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1 ol TI TLE OF THE | NVENTI ON PHASE ESTI NAT%MRH?

AND*DEMODULATI NG Cl RCUI T BACKGROUND OF THE INﬂaﬁg
a) Field of the Invention The invention relates to clock reco y a
denodul;ator. in a data comuni cation system b) Description of the

Rel ated Art A conventi I Lfcuit is proposed to
‘recover a clock by deterninﬁﬁghgfﬁﬁggghggﬁﬁﬁﬁé phgf an input signal's
cl ock by Fourier #t=ransfornmation_and performng a _reverse_npdul ati on of the
det erm ned phaggAégnB%ﬂEH@?I§PQQI§§U%?h6“B Q&E@ﬁ#%ﬂ%fCEBG??ﬁyyé?ion of a

conventional clock recovery circuit, which is disclosed in, for exanple,
Japanese Patent Lai d-Open Publication No. Hei 6-232933, "C ock Recovery
Grcuit". In Fig. 12, reference nuneral 101 denotes an input termnal, 103
and 104 nultipliers for nBACKGRQUND QF THRBUINVENDI@N by a tw ddl e factor
(cos or -sin conmponent) for the Fourier transform 105 and 106 | ow pass
filtersafjorieledr ofi the Quwvemtion omthe nmultiplier 103 or 104, 107 a

multiplier for multiplying output fromthe |ow pass filter 105 by a

twiddle facyge. idP8neisH! kbbhteb £6r clTBbki PeYGVErPUSYUL GemBaGISLbLW pass
filter 106 by a twiddle factor, 109 an adder for adding outputs fromthe

nultipIEﬁralg;tgpgpg@ﬁnm?ggﬂ@d(gyégg%. 110 is a signal generating circuit

for preparing a tw e factor, -
b) Description of the Related Art

A conventional clock recovery circuit is proposed to

recover a clock by determining a phase component of an input.
signal's clock by Fourier transformation and performing a
reverse modulation of the determined phase component. Fig. 12
shows an example of configuration of a cdnventional'clock
recovery circuit, which is disclosed in, for example, Japanese
Patent Laid-Open Publication No. Hei 6-232933, "Clock Recovery
Circuit"*. 1In Fig. 12, reference numeral 101 denotes an input
terminal, 103 and 104 multipliers for multiplying an input
signal by a twiddle factor (cos or -sin component) for the
Fouriér transform, iosﬂand 106 low pass filters for averaging
outputs from the multiplier 103 or 104, 107 a multiplier for
multiplying output from the low pass filter 105 by a.twiddle
factor, 108 a multiplier for multiplying output froﬁ the low
pass filter 106 by a twiddle factor, 109 an adder for adding
outputs from the multiplier 107 and the multiplier 108, 110 is

a signal generating circuit for preparing a twiddle factor,



2 ang 111 indicates an output ternmnal for a recovered clock output from
t he “‘adder 109. The operation of a known nethod will be described with
reference to Fig. 12. To siqnplify description, the nunber of sanples per
synbol ‘will. be defined as N=4, and the Fourier transformreferred to in

o TR0 BT bRt e TRl BREERE reRiihEl £ofR] FREbTRESE SR covery

circuit is a %i Hal'greaared gg havi ng a received signal undergone non-
I'i near PREEVES Fgmt PLat87rhe extraction of a clock conponent.
The multiplier 103 and the nultiplier 104 multiply an input_signal by a
twi ddl e factBire orexalionefia kaevernethind wilk he desantbed sslths

conponent, while the nultiplier 104 wuses -sin conponent. Assum ng that the
nunber péfemeptestpeFigsyiBel &b shapilifyt desgniptien(, theaenvmberndf- sin
conponents output fromthe signal generating circuit 110 are given by the
respect gumpiiek! perngynhodt wdd3d bé) defdned) as N=4¢oafd[ ehe] rédfier(where
n=0, 1, 2,...) (1). -sin(2[err]n/N (where n=0, 1, 2,...) (2)

Then, agsyRkFerhFerehecdNRY!l it ¢hds spe8XPioatednass tRk! @iScrete X(N)
(3) output Xerr](n) fromthe nultiplier 103 and output X err](n) fromthe

mul tipl ggh ¢ RAnSEBERS AL R nhReOLLR LA BAEAL | 9R8164kng FFT).

The input signal entered into the clock recovery circuit is a
signal.prepafed by having a received signal undergone non-
linear processing to facilitate the extraction of a clock
component.

The multiplier 103 and the multiplier 104 multiply an
input signal by a twiddle factor. As the twiddle factor, the
multiplier 103 uses cos component, while the multiplier 104
uses -sin component. Assuming that the number of samples per
symbol of the input signal is N, the cos and -sin components
output from the signal generating circuit 110 are given by the
respective following equations (1) and (2).

cos (2xn/N) (where n=0, 1, 2, ---) (1)
-sin(27n/N) (where n=0, 1, 2, - *) (2)

Then, assuming that the input signal is expressed as

follows:

X(n) ' ' (3)
output X,(n) from the multiplier 103 and output X,(n) from the
multiplier 104 are expressed by the following equations (4)

and (5), respectively.



~and (,5), respectively. . 3

X[ ert](n)=X(n) -cos(2[err]n/ (4) X[err] (n)=X(n)
(-sin(2[err]n/N)) : (5 And, the followi ng equation (6) is
applied to the equations (4) and (5) sto obtain the foll ow ng equations (7)

and. (8): N=4 (6) Xerr](n)=(-1)[err] X(n)
(where n i KdR )R INGRFS2pn/phH) =0 (4) (where nis an odd
nunber) X er r-(n)=0 (where n is an even nunber) (8)

=(-1) [ err] X )=X(wher(e-sin(2madNydd nunber) (5)The low pass filter 105
and the low pass filter 106 average the output fromthe multiplier 103 and

the out axd/f reine fotlomingpeqeatidd (6ypictdppdlied o ety ceqatsions
conmponent s. The conventional DFT performnms processing on a single

sanpl e bggj sand@ % )Tpfbfdb@amoﬁl@ésfaﬂléﬁwté&&tir&{@?ﬂﬁ andr (s e
structure, and does not perform processing on a synbo asi s. The
mul tiplier dOg multiplies the output frglr?)the | ow pass filter 105 by the
cos conponent, and the nultiplier 108 I"ti plies the output fromthe | ow

pass filter_106 by t -si N caonponent. ,The adder 109 adds the output from
the nul ti pl%{éﬁl)’l%‘il)g%dxt(ﬁat fr(%etrﬁe“nﬂ'lst AP PP 1BEMPET); epA) e a recovered

clock. Wien it is assumed that N=4, the cos conponent and the -sin
conponent with r&8pect to @whexgn s mblodd augbea as fol | ows:

. X,(n)=0 (where n is an even number) (8)
=(=-1)"1/21.x(n) (whére n is an odd number)

The low pass filter 105 and the low pass filter 106
average the output from the multiplier 103 and the output from
the.multiplier 104 respectively to remove noise components.

The conventional DFT performs processing on a single
sample basis to simplify a processing structure, namely a
hardware structure, and does not perform processing on a
symbol basis.

The multiplier 107 multiplies the output from the low
pass filter 105 by the cos component, and the multiplier 108
multiplies the output from the low pass filter 106 by the -sin
component. The adder 109 adds the outpuﬁ from the multiplier
107 and that from the multiplier 108 to prepare a recovered
clock. When it is assumed that N=4, the cos component and the
-sin component with respect to a single symﬁol are given as

follows:

{1, 0, -1, 0} (9)



{ 1, .O1 _.11 0} ( 9) .

4 -+ {0, -1; 0, 1} (10) The output fromthe adder
s obtained by-alternately selecting the output fromthe rmultiplier 107
and that fromthe nultiplier 108 and4adding a code of the input signal in
conpliance wth.a @OdﬁtOf the twi ddle factor o Accordingly, when it is
assuned théputﬁé o } fromthe | ow pass flltgﬁ hos is Y[err](n) and that
fromthe Iow1pass-fllter 106_is Y[err](n), the recovered clock have a
sequencENeuSHERRE from wher AdeT s/ clivalniedi P SEEFRRERLS) selestingh+3)
Y[err](n+4), -Y[err (n+5), }. Since the |low pass filter is an
aver agi (gl ontput Oﬂsthﬁe@éﬁé@mﬂ-lﬁr i1 ande thag AyeMeithe averagi ng
synbol s in order to i nprove the accuracy of the recovered cl ock. However
when t mmltiplderofl 08y emadiadd ingriolcodes afndcheadsaputt sdgmaibdm of bits

al so increases, and circuit scale is enlarged. Therefore, generally when
aver agi raﬁamﬁutalmeie RN G BVRIASE | tthe REFiIdAVEGaztozhown in Fig. 13 or a
forgetting factor is multiplied while cunul ative adding as shown in Fig.

14 to prevegbobbaingheyi wnshalit i-0uddenad BHat2EH8. ohiphierkBRtpesi 9Nal

does not have cl oc conponent the i nput value of | ow pass l ter
‘becones O h r o] nmal |
and an e{OIQ‘ r?gedtéé'l o% assef% %ﬁéh tqghbghé?f ec? é%é ﬂ)& %QSQ FEiedy
SUMVARY | NVENT

f@% iS'Y3(n), kgg recovered clock may have a sequence such as:
{¥;(n), -Y,(n+l), -¥Y,(n+2), Yg(n+3), Y,(n+4), -¥,(n+5), ---}.
Since the low pass filter is an averaging filter, it is
necessary to increase the number of averaging symbols in order
to improve the accuracy of the recovered clock. However, when
the number of averaging symbols is increased, the number of
bits also increases, and circuit scale is enlarged.
Therefore, geherally when averaging, either moving average is
performed as shown in Fig. 13 or a forgetting factor is
multiplied while cumulative adding aé shown in Fig. 14 to
prevent the circuit scale from becoming large. If the input
signal does not have a clock component, the input value of the
low pass filter becomés {0, 0}, the output value from the low
~pass filter becomes small, and an estimated clock phase tends

to be affected by noise.

SUMMARY OF THE INVENTION
The present invention addresses the drawbacks described

above and aims to improve the accuracy of phase estimation by



The present invention addresses the drawbacks descri bed above and ains to
i nprove 't he-accuracy of phase estimation by

5 perform ng DFT on a desired synbol basis and passing the obtained result
t'hrough a noise renoving filter. The gresent invention also ains to

| nprove 4 mte t (e} b : ' t he
p?gsenceé%ffo:%ﬁslﬁeﬁg% I{Hz;fazﬂeoc ‘J:(r:egfrr% ner?t:L !%%st seglgirqu’taggﬁgﬁtalltﬂ%y a pattern
detecting ciscujt d,f _the clock component is.30t present, halting the
oper at | GIPEALTSHh 99ty PHEAHER, A PANRE Y G SR i < T 25 SRSTY o ed
to further inprove the estinmated phase accuracy .of the clock. The

r ecover exP§ I AL R o éi“‘&ﬁ%ﬂvq Lhe gstimated, Phase. ACHHR Y fer
accuracy. The phase estimating circuit according to a first aspect
of the pekeenkogknBhidetecbing ithe prefepns afe@bsancey afi acGlock or
generating a signal of a twiddle factor for discrete Fourier transform of
cos conpmompinent inithe dnmrerigmalDBy aipahiiern detestimgricigauic,

di screte Fourier transformfor only a predeterm ned nunber of synbols
using thendi ghathefcidek dompbient as afod Present]i wlding-aed er transform
and outputting the transformed result; and an averaging filter for

aver agi nGpéFer16s W Stipé £imrdl SCrEerdiPWe thd IR0 dompiat! tiad from the

DFT circuit to output the averaged phase information. The phase

estimati 2 &1 poil fo AEE 4l ABrdfe? SREUVE AR st iHatldd PHaRF HeddPESY | ON

I ncludes a pattern detecting circult,
of the clock. The recovered clock for the input signal is

therefore prepared with higher accuracy.

The phase estimating circuit according to a first aspect
of the present invention comprises a signal generating circuit
fof generating a signal of a twiddle factor for discrete
Fourier transform of cos component and -sin component; a DFT
circuit for performing the discrete Fourier transform for only
a predétermined number of symbols using the signal of the
twiddle factor for the discrete Fourier transform and
outputting the transformed result; and an averaging filter for
averaging the results of the discrete Fourier transform
outputted from the DFT circuit to output the averaged phase
infoﬁmation.

The phase estimating circuit according to.a second aspect
of the present invention includes a pattern detecting circuit,
which stops the bperation of the averaging filter when the
result of the discrete Fourier transform being outputted from

the DFT circuit conforms to a predetermined pattern.



whi ch stops the operation of the averaging filter when the result of the

di scret€ Fourier transform being outputted from the DFT circuit conforns

to a predeterm ned pattern. 6 The
phase estimation circuit according toé third aspect of the present

| nvention i ”Qh@dgﬁaéep@%%n‘i%h%‘if 'cﬁ&c%' CébEO Wﬁhghtgeheﬁ:ﬂ‘ﬁﬁs g%'&%ne of

the clock co of ‘the I nput si previ ous sy Vi ew

§Ltat32te S Sckﬁmi frgér?%téﬂ‘ﬁ{?ﬁeé&af&&gl%%% taaﬁ Bl cuﬁe%#wt&#ﬂ%izt"eﬁ t
etectin C|rc it sto e operatio averagin er according to
e B S e Py o
includes an energy nonitor, which determnes energy of the clock conponent
gﬂeYéiWﬁ?t?mﬁ eﬂrxrrﬁ#ejfj h?;ﬁ zﬁtﬁmgﬂe g)ﬁa’uﬁmﬁnﬁ)? egﬂ:a;eur: '? ?dl n
averagi ng 11T er aceor ding 1o Che. outpot  Tesulting | om tpo drSeret te“e

Fouri er gawewedordetiait Digesi fvuibestdbd €lid Gpdravibrd her ol Wvdr

energy nonitor. The denodul ating circuit according to a fift aspect

of the ¢{ueat 'é\fbdﬂf:id%e@o AR SEs Bt IBf Itk Widdidte FhPigs Se

nmodul ating circult whi generates a recovered clock based on
transform performed by the DFT circuit and the phase
information from the phase detecting circuit.

The phase estimating circuit according to a fourth aspect
of the invention includes an enerqgy monitor, which determines
energy of the clock component in view of the output from the
averaging filter, compares the determined energy with a
predetermined threshold, and outputs the compared result. In
this circuit, the pattern detecting circuit stops the
operation of the averaging filter according to the output
resulting from the discrete Fourier tfansform performed by the
DFT circuit and the output from the eneréy monitor.

The demodulating'circuit according to a fifth aspect of
the invention includes a phase estimating circuit; an inverse
modulating circuit which generates a recovered clock based on
the phase information output from the phase estimating circuit
and a twiddle factor for the discrete Fourier transform ouﬁput

from the signal generating circuit; and a decision circuit

which judges the input signal for data using the recovered



t he phase information output fromthe phase estimating circuit and a

twi ddl e'’'factor for the discrete Fourier transformoutput fromthe signa
generating circuit; and a decision circuit which judges the input signal
for data using the recovered 7 7 cl ock.
The,denqgf£gkLng circuit according to a sixth aspect of the invention

I ncl udes a decimation circuit which deci mtes phase information output

froma phase ﬁi%;géan%&@lé%{rfgu'éiraé{git %?é%g .. the i gf)uat%xggg%aqlg aEd t puts

denodul ati on S

Fig. 1 is .a block diagramshow ng_ a phase estjnmatjn circuit, according to
a first ERBATNERELBR LRELRASENS | GRCimAtion ¢ ircult Mhich HRHMIteRow ng
the operation of the phase estimating circuit according to the first
enbodi rephase informavéani entput fromj g phase espimating agizguitosmdg a
phase estimating circuit according to a second enbodi nent of the

i nventi odata of tReginputssaghadbwahdr outhubvs ndenddulpeion i dataf t he phase
estimating circuit according to the second enbodi nrent of the invention.
Fig. 5is a block diagram showi ng a phase estimating circuit according to
a third enbodi rent of the invention. Fig. 6 is a flowhart show ng

the operation of the phgRerrestsCRIPTRTOR! ¢ WHE aRCH19idE® to the third
enbodi nent of the
Fig. 1 is a block diagram showing a phase estimating
circuit according to a first embodiment of the invention.
Fig. 2 is a flowchart showing the operation of the phase
estimating circuit according to the first embodiment of the
invention.
Fig. 3 is a 5lock diagram showing a phase estimating
circuit according to a second embodiment of the invention.
Fig. 4 is a flowchart showing the operation of the phase
estimating circuit according to the second embodiment of the
invention.
Fig. 5 is a block diagram showing a phase estimating
circuit according to a third embodiment of the invention.
Fig. 6 is a flowchart showing the operation of the phase
estimating circuit according to the third embodiment of the
invention. |
Fig. 7 is a block diagram showing a phase estimating
circuit according to a fourth embodiment of the invention.

Fig. 8 is a flowchart showing the operation of the phase

estimating circuit according to the fourth embodiment of the



I nventi on. Fig. 7 is a block diagram showi ng a phase estimating
circuit~according to a fourth enbodi nent of the invention. Fig. 8 1is
a. fl.omchart showi ng the operation of the phase estinmating circuit
according to the fourth enbodi nent of he )

8 invenuﬂybnti n Fig. 9 is a block diagram showi ng a denodul ating circuit
according to a titth enbodi nent of the invention. Fig. 10 is a

flowchart shqQw ng=the operation of the _denpdul atjn i,fGuit agcording to
the fi1th enddd mehiid BEPCK fiagra, shovinga) dempdulating, Glrguis dm
showi ng a denpdulating circuit _according_ to the sixth enbodi nent except
that it 3CURIRGUFRR Hifth\pmbodiment (Of 1Bhe IRVEAHERDN 4i agr am showi ng a
conventional denodulating circuit. Fig. 13 is a diagram show ng a
first exanpl §ig. dQ o Pakowehart showing fhe opexnarioniiafyrthe showing a
second exanple of a low pass filter. DETAI LED DESCRI PTI ON OF THE
PREFERREemdBRIDh VNG Sc 1 E0BODI AEdBrding to tlhe nfifithtembbédimese ofsthebed
above for the related art , the Fourier transformin this exanple is al so

DFT, andjg¥éntion.

Fig. 11 is a block diagram showing a demodulating circuit.
according to the sixth embodiment except that it is configured
of S/W.

Fig. 12 is a block diagram showing a conventional
demodulating circuit.

Fig. 13 is a diagram showing a first example of a low
pass filter.

Fig. 14 is a diagram showing a second example of a low

pass filter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
EMBODIMENT 1:

Similar to the case described above for the related art ,
the Fourief transform in this example is also DFT, and the
number of samples per symbol is defined as N=4. Generally, as
an input signal of a clock recovery circuit, a received signal
is subjected to non-linear processing to facilitate the
extraction of a clock component. However, the presence or
absence of a non-linear processing circuit does not affect the

invention to be described. Therefore, the non-linear



nunber of sanples per synbol is defined as N=4. Generally, as an input
si gnal ‘0of a-clock recovery circuit, a received signal is subjected to
non-.I i near processing to facilitate the extraction of a clock conmponent.
However, the presence or absence of a2non-linear processing circuit does

not af f . pv ' t.0. i b ! f.Qr t -d 4 1]
9 proceéég?é§€%+%ﬁi§f%$€$tﬁg f%eggég%#i%%%:%§%£fﬁgufg¥ﬁ$&F%%EtJlgﬁg%al"

w |l be used.. A-moise reductiop filter t e, used.i.s general| n,

Aver ag) LR br it B EFeTor A BRbSS crefuctial dgtren B4 &S 4Aed 1 used
in the foll ow ng enbodi nents. .. Fig. 1 is a block diagram show ng a
phase esT¢RR¥3 an, averaging heiltesiandpdeherafiorst: (4he i%®/@htion. Fig. 2
is a flowhart showi ng the operation of the phase estinmating circuit of
the firstawepagingf fikberhvehll obe usedi in the fadlensime embadimentsienot es
an input termnal; 3, 4 nultipliers for nultiplying an input signal by a
twiddle factigfor i¥Ta Blodk atidsyrand shaddighg phaseuestimaftimy t he
multipliers 3, 4 for a predeterm ned nunber of sanples; 7, 8 denote

aver agi ngiféhier 6£f eheafer88i efibbAtment PUE Stiié oifvdift icildersigd 2 £ gqal
generating circuit for preparing a twiddle factor; and 51, 52 output

ter m nal a¥Rb@Thgothe! bfeRat ionBof REAS PR uE®Imdt g denotes a
DFT circﬁ%?&caﬁﬁghgﬁconggisés tﬁe %u ??p?ier 3, the nultipﬂi€§g4n t he adder

b n e RELepEenBorsE ey U Bk SRaOBLRSGL. sy 111 e
reference numeral 1 denotes an input terminal; 3, 4
multipliers for multiplying an input signal by a twiddle
factor for DFT; 5, 6 adders for adding the outputs from the
multipliers 3, 4 for a predetermined number of samples; 7, 8
denoté averaging filters for averaging the outputs from the
adders; 9 a signal generating circuit for preparing a twiddle
factor; and 51, 52 output terminals of the averaging filters
7, 8. Reference numeral 31 denotes a DFT circuit, which
comprises the multiplier 3, the mnl;iplier 4, the adder 5, and
the adder 6. Reference numeral 32 denotes an averaging
filter, which comprises the averaging filter 7 and the
averaging filter 8.

Operation will next be described with reference to Fig. 1
and Fig. 2. In Fig. 1, the multiplier 3 and the multiplier 4
multiply an input sigﬁal by a twiddle factor outputted from |
the signal generating circuit 9 (step 101 in Fig. 2). In a

manner corresponding to that of the conventional art, it is

assumed that the number of samples per symbol of the input



averaging filter 8. Operation will next be described with reference:
to Fig.”1 and Fig. 2. In Fig. 1, the nultiplier 3 and the nmultiplier 4
mul ti ply. an i nput signal by a twiddle factor outputted from the signal
generating circuit 9 (step 101 in Figl02). In a manner corresponding to

t hat of t i I
sy?{bolo S%Ehh oq_\éeq ' X ﬁ'[ﬂut Iéldffal 5 uied ! Rl Bﬁ%ﬂt@@rﬁgw:z Pet

i 1 pf e [em%nsh S Ao € B o) %ﬁéqﬁa{%ns%'ﬁ“ (12)

are obtained in the same way as the at S and
X err] (ﬁ%h_? %\{%q& hLl) e {W?e)i' ALf | q';’rf-“ﬁg ¥ WE"(Ylf‘)s the =0

(where n is an odd nunber) X[err](n)=0 (mhere nis an even

nunber) equabions (7) ang . UQIerr]X(n) (where n is an odd number)

The adders 5, 6 add up the outputs fromthe nmultiplier 3 and the
nultlpller)ﬁ(hg:(alpF@dK(aon1nedwhanben bé amnpves nymbep) 102 i(L11Hg. 2).

To keep description sinple, in this description the adders 5, 6 add up the

mul tiplied resuldg of a siRHeresSHHRY af odd hafBeey) and output the added
results in a synbol cycle. Al so, the processing in which the input signal

is nultipll Lot he tMAdd| t are added
up, will be™ rgperred to as and Jt%ﬂgnt %?%Eg#élwlgk?nb{)ﬁ&T will be used
to refer to DFTi¥¥{§Hmmﬂ"Q§(%)SIn?wﬁere n is an odd number)

The adders 5, 6 add up the outputs from the multiplier 3
and thé multiplier 4 for a predetermined number of samples
(step 102 in Fig. 2). To keep description simple, in this
description the adders 5, 6 add up the multiplied results of a
single symbol (four samples) and output the added results in a
symbol cycle. Also, the processing in which the input signal
is multiplied by the twiddle factoi and the multiplied results
are added up, will be referred to as DFT, and ;he term one-
symbol DFT will be used to refer to DFT performed on a single
symbol.

The input signal.is assumed to be a signal having a clock
component. Since N is defined as 4,.the input signal is
assumed to be, for example, a repetitidn signal of {1, 1, -1,
-1}. Where the one-symbol DFT is performed on this input
signal, cos component and -sin component are given by the

respective following expressions (9), (10):



synbol . The input signal is assuned to be a signal having a clock
conponent. Since Nis defined as 4, the input signal is assuned to be, for
exanpl e, a repetition signal of {1, 1, -1, -1}. \here the one-synbol DFT
i's perforned on this input signal, cas conponent and -sin conponent are

given by th resp ct| e follomnng expre55| (9), (10): {1, O,
-1, 0} {el Oe el (13) Pfi (14) The
results of the Oﬁe-synbol DFT (outputs fron1the adders 5, 6) are given by
the fol l owitly exdor &silon (15). {2, -2} (14) (15)

The averaging filter 7 and the averaging filter 8 average the results of

t he one-Bhenirgswits taf rdre\vaners pebab MRThdeusputisofaws the addens 5,
one-synbol DFT outputs the result on a single synbol basis, the averaging
filters &) dreppiwdr Bt the folldwimg eexplemsidamg 1d)araging filters 7, 8
conprise a aning average filter for S synbols, their outputs are given

by the expr oy (16) . {25, -28 (15) (16)

The out put rn1na| 51 and the output termnal 52 output as phase

i nformati on the averaging fllter out put given by the expression (16) (step
103 in Fig. 2).

The averaging filter 7 and the averaging filter 8 average
the results of the one-symbol DFT to remove noise components.
However, since the one-symbol DFT outputs the result on a
single symbol basis, the averaging filters 7, 8 operate at a
symbol rate. Where the averaging filters 7, 8 comprise a
moving average filter for S symbols, their outputs are given
by the expression (16).

{2s, =25} (16)

The output terminal 51 and the output terminal 52 output
as phase information the averaging filter output given by the
expression (16) (step 103 in Fig. 2).

As described above, the phase estimating circuit performs
DFT on a given symbol.basis and passes the results through the
averaging filter, so that the accuracy of estimating a phase
can be improved.

DFT was performed on a single symbol basis in thé
embodiment described above but may also be performed in units

of several symbols.

Although, the input signal had three amplitudes, -1, 0



As descri bed above, the phase estimating circuit perforns DFT on a given
synbol -basis and passes the results through the averaging filter, so that
the.accuracy of estimating a phase can be inproved. - DFT was

performed on a single synbol basis inl2he enbodinent described above but

may, al S.Oaxpg f’e;%ﬁ% %&: | :%ud%xgélfﬁfgﬁitsgwcyh% amg:olittiﬂet l?t%%grbe the

i nput signal™h hree™ anp

12 and 1, the number of quantizing bits of the anplitude nay be i ncreased.
EVBODI MENICESa8€d. " o 37i 5 a bl ock di agram showing a phase estimating
circuit according to a second aspect of the present invention. Fig. 4is a
fl owchart show ng the operation of the phase estimating circuit according
to the second aspect of the invention. In Fig. 3, reference nuneral 10
denot es EMBARIMENT Zetecting circuit which stops the operation of an
averaging filter 32 if a desired pattern is detected in the output from a
DFT circuit FigAB iipu Hlmak rdladram shoyialg gephase egtimatdngt 9, the
DFT circuit 31, the averaging circuit 32, an output termnal 51, and an
out put teiptaat 23c6pdingPedlat Secbh@saspéct et file prudmtt Mattertiithd hei r

description will not be repeated. The operation wi |l next be
describeg;uith §8fgr e06Qch&rt showing the operation of the phase
estimating circuit according to the second aspect of the
invention. In Fig. 3, reference numeral 10 denotes a pattern
detecting circuit which stops the Operation of an averaging
filter 32 if a desired pattern is detectéd in the output from
a DFT circuit 31. An input terminal 1, a signal generating
circuit 9, the DFT circuit 31, the averaging circuit 32, an
output terminal 51, and an output terminal 52 correspond to
those in the first embodiment and their description will not
be repeated.
The operation will next be described with reference to
Fig. 3 and Fig. 4.
The DFT circuit 31 determines DFT based on an input
signal and a twiddle factor from the signal generating circuit
9 (step 201 in Fig. 4), while and the pattern detecting
circuit 10 detects a clock component from the DFT results
(step 105 in Fig. 4). The averaging filter 32 outputs phase
information. The input signal in the first embodiment was a

signal having a clock component. However, a signal having a

clock component is not always input in view of the actual



Fig..3 and Fig. 4. The DFT circuit 31 determ nes DFT based on an

I nput -signal and a twiddle factor fromthe signal generating circuit 9
{step 201 in Fig. 4), while and the pattern detecting circuit 10 detects a
‘cl ock -conponent fromthe DFT results 1¥step 105 in Fig. 4). The averaging

filt 32 t f t, I ' I h t

erbodi rEREEREEOR" SF R XARVARY. 4 tcricR SSoNEanEhaL A arBrt §LEPBait®havi ng
| ock ent t al f th

T3 oper &b ony Rer LaAB &0 AP Lbeszooers HEF 4 PRBGOIBRANP Fbis(1 1 1

1} due to noises. Were DET is performed_in this case, the result of the

one- synﬁéﬁeDFthﬁsrGéﬂﬂﬁe6fb$h€h@neﬁéwm9ﬂ1nBF5x5Fe§§ﬁéﬁeél¢y the o 0}

(17) The averaging filters 7, 8 have the foll ow ng outputs: {2(S-1),
-2(S-1) ¥ollowing ex@r&ﬁsiandxlﬂhe anpl i tude becones snall as conpared with
the signal having a clock conponent. Al 'so, if the nunber of

occurrencegoqf oyhe i nput signal becom pgz{1l, 1, 1, 1} increases, the
averaging filter output has a snaller anplitude value. As a result t he

averagi e il ;r%gl‘h ¢t B4l tle2ady ! @ B ft‘h%t ¢0198%inY Ratpises, degr adi ng

t he accuracy o hase estinati on. Where an input signal {1, 1, 1, 1}
;?gﬁgfe{gd{z(%glgqe_z(§xqqql DFT resultflép {0, 0}. However, if an input
| and, the amplitude becomes small as compared with the signal
having a clock component.
Also, if the number of occurrences of the input signal
becoming {1, 1, 1, 1} increases, the averaging filter oﬁtput
has a smaller amplitude value. As a result, the averaging
filter output tends to be affected easily by noises, degrading
the accuracy of phase estimation;
Where an input signal {1, 1, 1, 1} is entexred, the one-
symbol DFT results in {0, 0}. However, if an input signal is
{0, 0, 0, 0} or {~1, -1, -1, -1}, it does not have a clock
compénent, and the one-symbol DFT results in {0, 0}.
The output from the DFT circuit 31 is then entered into
the pattern detecting circuit 10. When the one-symbol DFT is
{0, 0} (step 106 in Fig. 4), the pattern detecting circuit 10
judges that the input signal does not have a clock component,
halts the operation of the subsequent averaging filter 32 to
prevent averaging, and outputs the averaged results on the

previous symbol (step 107 in Fig. 4). If the one-symbol DFT

does not result in {0, 0}, i. e., it has a clock component,



{o, o, 0, 0} or {-1, -1, -1, -1}, it does not have a clock conponent, and
t he "one-synbol DFT results in {0, O}. The output fromthe DFT circuit
31 i-s then entered into the pattern detecting circuit 10. \Wen the
one-synbol DFT is {0, 0} (step 106 id4Fig. 4), the pattern detecting

circuit e dvedaapiddiaiitier i3 Uledintiinlopliat ioal _(B%\é?; 308! 9gk pg@TPONENt,
halts the operation of the subsequent averaging filter 32 to prévent
averagiqgu and outputs the averaged results on the previous synbol (step
107 in Fi'g. 4). If the one-synbol DFT does not result in {0, O}, i. e., it
has a cl ock . . . ._14.1th

aver agi ng fiﬁ%gB%%§E%§§ﬁh§?qgﬁgr&Fi5Het§?55efﬂ3d?ﬁeﬁ$bpg ﬁ}FCU1£ ?Qs
describg? above, if thexPattern detecting circuit 10 detects a pattern not
havi ng BHE D RASED Pt A 3 &HAGK SOMPRAEPS dRe t8ePET on of the
averaging filter 32 to prevent averaging. Therefore, energy reduction of
the av&¥fiiy it thalte the qmeqﬂfewml% thehiaveragdngd£ilsero2t ke |
accuracy of phase estimation can al so be suppressed. Al t hough in the
descri ptpreverib\aveldgings [Ehdémefoxe orenergy mgidactjiomolbfb&hies, it may al so
be perfornmed in units of several synbols. The pattern detecting circuit 10

may al s@veradingn fibeessingam bdeprarentsrl,eililey deoradaition of thd SO,
al t hough the described input signal had three anplitudes, -1, 0 and 1, the

nunber ofcditiddy BN Ppiass @it ikt iciidd Uded e Rappresasycd. In this case,
the pattern _ '
Although in the description above, DFT was performed on a
single symbol basis, it may also be peiformed in units of
several symbols. The pattern detecting circuit 10 may also
perform processing in the same several symbol units.
Also, although the described input signal had three
amplitudes, -1, 0 and 1, the number of quantizing bits of the
amplitude may be increased. 1In this case, the pattern.
detecting circuit 10 halts the operation of the averaging
filter 32 when the DFT result is smaller than a predetermined

value.

EMBODIMENT 3:

Fig. 5 is a block diagram showing a phase estimating
circuit according to a third aspect of the present‘invention.
Fig. 6 is a flowchart showing the operation of the phase
estimating circuit of the third aspect of the invention.

In Fig. 5, reference numeral 12 denotes a phase detecting

circuit which determines the phase of a clock based on the



detecting circuit 10 halts the operation of the averaging filter 32 when
the DFT result is smaller than a predeterm ned val ue. EVMBODI MENT 3:
Fig.- 5 is a block diagramshowi ng a phase estimating circuit according to
a third aspect of the present inventidd. Fig. 6 is a flowhart show ng the

operati8atgﬁttngﬂggéfavggghggbgquQgEcghg of the third aspect of the

I nventi on. rence nuneral 12 denotes a phase detecting
circuit mhicg LN %g phas C%O ¢§§ d . . Qut put
froman averSsTRGener  gunebfL PLT°deBbels s Bt RERE fadfeGhing cotzonsfrcr
detecting,clLrcuit [ refers to.the DFT result output .froma DFT
circuitwg}ChaF&fFﬁé ggaggeiﬁfﬁ¥ﬁ§?F&ﬁ PPSEPthrBﬂagegggtE&FFHétcﬁgiuit 12,
and stops the operation of the averaging filter 32 when there is a pattern
to redu@@datieophasengaiesmation fram ¢%ﬁu9hﬁ§9nﬁﬁ§ﬁc§}n8 ShyFatgdRer ati ng
circuit 9, an output termnal 51, an output termnal 52, the DFT circuit
31 and anpde shopsa ey opelratiod? ofothes pwetagénghfidtersd2i wheni thetdee fir st
enbodi ment . The operation will next be described with reference to
Fig. 5 dadaFipattérn to refuncen a lotdke eatpenkadi.ment, the DFT circuit 31
determ nes DFT based on an input signal and a tw ddle factor
An input terminal 1, a signal generating circuit 9, an
output- terminal 51, an output terminal 52, the DFT circuit 31
and the averaging filter 32 correspond to those described in
the first embodiment.
The operation will next be described with reference to
Fig. 5 and Fig. 6.
As in the second embodiment, the DFT circuit 31
determines DFT based on an input signal and a twiddle factor
from the signal generating circuit 9 (step 201 in Fig. 6), and
the pattern detecting circuit 10 detects a clock component
from the DFT results (step 105 in Fig. 6). The averaging
filter 32 outputs phase information.
The pattern detecting circuit 11 detects the one-symbol
DFT results {0, 0} and stops the operation of the averaging
filter in the same way as in the second embodiment. In
addition, description will be made of the input signal which
is assumed to be a signal having a clock component
corresponding to an inverse clock. In the first embodiment,

the input signal having a clock component was a repetition

signal {1, 1, -1, =1}. In the third embodiment, it is assumed



o~

fromthe signal generating circuit 9 (step 201 in Fig. 6), and the pattern
detecti-ng circuit 10 detects a clock conponent fromthe DFT results (
105.in Fig. 6). The averaging filter 32 outputs phase information:

The pattern. detecting circuit 11 detecte the one-synbol DFT results {

and sto

second e od|

si gnal

Apdiica OPRIGLLEQD Slahbe pue ra.gipg;t 1) L b vay as in

fon, descr e of the input

whi ¢ | S+AS d to be a si naI Vi a clack co anent
cor r espdTHy ?H“%e‘%m%b‘f‘%e ctigor al]f % reﬁ?d’g&r rg) S*he i nput

si gnal

having_a cl ock conponent was a regetltlon si gnal {1 1, -1, -1

the third efrbddi®®nt, it is assumed
i nverse S|gnal {-1, -1, 1, 1} is input at a predetern1ned tinme.

t hat an
The one-

1@@&nﬁet§§1mgsﬁiltearézathen outp@s 2} (1

The averaging filter 32 then outputs: {2(S-2), -2(S-2)}
(20) Energy20$-2hp azesagypg filter 32 is gedbyned by the fol |l owi ng
expression (21). 4(S-2)[err] (21) Therefore, the

energy begapgy 69“@1&49@&%‘@% gt BE1868N88 {W!de £OHBY 15 Nhe ﬁﬁ%ﬁ@ﬂp

was entered. he pat

t he one-

aver agi ng

rn“detecting circuit 11 conpares t

the output, nanely phase information, fromth
S QPﬁ% gZT%iyep 110 in Fig. 6), halts the

4(s8-2)2 " (21)
Therefore, the energy becomes lower than when the signal not
comprising a clock compénent was entered.

The pattern detecting circuit 11 compares the result of
the one-symbol DFT with the output, namely phase information,
from the averaging filter 32 (step 110 in Fig. 6), halts the
.operation qf the averaging filter 32 when their phase
relationship is inverted, and outputs the prewviously computed
result (step 107 in Fig. 6).

If their phase relationship is not inverted, the
averaging filter 32 is operated to output the computed result.

For example, it will be judged that the phase of a clock
component has invérted when the averaging filter outputs {2S,
-28} and the one-symbol DFT results in {-2, 2} in the above
case. Therefore, when the phase of the clock component of the
input signal is inverted from the phase of the clock which was
determined up to the previous symbol by one, the operation of
the averaging filter 32 is stopped, and the previous computed

result is output.

step

0, 0}
t he

}. In
16
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It of
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operation of the averaging filter 32 when their phase relationship is
inverted, and outputs the previously conputed result (step 107 in Fig. 6).
tf their, phase relationship is not inverted, the averaging filter 32 is
operated tao output the computed resul t17 For exanple, it will be

j udged t hat A@edeaéffbea abstrecktneoaaenﬁgﬁba PSPV ek We e diSa pME" adi Ng
filter outputs {2 { he one- sy DFT results in {-2,72} In the

above eggf remttt S10Na5E Ol ol tﬁﬁttogﬁﬁgwatgetoﬁth& i nput

si gnal |s |nvert hé p ase ‘o e 'Cl ermned up to

t he DFEVIOUS 0 e qQper. n t he aye In f||t 21s

St opped Lot dvE & e FAS SEEFRAICR OF S0 Averaghng fiieek 82’ is' Hard]

17 As descri bed .above, the one-synbol, DFT result is conpared wth the
phase i ARG HRe BFevieys compytied PRt dFaPUsRYRFp Thysy n@ESFééattlﬁél
operation of the averaging filter 32 is halt, and the previous conputed
resul t iin egcyrecyTiefs phesg ssdimatiom @@cbﬁaﬁyeﬁﬁnpﬁdse estimati on can be
prevent ed. Al t hough an inverted phase rel ationship between the one-
synbol DFT r aA3thobughdanhénpkztedi phasearebat ionshigs dbétwelen abbhe eonéhese
conponents may al so have a predeterm ned phase difference. DFT was

perfor _msgnm'ola DFT Hemudurizeld s phasd Haforaatioanrhagi destritiedmay al so be
performed in units of the sanme several synbols.

above, these components may also have a predetermined phase

difference.

DFT was performed on a single symbol basis in the above
embodiment but may also be performed in units of the same
several symbols.

Also, although in the description, the input signal had
three amplitudes, -1,_0 and 1, the number of quantizinq-bits
of.the amplitudes may be increased. 1In this case, the pattern
detecting circuit 10 halts the operation of the averaging
filter 32 when the DFT result has a pattern corresponding to a

value smaller than a predetermined clock component.

EMBODIMENT 4:

Fig. 7 is a block diagram of a phase estimating circuit
according to a fourth aspect of the present invention. ¥Fig. 8
is a flowchart showing the operation of the phase estimating
circuit of the fburth aspect of the invention. 1In Fig. 7,
reference numeral 14 denotes an energy monitor, which

determines the energy of an averaged clock component in view



Al sg, although in the description, the input signal had three anplitudes,
-1,-0 and I, the nunber of quantizing bits of the anplitudes may be
tncreased. In this case, the pattern detecting circuit 10 halts the
operatiion of the averaging filter 32ishen the DFT result has a pattern

Co”eslﬁ’/ﬁﬁgl:ﬁg Batsut;?gaﬁﬁgghg%gﬁggga di‘iRESQES?[?z%ﬁga%QC n&onponent.

ENVBODI Iagram o Se estimating circuit
di f h f t_i iop. Fig. 8 ,i
| onchaPBERBARRS FREIRCFAEROR SALPRUCH4SBPRGoRTRR g™ SLPRaF (287 (he

fourth aspect _of the_invention. In Fig.. 7, _reference nuneral 14 denotes an
ener gy ﬁBEPtQN,oﬁhPEF the: averagding, q@ﬁ@Fg§2o?°§ﬂr ¥BFabRdtRBock conponent

in view . of the output froman averaging filter 32, conpares the

det er mi godpardsgr weshl& .t hreshol d, and outputs a signal to turn ON or OFF
the averaging filter 32 according to the conparison result. Ref erence
nuneral 13 dRefeérsncepaumneral dt8edenatesi a cpattermhdetecinirg nekeddwit ON OFF
signal fromthe energy nonitor with the result of the pattern detection by

the net adchesombinesi thet b8/0FF0Rd gralodirsRNtheOehei 8y ChbREEoth@igner agi ng
filter 32. An input termnal 1, a signal generating circuit 9, an

out put  &REMraah 131 ofaRheUpRtterd Betdlctidn ByDEleChetHbl déscRiBelnén
averaging filter 32 correspond to those descrfibed for
the second embodiment to turn ON/OFF the averaging filter 32.

An input terminal 1, a signal generating circuit 9, an
output terminal 51, an output terminal 52, a DFT circuit 31
and the averaging filter 32 correspond to those described for
the first embodiment.

The operation will negt be described with reference to
Fig. 7 and Fig. 8.

Similar to the second embodiment, the DFT circuit 31
deﬁermines DFT in view of an input signal and a twiddle factor
from the signal generating circuit 9 (step 201 in Fig. 8), and
the pattern detecting circuit 13 detects a clock component
from the DFT results (step 105 in Fig. 8). The averéging
filter 32 outputs phase information.

When the one-symbol DFT results in {0, 0}, it is judged
that the input signal not having a clock component is enteréd,
and the operation of the averaging filter 32 is halted. Also,
if adder 5 and adder 6 output 0 for one symbol, the output

from the averaging filter 32 is:

{2(s-1), -2(s-1)} (22)



the first enbodi nent. The operation wll next be described with
reference tto Fig. 7 and Fig. 8. Simlar to the second enbodi nent,
the.DFT circuit 31 determnes DFT in view of an input signal and a twi ddl e
factor fromthe signal -generating ciR@uit 9 (step 201 in Fig. 8), and the

patterng Et%ﬁh' geﬁﬁ&ﬁ gbw%%)d QEE:Qv%& gkngoﬁﬁiﬂé t32758Q i@énDEg

results step e averagln 2 outp s phas

i nforma n DFT results in {0, 0O}, it is judged
t hat thgh%nEg}low1n§?%&g&%%§3?ﬁb xﬁalock conponent is entered, and the
operatlon Q? averaging filter 32 is Eilted Also, if adder 5 and adder
6 output O ﬁ§r dne synbol , the out put f¢d the averaging filter 32 is:
{2(s1), -2(S1)} . (22) .

19 and BSeCOMPRFR Fukdy 2 sRSEh& addi igput| sdgnaktsi sagevanchpckt he

foll owi ng expression (23). 4(S-1)[err] (23) As
conpar ec¢omponentcathe lemerygy dishpnwesigghdios they fodlokdnlg. conponent, the
energy is lowered to the foll ow ng. (S-1)[err]/S[err]=(1-1/9)[err]
(24) Howeye-1)2ystdgrmpdyr of averaging syzpls (S) is large, it is
gi ven by tﬁe fgllomnng equation (25). (1-1/S)[err]=1

(25)  Therehis, i &He inunbdis G idvldaging evh®elsas§oTRaAnadqw,t A
is given by the following equation (25).
(1-1/8)%s1 (25)
Therefore, there is substantially no effect as compared with
the case that all input signals have a clock component.

Accordingly, the energy monitor 14 monitors the power
from the'averaging filter 32 (step 111 in Fig. 8), and, when
the energy lowers to a predetermined value or below, outputs a
signal for turning off the averaging filter 32 to the pattern
detecting circuit 13 (step 107 in Fig. 8). In the pattern
detecting circuit 13, the opeﬁation.of the averaging filter 32
is stopped when a signal outputted from the energy monitor is
off and the pattern detecting circuit 13 receives a signal not
having a clock componént as the input signal.

When the pattern detecting.circuit 13 detects a clock
component in the input signal (step 104 in Fig. 8), the
averaging filter 32 is operated to output a computed result
(step 103 in Fig. 8).

Thus, the accuracy of phase estimation can be maintained.

Although in the above description, DFT was performed on a



the case that all input signals have a clock conponent. Accordi ngly,
the energy nonitor 14 nonitors the power fromthe averaging filter 32
(step 111 in Fig. 8), and, when the energy |lowers to a predeterm ned val ue
or below, outputs a signal for turni®® off the averaging filter 32 to the

patterng i 1 %%? & - t

det ecti ngq\e‘%t rcwy'?g)f;i t;dﬁge operz'iltsl %1 tdhe%ez rré"gl}ﬂrglghf lltnt (;ﬁrnﬁ_ 59 | s st opped
when a s t | e pattern

detecti négg}(}%aclu% ecelﬂyg's%%sl%c?%%grthﬁ% &gkgay%ponent as the

I nput  si naI en the pattern tect CIrCUIt .13 d ts a clock

conpone W§F§#1 Yqﬁﬁilﬁﬂﬁﬁﬁﬂ g@%e §}n9tﬁér gélng filter

32 is operated to out a conputed result (step 103.in Fig. 8).

Thus, the aceéﬁaayaéft he the mtoﬁleaﬁlbyaﬁadﬁﬁambed with thregough in

t he above description, DFT was performed on a

20 si nglammmxdes:xasﬂs,, OrndEy, dao the panermed iguamtiiizing bidwey afal

synbols. DFT may al so be perfornmed in the same several synbol units in the

pattern thed cmipXicwdeés mdy e incredad. dn luhigh calse, uyhd opepzlioms
described with three anplitudes, -1, 0 and 1, but the nunber of quanti zing

bits of of henératdidgieg Byl ther | ITraRged tdd whainS thas OFT sl dddm  of
the averaging filter 32 i's halted when the DFT result has a value snaller

than a prefed el Nesk GIReK £ PR@rmined clock component.

EMBODIMENT 5:

Fig. 9 is a block diagram showing a demodulating circuit
according to a fifth embodiment of the present invention.

Fig. 10 is a flowchart showing the operation of the
demodulating circuit of the fifth embodiment of the invention.
The demodulating circuit shown in Fig. 9 comprises a

phase estimating circuit according to the first embodiment.

In Fig. 9, reference numeral 33 denotes an inverse
modulating circuit, which comprises a multiplier 15, a
multiplier 16, and an adder 17. The multipliers 15, 16
multiply the output from an averaging filter 32 by the twiddle
factor. The adder 17 adds the outputs from the multipliers
15, 16. Reference numeral 53 denotes an output terminal for
outputting frém the adder 17._I

Reference numeral 40 denotes a flip-flop for detérmining
demodulation data in view of the input signal according to a

recovered clock.



EVMBGDI MENT 5: .Fig. 9 is a block diagram showi ng a denodul ating circuit
acecording to a fifth enbodi nent of the present invention. Fig. 10 is a
flowchart showi ng the operation of the denodulating circuit of the fifth
enbodi'ment .of the invention. Theadenodul ating circuit shown in Fig. 9

conpri ses a t t t nt .

I nrrlgi lg 9, re@;rence nuﬁr%%gh%gyn%t%ﬁ%&n%réﬁ élﬁfs{éjic{fﬁl ng ci I’C{I‘?t

whi ch conpri,ses | tiplie a | n_adder 17. The
ol ¢ 1 o PPRE3EEnE BHokhP b kigh. 15 aBH, thB hEase Coaf Miphind PEkr el by the
twddle factor. The_ ,adder 17 add &he outg fromthe nultlglter

16. F@f%?EﬁﬁésﬁﬁnﬁPaFnB§td§ﬁ69é§ain oufpitIPRL nFRRFTRBINT (G PEELFNd - from

t he adder 17. Ref erence nuneral 40 denotes a flip-flop for

det er ni Ai BET @éreudtadloandathe averaging £hdterpd?-signal according to a
recovered cl ock. 21 The remai ni ng
conponent s chie coperationtbdbfsthbs chrcwit swillkmext fesmtdeswmibed. Fig. 1,
and the phase estimating circuit conprises an input termnal 1, a signal

generating cri€WFT%circuDET3Li detetmBdef DFT hin arbewgdNdan | Lt 32.
The operation of this circuit will next be described. The DFT circuit

31 detegihAas RRd antwiadiel faktor¥romsikH8akighdlagbneddtengagtebufitom the
signal generating circuit 9 (step 101 in Fig. 10), "and the averagi ng
filter 92(Q¢eBU891 in Fig. 10), and the averaging filter 32 outputs

phase information (step 102 in Figf 10). The inverse

modulating circuit 33 generates a recovered clock in view of

the phase information (steps 107, 108 in Fig. 10).

The recovered clock is prépared by inverse modulation

(multiplying the determined phase information by the twiddle

factor).

Specifically, for the inverse modulation shown in Figﬁ 9,
the multiplier 15 and the multiplier 16 multiply the twiddle
factor and the phase information output from the averaging
filter 32 (step 107 in Fig. 10), and thé multiplied results
are added by the adder 15 (step 108 in Fig. 10). The output
from the adder results from alternately selecting the output
from the multiplier 15 and that from the multiplier 16 and
adding a code of the input signal in conformity with a code of
the twiddle factor. Therefore, if the averaging filter's
output is given by the expression (16), a recovered clock is

defined by the following expression (26).



phase information (step 102 in Fig. 10). The inverse nodulating circuit 33
generates a recovered clock in view of the phase information (steps 107,
108.in Fig. 10). The recovered clock is prepared by inverse

nodul ation . (nultiplying the determ néd@ phase information by the tw ddle

factor).  1n vpegl 6fcehéygeﬁefa£a& EDOSE saenm&ié @Vr&:ddl f If” £ha- 9,

the nultiplier 15 and the nultiplier 16 multiply the actor and

t he pha nf In0 t a step 107 in
Fig. 10); ? 5&Pﬁg§9u?ilplle% res%?t%%tgﬁggagsﬂgd%ié%% aé té 15 (step 108
in Fig. 10). _Jhe fron1t add results froma ernatel | ecting
the odi put. FREAPRYEn ERbPHPeRt waE Hests cﬁowmer%t%ﬁrm 9 i8fen
addi ng a_code of the jinput, signal in_conformty with a code of the tw ddl e
fact or . Phageerstdmating, €igriiidgiafy the £drst eéﬂ?ﬁweng - gi FeWEB®Tr he
expression (16), a recovered clock is defined by the follow ng expression
(26). the zssmezslem@la.tgs}g circuit can bgpgpnfigured by the phase

22 In view of the generated clock and the input signal, the flip-flop
40 repr eettcior taindy auityoutit sienbcilentsemondata. fourtthmbaHdmenEsbbd'snﬂnt was
described with reference to the phase estimating circuit of the first

enbodi myH .tﬁgpvgma@e idfemetidreagatat i ng circuit can be configured by
the phase estimating circuits of the second to fourth enbodi nents based
on the phase information output.

EMBODIMENT 6:

Fig. 11 shows an embodiment in which a demodulaﬁing
circuit is configured using the phase estimating circuits of
the first to fourth embodiments and their estimating circuits
are controlled by software.

In Fig. 11, reference numeral 41 denotes é decimation
circuit, and the remaining components are the same as those in
the first embodiment shown in Fig. 15 Namely, a phase
estimating circuit comprises a signal generating circuit 9, a
DFT circuit 31 and an averaging filter 32.

The operation of this embodiment will next be described.

The phase estimating circuit determines phase information
of an input signal entered from an input terminal 1 and
decimates data on the input signal based on the determined
phase information to output demodulation data.

Although the above description references the phase
estimating circuit of the first embodiment, the same

demodulating circuit can be configured using the phase



EVMBCODI MENT 6: Fig. 11 shows an enbodi nent in which a denodul ating
circuit i's eonfigured using the phase estimating circuits of the first to
foourth enbodi ments and their estimating circuits are controlled by
software. . In Fig. 11, reference raneral 41 denotes a decinmation

Lo §FOLahREn BRLELIC RIS Che? LB SRRBRAeESERR Lhe 111!

enbodi ne a phase "estl CIrcurt conprises a
si gnal gengerating=€ifcuit 9 DET circuit 31 and an,averaging filter 32.
The operSFSBalﬂFgFﬁigaﬁﬁéoapngnf sehé%F°EEaBé88rPBEBPQ' The phase
estimating circuit deferm nes phase informatio of ,an |[nput signal entered

n .
from an i nputA8 cJeFFEIbed ;APOVE e FRE: demadRiabhng (RIFGRLE Sy RE based on
the determned phase information to output denodul ation data.
Al t houghconfighved usiogi pnilyn sofftmagecdf phasghasdormatienting circuit of
the first enbodi ment, the sanme denodulating circuit can be configured
usi ng t heopltesponding to demodulating data is availabl&.esBecatisegacircuits
of any one of the second to fourth enbodi nents based on the phase

i nf or mat reBodeired! clock cAn @Rsomittkdbate demoddeardugatifgudlr @ant can
be configured using only software if phase information corresponding to

?ﬁgvgghggﬁpgtig%&(ﬁi?gﬁi&?i 'ngilr@])lvﬁx iBPaais H1dcK asayeandod #dlg.can.be onitted,

As described above, the first aspect of the invention
performs filtering of the result obtained by the-discrete
Fourier transform performed on a symbol basis, so that the
accuracy of phase estimation is improved as compared with a
conventional method. |

The second aspect of the invention stops the operation of
the averaging filter if a clock component is not many as a
result of the discrete Fourier transform performed on an input
signal on a symbol basis, so that energy of the averaging
filter can be prevented from lowering, and an effect of noises
can be suppressed. Thus, the accuracy of phase estimation can
be improved.

The third aspect of the invention compares the output
resulting from the discrete Fourier transform of an input
signal performed on a symbol basis with the phase information
output from the averaging filter and halts the operation of
the averaging filter based on ghe cbmpared result. Thus, the

accuracy of phase estimation is improved.-

The fourth aspect of the invention monitors the energy of



be sinplified as shown in the block diagramof Fig. 11. As descri bed
above, the.first aspect of the invention perforns filtering of the result
obt ai ned by the discrete Fourier transform perfornmed on a Synbol basis, so
that the accuracy of phase estinmatio#is inproved as conpared with a
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conven! kA RuBEaty. sireer MRS ERA 2887 BheRhrLoR LRVERE 0eRhalAal
It qQf .th i te Eouri D i i I
Gynbol BAIFET BSREG AR FBR S S O ta F B SER, PEEPCEARDBAY EDBR od {1 om
| owering, and an effect Qf nqises can be suppressed. Thus, the accuracy of
phase eSfi AhE SRergy Moplterifgsqso that the errpBag¥pe&t PBASEhe i nventi on

conpares the output resulting fromthe discrete Fourier transform of an

i nput  Esgimation’ dendampaevedsynbol basis with the phase information
output fromthe averaging filter and halts the operation of the averaging
filter basedThe fhEthoappeet oEsthe. ifientidhecamcrenrewyr 64 pPéaseered
estimation is inproved.’ The fourth aspect of the invention nonitors

the eneicc¥ by the inverse modulation of Phase inf4rhBeiaveraemngnki | ter
and stops the operation of the averaging ilter based on the result of the
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of phas stimation 1's inproved. The fifth aspect of the Invention

can r ecql\ﬁiruta sl’i%(}%\ie.l’ ed

The sixth aspect of the invention can decimate an input
signal based on the phase informétion from the phase
estimating circuit to obtain demodulation data of the input
signal.

While there have been described that what are at present
considered to be préferréd embodiments of the present
invention, it is to be understood that various modifications
may be made thereto, and it is intended that the appended
claims cover all such modifications as fall within the true

spirit and scope of the invention.



y the inverse nodulation of phase infornation'fﬂﬁﬂ%#ﬁb—{ﬂ&ﬁﬁ;__,,
estl mat I”“‘lﬂ;“uﬂnu“mj E“{ ai n denodul ation data of an M‘ﬂﬁ SHEGINHAS BEEN
The. si xt i nvention can decimate an inpu LAcaged on
t he phase i iformation fromthe phase 2®stimating circult [O "ot
denodul a |nput si gnal . Wi | e there have been
describghag ég %ﬁggL%re {8 present considered to be preferred enbodi nents
of the present Fnvention, it is to be understood that various
modi fi cati ons may be nade thereto, and it is intended that the appended
clains cover all such mpdifications as fall within the true spirit and
scope ofl ot heAj phasej egtimating circuit for determining a phasess \What s
clainmed is: 1. A phase estimating circuit for determ ning a phase
conponemcomponent odk afclack miitarsiinpit sdgmali,sicogprising:a si gnal
generating circuit for generating a signal of a twddle factor for
di screte Fouai sighadngbnernefingosieditsifor genpeaceihy; a signal afDaT
circuit for performng the discrete Fourier transform on the input signal
for a predeidardrifrd iy dfscpetdIFouidd S ranstdrn YOWs W Ed#e
signal of the twiddle factor for the discrete Fourier transform and
out putti nsf or med result.; and an averaging filter for

d&we}éﬁﬁsa

aver agi ng resdlts of the di screte Fourier transformoutput fromthe
DFT circuit |n

'DFT circuit for performing the discrete Fourier
transform for a predetermined number of symbols using the
signal of the twiddle factor for the discrete Fourier
transform and outputting the transformed result; and

an averaging filter for averaging the results of the
discrete Fourier transform ocutput from the DFT circuit in

order to output the averaged phase information.

2. The phase estimating circuit according to claim 1,_furthér
comprising a pattern detecting circuit, which stops the
operation of the averaging filter‘when the result of the
discrete Fourier transform output from the DFT circuit

includes a predetermihed pattern.

3. The phase estimating circuit according to claim 2, further
comprising a phase detecting circuit, which determines a phase
of the clock component of the input.signal up to the previous
symbol in view of the output from the averaging filter,

outputs the obtained result as phase information to the
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ord t put the averaged. phase i nformation. 2. The phase estinmating
Ci rih’l’ﬁﬂﬁﬁ'ﬁﬁ"ﬂj&gﬂ claim1, further conprising a pattern detecting

cir < t he operation of the averaging filter-when the
result of the di screte Fourier trangéormoutput fromthe DFT circuit

I ncl ude d ) . Theap ' | pRCI rcui t
accordiESEF%Eglg%%?%?aﬁgr?Eg%ﬁlgdngpgsﬁﬁétg gﬁgsgagg?g%%?ggkc?gguit, whi ch
fromth ot r 3G il ter .Be t he cl ock
corrpone%?’ ggégqﬁiﬁefiﬁ%%%? g%%r?gt.lgl%% Itg tgﬁgyﬁggbi%rnégigﬁg ?g&éﬁgg%r ent synbol ,
out puts_t he .obt ai ned _resul t h I nt or lon_to.the

%6 pat ¢ EPHEI8%0 SRR SoEPL Ber FoRmbdn v, £hén BES BEzFRbh Srd: Fbe BBaREgi ng
filter according to the result of the discrete Fourier transform perforned
by the Befogmatien fxem gbeyphase det@cHdPdoRiFFBATt he phase detecting
circuit. 4. The phase estimating circuit according to claim2, further
conprising an energy nonitor, which determ nes energy of the clock
conmponent in view of the output fromthe averaging filter, conpares the
det er m ded @her phase lesx imatdaige ciiroad.t Becesdihd, tandlalinpy s fulrehegnpar ed
result, and wherein: the pattern detecting circuit halts the operation
of the cowprasing fdn letlerdfC aiohit®r,0 whikhodeermifes! ehaggiy/ o tthe
discrete Fourier transformperforned by the DFT circuit ang t he out put
from t he19R4 PbnBYHEnY -in view of the output from the averaging

filter, compares the determined energy with a predetermined
threshold, and outputs the compared result, and wherein:
the pattern detecting circuit halts the operation of the
averaging filter according to the output resulting from the
discrete Fourier transform performed by the DFT circuit and

the output from the energy monitor.

5. A demodulating circuit, comprising the phase estimating
circuit described in any one of claims 1 through 4, an inverse
modulating circuit which generates a recovered clock based on
phase information output from the phase estimating circuit and
a twiddle factor for the discrete Fourier tfansform outputted
from the signal generating circuit, and a decision circuit
which judges the input signal for data using the recovered

clock.

6. A demodulating circuit, comprising the phase estimating

circuit described in any one of claims 1 through 4 and a
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5. A denodulating circuit, conprising the phase estimating circuit

descri bed i H!memﬂmun nms 1 through 4, an inverse nodulating circuit
whi ch gener cl ock based on phasé information output from
t he phase estlnatlng "ci Pcuft and a tnﬂddle factor for the discrete Fourier

”a”SfOEl@ﬁg.h\%E%he@égcﬁql@ ¢ % %Eaghp_g Gler EHb! %nﬁﬂq 83 ﬁ% si on

circult e’ npu ata usi n e recov cl ock.

6. A depodul t|n circuit r|S| t he .ohase, est | rratln cwt
descri bB858 m Ofll\':qo ml-&?élﬁl 598}!‘“%5 ase egt ‘E

27 decimati Qn CI rcuit, whi ch deC| mat.es gata of the input signal based on
phase i FAGCHeY &?doﬁuﬁlﬁu atPmat i ng circuit and outputs

denodul ati on dat a.



