-1- T . 2215965 NON- COHERENT PATTERN DETECTI ON

BACKGROUND ©F .THE PRESENT | NVENTION 1. FIELD ©F THE | NVENTION This

i nvention relates to the field of phase encoded pattern recognition and the
use of ¥digital techniques to performspectral analysis on phase encoded 5
signals. 2. BACKGROUND ART Communi cation of data information on tt@ﬂcﬁ 5396
networ k between a sending and receiving stgqtion is typically acconplished

wi th a nmodem (nodul at or/ denodul ator). A nodemtransforns digital

i nformati on by nodulating it ac 3 BOTE

This nodul ated data is transnitted to a receiving nodem where it is

denodul ated to produce thm nsm ssi on of
data froma transmtting BACKGRO ' %ﬁmg&&éé—offf phase
encoded tones are utilized to provide set up information to the nodens.
These tone sequUBIRID ORPHESRIWENTIGNPatterns and are known as "hand shake"
sequences. One particular hand shake sequence is known as the V.22 bis.
modem handshake sequence. In order to receive the hand shake signals, it is
necessary to acquire, detect and decode the hand shake sequence. The hand
shake sequence typroilinyertionrelates to theficld efphasernicaded pattemnrecpgnition and
prior art, a goherent .. gr.clock recover.ed, detection sche s utilized.
These pri or afte it ctiedat Rl B PREPin BRctfa] enplnl GLRbseceTpyed sfepris.
the | arge dynam c range found during the hand shake sequence. In addition,
prior art detection schenmes are dependant on the particul ar, nodul ati on
techni que uti Ri BACKGROUND ARTef ore al gorithm dependant. Further, prior
art coherent pattern detection schemes, because they are dependant on the
nodwlat i on techni gue, do not operate effectively or quickly in a noisy

envi ronnent. Thus, _coherent ,detectio . . _
_ : Communication of data information on the voice network between a sending

and receiving station is typically accomplishéd with a modem |
(modulator/demodulator). A modem transfofms digital information by
modulating it according to a well known modulating scheme. This modulated data
is transmitted to a receiving modem, where it is demodulated to produce the
original information. During the transmission of data from a transmitting modem
to a receiving modem, a series of phase encoded tones are utilized to provide set up
information to the modems. These tone sequences represent data p#tterns and are
known as "hand shake" sequences. One particular hand shake sequence 1s known
L/ as the V.22 bis modem handshake sequence. In order to receive the hand shake
signals, it is necessary to acquire, detect and decode the hand shake sequence. The

‘hand shake sequence typically consists of phase encoded information.

" In the prior art, a coherent, or clock recovered, detection scheme is utilized.
These prior art detection schemes suffer from the time required to acquire the large
dynamic range found during the hand shake sequence. In addition, prior art |
detection schemes are dependant on the particular modulation technique utilized
and are therefore algorithm dependant. Further, priof art coherent pattern
detection schemes, because they are dependant on thé modulation technique, do not

operate effectively or quickly in a noisy environment. Thus, coherent detection



v

.-2- tequires a large anmount of code to detect the various signals. In
addition, the coherent technique -requires nore tine to acquire the*desired -
pattern. Therefore, it is an object ‘of the present invention to provide a +
fast method for pattern detection. It is another object of the presentys
invention to provide a nethod of patrb?ﬁ'detection which is not hardware or
firmvare intensive. It is yet another object of the present invention to
provi de a nmet hod of recovery which does not require a data cl ock. - 3-

SUMVARY . - ' t ok egent ..l.nvention there
i's pr ovit I%E% rarBE%C'. ‘%‘%"I}I\égg&%\# ﬁé&g{ng‘lﬁ ( éﬁqﬁsf%\%& n%‘ng%l'gﬁ}é‘r g‘ﬁt_ patterns
in a phkaRérentiéchnfshe tea%awe_s ntoié dihe 9 ARGhiYe Mtk dadirdPpatterale recei ving
channel for receiving said input signal and detecting one of a plurality of

spectral lines; said recei ving channel conpri si ng denodul ati ng
‘means for receiving said input signal and one of a plurality  of
modul ating  Jhgrefere, it isandobjectrnf tha presentinventiondepravidesa fast aethpdfosi gnal

toabaspeat%?x(ljdseke%ﬁglnf first filter means for receiving said

1t is another object of the present invention to provide a method of pattern

detection which is not hardware or firmware intensive.

It is yet another object of the present invention to provide a method of - v/

recovery which does not require a data clock.



baseband signal and for filtering said baseband signal and providing a
first output .ixn a desired frequency range; squaring means for receiving
saisd fi.fst output and for squaring said first output and providing a power
si gnal ;i_second filter means for receiving said power signal and for :
filtering and averagi ng said power signal, said second filter neans

provi ding a second output having a nagnltude detecti on neans for receiving
sai d second output and for outputting a dlg?ral si gnal when said magnitude
of said second output-is greater than a desired |evel; decoding nmeans for
receiving said digital signal_ _and _for _decodi ng id_ digital signal
and provi ding one of a plural & ‘ 2L Y &ependi ng on the
val ue of said digital signal. Further accordlng to the present invention
there is provided a Ah%Wf%l ol d@ﬁgckr@gen%nq J%ﬂgfgﬁnéghre is
non- coherent patterns of a phase engbdéd npu irgnhal “conmpri-sing

plurality of retxovidgd chaehrseit for dedeicrimg sndd iﬁmt—lﬁY?gmal nand

det ecting one of aopletedt | palkesRECIiA! 41 SPase encoded input signal

( ’ . comprising:

[ ' at least oné receiving channel for receiving
! said input signal and detecting one of a plurality of
spectral lines; _ ' '

' said receiving channel comprising

U ' demodulating means for receiving said input signal and
one of a plurality of modulating signals, said
demodulating means translating said input. signal to a
baseband signal;

‘ first filter means for receiving said
baseband signal and for filtering said baseband signal
and providing a first output in a desired £frequency

: range;
§ _ squaring means for receiving séid first
output and for sqguaring said first output and providing
a power signal; '
~ second filter means for receiving said power
signal and for filtering and averaging said power
N signal, said second filter means providing a second
output having a magnitude;
detection means for receiving said second
output and for outputting a digital signal when said
magnitude of said second output is greater than a
desired level; '
decoding means for receiving said digital
signal and for decoding said digital signal and
providing one of a plurality of pattern detect signals
- depending on the value of said digital signal.



v

each of said receive channels conprising; denodul ati ng neans for receiving
sai d i nput signal and - oneg of. a plurality of modul at i ng f requencies, |
sai d denpdul ati ng neans transl ating 'said input signal to a baseband signal;y
first filter neans for receiving said baseband signal and fifter&gg
sai d baseband signal and providing a first output signal in a desired’
frequency range; squaring nmeans for recefigwvi-ng said first output signal and
for squaring said first output signal and providing a power signal; second
filter means for receiving said power signal and for filtering and
averagi ng said power siFmradlheendagcovdiingg o sébendoresent dnyealtibavi ng a
magni tude; deheGld on dTeansedfied eoEl Vi Ny sl seegad AUkRUE1ALONahgaNd o
detecting said nmagnitude of sald second output signal and providing a -
di gi tal signdidemdifydng | RERTEPheRPRE PATLETRR Oh Sai Phasgnencd sai d
second out putj nPudN AignEATHoNPIA sTBRyts for receiving said digital signal -
fromeach of said receiving chggnels and for congining said digital signals
o hf

into a digital word; d&od IhE t M [ e FECEANGTGai CRRAYELS WEPF and for
decodi ng sai dediedivtizlg weatldanthputovisdighglonandf detalatrialg t pnef afit put s

- dependant Onﬁid@ﬁff%iﬂbf spectral lines;
| each of said receive channels comprising;
demodulating means for receiving said input
signal and one of a plurality of modulating
frequencies, said demodulating means translating said s
input signal to a baseband signal;
first filter means for receiving said
baseband signal and filtering said baseband signal and
providing a first output signal in a desired frequency
range; '
squaring means for fecéiving said first
output signal and for squaring said first output signal
and providing a power signal;
_ second filter means for receiving said power
signal and for filtering and averaging said power
signal and providing a second output signal having a
magnitude; ' | ) '
_ detection means for receiving said second : k;
output signal and for detecting said magnitude of said
second output signal and providing a digitél sighal
'_ having a logical value dependant on said magnitude of
said second output signal; _
' _combiﬁing'means for receiving said digital
signal from each of said receiving channels and for
combining said digital signals into a digital word;
decoding means for receiving said digital
word and for decoding said digital word and providing
'oné'of a plurality of oﬁtputs dependant oh a value of



said digitat word, each of sald plurallty of outputs representing one of a
pluality of .patteérns. Also according to the present invention there is
pravided a method for detecting a pIurallty of non- coherent patterns of a
phase eggoded i nput signal conmprising the steps of: denodul ating said

I nput I'gnal with a nodulating function to translate said input signal
to a baseband signal; filtering said baseband-g,gnal to provide a first
output signal in a desired frequency range; generating a power signal from
said first output signal; averaging said power signal and providing a
second out put signadidagi gtalrr&gaat,U%crﬁ%tfectsaﬂdstramayt d¢e cutphuts
providing a digital ue when sai d magnitude

h t I
is greater than a ’Ef"e%’f?q %“‘Pe‘?%: nrg%l&%lcﬁrsrﬁl £Rs ﬁa A * and providi ng

one of a plurality of pattern detect signals dependlng on the val ue of said

digital signal, each of sai g’h Qét&gébx{éjﬁ{icéo HI P eberd € VRAG I £1Q2e

of said pIurallty of non-cohéerent patt
is provided a method for detecting a plurality of non-

coherent patterns of a phase encoded input signal
comprising the steps of: , |

demodulating said input signal with a
modulating function to translate said input signal to a
baseband 51gnal,

filtering said baseband signal to provide a
first output signal in a desired frequency range;

generating a power signal from said first
output signal;

averaging said power signal and providing a
second output signal having a magnitude;

detecting said magnitude and providing a
digital signal having a first logical wvalue when said
magnitude is greater than a desired level; '

decoding said digital signal and providing
one of a plurallty of pattern detect signals depending
on the value of said digital signal, each of said
pattern detect signals representing one of said
U plurality of non-coherent patterns.



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a block diagramillustrating °
a time multiplexed recei've channel. Figure 2 is a block diagfam _
illustrating the final stage of the-preferred enbodi nent of the present
invention. Figure 3A - 3 D are spectral representations of non-coherenty
patterns detected by the present inventio DETAI LED DESCRI PTI ON THE
PRESENT | NVENTI ON The net hod and apparatus for digital non-coherent

patterns is described. In the follow ng description, numerous specific 7
details, such as spectral BRIEEDFESORIBTION QRTHEIDRAWINGSet forth in order
to provide a nore thorough description of the present invention. It wll be
obvi ous, however, to one skilled in the art, that the present invention nmay

be practiced wt t kool ilesie 4 RoQt.her. iinstances. wel I’ known
features have not Baen flggg@?ggy é%nggilgthﬁ\lgni g?‘%e'?‘.’ﬁfﬁle’fef{ﬁ‘fﬁ'&é:g'gﬁhl y
obscure the present invention. The present invention may, in a preferred

enbodi nent, be directed to a digital non-coherent pattern detection schene-

i n which spect r aFigural2isiadlotk giagsamdHusithtingthefinal istapé idfi eied phefeRayi de

pattern re pd L op. 4O urality of receive channels are
i npl enent e%%ai&lgﬁgc%é %%&%‘2 g%vee?»lt$+nd frequenci es and thereby identify

. spectral lines. The input signal is denodulated wth one -of a plurality of

nodul ating frequencies [err] in each receive channel, chosen to translate

the input spectrFjgigul - 50 ﬂ@%ﬁ@@fiﬂire ?en@'ﬂimg‘&%Bﬁ%ﬁb%@kah@rﬂs%t&

filtered and the fTltered output is sduared, generating a power signal. In

t he pref err &y thebprésemtninventien.power signal is filtered again to obtain a

" stochastic average. The schene isinsensitive to the power |evel_
of incom ng signals. ' _ W/



Further, the schene utilizes the magnitude sanples thus providing a pattern
detection schene that is independent of:nodul ation technique and al gorithm
A ﬁghase_j_encoded signal such as a DPSK or QAM signal having an inplicit
patter’ contained therein, results in unique spectral lines with energy at
speci fi't; detectable frequencies. By detectingfthe spectral lines in
certain conbinations, the phase encoded pattern being sent may be

i dentified. For exanple, "unscranbled mark"”, "double dotting (S1)", and

ot her patterns may be id b X4 ' - SERITPRES Agvent i on.
The averaged signal is cg Ansh %Eegiﬁéﬁﬁ?%%( T1 g‘ﬁé‘%@‘ at the
desired spectra is present and of sufficient magnitude, a digital output of
one is provided as output. The digital values fromall channels are .
conbi ned i nto a di gi The methdd and apperatde foratigital pwn-coberend patieens|is describedc kn

The | ogic. block ha lural ity of outputs, each_ representing a ecific
patter gl A | ogi (':g? ?°®’(g‘“léi ‘235' %W’Héﬂﬂ’& ‘%Pﬁépﬁ tails, spek élﬂfg?ﬁs"i Réﬁ‘les'l

i fi tt . : : oo . b ,
DT b oxba  cp AR e nl gk 0tk B AL BB bR v

the present invegnesenn inveritionushwilldst obvidisy howeter, 106né skilled3hghekrt] that the
inputted to a fixed denpdul ator 11 along with a specific nmodul ating
frequency. The pyesendinyeptionagay bepracticed|withay thesespedficidetailsetln sthesrinstances,
power correspondi to specific, spectral |jnes. .,Therefore, plurality of | :
modul at i ng f r eqFIEkBOwWE leatyzes bale ot been deseribed i dpiaibin Prsferavol 15 srofesieriy

of spectral lin r ;1 nvention contenplates a plurality of :
channel s such ag’%tsﬁ%-ﬁc _aer#llleé?e@fﬁélag%?% 1 with one of nodul ating frequencies
[erl - [err] applied to the fixed denodulator in each channel. In the
preferred enmbodi mentme thiesdit! §hven®xomdmby, €S PHeddhRd Mibolififertd! bd REr&ited to

routine nmultiple ti s.with different nodul ating frequencies |[err] -_lerr].
P a éigr{%al non-coherent pattern éjetectio% sche%e in which[ specltral [anai)](sis

~ of phase encoded signals is utilised to provide
pattern recognition. In operation, a plurality of receive channels are implemented

to detect energy at specific frequencies and thereby identify spectral lines. The input
signal is demodulated with one of a plurality of modulating frequencies Fo-Fn in
each receive channel, chosen to translate the input spectra signal to baseband. The
demodulated signal is low pass filtered and the filtered output is squared, generating
a power signal. In the preferred embodiment, the power signal is fi}tered again to

obtain a stochastic average.

' The scheme s insensitive to _the' power level of incoming signals ,
| Further, the scheme utilizes the magnitude samples thus providing a pattern
detection scheme that is 'independ'ent.of modulation technique and algorithm. A
phase encoded signal such as a DPSK or QAM signal having an implicit pattern
contained therein, results.in unique spectral lines with energy at specific, detectable
frequencics. By detecting the spectral lines in certain combinations, the phase
encoded pattém being sent may be identified. For example, unscrambled mark",
*double dotting (51)", and other patterns may be identified using the method of the

present invention.



The out put of denodulator 11 is provided to a |low pass filter 12 which in ;
~the preferred enbodi nent is a second order |ow pass filter. "The output of
" low pass filter 12 is squared at nmultipli é;§13' The squared si gnal ’ y

- represents a power |level of the input sign The power signal provi %efg a
- stable reference point that is independent of the particular nodul ati On
techni que being used and results in an al gorithmindependent detection

schene. The power signal is provided to |ow pass filter _14. In the
preferred enbdif 3Hertged signaliis caupled to an energy detesiiblock. Jf energnadthe aver age

of the p [ (£, r d. )odi 1t anpl.es at the rate
of ono SSAfed spBtira 1€¥ B b b GyREEhERRHLTHE T iR puBTRARR 14 s
provi dedpioRiddiPadbufRite Theldigithe410¥s from & cHELRIS ardcdmBined fiftio 4 B?gigu. _
presence or -absence of energy at specific frequencies and outputs a digital
si gnal Iwowhand prawided las gnpull towadesedellogit blork. "Thie ldgiedibekikitasanplubslitprofsence
or. absence of energy. The output of energy detect 15 for each channel is

~ conbi nedoWtpuls, gach represantingca spreificpatternych dogival “ppet isprovisiedratdhe

enbodi ment. of the present invention decode .det.ect rd 17 i.s,.a four bit
vord. RePEPEE FpTERTE e SPEcE patlETY B rEd s, OUey LY, e B BY og ¢
bl ock 18, Rgpendi ng upon the value of the detect word 17, logic block 18
outputs a logical "1" or "0" on output lines 19-22, with each of out put
lines 19-22 representing a unique pattern. Referring to figures 3A-3D, a

nunber of exanpl es of non-coherent patterns spectra are illustrated. For
~exanpl e, fi guAdimanusltiplexedtreceivi channel suchias és usasl indthespieferredh figures .

1 equencDRGRE AR AR Kot P G e n At 4t TR S8 10y agg
Phe: eneriyrREASEEH Al dctfod BB lofg S L nodc WodiflulE BhgRofy, | ™"
Figure 3fhé mdéllathg frequency is selected to allow the detection of power corresponding
to specific spectral lines. Therefore, a plurality bf m_ddulating frequencies are o
' necessary to permit the detectl:ion.of ‘a plurality.of spectral lines. Thus, the present
invention contemplates a pi_urélity of channels _'such_ as the channel of Figure 1 with
one of modulating frequéncies Fo - Fp, applied to the fixed demodulator in each
~channel. In the preférred embodiment, the multiplexing is accompanied by the

calling of a routine mi.xltiple times with different modulating frequencies Fg - Fp,

_ The output of demodulator 11 is provided to a iow pass filter 12 which in the - U
preferred embodiment is a second order low pass filter. The output of low pass filter
12 is squared at multiplier 13. The squared signal represents a power level of the
ihput signal. The power signal provides a stable reference point that is independent
of the particular modulatidn technique being used and results in an algorithm

ihdependent detection scheme.

The power signal is provided to low pass filter 14. In the preferred
embodiment, the filter 14 is used to obtain a stochastic average of the power input
levels. In the preferred embodiment, samples at the rajé of one each 1.66 msec are

utilized. The output of low pass filter 14 is provided to energy detect 15. Energy



the ‘spect rum whi ch represents a transmitted "0110". This pattern has

spectral line energy at plus and mnus 150 Hz.and at plus and m nus 450 Hz.
Fi g“dre‘\s,_c illustrates a pattern known as "double dotting (S1)" representing
a trangymitted "0011". The S1 pattern has energy at plus and m nus 300 Hz
and at ‘BC. Figure 3D represents a pattern knowA-as "unscranbl ed space"

representing a transmtted "0000". Unscranbl ed space has energy at m nus
450 Hz and plus 150 Hz. Referring to figure 1, a single receive channel is
i mpl ement ed i deteke1Plolke fortheqprosaica R absinct OE efdrg§ Al bpédficfibgqWincidsanihi S
embodi ment, the nodul ating frequency 23 has val ues between [err] and [err].

The nodul at i nQutpixs @i digitrksignalnlé which hasta logitabwaluerafd'l! apld” depending on gl
to b band. Th tput of the d lator 11 is | ' it d at

{0, base band. The outPuL.l, bhe SRR AL, L) O RASE M LS SRl 0
5 201" 3 AR\ o ARkl bt £ 8 Redied bR o

filter 14 so as to achieve a s

channel is - thdPresehPitiventibn BetddedeteRrerd B Bh foddbittwbid!" Réfeiringto figure 2,
channel s may be utilized in the present invention. |In the preferred

enmbodi ment, f diecodehdetect word 17 isnipputted telpgioblsk18. Seppoading vpmy thieiwalue of the
digital word fromthe ene¥gy det e;:lg bl ock ]15. cT' c block 18 has an

inplicit filt&eteghwardily, jqgieblogk 8 gutputs & logi labgﬁh'a%puw fdP-2fo With

if there is a i ti ernol ' | ' and there are -
spectral val ugga{mhfgﬁtpqm‘gd{nésg?%?ﬁg%eggggrﬁmﬁégé%%@étion of the pattern,
these values are filtered out. On the other hand, if the acquisition of a
pattern is attenpted when spectral content is conflicting (too nmany tones),

no payter n is recofefersdg tpfiguaés JA+BD,sehumber of exdmples bf aopsceherent patterns
invention to detect unscranbled patterns in a _scranbled transm ssion

envi ronment . Bpecirasare illustrated. For example, figure 3A is a pattern known as "unscrambled
mark". In figures 3A-3D, the base line represents frequency with FC being the carrier
frequency. For unscrambled mark, energy is detected at negative 150 Hz and plus

450 Hz values with the energy at negative 150 Hz being greater than the energy at
450 Hz. Unscrambled mark represents a transmitted "1111". Figure 3B illustrates
the spectrum which represents a transmitted “0110". This pattern has speétral line

- energy at plus and minus 150 Hz and at plus and minus 450 Hz. -

Figure 3C illustrates a pattern known as "double dotting (51)" representing a
'! U transmitted "0011". The S1 pattern has energy at plus and minus 300 Hz and at DC.
| - Figure 3D represents a pattern known as "unscrambled space” representing a

“transmitted "0000". Unscrambled space has energy at minus 450 Hz and plus 150 Hz.

Referring to figure 1, a single receive channel is implemented in the preferred
embodiment of the present invention. In this embodiment, the modulating
frequency 23 has valueé between Fg and F,. The modulating function is such that it
translates the input spectra signal to base band. The output of the demodulator 11 is

! - | low pass filtered at filter 12. The output of filter 12 is squared to obtain the
‘magnitude whiéh is a power signal and this power signal is filtered again at low pass

, ' ~ filter 14 50 as to achieve a stochastic average. Although only a single channel is



working as part of a scranbled transm ssion environnent, false spectral

| ines may occur: Therefore, the filter-inplenentation of the |ogic.block
removes many of the "false" spectral lines so that the unscranbl ed patternsy
may ‘be detected. In the preferred enbodi nent of the present inventionyr our
channel s are inplemented for detecting energy at frequencies necessary*for
detection of the desired patterns. |In thje enbodi nent, the channels detect
energy at negative 150 Hz, negative 175 Hz,( for DPSK applications), -
and positive 300 Hz. Referrlng to Figures 3A—3D it can be seen that it is
not necessehawm; ol tietidl tbecapprepiatediBtatta plarality ofilchapalisemays bhavi ng

ener gy at 1 Serit0 1 RS er | Il be
obvi ous thﬁgﬂsqzéddgsnl rﬁgedlik'gner ; maylﬁg g%/et?tg ﬁé H%d] re\iﬁéenr?dlte%uwo

interest b Is aragimplement |%‘?1tasnEHﬂS’BFP’-$facﬂ?&'ﬁn‘éltsdl tgh
only a fevesetgyndetecofbloaktEs.ns are illustrated, it will be ObVI ous that
any patterns nmay be detected by providing the proper nu;nber and kind of-
channels to detect energy at suitable frequencies. Thus, a method and

appar at us for dFhg logic blogk d&ﬂ@ﬁ@ntlﬂpﬂmhéﬂm d\éudtisﬁoeqdmy lspeatratitiner i bed.
CLAI M5 1.

patterns ??Peé‘daﬁﬁag'é"ﬁ?ﬁ 3& ’?e]it\egttié "r‘]§?rg‘fr:‘gll’lagg$ﬁta!lf}{aé l’ﬁge’ggg‘j‘?‘g&gg rfﬁrﬁ]’té

recel VNG GRADAR shdinf gg@gl@@:@%&na Rt e EhEGon S RES OF 2

denodul at i pgréraaiitest alueacee YilRgedoid OR MK othef Rahd, 3N the acquisition of a

patterﬁ is attempted' when spectral content is conflicting (too many tones), no L.

pattern is recogniied' (pi'obably noise). This allows.'th'e 'pres'ent_invention to detect v
unscrambled patierns in a scrambled transmission -er'w'ironme'rit. 'Beéause it is

~ working as. part of 'a_Scrambled transmission environment, false spectral lihes may
occur. Therefore, the filter implementation of the ldgic block removes mény_ of the

"false" spectral lines so that the unscrambled patterns may be detected.

In the preferred embodiment of the present invention, four channels are

implemented for detecting energy at frequehéies nécessaryl for detection of the

desired patterns. In this embodiment, the channels deféo;:t energy at negative 150 Hz,
_negative 175 Hz,( for DPSK applications), D.C., anci positive 300 Hz Referring to
Figures 3A-3D, it can be seen that it is not riecés'sary to detect energy at 450 Hz N~
because only patlefns having energy at negative 150 Hz also have energy at 450 Hz.
However, it will be obvio'us‘ that if desired,'énerg}' may be detected at all frequencies

of interest by providing a sufficient number of channels. Further, although only a

few exampies of patterns are illuslrated it will be obvious that any patterns may be

* detected by provxdmg the proper nu;mber and kind of channels to detect energy at

suitable frequencxes

Thus, a method and apparau'zs.for digital non-coherent patterh detection has

been described.



one of a plurality of nodulating signals, said denodulatin
translating said input signal to a baseband signal; first fuwmmmjﬂi ﬂgﬂ“"l
for receiving said baseband signal and for fllterlng sai d

and prqyldlng a first output in a desired frequency range; squaring neans
for receiving said first output and for squaring said first output and
providing a power signal; second filter nmeans for receiving said power
signal and for filtering and averagi ng said deET si‘gnal , said second
filter means providing a second out put having a magni tude; detection nmeans
for receiving said second output and for outputting a digital signal when
said magnitude of said second output i|iCGLAIMSter than a desired |evel;
decoding means for receiving said digital signal and for decoding said
digital signal and providing one of a plurality of pattern detect signals
dependi ng on the ¥Yal ue of sélGlapgitaﬁog’SHGPCtlngQand identifying - of

claim-1 wherein sgbdefbhst patt&ndreans QP”&mb%%S 8nkeWeBas$nplitt efigrial
The «circuit of claim 1 having nultlp

comprising:
at least one receiving channel for receiving
said input signal and detecting one of a plurallty of

spectral llnes,

said receiving channel comprising
demodulating means for receiving said input signal and
U/ . one of a plurality of modulating signals, said

demodulating means translating said input signal to a
baseband signal; ' :

first filter means for receiving said
baseband signal and for filtering said baseband signal
and providing a first output in a desired frequency
range;

squaring means for receiving said first
output and for squaring said first output and providing
a power signal; . _

second filter means for receiving said power
signal and for fiitering and averaging said power
signal, said second filter means providing a second
output having a magnitude; -

detection means for receiving said second
output and for outputting a digital signal when said
‘magnitude of said second output is greater than a
desired level; . _ '

decoding means for reéeiving said digital
signal and for decoding said digital signal and
providing dne-of é plurality of pattern detect signals
depending on the value of said digital signal.



__Ieceivi-pg—ciannel's. The circuit of claim3 wherein each
said re hannels provides.a digirtal signal to said decodlng
“‘“m mﬁwmﬁgﬁ!@ igital signals conprise a nultiple bit digital wor

*«claim 1l wherein said digital signal conprises a fir

of the

nmeans
d. 5.~
oi 5

Ioglcal val ue when said magnitude exeeds said desired level and ‘a
second | ogi cal val ue when said nmagnitude is_|less than said desired

6.

channel s

| evel .

A circuit for detecting and idethfying non- coherent patterns of °
a phase encoded input signal conprising: a plurality of receivi

ng
IurM|ty

for, receiving_said,input signal and gdetecti one. o
of spectral I nes: eac hcﬁ EéFﬂB?‘Ece‘? e‘:(]:ﬁérﬁ‘ne](rj g‘(?r’r'ﬁg'l |ﬁ§1 (?J‘Iatlng

means for

r ecdiltiery mesins icymprisegnal lowaphssorfdltefr. a plurality

nodul ati ng frequenci es, said denodul ating neans translating said i
signal to a baseband signal; first filter means for receiving
baseband si g@al and fuﬂhﬁlrgﬁ%ﬂﬂtﬁba@ébaﬂaasmgnél havipgovimilig ol € i r st

said first output signa

~of
nput
sai d

out put si gnalydde ia {45 idHhrfd1gfluency range; squaring means for receiving
' and for squaring said first output signal
4. The circuit of claim 3 wherein each of the

said receiving channels provides a digital signal to

said decoding means such that said digital signals

comprise a multiple bit digital word.

5. : The circuit of claim 1 wherein said digital

signal comprises a first 1logical value when said

magnitude exeeds said desired  level and a second
logical value when said magnitude is less than said

desired level.

6. A circuit for detecting and identifying non-

coherent patterns of a phase encoded input signal

comprising:

a plurality of receiving channels for

receiving said input sigﬁal and detecting one of
plurality of spectral lines,
each of said receive channels comprlsing,

a

demodulating means for receiving said input
signal and one of a plurality of modulating

' frequencies, said demodulating means translating said

input signal to a baseband signal;

first - filter means for receiving said

baseband signal and filtering.said baseband signal and

- providing a first output signal in a desired frequency

range; _ _
squaring means for rece1v1ng said first

output 51gna1 and for squaring said first output signal



and providing a power signal; second filter means for receiving said power ——
signal and for fJ[terlng and averagi ng said power sigmal and p

setond .gut put signal having a magnitude; detection neans for lﬂmﬂ ﬂﬂlm y””m
secondxputput signal and for detecting said nmagnitude of said secon

si gnal “and providing a digital signal having a |ogical value dependant on

sai d nagni tude of said second output signal; ﬁggbining means for receiving

said digital signal fromeach of said receiving channels and for conbining

said digital signals into a digital word; decoding neans for receiving said
digital word and for decodi ng said dlgltal word and providing one of a
plurality of outpang gaesriddmg 6npawesl 8dgorlsaid digital word, each of

said plurality of outputs reRRNEiNGNm&nd MWLM Fbddiv A pgaisrﬁswez
The circuit of claim6 wherein_said flurallty of rece|V|qg§f annel s

conprises four. gsignal apde £prc f1lBPTing; A™A wRYeR dSEP§|tBPwﬁBrd
conprises a four @ﬂguﬂnyaﬁﬂ ppb¢iding a secdi® outputt sdigndlaiwawingieaein

said first filter %ﬁyprlses a second order |low pass filter. 10.
A net hod for detegl pl‘lurality of non- coherent patterns of a phase
encoded i nput signal detection means for receiving said second

output signal and for detecting said magnitude of said
second output 'signal and providing a digital signal
haviné a logical value dependant on said magnitude of
_ said second output signal; _
U combining means for receiving said digital
' signal from each of said receiving channels and for
combining said digital signals into a digital word;

- decoding means for receiving said digital
word and for décoding said digital word and providing
one of a plurality of outputs dependant on a value of
said digital word, each of said plurality of outputs
representing one of a plurality of patterns.

7. The circuit of claim 6 wherein said plurality
of receiving channels comprises four.

8. The circuit of claim 7 wherein said digital
/) word comprises a four bit digital word.
9. The circuit of claim 6 wherein said first

filter means comprises a second order low pass filter.

10. A method for detecting a plurality of non-
coherent patterns of a phase encoded input signal
comprising the steps of:

denodulating said input signal with' a
modulating function to translate said input signal to a
baseband signal;



—conprising the steps of: denodul ati ng sai d input signal wth a

no ' (\ﬂmn to transl ate said input signal to a baseband signal;
B ‘Dﬁ‘\m‘\m d baseband signal ‘to provide a first output signal ih a
d requéncy range; generating a power signal fromsaid first ow gut
signal ; averagi ng said power signal and providing a second output signal
having a magni tude; detecting said magnifhude and providing a digital
signal having a first |ogical value when said magnitude is greater than a
desired |l evel; decoding said digital signal and providing one of a

plurality of pattern dféfizeeringnaladidapesethrangd osighalvalaieppdvide dadi git al
signal, each aj t etec Lgnal.Se_r ent.i .one of said
plurality off%%ﬁicéﬁgggktE%QP?gr%g,glgésgggd ffﬁggégéﬁo%aggF'clainr 10
further including pergenpraginge &t qewest shighallOffom sadldir firsg of
modul ating fypephengigHah;that a plurality of said digital signals are
provi ded and conbining said plurality of digital signals into_a digital
word. 12. The neBN8¥aghng| §a4d PPYRY haidpadl @aichgPrpriding a

second output signal having a magnitude;

' detecting said magnitude and providing a
digital signal having a first logical value when said’
magnitude is greater . than a desired level;

decoding said digital signal and providing
one of a plurality of pattern detect sigﬁals dépending - -
on the value of said digital signal, each of said - \J
pattern detecﬁ_ signals representing qﬁe of said
plurality of non-coherent patterns,

11. The method of claim 10 further including
performing the éteps of claim 10 for a plurality of
modulating functions such that a plurality of said
digital signals are provided and combining said
plurality of digital signals into a digital word.

12, The method of claim_ll further including the
step of decoding said digital word and providing one of
a plurality of outputs dependant upon the value of said g_j
digital word, each of said plurality of outputs

representing one of said plurality of non-coherent
patterns. '

13. The method of claim 10 wherein said step of
generating said power signal is performed by squaring
said first output signal.



step of decoding said digital word and providing one of a | ur al
out put s dependant upon the value of saird digi.tal word, each of “ﬂlmuu“““““\“‘
pIuraILty ‘of 'out puts representing one of said pIurallty of no

;patterns 13. The nethod of claim 10 wherein said step of* generatlng

sai d nemer signal is perfornmed by squaring said first output signal. 14.

.The nmethod of claim 10 wherein said step gffgveraging sai d power signal is

perfornmed by |low pass filtering. 15. A circuit for detecting and
i dentifying non-coherent patterns in an input signal substantially as

h i nbef d h h [ d i 16,
et hod for det ectPng R TrHPAIF €A By e shersn G SR ok A G PR P PR
signal substanti aisllyer?o?n{&rl?)l nggsqiﬁﬁ.ﬁ{‘gr'l _bed. )

15. A circuit for detecting and identifying non-coherent patterns in
an input signal substantially as hereinbefore described with reference
to the accompanying drawings. '

16. A method for detecting a plurality of non-coherent patterns of an

input signal substantially as hereinbefore described.




