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METHOD FOR ESTIMATING PHASE IN DEMODULATOR

ABSTRACT OF THE DISCLOSURE

A signal from a local oscillator (1) is separated by a 90° phase shifter (2) into
an in-phase component and an orthogonal component. Each of the components is
multiplied by a received IF signal in a mixer (3a, 3b) to perform pseudo-synchronous
detection, The pseudo-synchronously detected signals are subjected to A/D conversion
in an A/D converter (Sa, 5b), and preamble portions are integrated in integrating
circuits (6a, 6b). The integrated signals are latched in latch circuits (7a, 7b). The
timing of the latch is controlled by a timing circuit (8). A power detector (10) detects
the power of the latched signal, and the maximum value is detected in a maximum
value detector (11) to determine timing at which the power becomes maximum in
selectors (12a, 12b). A phase (8) is determined from the inverse tangent of the
maximum value, and is used as an initial value of a voltage controlled oscillator (VCO)
in a demodulator. By virtue of the above construction, a method for estimating a phase
in a demodulator can be provided which can accurately demodulate a received burst
signal with small circuit size and memory.
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The following statement is a full description of this invention, including the
best method of performing it known to me/us:-
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‘ demodulators used in radio communzcatlons, and morel partlcularly

: |
'in a burst demcdulator, however, since the phase is estimated by

- determining correlation of burst signals in a parallel correlator,

TERHEET | Fax:03-3239-5463 - . 19991 dﬂ14ﬂ($)|10.5_00 P.04/22
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METHOD FOR ESTIMATING PHASE IN DEMODULATOR

The invention relates to a method for _estimating a phaae in

u

l:o a method for estmatzng a phase in demodulators t:hat estimates

the phase through the ut;llzatlon of a preamble port;on and can -

stably demodulate a burst signal.

_BACKGROUND QF THE INVENTTON - !

In burst demodulators for ‘radio signals, the pulling speed

.of PLL (phase locked loop) should be increased to accurately

' demodulat:e burst signals. Por this reason, ina converitional method ] —

for est;mat;ng a phase in a burst demodulator, the phase of a burst
51gnal is estlmated and the phase is used as an 1n11t1a1 value of.

V€O (voltage controlled-osca.llator) in PLL. In this cése the phase

" of the hurst szgnal is determined based on correlat:.on of received

' burat signals determined using a parallel correlator

Th_us, according te the co_nventlonal method for estlmating a

. phase in a burst demodulator, in demodulation of a burst signal,

‘the phése of a burst .éignal is estimated based on-carrelation of

recelved burst 51gnals determined usmg a parallel correlator, the

) estlmated phase is utlllzed as the 1n1t1a1 value of ¥CO in PLL to

increase the pulling speed in PLL.

According to the conventional method for estim}atihg a phase

a m.emoryv capacity ccz'z'esbpcn_ding te a vélue obtained by mulciplying
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' poses a problem of an increased size of the circui:t.

. of the received signal; and

(PLL) .

o'sc'illation signal;

S SRR .' 'Fa5103-3239-5463 CU199% llﬁla_-'lE(*‘)!lO.:Ol ~ P.05/22
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_ the number of preambles by the number of samples is n_ec:essary. This

SIMMARY QF THR THVENTION

‘Accordingly, .it is an object of the invention’ to provide a
method for estlmatmg a phase ina demodulator which can accurately
demodulate a recez.ved 31gnal w:.thout the necessity pf 1ncreasmg

the s.'Lze of the c1rcu:|.t and the memory capacity.

a method for -

i
i
}
i
'

Accordlng to the first feature of the J.nvent:l.o
eet:.matlng a phase in a demodulator. comprises t{he steps of:

es tJ.matmg a phase of a demodulated signal, obtained bx demodulating

‘a received sa.g_n_al. based on integrated values of the prede;ermlned

number of samples of a plurality of 'symbols constituting a preamble

feedmg the phase of the demodulated s:.gnal as an| :.ni-tiel phase

1nto a voltage controlled oscillator (vco) in a phase locked loop

-_contalned in a demodul»ator -for outputt_mg-the demodulated signal ‘

Accord:.ng to the second feature of the mvent;on, a method

'for estmatlng a phase in a demodulator compr:.ses the steps of:

pseudov-synchronously detecting a _received burst signal by -an

-ip-phase component and. an orthogonal component : of a 1local

convertlng the pseudo synchronously detected s;gnals to
dlgltal signals; - ‘ I
‘integrating the digital sig;le'ls with reslgaect to the
predetermined number of samples; o
latching the slgn,als integrated with fes;?aect to the

i
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predetemlned number of samples. at predetermmed thing;
detecting. the maxlmum value of the in- phase comlponent and the
orthogonal component in the lar.ched gsignals; and
est:u_nat;.ng, from the maximum value, a phase to be used as an .
5  initial phasé value of a phase locked loop (PLL) inla demodulator

for the burst signal.

The inveﬁtion will be explained in more detail in conjunction

.t3+10 'with appended drawings, wherain: o

e 1 . Pig. 1 is a schematic view of a burst demodulator to which

o s -the method for estimating a phase in a demodulator ac¢ording to the

invention is applied- _

Fig. 2 isa d:l.agram showing one embod:.ment of- the cons t_ruétion
22015 of a frame of a received IF signal;
.Flg. .3 is a diagram showxng on_e eﬁxbodiment of samples within
cous one _s:_mbol; ' | |

Fig. 4 isa diagram showing the construction of a demodulator;

. Fig. 5 is a diagram showing an integration range in the case
20 where the timing of a burst signal is good; and
‘Fig. 6 is a diagram showing an integration range in the case

where the timing of a burst.signal is mot good.

] msczlmomnm;mmmmumm;
25 -~ The method for estimating & phase in a demodilator in the
preferred embod:.ments of the invention will be explialned in more

detail in conjunction with Figs. 1 to 6.

Fig. 1 shows a burst demodulator to which the method for
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estimating a phase in a burst demodulator according to|the invention

is applied. " The burst demodulato: comprises: a locial oscillator

1; a 90" phase shifter 2;. mizers 3a, 3b; fllters 4a, 4b; A/D

converters 5a. Sb 1ntegrar,1ng circuits éa. 6b latclfl circuits: 7a,
7b ‘a tlmlng’ circuict 8: delay circuits 9a. 9b a power decector 10: .
a maximum value detector 11; —selectors 12a, 12b; a pHase estimator
13; ahd a demodulator' l4. In this drawlng. a recewed IF signal
is a signal obtalned by modulatzng a rece:.ved s1g:lpa1 wlth QPSK
(quadn phase sh:.ft key:.ng)

-
Fig. _2. shows one embodlmeqt of che coustructijoh of a frame

"of ‘a received IF signal.. In Fig. 2, __one frame ccémprises a cw
. . [ o

(continuous wave) portion, a preamble portion, a UW (unique

wordjportion, and a data portion. ~ In this case, ifor both the

-in-phase component and the orthogona:l_. component, the|CW oortion is

congtituted by a pattern of 5 symbols of ~11111%, ithe preamble

‘portion is constitu‘ted'by a pattern of 10 symbols of F0101010101~,
" the UW pattern is 'con'stit_ut'éd by a fixed pattern of|5 symbols of

“OXXXX* whé_rein X repfesents a desired random pattern;, and the data

portion has a random pattern.

in Fig. 1, 'a signal fro:"n_.thevlocavl oscillator ‘L is ceparated
by the 90‘ phase shifter 2 into'an‘in-phase componenjt (0°) and an
orthogenal component (90') The in-phase component (0") is
multlplled by the received IF slgnal in the mixer 3da. ‘\ On the other

hand, t:he orthogonal component (90°) is multiplied by the rece;ved

IF signal 1n the mixer 3b. Thus pseudo-synchronous‘ detection is

. earried out. 'I‘he pseudo- synchronously detected s:.gnals are passed

through filters Sa, Sb and subjected to A/D conversion 'in A/D

converters 5a, 5b, and the preamble (10 symbols) porr,;ions (Fig. 2)
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. are integra-ted'for. each sample in in»t'egrating cir.c{u'.ts 6a, -6b.

Flg 3 shows one embodlment of sa.mples wlthln one symbol. 1In.

- Fig. 3, the mtegrated value for each sample S(J) (where:m j -

0, ....7) is expressed by the followmg numerical f;ormula 1. In

this embodiment, 8-fcld sampling is carried.

S : ‘ |
S(j)=Y.Ci*Di,j - : : :
. ‘l'ﬂ ’.» . .

ci=1(imodZ*O)or-l(imod2=0) @

Next the integrated signals are latched in the latch clrcu:.ts

" 7a, 7b. The tlmlng of the 1atch is controlled by the t1m1ng c1rcu1t

8. When the timing of the preamble portion is known.! the latch is

carried out at that timing. On the other hand, wheoithe timing of
the preamble pot'tion is unknown, the latch is carriefd out at such
a timing that the integrated signal has exceeded a ?predet_ermined
threshold value. |

» The power detector 10 detects the power of the latched signals

of the in- phase and orthogonal components, and the maxunum value .

- is detected in the maximum value detector-ll. The. tll:mmg at which

-~ |
the power becomes maximum is determined in selectozsl2a, 12b. A

phase () is determined from the inverse tangent ojf the maximum

value, and is used as an initial value of VCO in the demodulator

13.

In the case of samples shown in Fig. 3, the power detector
10 squares the in- phase component Sp(j) (wherein j é, -.., T) and

'the orthogonal component Sq(3) (wherein j =0, , 7) of the

integrated value for each of the samples (8 samples) | : followed by

addition of the squared values to determ:.ne the power P(J) (where:.n

Vj .= 0, .. ] 7) .
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“P{(j) = SP(J) 2+ Sq(]) 2

The max:.mum value detector 11 determlnes the |max1mum value

of the powers P(J) (wherem J 0, ;..,_ 7) wJ.th res[pect to the 8

samples, and the timing at which. the power becomes maxllmum (j = MAX)
1s determlned in selectors 12a, 12b. ' In the phase |est:.mator 13

a phase (0) canbe determ:.ned from the J.nverse tangent |of the maximum
:mtegrated value of the t1m1ng :

8 = ATAN (Sq (MAX) /SP(MAX))

Fj.g'. 4 shows the construction of a- demoddlator This

" demodulator 14 comprises a complex multiplier. 15, a phase detector

© 16, a loop filter 17, and VCO 18 which constitute PLL;(phase locked

w

loop) . Sigrals output from the A/D converters 5a. Sb| (Pch data and
Qch data) are. delayed in the delay: cu:cu:.ts $a, 9b, and are input
into- the complex multiplier 15. ‘

The slgnals output from the delay circuits 9a, 9b are passed
thrcugh the complex multz.pller 15 and then subjectedl to detect:.on
of phases in a phase detector 16, and only a predetermlned phase
component is extracted in a loop f:.lter 17. This extracted phase
component is 1nput into VCO 18 to which the:phase (9) determined
in the phase est1mator 13 hae been given as the 1n1t1al value. The
output from VCO 18 1s fed back to the complex mult:leJ.er 15.

In the complex multlpller 15, the signals -output from the delay

c1rcu1ts 9a. 9 are multlplled by the feedback slgnal from vco 18.

‘Therefore, use of the phase (9) from the phase est:.mator 13 as the

1n1t1a1 value of VCO in PLL m the demodulator 14 increases the

pulling speed of PLL, c_ontnbutlng to stable demodulat;’ton of a_ burst

sigmal.

The method for estimating a phase in a burst demodulator
i
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i accorciing to the invention has been described above. %The threshold
- value of the timing circuit 8 can be variably set by javeraging the

received signal for each burst to determine the signal level.

Next, the operation of elements ranging from the integrating
circuits 6a, 6b to the demodulator 14 in Fig. 1 will be described
' : i
in more detail. :

Fig. 5 shows the integration range in the case where the timing

of the burst signal -is good. As shown in Pig. 5, when the burst

".signal has been acquired, GUARD timing is uniquely determined,

- making it pﬁossible to deteimin‘e_ the position of PREAMBLE. FPFurther,

when the symbol before the-pre;amble ‘pbrtign and thel symbol after
the preamble portion are madégso as for thé cpﬁtinui.ty of the pattern
of . "10." fo l;e maintained, 'a deviation of 'ii‘_bit ini GUARD timing
merely results in oéc_:urrence of the indeterminacy of the phase of

(0. @) and does not affect the integrated value. Therefore, when

accurate GUARD timing is known, the preamble portion is uniquely

‘determined, 80 that the integration range can be deternined as shown :

In Fig. 1, power values are detected in the pawer’ detector

10 from the integrated values of eight in-phase components and

.orthogonal- compbnents, for each sampling, and the maximum value is
- determined in the maximum value detector 11. That is, the timing

of the maximum amplitude in the sampled burst signal il determined.

Therefore, inthe phase estimator 13, the phase () canjbe determined
from the inverse tangent of the in-phase component and the orthogonal
component of the integrated value with respect to the timing

¢orresponding to the maximum value. Utilization of the phase (0)

as the initial value of VCO in PLL of the demodulator increases the
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bulling. speed- and can realize stable demodulation|of the burst
s:Lgnal :

Further, s;nce the burst ngnal in its preamble portion 1s

:.ntegrated and - averaged to deternune the phase, averaging of 10‘_

’ symbols in the preamble portlon as seen :m the’ frame construction

in Fig. 2 pernits the phase (9) of the smth-symbol :ugalthe preamble

' portion to be determin_e_d. Therefore -delaying of the burst signal

in the delay circuits 91, 9 after ‘A/D ccnversmn in the A/D

' converters 5a. Sb followed by 1nput mto the demodulator 14 can

',reallze the regulatzon of the tlmlng of phase setting

- Fig. 6 shows the :.ntegrat:.on range in the case where timing
of the burst signal is not go_od._ As _ehown :,n Fig. &, v;rhen the burat
signal has -qot been acquired with GUARD timieg beinig deviated by
X symbols (X: an arbitrary number), the preamble portéion oarmot be
accurately detemined. In this case, in the int’egraih;in.g circuits

5a, Sb, integration is initiated_ from GUARD timing. Trf{heﬁ the value

. has exceeded a predetermined threshold value, the ti'lming circuit

i
i

8 judges that the preamble portion has 'terminatedi followed by

latching of the J.ntegrated values in the latch. c1rcu1ts 7a, 7Tb. The
1ntegrated values S(J) (where;m j=o0, .~..7) expiessed by the

numer:.‘_cal formula 1 cap be expressed by the following formula with

noises Ni, j being taken into consideration.

Ci>1 (imod 2% 0) or -1 (i mod 2 = 0)

r=1

-84 = Ecum.n *NLJ . Wbereinj = 0057

. ie0- . i

'whereln K represents the number of :.ntegrated symbotls

Therefore, when the average va.lue of Ni,j is |zero. in the

non- slgnal portion (between GUARD,sJ.gnal and X symbol:)., Di, j = 0.
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When the K'value is large, the integrated value $(j) is iapproximately :

‘gerc. Similarly, also in the CW portion, Di. j = 1, 'and, when the

K value is large, the integi:ai:ed value S(j) is appro:éimately zero.
That is, when a cextain threshold value is set and, for each burst,

judgement is made in such a manner that, when the de\iermined value

‘has ‘iexceeded_b ché 'thi'eshold'val-ue. the p'reambleg'porti_on has

-terminated, t‘he preamble portion-can be equivaientliy integre.ted.

" In this case., when -';he termination of the preiamble' portion

is judged based on che threshold value' the' optimal tﬁreshold‘value

© varies accord.mg to the dlfference J.n 31gna1 level |and the 11ke.'

Therefore, the threshold value may be varied depenalng ‘upon che

signal level.‘ Here if both the Uw portlon and the DATA portlon are

constituted by random data,- the 1ntegrated value $(3)

* approximately zero when the K value is large. ‘Therefore, when the

integrated values are averaged for each burst and the number of times

- 'of averaging is increaeed; the signal level of the preamble portion

‘can be app_roximately determined. . Dete:mi,netion of !:he threshold

value from the ‘si'gnal level makes it pessible l:oi determine a.

'threshold value wh:.ch has better su;tabillty for the demodulation

of the burst sxgnal

_As described above. in the method for estimat:h;ng a phase in
a demedulator according to the invention, in order to reduce the
size of the circuit. the preamble portion of the burst signal is
seria‘lly integfaten_i to.determine c_orrelat:.on, baeed om2 which a phase
is estimated. In t‘:his" cese.' the posiﬁion of the pre;mble portion

should be known. After acquisitien, the position ofi the preamble

portion canbe found out to some extent. At the sc'ageofiacquisition.

the pos_ition of the pr_eamblle is unkaown. The:efore,‘; at the stage
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of the acquisition, the position of the preamble is Epproximarely

determined from the threshold value by utilizing the properties of

the received signal. Purther, the optimal threshold value varies

depending upon the level of the received signal. Repeat-itien of the

integration for’eéch'hurst to approximately determijpe the signal

level of the preamble porrion makes it-pdséihle to determine a
threshpld-ﬁalue having better suitability for the démodulation of
the burst signal.

'As is apparent from the foregoing description, in the method

-for estimating a phase in a demodulator according to ﬁhe invention,

'in a demodulator for burst signals in radio communications,'the

preaﬁbie portiocn is serially 1ntegraCed to-determinefcorrelation
This can eliminate the need to use a parallel correldtor and hence
canreducethe51zeofthec1rcu1tandthememorycapacﬂty. -Further,

even when the t1m1ng of the preamble. portlon is unknown the

threshold value is var;ably set by averaging the recelved signal

for each burst through the utilization of the propertles of the
received burst SLQnal to determlne the 51gnal level This can
realzze accurate demodulation of the burst s:gnal.; |

The invention has been deserlbed in detail w1th particular

reference to preferred embodlments but it will be unperstood that

variations and modlfxcations can be effected w1th1n|the scope of

‘the invention as set forth in the appended claims.
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“The Claims defining the invention are aé.follows:
, ! : , : !

‘1. Amethod for estimating aphaseina demodulator, comprising

the steps of estlmatlng a phase of a demodulated 51gna1. obtalned

"by demodulatlng a recelved signal, based on 1ntegr ted values of

l
the predetermlned numher of samplee of a plurallty of symbols

constituting a preamble of the recezved 51gna1, and
feedlngthephaseofthedemodulateds1gnalasadlnltaalphase
into a voltage controlled oscillator (VCQ) of a phase locked loop

contalned in a demodulator for outputtlng ‘the demodulated 51gnal
(PLL);

2. Amethod for estmat:.ng a phase ina demodulator compnsmg .
thestepsof pseudo- synchronouslydetectlngarecelvehburstszgnal

by an in- phase component and an orthogonal component of a local
!

osc;llatlon.SLQnal;

convart;ng the pseudo synchronously detected s;gnals to

‘digital signals;

|
!
|
|
i

) integrating‘ the digital signals with respect .to the

i
)

‘predetermined number of sample's;
latchlng the sxgnals 1ntegrated w1th respect to the
predetermined number of samples at predetermlned tﬂmlng,

detectlng the maximum value of the in- phase component and the

crthogonal component in the latched slgnals, and

estlmatlng,_from the maximum value, a phase to|be used as an
_lnltlal phase value of a phase locked loop (PLL) in a demodulator

‘for the burst signal,




12 -

3. The method accordirig to claim 2, wherein the latch is carried out at
known timing of a preamble contained in the burst signal.

4. The method according to claim 2, wherein the latch is carried out ar

u

such a timing that the signal integrated with respect to the predetermined number of
samples has exceeded a predetermined threshold value.

[

DATED this Fourteenth Day of April 1999
NEC Corporation
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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