bit

w dt h change in one direction (eg., increases) proportional to a

pr edet er ninssliod .aphese Nlelpys t e the t end earmeestgrc of ev edataehiti déstimgishged, t he

bit w dth of ' d.caded bit i i.nt ai t det erm ned 30

or i o el BRRVERRGTL Of 07 IoBERioysY IFSPPCtNE b VUIIFE AHBUANSI s oBophase

h f i€ L t | QOi i ated cod bi t hi_bi,t bi t
i at - cnegaple Decis o Rufk hiadinafPal MBRLAufle BEHE Kb i na
to predetgig ngd Gl oS bt DEasrve! bafdWidtHie Draw ngs

US Patent 4,742,532 issued to H.R. Walker describes a
15 method of modulation referred to as variable phase shift keying
(VPSK). VPSK modulation encodes changes between “1” and “0” logic
states of a binary non-return to zero data signal. The encoding
produces a pulse signal having varying periods of 4/4, 5/4, and 6/4
multiples of the bit period according to a predetermined set of coding
20 rules. According to the coding rules, no change in the data polarity is
coded as a 4/4 bit width, a change in data polarity is coded as a 5/4
bit width, and a conditional case coding for the last bit is coded as a
6/4 bit width period to indicate a required reset of the
coding/decoding system. This method can theoretically produce a

25 Nyquist factor of 7.2 bits per Hz-bandwidth.

US Patent 5,185,765 of H.R. Walker describes an improved
method of VPSK modulation. With this method, each input data bit
has a bit period constituted by M clock periods. Data bit polarity

30 changes are phase shift key coded with waveform widths of M/M,



Figure 1 shows a frequency spectrumfor NRZ and bi phase signals. i%&l}a gdg%e
.2 shows an encoder network in accordance with the principles of t1h e t
invention. Figure 3 shows encoder |ogic tables used in the encoder of
Figure 2. 15 Figure 4 shows a decoder network in accordance with the
principles of the invention. Figures 5 and 6 depict waveforns illustrating
the 20 principles of the present invention. Figure 7 shows a transmtter
system i ncl udi ng an encoder according td the present invention. 25 Figure 8
shows .a rNGel Ay andcMe2d dideepitels, awheraiMg is cart hevepr éseper | greands on.
1 1 SEP 2002 5 Detail ed Description of the Drawi ngs The di scl osed si gnal
codi ng methand 3i sAcedmlingdta ¢he oglingbiwdegpaot chengwdinnthe qolaAg, dfh¢he
di scl osed net hod overcones 5 the previously mentioned prqbl em of M and
QPSK syst@#d &Y codetlers i slacks perpdsi gnghangodn WMe paladredi he Msdal ati on

I I . th [ dw d ion. The.di scl d,VAC hod
el oys Singoded; GoBamd Mo eHids HetoBrpiEss THal ORIt oh TEnthG ot b by a
2 car?i orPotind B pBRREY, REETER R M e e B POV IR, hBhel

| pl enentjsngodedi A€ N -+IPMHLIEEK SPIreadk, STAFS THEINDME LtREd Al a1IoRFead code
performng a BPSK type of noduldation on the carrier while the data is sent

VAC codedksigfial hpecaiuim efo. fitSintoe odessik s atleabandwidiiniof exhbiidband NRZ
significant inprovenent in process gain. By definition, for any direct
sequence equrizatendpeignalimregstiag in N ygristesigignaidss ofietp ntad Idy31Bitkog
[ spread spectrum bandw dt h/i nf ormati on bandw dt h%,. . Hi gher process QI%I n 20
means it RN IHz-baadvwideh ptaterd O meed wkations devels. sTaian@riablai phasy shigt

icati t | t ypI I igital i I tati t he. f ol i
Cyat bl pardies ol HRdingferodthe uftet RlabR: SHRlBhiBliod it P e a0
Kb 40 y dinvl sl e L1 .h tp:.be b t
out”at - dainnfifl, &Y BhcR bt Berdd i SOty Biie pRpMin. A Bicgs DUTS
(assuni ngniisnivERlerkbéddéd Ng) (HhR1aE ORASSVEAY Mbidngéiodhese conditions can be

shown to be 13.97 db.
A disclosed method of coding/decoding exhibits operating
15 advantages compared to the systems described by Walker. In
particular, the disclosed variable aperture coding method provides
twice the efficiency of the method described in US Patent 5,185,765
of Walker, and is more economical with respect to hardware and

software requirements.

20
Summary of the Invention
A variable aperture coding system according to the
principles of the present invention employs the following algorithm to
encode an input NRZ bitstream.
25 If the bitstream exhibits a phase change from a logic 0 to

a logic 1, an associated coded data bit exhibits a bit width change in

one direction (eg., increases) proportional to a predetermined factor N.
If the bitstream logic level remains unchanged, the bit

width of an associated coded bit is maintained at a predetermined

30 original bit width.



1 1 SEP 2002 6 In the disclosed systemthe follow ng paraneters apply:

. Spread bandwi dth: 2 Miz information bandwi dth: 4.44 Khz (40 Kbps1dtSEP 20
conpression). In this case the process gain can be shown to be 26.57 db.
Thus the interfering signal needs to be 20 tines nore powerful to jamthe
di scl osed system conpared to a conventional digital system a difference of
12.6 db. This allows transm ssion of |arger anounts of data with inmunity
frominterference with transm ssions frgmother 10 sources at the sane

frequency. This adv | [ Ayt r shgwn. [ n, Ei gures
7 and 8. The hi gher ff;?@gg%@éau n ?’gﬁ@éﬁl gvgga% Cﬁﬁggggﬂ%%? s‘mﬂgb"r nlt He
digital inf { O i akag in I §ik ssi hl e wi t hout
either t h% lgggeg?érgnE%grsagﬁge%m%gebgoggﬁ@gr abggcﬁ“%b%@@? hgf lr%_ecei ver

si de, af t@iffdreatksddoBAirecttRseshi ddcregiagt ?f%p@ndi@mqert@ crossing
detector conplete the detection process. Detected data is then decoded by
uni t 836.prEdetelimirieak efhcvdC Nodi ng facilitates inproved interference
rejection and can be used in a variety of applications at 20 significantly
reducéd cost and conpl exity. These applications include power |ine voice

and data communi cati ons, ...-._ di.gital audi o broadcast, cable nodens,
mul tiple |ine business t eP&EHomsSCLR 04 JaddHEast satellite systens

RDLLOTYOL G

usi ng BPSK codi ng, I ex T, isC i st.emwi ||
advant ageousl y supp%f&urlgn?%@gs Z%ef\f\ng‘lipzed'lc((&zgg?gﬁgﬁ* ?é% glgkzbq'énbd'edi cated
4-wire p I wi rel ess applications at carrier frequencies above 50

S&Xﬁée'be%@g{séi ned bel ow, a system according to the present
i nvention enploys the followi ng algorithmto encode an input 30 NRZ
bitstreamas a function of a predeterm ned factor N. When Nis 9 1 9 SEP
200?10 for exanpl e, Figureh@ bhowsr enncrsdddri netwophaise achandpnder ovith thet 0 a
1 logic level, the bit wdth of ;the associated bit in the coded bitstream
i s i ncreadénciples ef odie psesef, 1p¥en@oR| ock periods in this exanple. If the
i nput NRZ datastream |l ogic |evel remains unchanged, the bit width of 5 an
associated bit in the coded bitstreamrenai ns unchanged froma

d i ned w dt hyg. I I ' ' «ahif: bj
i bi 15 2 phase. crBHEET fomaWs oty {sko PR fsell i Ifie bhGMATRY, | o

associ at gg ggé pn the coded bitstreamis decreased by 1 clock period, to 8
cl ock perig S in this exanple. The described increase and 10 decrease of
bit whdth by 1 out of 9 clock cycles is one exanple. Qher bit width

vari ations are possible. Wth current technology, bit width variations of
up to 1/15 of the NEZuser#oshews dederasttncadtwprkhdnt agepidansesiwjtial the

degr adat i on. 'lT suc gase RF bandw dt h conpression of about 30:1 is

achi evab|RFINGIRleHLL it8A, IBYEOWPRt hs may be oppositely 15 adjusted, ie.,
decreased or increased for logic |level changes from0O to 1 and from1 to O,
respectively. The discl osed system advant ageously does not exhi bit

cunul ati ve phase bugi i h X i i to |l ow 20
transition and due%lﬁéyfo% ?%&h?gﬁéﬁfgngé??gﬁsr gﬂﬁﬁtépdstglré.&% so in the

di scj@seq,my@ibm @&attaee@eegﬁmgiﬁseme@ﬁ_orned by a separate 9X clock and is
not used to generate the Fc. The receiver detects the zero crossing and
times the 9X decoding clock. This inproves the adaptability of the system
as the RF is total l%iegi ndegendent fromthe 2S encodi ng/ degodi ng cl ocks.
Furthernore, when thi@udat 4 aBewsnat UEmspyter r spdanbdnelyding aggieacpdor) s)

the 9X cl ock c‘f“l be Hsed to swi tch. the bi-phase nodulator in block 710 of
Fi gure 7.3CFREINEIP; R sPIFENS AW rcuit s.

25 Figure 8 shows a receiver including a decoder according to

the present invention.



7 1 SEP 2002 8 The principles of the invention involve not only the bit

«odi ng, but also the process of performng the bi-phase shift keyimg.Sthﬂn
alternate encoded bits are switched from zero degrees to 180 degrees in the
bi phase nodul ator, it reduces the noise floor due to 5 cancell ation of

anti podal noise vectors. Figures 2 and 4 can be realized using a digital
signal processor (DSP), discrete dedicated |ogic or FPGA. However, Figures
7 and 8 are unique in the sense that a girect sequence spread spectrum
systemw th higher process gain is realized by virtue of enbedding the
digital information into an anal og domain. 10 Figure 5 illustrates variable

aperture coding. In thispexsamed @@g%ﬁ@ﬁ npNefel PEARInSY equal s 9 because in
this exanple there are an average o clock periods for each coded bit.
Because in this enbQhendidclosel ¢hghalododing uhethodds ecserred decd ease the
bit 15 period by 1/N for a phase transition in the opposite direction, a
bit peri o¥asmablegApertire e@odimgser VA G K erdisclosed emethod. oMercomses i S
required within the coded bit data because there is no additive phase shift
(unl i Re WK Deuiausty ompntigrad eprablems iodg QM and QP 2Kgsysemnoicoded

signal represents one bitf of data. VPSKEt in contrast, s l.i m'ied to 20 one
it of datUIFOPEedcloR P orielabPoREL il InCiERind Wodlatione Jevels of

h i d . . . i i
bit 1S eqls adssTaHate" SRR RT LMol i [ he "RebRRRY, ATtk °"°

Wen the @xli@ss¥_§>fsih@¢e NdcHaha Arethbadstd | epmpréamihedigfdimAidpgic 1, one
encoded bit "peri od e€nconpasses one additional "clock period, or 10 cl ock

peri ods (bdfdwidthWosn at fisctphase %f, thel NEA det amplemsntadosyy fdimgotl ogic 1 to
l ogic 0, one encoded bit period enconpasses one |ess clock period, or 8

¢l ockOperfrequeqey omodulation Sep_ 200arriere: Gheedisipsedisy AL cbamdwidtput NRZ
waveform (top waveforn)  being encoded_hy . variable aperture, coding (| ower
waveforn)@om@rewgnempg ihevarypuseRiz inatBRIsTRERTIBE g AN SiTfCt hSSRRENGSyi ¢
state and sw t.ches to_anot her ﬁjic state af tine

| @ Tl. The NRZ 5
mai nt ai ns n t ot | Ggi ates at
_ SpIfRd  SPERIEURL SYS IR n 1Y spread aods” aRriarRuLe & HPSR
time T3 font Qe d@?ﬂglétﬁ‘&’f%rp'th@ cagfﬁfeﬁ[ g)gﬁkegqg%h(gatw% dghf PAIC ARRRASHA ©

agai n. The&*enco ata 1s phase egrees to convert the

encoded dgjea dqreigrphase to voltage. 10 The NRZ data per se is not used to
switch the bi phase nodul ator. The NRZ data can have a bitstreamof 1 or O
| ogi tSstates. This bitstreamis encoded into a bitstreamthat has 0 degree
and 180 degree transitions with varying time duration. This variability in
tinme duration for whhenhdisglased canrangement ephiPitshidysigrifieant encodes a 1

{0,190 Eaneliot, 3n0oh ks RIS, B e B, chR 96 e, P N
spread spectrum system, the process gain is defined by 10 log [spread
spectrum bandwidth/information bandwidth]. Higher process gain

20 means it will take more power from interfering signals to disrupt the
communication system. In a typical digital implementation, the
following system parameters may apply:

e spread bandwidth: 2 Mhz
e burst data rate: 80 Kbps (40Kbps sent over a time

25 division duplex link will have to be burst out at double the original
rate.)

e burst data bandwidth: 80 Khz at BT=1 (assuming
minimal filtering)

The process gain under these conditions can be shown to be 13.97 db.



nodul ator. A 90 degree phase shift in the output waveform of the nodul ator
. results from passing the bi phase nodul ated signal through a |inearl pis&pe2qp2
bandpass filter, which introduces a phase shift. 2 0 Bandpass filtering a
square wave signal produces a sinusoidal signal. Wen data codi ng begi ns,
if the NRZ data does not switch phase froma previous bit, the duration of
the coded bit is 9 clock periods. Wien the NRZ data sw tches phase from
logic 1 tologic O at 2 5time T 1 the @orresponding encoded bit ( 1)
conprises 8 clock periods. The next coded bit (2) conprises 9 clock periods
since the NRZ data did not change phase. The follow ng coded bit (3)
conprises 10 cl ock Imertheddisrdosads esytsiemc ohe efyibowlinmy pRAnbéters happdgd phase
fromlogic O to logic 1 at time T3. This coding pattern continues for the
duration of 3 0 the Nreadt dastdwidth: 21MhzSEP 2002 10 Variabl e Aperture

Coding results fromthe fact, that, depending, o e orjgipal NRZ waveform
exhibiting a 1 to O |'g3PEMALHY; %&Wb&t y 0 469'1%9?‘!:6?‘? siati ¥d, the

out put encoded wavefgrm,s inter ts.the " 0.crqssing” point egrplder or
Cators TRoPSTes R tontms, G 3¢ Procd Sy fthogdl B bdwliolbes bt

i nformati i S : ﬁe?r‘?rYr' ledtNg] RS LWPR. cpded
data is fdlyr)tﬁg}lypggzstégte[r roﬁhmghﬁlag{ eg%? fil tgr @{r@?gg’t‘bg%op‘?‘ggﬁﬁguﬁg 7)
that inpgams the 98isebaietle sphaIe sbmpardd tohe ebavdrdotal atikitadamystibing phase
shift 10"transfornms the bit-polarity change to voltage peak points. The | ow
pass fil tdifferencd rntfedlel adh. dhds bedlowpl marsthisseos wft dbigerbanopars 6f [ter. A

bandpass filter is required to renove out of band fourier conmponents and to
provi de sllty whith sindeaity sirgaml inderfgssiegst . Withe toanssnissedns hironpaedieass

filter is a sinusiqdal signfal with a variaple 15 periog, TBi%siﬁieband
bandlp(;ss SPPFGSS abxHi%ispRG Ir?%‘é%ﬂcyphggés VARtagE s c peRieYede OFed® a Bessel
characteri sti edllle S i i | f ig. fil.ter is

t he Jl B@géaé]lg%?erﬁfqes}{edrl‘!é’éd{elgilégg% e7 Zar?gle?:r??gg @I_ eérf)g#ftssg g%%ll ted or
frequen%cﬁfa%at#;ﬂ tRE EohAds Rorf TSI i g BT) irffBF fnlaflon! Bits! k§NE{E SSi on over

a transm ssion channel. 20 Wien there is™a bit polarity change on the

encoded wadRi@rdomhin.t Taisfier sot oseiblar itithcahaefthet othe @ndedéese nor a 180
degree phase reversal on to the carrier Fc, shown in block 710. This

bi phase she fhiphase gmadulatoroblricke 18 ©Ohe thaitypetiver side, bafthnsklozk

nodul ator to have a constant envel gpe signal that has periodic phase
revdrsal 832, Thiphasegsbifti deteptar apgl pedei® WaRHPEs detaqterrcompletghthen

i 0.d h hi f he j f I [ dit i
noted +hAESHIG RSP WA B RIS R0 S LR oPY) UPL: §38%ca {hr ough &

bandpass filter the point of maximumor mnimum3 0 anplitude wll
correspond the the center of the bit period 1 1 SEP 2002

The disclosed VAC coding facilitates improved

interference rejection and can be used in a variety of applications at
20 significantly reduced cost and complexity. These applications include

power line voice and data communications, in-band digital audio

broadcast, cable modems, multiple line business telephones, and

digital broadcast satellite systems using BPSK coding, for example. The

disclosed modulation system will advantageously support in-house
25 wired (eg., dedicated cable, dedicated 4-wire powerline) or wireless

applications at carrier frequencies above 50 Khz.

As will be explained below, a system according to the
present invention employs the following algorithm to encode an input

30 NRZ bitstream as a function of a predetermined factor N. When N is 9



11 A receiver of the VAC encoded signal includes an input |inear plpa,ngP '2002
.del ay bandpass filter to renove out of band signal conmponents. This
bandpass filter is followed by a differentiator that 5 reverses the 90
degree phase shift inparted to the signal by the |ow pass integrator filter
at the transmtter. This reverse action restores the information in the
recei ved waveformto bit polarity chang;; points fromvoltage peak points.
The differentiator is followed by a |infting anplifier and a quadrature
phase .det Bt exampde, afttheabitsireamoexbibitsogs phgselsheoger from a ﬂb tohaed

si nusi odal] frequency, signals produced at the transmitter. These three,
signal s cogiesleyed the (s ‘t"!ﬁf‘geog Ei é?%o%@tééuéét 538 tﬁ"ﬁec‘ﬁ@ idgacay is

process YLCAPSEICE B! ULl S SR80 o 0 Ny ey BB AR
t qiff f I , t,ect Lk D
Oetr, 2 FuheRity, RAMPIOLES 40 OULBIL loriscloniel o, Wil O en

signak. Tih Saio@iated BitRR! HRA ddled W6ORRIM t RhSmMYSLAkhhARed N obf Oper bit
sequences to replicate the original transmtted NRZ data. 20 Figure 2

depi cts apregieitevhineapavidthe T adecki oyelesoimahie eManplehelfonhacbitkesani the
invention. An input NRZ bitstreamto be VAC encoded is applied to a "D

i nput of exHibits- & pipasz1oharge fremcantretochald logie lzyglh the; Eltf magth ofs theled
with a second flip-flo 12. puts of these flip-flops are connected to a
| ogi ¢ netwprewémdahgeafzt%@ aggéﬁomstrﬁm aﬂifrgfré&%dushﬁé GOt gPeriQat es 216
and 226 (type 7486). lnyerter, .218, AND gates ,220.and .222 OR gate 224,

"ogi o hi oY SoElHRRAHEN 390miS” Gaply T8 95&HER BHaseaalfy i ne
frequgncyydi yider 2 j r Vi C t:.t lé’f%ﬁn. f
assoglsat ed gfg?geﬁiotfséglg{wg?we? chF%fagl_‘liI%%Eng%lgg IJS.ZBE?i p- %%spug?bé}and
212 togetpyer widi %ﬁ%ﬁ@tﬁe_Zga_@sﬁ%u@.r Wi WedRr tddidloBgs Bieewigyd to 1
or altoOlogic level transition in the input datastream Gates 220, 222
224, invevdrgati@i$s df apdtext/OR ghtthe?RIRZt pgedtdecami tidh prodpeéd owsthdiu® and

212 set the frequency divider ratios (8, 4, 2, 1) of high speed counter
230 that Sesialisocikgriladegradaston.f frq yaspaRE dangdwidthegompsessionk 0§ peed

et Pt i RN Re W chCRAIR SR Biomdte s
vari s AHEERE e SiebeRPaCPEBledsed, B S5e(6 2ol SHafeds JPollf 8" 11
cont rol h{:%épﬂa gﬁg@g@’r r@s'iﬁcmiefyh. perfornms the bit width variations

shown in Figures

The disclosed system advantageously does not exhibit
cumulative phase build up since phase excursions due to a high to low
20 transition and due to a low to high transition are the same. Also in the
disclosed system, data encoding is performed by a separate 9X clock
and is not used to generate the Fc. The receiver detects the zero
crossing and times the 9X decoding clock. This improves the
adaptability of the system as the RF is totally independent from the
25 encoding/decoding clocks. Furthermore, when the data does not
change (repeated 1 or O logic levels), the 9X clock will be used to
switch the bi-phase modulator in block 710 of Figure 7. The simplifies

the decoding circuits.



15 The output of counter 230 is passed through J-K flip-flop 236 so that
.the output of flip-flop 236 represents the bit transitions of the13r'sg$r}@j2
NRZ bitstream waveformat the mddle of a bit period of the encode

wavef orm as shown in Figures 5 and 6. 20 Figure 6 illustrates an i nput NRZ
dat astreamto be VAC encoded as applied to input flip-flop 210, and a
correspondi ng out put encoded data vvavefgrm as produced at the output of
flip-flop 236 in Fi g}ure 2. In Figure 6,°the encoded data waveform exhibits
a nomi-nal bit widt hlde pringiplescef dhel sxentions invalveainasi enly dha bigmai ns 25

Vnen t he. SODAE \PSL VSR 1 WEmPEREeRIceT  PURDHIING ghy Brrdgne Hadelkeing: na T1
he wi dt hyaf th i it.(bit 1) i ded i ¢
reduced By ST HHGBRtE,H S bibaate WiFRtd; A BRieocR RO 4B dRie. ms
h i d f L feal i t bi t
wdtn i SOREEGHETRS) BRIERE bR L By S poisq Thoor Huel 0§ “\ien
the igputcdReIMRH P ThAGPBALIS ndiddangests, %iguréWZ tah RecafdbieNfd A1l

time T2, the wdth of the associated bit (bitT 2) remains unchanged fromthe
nom nal bthiinﬁli alt di génad gipaskiprgcelsoe MIRK discrers. ddhieatdddogitpor RRGA.
waveform 5 changes froma O to a 1 logic level at tinme T3, the bit w dth of
t he assocHawayep; tFighras J) and Bhereounigue eimc dhie dsedae attat eandirect ncr eased by
one clock cycle to produce a bit width 10 clock cycles wide. That is, the

bit widt S§BIenger SRERAE FPCEHUIN ofYHIRE! NBHIINMERSE THOCEY. 81D 15 giRadized
illustrates a decoder 400, At a.recgiver.. e received variahle bit width

bit st reanl?x r%lr#j ¥ z%f&n@ﬁpggt}beet(ggf%l ]inIgrs‘yﬁﬁﬂponge&r\Mapﬁiqgwa?@@é'?'ver' S
clockgby a D-type flip-flop 410. Edge detection is acconplished by a

network including flip-flop 410 and exclusive-OR |l ogic gate 412, which

tracks data (edge) Fiansi 6i Qnﬁst_rﬂé@_ vafiaBUd erfﬁlhx&n@o.dﬁﬁg.mlﬁattﬁis‘llz i's used
toreset a 7-bit counter 416 which is clocked at 72 tinmes the NRZ data

rate. Theexample prederuwntined4ifctos Npeluals tO Eedasecimrtd@Oexdraple ndi cat es

when unit 416 has reached a count of 80, This condition represents a unique

count i n theee dre aeprvarage soft (e clegde perindsofon aashi eoded hibl Besansoea by a
resets 7-bit, counter, 422, The

| i 1. hi 2 j | det f 42 .
oot L orthis eeadistang the STAC! ediRg 2alks, oGRS Oh R ihE Biton

A i J . A I d
osol 8 agtiod T BDRh e JrerRibn iok <G8 OkBesife SrtcHng B i ng
of the nexdrigtptévethie WilMCHMEARBARND ictodloqtatbdd oy ef OIS N2 2eddtOnm 25

e
unit 432 'on every d%t ected edge. If the detected edge occurs at a count of

32 (as deequidededvitkirdahectoded 28k dhterbezaussethera Malnie afdifife( pABse&l0) is
| oaded into counter 422 fromunit 432. If an edge is detected after 40
counts (ahifte(unlikesdMIKdarasbtlationRoandf each gisingeor fallomgisadget ofathee of

96 is |oaded into counter 422 frQmunjt, 432 The | oaded .const.ant val ues
88 or 96 %9dedch EEPIEFRAMS z@%eo?babf%?fdatal YP%F!% I oeontiagtodst dmitesh to

Sorerss st U, Bioiclnd RN RSO AR B DB P, 400 '
det ect ed Py stNebsndardni AL 8hBN L08R ddfe sttt fthe clock.

As seen in Figure 5, one bit is equal, on average, to N clock
periods where N=9 in this example. When the phase of the NRZ data
25 transitions from logic O to logic 1, one encoded bit period encompasses
one additional clock period, or 10 clock periods (10/9). When the
phase of the NRZ data transitions from logic 1 to logic 0, one encoded

bit period encompasses one less clock period, or 8 clock periods (8/9).



flip-flop 440 is the NRZ out put of decoder 400. The purpose of the 5
.constant is to enable a single counter with programuabl e counter sethi g@
to decode the different widths of the decoded pulse train. Wthout t P 2002
architecture, separate counters will have to be used to nake the decision.
10 A spread spectruminplenentation of the present invention is discussed
bel ow. Figures 7 and 8 respectively show spread spectrumtransmtter and
recei ver arrangements suitable for use ©9n accordance with the present

i nvention. In the tRigsrd t6 éllusfrafeisguneinputVNRZnoagefodat aoFr om encoder
200 of Figure 2 is applied to 15 one input of a balance nodulator 710, the
ot her i nputavefomh) chemg eincesled dyr rvaiable aperegeenoding. (I6kermodul at ed
signal fromunit 710 is |ow pass filtered by filter 720 to extract the
encoded VA@VehoBRailnoianexawporibift inputs P%IIBZ Tiagastraaner beginsutvish goae i s

Fonal - 20fosie stapfiandospdiche do %%%therhﬁoa%%qhééb«%% e Tndthaniba i

[ I d PN
genor 3t or "EROCA AEFe b TOhABE RSt BRI 0P shitef
differentjjgle e qder ﬁlearn%xf Ltﬂ?@mﬂ&sal aftter WPRiche BSS ATRYD daka SRUREReSPECt rum

systems. The output signal frommxér 722 is constituted by 25 RF conponent
fRF and t hatssguinr digoemoided darpadsepliagdNshiftad cloy dddcgegriekb &pread
spectrum practice, and the VAC encoded information. This signal to be
transmi t t coneertathe eeedey dasa ifsoapitiase to woltagmsnitting antenna 734 via
transm ssion interface and out put networks (not shown to sinplify the
drawing). A local clock generator 1 1 SEP 200 15 740 provi des a spread
clock to unit 728 a a,clock to encoder the c e.of a 900 Mhz
systi% for transni 53‘?‘8 l\ﬂﬁit%a@%ﬁemzn@ S“Sﬁﬁ t‘ba?ﬁﬂ“f}b 8¢ t he

fol |l ow ng PN +. f X =
905 Mhz, ?’él‘ﬁ‘%é?%wm%@ a?,qptp%\y% al\%ﬁmifgﬁf b 001?%}% g%e hz, 750
Khz, 794 This fbltstfeamBPS iKneolBdt fiftoshr Bﬁgtr%BﬁPttthnHa%C@ ‘d%rgr&goarﬁf Fegure
8, a 15 received signal froman antenna 802 is bandpass filtered by filter
804 to refdegteeoutansitibandwiilgnadrytmgpinentdurafioa. f Thiereaisbigingl in stime
amplified by a | ow noise anplifier (not shown to sinplify the draw ng)

bef ore bedwigtion ifori which wo paatieelapyby pemeinssbigh tesr lowetendasles) a Theo
split sigpnals are applied to inputs of mxers 806 apd 8Q8, 20 m xers
are ﬂéspe@ttir%lé‘il?"ﬂrcﬁnodé% AP BalOF YY) utd tgﬁa%’églqeﬂph&ii IgNalss

f ki ncjudi | ocg| | | hase shi f .
The 1 requindy e il QRgingcPey8igim MRt Sl iBEhS8unconvert t e
recei ved 'o% 1ok Raggbgp eezi‘)h@?;é/ ﬁﬂ?@' iHUBH Ak Pﬁt%ﬁ%foﬁﬁ%‘ia'tﬁe”om

m xers 80 808 are respective I gh pass filtered by units 816 and 818

tor ermvemfordawmcywﬂmponem S}?ﬁgs@ﬂg Dthé obiphast Btodilatdef sipgapaggboght hese
signal s through having 75 db ain and about 65 db of gain control range.
The vari abl kneat phaspl bﬂnép@SSprfdwdeW@aclm indreduces a phase shift.

20 Bandpass filtering a square wave signal produces a sinusoidal signal.

When data coding begins, if the NRZ data does not switch
phase from a previous bit, the duration of the coded bit is 9 clock
periods. When the NRZ data switches phase from logic 1 to logic O at

25 time T1 the corresponding encoded bit (1) comprises 8 clock periods.
The next coded bit (2) comprises 9 clock periods since the NRZ data
did not change phase. The following coded bit (3) comprises 10 clock
periods because the corresponding NRZ bit changed phase from logic 0
to logic 1 at time T3. This coding pattern continues for the duration of
30 the NRZ data stream.



30 baseband signal, which when received is weak and is converted to 11

. SEP 200Z 16 baseband by mixing with the | ocal oscillator, and is tHeh SEP 2002
anplified to about 1 volt, for exanple. Gain control is needed to prevent
the incom ng signal frombeing distorted. The control signal is derived
froma mcrocontroller (not shown to sinplify the drawing).Swtched 5
filter capacitors in block 820 can adjust the | owass cut-off frequency
dependi ng on the chipping rate of the HNDcode. Wthin the passband of the
bandpass filter there will be the basic PN code, Doppler frequency due to
t he non-synchronous nature of transmt and receive |ocal oscillators, and
t he frequency shift Viaeidblg ApSKursi (loaling uesestidtst fisorhO ther fazbl chapert ur e
signal on the tranmtter voltage control|ed oscil] ator éVCO). This FSK

si gnal i sdepandingdon otheaprigimd PNR4i waxekoranexhpbitingl & d & thdogit e
bandpass filter 830. The ouf(plut , of hriggh g‘as filter 830 i s applied to an FM
recei ver / 8RO 8 2n8 iR rk 1983C JraRdHPBnt hen QP tRY &nCRAed e Wanel ot
signak is. upconverted.to 10. 7 Nz, bandpa 15 filtered, limted and

quadr 3t ur BYEREENT 1€ “iedoqRiehslitty LSRR BABe i tbforiess 2 R roe ¢ ne
vol t age PN of;; ¢t L i I i [ V:oC by
perform Eg%%?@ncﬁgspﬂghﬁec{ 2{? ibgﬁ@e?'h‘gg%utt%ﬁt @%ﬁor?ﬁiet%cﬁetlgcp (Q)ér@?% net wor k
832 will @bkl tthei biipigal NRIZSénfdréidiforheTads entb@ed edfaCiP Lurierpoi nt's of
the three frequencies from20 the transmtter occur at different points on
t he di scrpadsedt throigh aubasdopashdileradbkiak & Xbiih Figuei &)ethati finphnes

detector. This detector output is provided to variable aperture decoder
836, eg.,a a0 sirargei phesgyurhafts to wiecgncededr datastieant.i diial phase ¢hifs

wavef orm 25 Qutput, signals fromyariabl e in anplifiers 8 and 822 are
arrpli udetrﬂ??ﬁ% B¢ og’é'ﬁ)‘gliaﬁéyaﬁlﬁ‘l‘?%‘?j %o V%?Tatgé'?r 38%41’8?\’&“8%@}‘%&“& spr ead
spectrum de to 840. e d.spectr enpduyl at or . be of
convent i o‘g%ﬁrgnfg{é’ (gnggie\rg%% S %&{)&I 5§$¢i‘§?u8§sgag‘6ﬂgb% ':B%élﬁglagﬁ ftlggfvii gital
convertera8 b; a | ;P! A€ hAythe in-phase "1"
si gnal pa‘?h?)%gdgﬁgsi bfllthegﬁgl bcf)eg%?éedg t? gé}gggezggg (?Lf; bé‘?‘giﬁtfgpntggnverter 852,
one bit deimpoiédisanddmidt privide 8hy ithet REddbandhasgndlQcophPdweentpalhe a
conmbi ner 860, correlator 864, and | ow pass filter 866. Miltiplier 846

pr oduces aeutputit@lithisddandpastudiltey @ 3 sihusivslad pignal swighala aadiable del ayed

| path signal fromdelay 844, 5 Multiplier 856 simlarly produces an out put
dot b?odﬁrl%‘i‘-gﬁahls(ﬁ’@#’?n hbaadpats ﬁ%@ﬂjaﬁug*t& Aelineghgplnss gifdr¥ assi st
carrier dg rotation to renoye the l.er. f.requency.shift fr the .l and Q
cfonars. ChasebBHeDR. e r Ao piad” BRI Eshib S JHC e ein L sifrie o
can be a e . -\ S t | 14N Q: 1 0 The
recei vedcg\s{%?%agrdg{édgﬁ% gﬂggfrjrﬁgamrltg :jg ggﬁeélgﬁgBQS%‘g&\?\ﬁdhgg%éf %rngnggn PN
code. Theyd QfterPNhag6lencduaiedn rd fRiqueicd” deddilte@t offeyi FadRocor rel ation
with the incom ng PN code using known circuits. Filters 824, 826 in both
the | andréquemnngREFarearhias efemdrdndmissior oovdrn la dramgnisséeonackedrared.

signal. Qutput pulses fromcorrelator 864 are 15 | ow pass filtered by unit
866 2@ produce a signal suitable for an automatic frequency control (AFC)

of | ocal spread cl oscjllator 8L2. Unit 864 correlates the ase of the
i nconmi ng PN sequeng\g}i‘ﬁ‘ ffh%rte the? ﬁ?‘ér& AR Clangs 1n ﬁb@ef’(}%ﬁ’d‘%re
synchroni e 8sp o] Ks.a a riye m t he
same ref e‘%gﬂe_cfg?@d ﬁhg%%g%ééjg ﬁﬁ:e%g)galgg? gca “%%0?5 ‘figoa{i:%%l%r%eg_yt%e{gdgta cl ock
is also %Fe%‘x‘éé e;Shas'Er 2OReTshl n 390tHLERINEF R/ NSHoWRI ZRtBI8RKI F18Chrig¥ed in
this manner. A7 ocal clock generator 870 provides a Spread C ock to

correl at dfiﬁﬁﬁﬁ shifted Bhiral Asoclonilsinddcatlethe8datpihefsphiedsipblasek is the

phase of the clock with )
25 modulator to have a constant envelope signal that has periodic phase

reversals . This signal is then applied to bandpass filter 720, which
imparts a 90 degree phase shift to the input waveform. In this regard
it is noted that if a square wave (one high and one low bit) is passed
through a bandpass filter the point of maximum or minimum

30 amplitude will correspond the the center of the bit period



wi th recei ved PN sequence and the | ocal PN sequence fully 25 synchrfqiéﬁ;ﬂ?m
. To achi eve synchronism the phase of the |ocal PN clock has to be elth
advanced or retarded until the signals are naxinmally correl ated. 1 1 SEP
2002 18 Network 840 is a very effective denodul ator for FSK, MK, PSK and
QPSK nodul ations. Al npbst all these nodul ati on schenmes are used in current
spread spectruminpl enentati ons available 5 commercially. Transmtter and
recei ver spread spectrum signal procesdsihg architectures using a conpressed
datastream wi th any type of spread spectrum ot her than that disclosed may
be used in 10 conjunction with variable aperture codi ng/decoding in
accordance wi th theApmieoeiver esf ohe t VA Qreasmded signali ocludes ani impuiedi at e
frequency (IF) or single/double conversion schemes may be used at a

recei ver, linpar ephaser dglayxeangpase fltenite apmoyei watsehdpand magnadle used at

transmtters, for ex | e. t hou an, e |l e of. a 900, Vhz 15 carrier

f r equencyCOBPORENEy s ewlﬁlé@sﬁeglﬂte@i e Pﬁipot%‘?‘gn@ht%lt‘g’cf%:rewt‘laﬁo%éhﬁer
frequegnci es _abov 0,Kh bg..used. S ~2 19 . CLA 1. In a
syste fo?evﬁfﬁecse_@?naﬁaﬁeg%u?’%a?%i ﬁgiﬁ gg}pa%feade;tﬂ] ﬁ'ge éléﬁ?ﬁ&y ftb’F\"/BbQ%_duci ng
a coded Ofg'és&“tin%%qg%r a31c8r fng éo&aﬁ§nﬁtt8ﬂaﬁ§ﬁs' Feverer ?E‘H&ﬁr ré{l‘&é‘sd' ng a
| ogic stafe of s i'nput signal, conprising the steps of generaiting a
first pulgr Whedtin&@egdihi theWrédeifedr fACEESIFhNES Bidr pbiaityMdangai d i nput
signal represents no change of said paraneter; generating a second pul se

wi dt h codpolints t frehernvalaage ipealt psinfsal THe adiffgrentietirs ia fallesved yipe of
change in said paranmeter; and generating a third pulse width coded bit when
sai d i npuimdtiggalemplpries it & Qadsamreypbasy dataeigs fhatsarts fer ameee9 |
wherein said first to third hits are different .fromone another. 15 2. A
met hbH acti@saiTtey desegios ik, Renaherey Lnpgiodal afReaueney algmiﬁgarq Gade

Logic stale fE SaduiBNt AR el LICSEoRUORARE FIoge e |00

state change| “direction, sal econ ge 1s a logic
Clai m 1 e e A KB Pty e R e i ed &
first cod@iddh,tdecreases bit width, or leaves the bit width unchanged as
discussed previously. Since the zero crossing points occur at different
15 frequencies, the output of the detector will be an NRZ signal with
varying bit widths corresponding to the transmitted encoded signal.
This signal is applied to a decoder to re-establish the proper bit

sequences to replicate the original transmitted NRZ data.

20 Figure 2 depicts a variable aperture coder in accordance
with the principles of the invention. An input NRZ bitstream to be
VAC encoded is applied to a “D” input of a flip-flop 210, eg., a
commercial type 7474 flip-flop, cascaded with a second flip-flop 212.
Outputs of these flip-flops are connected to a logic network arranged

25 as shown, including exclusive-OR logic gates 216 and 226 (type 7486),
inverter 218, AND gates 220 and 222, OR gate 224, logic high speed
counter 230, J-K flip-flop 236, and a divide-by-nine frequency
divider 240 which provides a clock output to clock inputs of

associated circuits 210, 212 etc..



with a predeterm ned reference bit width; said step of generating said

. second coded bit produces a second 25 coded bit with a first predétbﬁﬁfﬁ@y
change in bit width relative to said reference bit width; and said step of
generating said third coded bit produces a third coded bit with a second
different predeterm ned change in bit width relative to said reference bit
w dth. AMENDED SHEET ~ 1 SEP Z02 20 4., A nethod according to claim 3,
wherein said step of generating said second coded bit produces a second
coded-bit with a predetermned increase in bit width relative to said

f bit 5 wd i d i ty Si I hi,bi t | ogi t h
[ one di recti on: ahUPaPRe <2 b i Ghve o EP e S 4 R c8flec 2B por oauces
one n; al . et |
ai o ref craginis Wholiel LRSI BLAT T ITRTTNG L nid, 'UOR 18 15, °

change i nrapgtibar ifi HaCtinpt da@shreath. Meldieg 2ZCONINDAD ¢hwdre3,2 vier ein
said step of generating said first coded bit produces a first coded bit

enconpassimp ex-PRededter 2RGedogathieer with dlipeRoper 2 blisandehl Zased theput si gnal
does not exhibit a logic state change; said step of generating said second
coded bi tfrequeneyesividescmitosi{8cstied, bli)t oénkighpapeed caurper i@ rthiahdd

i ncrease i.n cl ock perjods _when said input signal exhipbits a lqQgic state
change irFIB?JéE(giarteéthé’ﬁf( frequsary Gat SoferbéH@%t‘i%ﬁgcg}ﬁﬁﬁ SPREH duekshida bi t
produces t.hird ded hit.enconpassi a Hpredet.erm,ne ease i.n,cl ock
peri ods vﬁﬁér}’lg’é)lydgﬁnﬁﬁppﬁrbsr?& 4 xﬁf%’ifpogjsazﬁggﬁgds?i?e ghgprég cRCaded her
directio A CGQr dj 0.¢l @ el R:Salxg first coded
bi t enco%aéégéga% ngije}tggr% Cr@dggpg%ltlg Sgr@ggng?t%l\gq]?fsgggﬁgﬁéded bi t
encoppasses N + 1 clock periods; and said third coded bit enconpasses N1
clock periods. 25 7. A nmethod according to claim®6, wherein Nis less than
15. 8. A nethod acdfigiireg3t shawsitinel entodehdogmoremployed blyetls¢ ep of 3o
processing said coded out But signal by a spread spectrum system AMENDED
SHEET network of Figure to produce the various frequency divider factors

employed by the Figure 2 network to control high speed counter 230

which performs the bit width variations shown in Figures 5 and 6.

15 The output of counter 230 is passed through J-K flip-flop 236 so that
the output of flip-flop 236 represents the bit transitions of the
original NRZ bitstream waveform at the middle of a bit period of the

encoded waveform as shown in Figures 5 and 6.

20 Figure 6 illustrates an input NRZ datastream to be VAC
encoded as applied to input flip-flop 210, and a corresponding output
encoded data waveform as produced at the output of flip-flop 236 in
Figure 2. In Figure 6, the encoded data waveform exhibits a nominal
bit width of nine clock cycles. This nominal bit width remains

25 unchanged when the logic level of the input NRZ waveform does not
change. When the input NRZ waveform changes from a 1 to a 0 logic
level at time T1, the width of the associated bit (bit 1) in the output
encoded datastream is reduced by one clock cycle to produce a bit
width 8 clock cycles wide, as shown in the VAC encoded data

30 waveform of Figure 5. That is, the bit width is reduced by 1/9 of the



1 1 SEP 20i 21 9. A nethod according to claim8, wherein said processin
.step includes the steps of nodul ati ng sai d coded out put signal 0|n1$E¢E’a2Q%2 er
to produce a nodul ated signal; and 6 m xi ng said nodul ated signal with a
pseudor andom noi se signal to produce a spread spectrum signal; and
transmtting said spread spectrumsignal. 10. A nethod according to claim
9, further including the step of 10 | ow pass filtering said nodul at ed
signal prior to said mxing step. 71. A 3ecoding nethod for producing a

decoded dgéashiledit fp’é?iﬁdi._ VEREh Ve l?ﬁfaﬁtt N¢RD Sk} eTobmt @efiRs i sing first,
second, and third pulse width coded bits representing changes in a

par anet erundhaged, reg.¢ifoedtha tpetiodaincluding ~timed @29 dibieg widthhodf ¢hepri sing
the steps of generating a first data conponent representing no change of
sai d par aa&soeratednbtteigdngé ramainsi ugchenged friom ofhep medeined nbiteavidith at i on;
generating a second data c& onenﬁ re resentﬁsi ng a first type of change in
sai d par SRAGAPATHNE cBIEN §L0Gk cygles. sEEReN heqEpWi NREAnWaysfekner ating a

third.d ' di ff d type.of ' id
par anSt orhAAGeR clBh<L UL IS il DEIF I8 Ebcibie 151 30 OHoReRm G o0

ggf g;? Ir ggarstﬁtac%@h nbiéll%(b%@r) i ! guﬁ%&tﬁ{éﬁ%@ﬁehs d%ﬁs?r%ia?n siai g Q@R out put

Sal rrst’data conp represents no change in Said
| ogi ¢ st aforiclodecgRtt 48t rodRiFBONCHIt WERhe3ONERCR EPREewide. SThdt 091 €.
state in dne direction; and said third data conponet represents a change in
sai d | ogithesbit evidth aisotihereased elgy | Y9 38 AMHEMNIDMIAHENE pediod. SEP 200 z2
13. A nethod according to claim1l 1, wherein said first coded bit
enconpasses N predeterm ned cl ock periods; said second coded bit

enconpasses N + 1 clock ri.ods; and said third coded bit enc asses N-1
cl ocﬂBperi ods. 5 1pgureIo 11fistrates a ‘decoder 480 at a receiver. The

received variable bit width bitstream from a zero crossing detector is
synchronized with the receiver’s clock by a D-type flip-flop 410. Edge
detection is accomplished by a network including flip-flop 410 and
exclusive-OR logic gate 412, which tracks data (edge) transitions. The
15 output signal from gate 412 is used to reset a 7-bit counter 416 which
is clocked at 72 times the NRZ data rate. The output of counter 416 is
applied to a detector 420 that indicates when unit 416 has reached a
count of 80. This condition represents a unique count in that it
represents the reception of a logic O level followed by a logic 1. This
20 signal from detector 420 resets 7-bit counter 422. The output of ex-
OR gate 412 represents detected edges, and is used to load counter
422. After counter 422 is reset, it counts to 32 (4x8 clocks) and resets
again. This operation resynchronizes the counter with the beginning
of the next data bit. A new constant is loaded into counter 422 from
25 unit 432 on every detected edge. If the detected edge occurs at a
count of 32 (as determined by detector 428) after a reset, a value of
88 (128-40) is loaded into counter 422 from unit 432. If an edge is
detected after 40 counts (as determined by detector 430) after a
reset, a constant value of 96 is loaded into counter 422 from unit 432.

30 The loaded constant values 88 or 96 are chosen so that zeroing of



14." A decodi ng nmet hod according to claim 11 further conprising th? Ssépe%nof
.mxing said received bitstreamw th a reference signal to produck

frequency downconverted bitstream frequency denodul ating said
downconverted bitstreamto produce a denodul ated signal; and decoding said
denodul ated signal in accordance with said generating steps to produce said
first, second and third data conmponents. ~ 5 15. A decodi ng nethod
according to claim11l, wherein said m Xi#g step includes the step of phase
shifting s@hptel €429 Vzgg;e%i Esétr?ﬁé”stthtpdeﬁh%e Bt %‘cb&ﬂeﬁuagfaatﬂif € ANAESS
signal s; processing quadr at ure signal y means of a spread spectrum
denodul at flipfRopPedues wic@EY 0ol reseonR); d@pdne%ﬁabm wheghé@iad 320buat

signal to said mxing step. AMENDED SHEET

Y. AF, . AU. &Y Adh conat .iA! déteEtetd bAl ufRtsA422 A. 4Q8A{anﬁ A3S. AlheAyoagABgir u&i 8~
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and d1fferent1a1 encoders are fundamental to the generation of spread
spectrum systems. The output signal from mixer 722 is constituted by
25 RF component fRF and the pseudorandom noise component PN in
accordance with spread spectrum practice, and the VAC encoded
information. This signal to be transmitted at a frequency ftx is applied
to a transmitting antenna 734 via transmission interface and output

networks (not shown to simplify the drawing). A local clock generator
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n the case of a 900 Mhz system for transmission in the

5 902 Mhz-928 Mhz band for example, the following signal
characteristics apply:
fTX: fRF + PN + fc +fb
for fTX = 905 Mhz, fRF = 894.25 Mhz
NRZ data: 1.5 Mbps

10 fc: 10 Mhz
fb: 710 Khz, 750 Khz, 794 Khz
f=rf: 84 Khz

In the spread spectrum receiver 800 of Figure 8, a

15 received signal from an antenna 802 is bandpass filtered by filter 804
to reject out-of-band signal components. The filtered signal is
amplified by a low noise amplifier (not shown to simplify the
drawing) before being split into two paths by a power splitter (not
shown). The split signals are applied to inputs of mixers 806 and 808.

20 The mixers are respectively provided with mutually quadrature
phased input signals from a network including a local oscillator 812
and a phase shifter 808. The frequency of the local oscillator signal

fRF is used to downconvert the received signal to baseband.

25 Baseband quadrature output signals from mixers 806 and
808 are respectively high pass filtered by units 816 and 818 to
remove frequency components from DC to about 30 Khz before
passing these signals through having 75 db of gain and about 65 db of
gain control range. The variable gain amplifiers provide gain to the

30 Dbaseband signal, which when received is weak and is converted to
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5 filter capacitors in block 820 can adjust the lowpass cut-off frequency
depending on the chipping rate of the PN code. Within the passband
ofthe bandpass filter there will be the basic PN code, Doppler
frequency due to the non-synchronous nature of transmit and receive
local oscillators, and the frequency shift keying (FSK) signal due to the
10 variable aperture signal on the tranmitter voltage controlled oscillator
(VCO). This FSK signal is filtered for all the PN signals and applied to a
two-pole bandpass filter 830. The output of high pass filter 830 is
applied to an FM receiver/demodulator network 832 of conventional
type, where the input signal is upconverted to 10.7 Mhz, bandpass
15 filtered, limited and quadrature detected. The quadrature detector in
network 832 converts the voltage peak points of the received signal
to bit polariy changes by performing zero crossing detection. The
output of the detector in network 832 will exhibit different pulse
widths because the zero crossing points of the three frequencies from
20 the transmitter occur at different points on the discriminator “S”
curve of the quadrature coil associated with the detector. This
detector output is provided to variable aperture decoder 836, eg., as

shown in Figure 4, which restores the original NRZ data waveform.

25 Output signals from variable gain amplifiers 820 and 822
are amplitude limited before being applied to filters 824 and 826 and
a spread spectrum demodulator network 840. The spread spectrum
demodulator may be of conventional type, and in this example
includes a one-bit analog to digital converter 842, one bit delay 844

30 and multiplier 846 in the in-phase “I” signal path, a one-bit analog to
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109&' () - 410084 §66. LMOB(&bldér 846 produesdbEdVioutput “dot product” (QeI) of
the Q path signal and the delayed I path signal from delay 844.
5 Multiplier 856 similarly produces an output dot product signal
(I*Q ). These dot products of the I and Q signals assist carrier de-
rotation to remove the Doppler frequency shift from the I and Q
signals. The correlator responds to a locally generated PN reference
that can be advanced or retarded with respect to the incoming PN
10 code. The received spread code is compared in correlator 864 with a
reference PN code. The local PN code is advanced or retarded to get
maximum correlation with the incoming PN code using known circuits.
Filters 824, 826 in both the I and Q channels are baseband filters for
filtering the baseband signal. Output pulses from correlator 864 are
15 low pass filtered by unit 866 to produce a signal suitable for an
automatic frequency control (AFC) of local spread clock oscillator 812.
Unit 864 correlates the phase of the incoming PN sequence so that the
transmitter and the receiver are synchronized. The spread clock and
data clocks are all derived from the same reference so that once the
20 spread clock is acquired the data clock is also acquired. Transmitter
and receiver synchronization is achieved in this manner. A local clock
generator 870 provides a Spread Clock to correlator 864, and a Data
Clock to decoder 836. The spread clock is the phase of the clock with
with received PN sequence and the local PN sequence fully
25 synchronized. To achieve synchronism, the phase of the local PN clock

has to be either advanced or retarded until the signals are maximally

correlated.
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10 PSK and QPSK modulations. Almost all these modulation schemes are

used in current spread spectrum implementations available

5 commercially.

Transmitter and receiver spread spectrum signal
processing architectures using a compressed datastream with any
type of spread spectrum other than that disclosed may be used in

10 conjunction with variable aperture coding/decoding in accordance
with the principles of the present invention. Zero intermediate
frequency (IF) or single/double conversion schemes may be used at a
receiver, and either direct drive or mix and drive schemes may be
used at transmitters, for example. Although an example of a 900 Mhz

15 carrier frequency operating system has been given, implementations

with carrier frequencies above 50 Khz may also be used.



10f "109%& ()- "109%& ()- " 10%& ()-

109 ()-!10%& ()-t!10% () - MDMVNBN| NOJEVK@ 10

10+ 109& () - *y#10%& ()-f&10%& ()-$! 109%& ()- ! $109%& ()-3 109&4 (1) SEFTM
Q0 QG @10 10%: ()-, %0%& ()-F 10 10

10<$109%& () - 4! 109%& ()- 2" $10% ()- j QU Rt RR@IEL@

10! 3" 10%& () -f 9! 10%& () - ni 10%& ()-  10%& ()- ! 10%& ()-

10%& () - @y SSTTTAUJEb@ 10! S#3" 10%& (}2 ! npA0%& () -

"109%6& ()-3"109%& ()- fZ"10%& ()- ! 10%& () - #UnUU WMMAABL @

10! 11 10%8& ()-/110%& ()- ."10%& ()-!C*s$10%ba& ()-' ! 10%& () - 3%
"10%& () - MAWKXXXXXYb@ 10! " 10‘V%§0‘V@&' ()-F 10b 10b 10b<-#10%& () -
S5" 109%-&' () - 3@10%& ()- YYSZZZZ"[ !

| 10%08' () - &10%0% () - 3L! 10908 ()-ff 109%0% ()-! "10%008 ()- 10%08 ()-
"IB[[/\\\]}"?b@ 10&" 10%0& ()- % 10%%' ()-!10 YIAOU& ()- !

YY0%&' ()-" 3! 10%& () -In a system for processing an input digital datastream, a

5 method for producing a coded output signal as a function of a change in a
parameter including a logic state of said input signal, comprising the steps of
generating a first pulse width coded bit with a predetermined
duration when said input signal represents no change of said parameter;
generating a second pulse width coded bit when said input signal
10 represents a first type of change in said parameter; and
generating a third pulse width coded bit when said input signal
represents a second type of change in said parameter, wherein said first to third

bits are different from one another.

15 2. A method according to claim 1, wherein
said parameter is a change in the logic state of said input signal;
said first type of change is a logic state change in one direction; and
said second type of change is a logic state change in a different
second direction.
20
3. A method according to claim 1, wherein
said step of generating said first coded bit produces a first coded bit
with a predetermined reference bit width;
said step of generating said second coded bit produces a second
25 coded bit with a first predetermined change in bit width relative to said reference
bit width; and
said step of generating said third coded bit produces a third coded
bit with a second different predetermined change in bit width relative to said

reference bit width.
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0%@ & () -34"10 @éié %te@%? g‘g%egting gaig se%olljwd coded bit produces a second
coded bit with a predetermined increase in bit width relative to said reference bit
5 width, when said input signal exhibits a logic state change in one direction; and
said step of generating said third coded bit produces a third coded
bit with a predetermined decrease in bit width relative to said reference bit

width, when said input signal exhibits a logic state change in another direction.

10 5. A method according to claim 3, wherein
said step of generating said first coded bit produces a first coded bit
encompassing a predetermined number of clock periods when said input signal
does not exhibit a logic state change;
said step of generating said second coded bit produces a second
15 coded bit encompassing a predetermined increase in clock periods when said
input signal exhibits a logic state change in one direction; and
said step of generating said third coded bit produces a third coded
bit encompassing a predetermined decrease in clock periods when said input
signal exhibits a logic state change in another direction.
20
6. A method according to claim 5, wherein
said first coded bit encompasses N predetermined clock periods;
said second coded bit encompasses N+ 1 clock periods; and
said third coded bit encompasses N-1 clock periods.
25
7. A method according to claim 6, wherein

N is less than 15.

8. A method according to claim 1, further comprising the step of

30 processing said coded output signal by a spread spectrum system.
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10. A method according to claim 9, further including the step of

10 low pass filtering said modulated signal prior to said mixing step.

11. A decoding method for producing a decoded datastream from
a received bitstream subject to comprising first, second, and third pulse width
coded bits representing changes in a parameter of said received bitstream, said
15 decoding method comprising the steps of
generating a first data component representing no change of said
parameter, in response to a first coded bit of predetermined duration;
generating a second data component representing a first type of
change in said parameter, in response to said second coded bit; and
20 generating a third data component representing a different second

type of change in said parameter, in response to said third coded bit.

12. A decoding method according to claim 11, wherein
said parameter is a logic state of an output datastream;
25 said first data component represents no change in said logic state;
said second data component represents a change in said logic state
in one direction; and
said third data componet represents a change in said logic state in
another direction.

30
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demodulated signal; and
decoding said demodulated signal in accordance with said

generating steps to produce said first, second and third data components.

15 15. A decoding method according to claim 11, wherein
said mixing step includes the step of phase shifting said received
bitstream to produce mutually quadrature phase signals;
processing said quadrature signal by means of a spread spectrum
demodulator to produce a control signal; and

20 applying said control signal to said mixing step.
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