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master |ines, 'disl PRSpLEYR1§RyS | effdQuéREes O3Sl thaBuslyCldomds t he
sanpllng clock o t,he receiver,

prz.sxng successive steps of transmission of symbols for

a durat:.on T +.4 T, two transmission frequencies being

15. 1/T apart, T being the useful .transmis'sion interval and
AT being the transition interval. In the above Patent
Applicatlon, there is also described a transmi.tter and
a receiver enabling this method to be .unplemented by ..
using, in the transmitter, a circuit for " inverse fast

20 Fourier transform (FFT'I) computation in order to carry
out the modulation of the signal an&, in the receiver,

 a circuit for fast Fourier Transform (FFT) computation

in order to carry out the demodulation of the signal

. received. Furthermore, to enable the receiver to be
25 synchronised with the transmitter, the spectrum of the
" modulated signal comprises two master lines having a
fixed frequency difference between them. By using these

two master lines, it is possible to slave the local
oscillators as well ‘as the sampling clock of the

30 receiver. In the Patent Application mentioned above,
there is therefore described a device for analog feed-
back control using the two master lines to control
certain local oscillators of the receiver as well as
the clock giving the sampling frequency.

35 As shown in Figure 1, the feedback control
device making it possible to realign the local oscil-
lators of the receiver described in the abovementioned

' Patent Application, comprises essentially a band-pass




In.the patent &pplication mentioned above, there S tﬂg;@ escrl bed a
devi ce far anal og feedback con- trol using the two nas trol
certajxn | ocal oscillators of the receives as-well as tM,! mi the
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i - The output of the oscillator 7 is connected to the

15 input of the ph'a_se-lock loop, namely on the other input

 of the mixer 5. The output from the phase-lock loop 1

is also input to three phase-lock loops 8, 9, 10. These

phase-lock loops "are frequency-division phase-lbck '

loops. The phase-lock loops 8, 9, 10 constitute the

20 outputs - of the feedback control device and ‘deliver
frequency -references to the various local oscillators, -

namely the local oscillator of the  high

frequency/intermediate frequency f’gp translation

| circuit, the sampling clock fq, local oscillator of the

25 Intermediate Frequency to baseband £‘; translation
circuit. . . : ]
The circuit described above operates ‘as
follows. The filter 2 selects the frequency fp namely
the frequency of one of the two master lines trans-
30  mitted by the transmitter. The filter 3 selects the
frequency £fp namely the frequency of the ‘other master
line. The mixer 4 performs the beating between the
frequencies fp and fg. The phaée-lock loop 1 delivers
the value of the differences between freq_uencies fa and
35  fg. The difference between the frequencies fp and fg on
transmission, determined by the transmission standard,
is known. Comparison on reception enables a frequency
reference and phase reference to be delivered. The



sanpling clock f[err], local oscillator of the Inter. nmgrsﬂgeehf@g&lﬁﬂgcxdt 0
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' C e 'I'he subject of the present invention is a
method of realigning the oscillators of a receiver com-

15 prising a high frequency/intermediate frequency trans-
lation oscilla.tbr,' an intermediate frequency/baseband
translation oscillator, and a sampling oscillator
receiving a signal modulated by at least one circuit
for inverse fast Fourier transform (FF‘I"I) computation

20 according to a multicarrier modulation of OFDM
(Orthogonal Frequency Division Multiplexing) type, the
spectrum of the said signal comprising two master lines.

"~ having a fixed frequency difference between them, the
method being characterised by the computation of the

25 variation of the phases of the two lines as a function
of time with the aid of a fast Fourier Transform on
reception, the ‘said = oscillators being | frequency
adjustable and the result of the said computation
serving to set the frequency of the sampling oscillator

30 and the frequency of at least one of the other two

' oscillators.

Other characteristics and advantages of the
present invention will emerge on reading the
description given hereafter of a preferred embodiment’

35 of a device implementing the present invention, this
description being 'g'iven with reference to the attached
drawings in which: .

- Figure 1 already described is a block diagram of an



Fourier transform (FFT[err]) conputation according t'umeshaaﬂmsiB‘eamépﬁEed

nmodul atiqn of OFDM (Orthogonal Fre- quency Division '
spectrum of the said signal conprisingt master. lin
frequency difference between them the #pihod being c S/ the;
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The method of realig:u.ng the local. osc:.llators e
15 according to the present invention can be implemented
-in a receiver such as represented in Pigure 2. This
. receiver therefore comprises, in manner known per se, a
re_cept:.on antenna 20, a recelver circuit 21 principally
transforming the reception frequency into an
20 intermediate frequency, a translation circuit 22
transforming the intermediate frequency into a baseband
frequency, an analog digital converter. 23, a packet
synchronising ci:r:cuii: 24, a demodulating circuit 25
consisting of a fast Fourier transform circuit , a
25 feedback control circuit 26, an analysis circuit 27, a
correction circuit 28; a décis.i.on circuit 29 and an
exploitation circuit 30. These various circuits as well
as their operation have been described in the
International Patent Application PCT/FR 89/00546. More
30 specifically; the receiver 21 comprises an amplifiér
| 210 amplifying the signal arising from the antenna 20.
The output of the amplifier 210 is connected up to the
first input of a mixer 214 whose other input receives a
frequency arising from a local oscillator 213. The
35 output of the mixer 212 is connected up to the input of
a band-pass filter 214. The output of the band-pass
filter 214 is connected up to the input' of an amplifier
215 which comprises a loop for negative-~feedback with



The nethod of realigning the |ocal osm |l ators accoqﬁgsﬂteggi

I nvention, can be inplenented in a receiver such as r

This receiver therefore conprises, in mannre‘ _known p ma ﬂiﬁ% tlon
antenna 20, a recei ver. circuit 21 principal Iy trans-
reception frequency i'rit o an lnterrredl ate frequencvy,

el ogdl ot ar “unGubPRRE S8 SRLR-RBRLER KR " PSS HA Ll B ghRe 27

derodul ating citbei ampbifiesi §lengmpﬂ.i£iéasth§oen.ganlt pdckiedr npcbycu:lte a

26, 'a doci si on SPERRAH 20, B9 BOGLYRLD e V) iefan P RORISIR il

circuits as weldebivenedr bypcthei docady osniklakorr 283d ithe hm.xer 212

I nt ernati ongl
receiver 21 co
-the antenna 20.

first input of mm xwhich4 maliess pth bsbﬁlbmb rweummaﬁéeﬁhen@igarﬂ% ng
froma. | ocal osc tor 2% ;ge of, t xg{' 12,13 cogg cteeq up to
the input of a‘5 p9§§ ore, n2 'iﬁe}'t ofBich phnas ¥, & 214
i s connected upbeoablhe itop riecaliven ahtmlénpliﬁl&'vmuhundepr contxrall afp for

Tavens skpahoey SFTLEE P iiapend gl
*?héieutcmp ?ﬁet&ﬁpmx'% ﬁof%sltaame ¥qthe fdL

negat fve-1 6abagket Lo ARaRLOTty O tagfrssferoln% b f9P Ll et

circuit, e anpll

nal “prc

20. By beat| ng mhiﬁmagiaotlrequetm mtymemw MGWYt neqne&alf'

oscillator 213,

The signal at the outpu
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20

oz‘aeg;ﬁbaeragl%mwero% ot | rauepky 0&1&861&' 0p3al, reggigved.
the mxer is, filtered b he filter 214, which

ntermed:l.ate frequency signal is t erfore sent to’ an
.Lntermediate frequency to baseband translation circuit
22 comprising, as represented in Figure 2, a ‘mixer 220

which receives the ampl:.f.\.ed J.ntermediate frequency on

one input and - the’ fre_quency arising from a local
oscillator 222 on the other input. The output from the
mixer is sent to a low-pass filter 221. In this case,
the mixer 220 performs beatings between the signal
delivered by the oscillator 222 and the signals with
the interm_ediete fregquency £’; and supplies a baseband

- signal. The filter 221 selects the desired part of the

25

30

35

spectrum so as to obtain a baseband signal sent to the
analog digital converter 23. The converter therefore

performs -a digital sampling of the signal at the

sampling frequency £’, synchronised by the feedback
control device 26. The packet-synchronisation cirenit
24 makes it possible among other things to determine
the start of a transmission interval, which enables the
carriers to be reorthogonalised. This type of operation
allows a rough packet synchronisation (to within a few
samples). A finer synchronisation is carried out by the
analysis circuit 27 by examining the rotation of the
phase throughout the band. The packet-synchronising
circuit comprises, for example, means of subtracting
the signal with a signal delayed by a duration T. As
long as the two samples are handled in the same
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nmakes it possible to elimnate the signals which aTe foreign to the signals
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duration T. AsFuuhgeggore, Ln the odiment represented, the demodu-

lating circuit 25 consists of a circuit for fast

15 Fourier transform com[iutation. The receiver described
above is adapted to receive signals modulated J.n a
transmitter comprising at least one circuit for inverse _
fast Fourier transform computation. The modulation is a
multicarrier modulation of OFDM (Orthogonal Frequency

20 Division Multiplexing) type with addition of a transi-
tion interval At at the start of each transmission
interval t, the spectrum of the said signal comprising
two master lines K1 and K2 having a fixed frequency

: difference between them.

25 ' The mathematical elements enabling the method
of the present invention to be implemented will be
‘given hereafter. These mathematical elements are given
by starting from the follcw:.ng assumpti.ons. f‘or the -
transmitter:

30 -~ the number of channels is 512;

- the signal is composed, in this case, of 2048 points,
for a transmission sampl:mg frequency twice the Shannon

frequency; :
- the transrt:.on interval then corresponds to 256

35 samples.
~ In this case, the signal transmitted by the
transmitter is given by the equation below:



the two sanples are handled in the same transm ssi oTTﬁt"ervaMfMi on
T+[err]T, .their difference is nearly constant. This irg;; A for each
transm ssion interval over a duration AT decreased by AneenRepitdy Val
of the nost distant nultiple ‘eychc;)_g-?lgy. .contrast, ;rapidj. ' of . this
di fference indicatés that thgettwo:Sanpl es..no | o%fg_é[f'- b _ AME.
transm ssion interval. Thus, fromthe difference dft he two sanp k , the
instant of change of trarf®ni ss§dn interval is determngd and thereby a
synchroni sati on ofS {k& * &8 erval & of gy ansos {2ns{ion ppl (t - 54
‘packet - synchroni sati on. JIffi s®dde mc@ d? packet - synchronMsat i of'! oper ates at
the sanpling fre- quency f[err]. Furthernore, in the enbodi nent repre-
sented, the dem)dlil ating cirguit 25 consists of a circuit for fast Fourier
transform cgnput at’i Bp,k ThE r&de®vBr{tdesdrélbed above is adapted to receive
signals noddlated in a transmtter conprising at |east one circuit for in-
verse fast Four wherier ansf g 0 2@gput aftpn= The godukas hion is a nulticarier

‘'modul ation of OEDM. ¢Ortho Rrequ 1. Sd on . Mul tiplexin type with
addi tion of a t ¥ASR SR %’va{‘% e‘g@‘[ﬁeﬂst%t]ﬁ %'é%?'i"r af?l%?ﬁ?s/si on
interval t, theTgpectl/ifig of st{ftd smi0d siedseiwhexepri sing two naster |ines Kl

and K2 having a {4 xeggfygequency difference between them The mathenati cal
el enents enabling the method of the present invention to be inplenented

will be gi¥8n hPrcoffset pfdhearwarniens dn dhendinanamittgd spegtmmy ting

fromthe foll ow SRl ¢he FKEmi&L Lhd6tmatibhClr o sac fe
channel s is 51\2@2&%@52 ' A "I:rag:? ZOAgaSg}ﬁtts?efor
ot

I'gnal s gonposed, .,in this case,
a transmi ssion §anpﬂ§¥d%ﬁreqé‘é¥&?9t gctime m&ﬁfr%erk%/ Hal in
transition intewhicht fgn corvespumils o theé sumpling frequency and A to

the interval of transmission consisting of the useful
15 part plus the transition interval. _ '

In a manner known per se, the signal S(t)
undergoes, on transmission and on reception, a certain
number of translations, namely, on transxhissi.on, a
baseband to intermediate frequency £j translation and

20 an intermediate frequency/high frequency translation
giving the frequency fgp and, on reception, a high
frequency f£’gg to intermediate frequency £’ § trans-
lation and an intermediate frequency £’j to baseband
translation. After translation, namely at the input of

25 the analog digital converter 23, we receive the signal
represented by the equation: | | -

+» 511 fa _ '
S (t)-Jtsm kz-O Py k08 [2rllk+ D} = + Af, + Af ] ¢t
30 fe | n
~2r (k + D) v xJA+¢J.k-kT1 r (t --J.A)
with £ intermediate frequency' of transmission
£’3: intermediate frequency of reception
fR;: intermediate  frequency of  theoretical
35 reception,
£
fR; = £; - D -E
N

fgp: HF frequency of transmission



pl es.- 6 [err] [err] [err] [err] and it follows that [err] W sanple at
the frequency [err] (in the above equations [err], [err], [err] represent
the fre- quency offsets for which it is sogght to conpensate). At the
out put of the anal og di-gi-t/ad® converter 23, %wmg, obt akn the .signgd represent ed“,.»_-;.;.-;
by the formula: [err] [err] we take the standpor nt of a sanple:n - Fidt
corresponding to a rt of ransmtted packet, ,for exanple the j[err]. W
must have [err] In fiﬂE’ c%ge reguency@f receptdeBrnmtion transmitted in
respect to block No. | wedplgsnunbering the sanples fromO to 1151 starting
fromn we obtain: [err] REPL ACEMENT SHEET 2 1 JAIEIQ1998 7 In this case,
the signal transnmitted byltlhi1 ra(nsm"tdzeri = (fl =D =) 1+ 821

5 ’ - R - e
. Afi'fi f1-62f1 b -
£y = T (1+385) B
' [ ——
10 : & fup = e~ fip =83 i Sheet Has BeenReplird
T ana 1t sotions that HII\I\HIll\H\\lllI\l
£ or
S'(t) = P
J s~y k=0 J.x
. : Ct‘n + 8 f
15 cosrzxrrk«ur———t—-“—‘-*'-)rft
| £
-2k —— JA*QJ"k-_k_-:,-l x (t - 3 4)
: . | . fe
We sample at the frequency f’g = — (1 + §3)
20 : : ' 2

(in the above ;quations §1, 82, 63 represent the
frequency offsets for which it is sought to
compensate). |

At the output of the analog digz.tal converter

‘25 23, we obtain the signal represented by the formula:
S (n)=8 (t-n'r"+ag) '

+o 511 - 5. & 48
. 2 %y 3'HF)
cos __. k — .
-y L . L o Pacos | ke N T £ (nT,)+3.)

30 £
; i - X L] L]
2 k . JA*’j,k k Tl t(n‘l‘ed-ae-JA)
we take the standpoint of a sample n corresponding to a
start of transnu.tted packet, for example the jth
n-1)T " <3JA-8
35 We must have e e
' nT’ = jo -~ 48
_e e
In this case, we recover the information
transmitted in respect of block No. j and by numbering
the samples from 0 to 1151 starting from n we obtain:



is given by the equation below [err] [err] where [err]=qx2Te [err](t)=1
Oferr]t[err](with gq=1152, i.e. 1024+128 in the present case)
Tlerr]=1/f[err] [err](t)=0 el se- where N=2048 D: offset of the carriers in
fsgar mati on trans- porte_d

the transmt- ted SPety %% terr] is the”ifem of
ﬁff "Fh- + 1)[e e‘]] S

by the k[err] carrler d hetlrrelnterval !
which f[err] co Eﬁ chdd To ihg% ;{ﬁ‘??r{ 'q'U'E'rFy"a'n'de!d‘til’l e|'1'ngerval
of transm ssion nsi* F'lg * Yhe usef ul part pl us’the transition interval.

n a manner known per the signal S(t) undergoes fg,ransm ssion and on

ot
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“frequency/ high frequency translation giving the frequency f[ err] and, on

~ reception,5a high frequency f [err]Z‘lIeo internedi ate frequency f[err

transl ati on andeahavesernes t @ [egrencyand ere | put Baseb t® amsl ati on.
After transla- tion, nan®l y the i npdt of the anal og digital conv&rter
23, we receive the si g@ﬁgnrepresent ed by the equation: [err] with f[err]:
intermedi ate frequency of transmission flerr]: internediate frequency of
reception flerr]: internediate frequency of theoretical reception, [err]

flerr]: Hofrequency of transngssion flerr]: HF frequenca/2 . gqceptlon Ve
put : 8 g’(n+i)= } o»p cosl—.—[k+N( %)
1=0,1151 k=0 Ik f

f .
(n + 1) _ e : L4
T3, .Zuk N—xll_sz_xeTexj_q-gJ.k-kT
15 , fe fR
+ 2n [.K -T+(621¢63fm.)]6
511 5.6 4.1
- ‘o 2% 2°'1- "3HF
= ) P cos[—:—[k+N(————-——)]1/_ )
2o Fax N | T, 18
20 ' R
3 + 8.¢
¢ B (ken( 2L,
e 1
_ 2 v R e _®
ﬂ-kxllszx,jq-quk k'T [k —
25 R
+(82 f1+83 t'm_. )] ael
We put: K' = (k+ p (5,f] v 800 x
30
Then:
, : 511 - ,
s' (n+1) = ’ : 4 .
3 {=0,.. 1151 § PJ.kcos[—i-k 1+_N,[k 0 - k.11525]

: f
. - n e
+ ‘Pj.k k 4— + 21[ —N... (1 + 61) k'&ﬂ)]

: ThlS Sheet Has Beéen R laced
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-continued [err] W have: [err] and we put [err] [err] [2577~T?ﬁ77‘1ﬁr1n&———
Then: . W& shift by 128 sanples, i.e.: [err] [err] The denmdm&@ 130 qy
circuit for fast Fourier transform conputation gives: [err]] o emm”d
representing the anplitude and [err] th€ &ﬂase of the sampl ﬂl

[err] -arises fromthe fact that K' =K and that the FFT recept

offset. If we exam ne the S|Enal fackets | ater, i.e. ‘the sam pl es
(n+1X1152+i +128, 1=0, .We shiifbsby 128 samples n+e¢s52 and j[err]j+1 (we
decode the information fromthe (jgfg[err] packet). The EFT circuit 25

gives: [err] [err]gl weic.ormgje.[ rr]¢+ o6 [ k't ke WOLRINk.11523])
b uomel o (E it eck TR L Sy mbtaloi use

e
R . L PR

5 + pj.k .‘" 1 k k] + 2n T“‘ + 51) k ae”

The demodulation by the circuit for fast

. Fourier transform computation gives:

p'_,‘k =Py x

Tk -Kl

10 x

] +

. ..2_’.':.,. (X' n- 1?.1152J

* 5" ?k
fe l »
vom o (1+3) K8,

p representing the amplitude and ¢ the phase of the

15 samples. The sign "=* arises from the fact that K’=K

and that the FFT reception circuit is offset. .

. If we examine the szgnal 1 packets later,’ f.e.

' the samples (n + 1 x 1152 + i + 128, i =0, "...1023),

then n-->n + 1 x 1152 and j-->j + 1 '(we decode the

20 information from the (j + 1)th packet). '
The FFT circuit 25 gives:

P o1k * ”J+1k°""’J+1 ’J+1.k*3¥'["‘“+1

, £
+152) - K 1152 (3 + 1] ¢ K =K 21 e 8) K8,

25 . :
' If we compute ¢’§ + 1, k ~ ¢'j,ki we obtain:
A=y o ep o+ B -kl x1s2.1
J+1, k J.k N ’

30 21 ' '
— [K’ - K] x 1152.1 therfore represents the phase
NI
rotation due to the poor allgning of the 1local
oscillators.

35 .- Nevertheless, in the transmission signal, there

are two carriers or master lines, ki and k3, such that
43,k1 and ¢4,k2 are constant whatever the packet j.
Moreover, these lines having continuous phase, ‘that is
to say free of phase jump. The analysis can be done




10 [err] [err] therefore represents the phase rotation due to the poor
aligning of the local oscillators. Nevertheless, in the transm ssion
signal, there are two carriers or master {jnes, k[err] and k[err], such
that [err] and [err] are:constant whatever the packet j. Moreover, these
lines having continuous phase, that is to say free of phase junp. The

analysis can b ny t t naI d '
conveyed by thg ggpgf?on- #%ﬁy e?r]Ig %é?é?%é%e £F% d%H#h nce
bet ween t he ph@eaveyed- bﬁutbe selagdon 1§PfCUIt for these two |ines and
for received dpyassgpar Qeq By 1152 x A.safal g3 i¢ #iven, on putting
k[err]=k[err] kK[err], g %err] [err] Expanding, we obtain: [err] [err]
I f we conpute %eTr fendbkad 11 [err] [err] hence proportional to
[err] In this case, the difference between the phases

computed by the FFT circuit for these two lines and for
received data separated by 1152 x 1 samples is given,
on putting kj,2 = k1 or k3, by:

' 2% .., - |

2 [ KI.Z + N/fe (82 1t 53)
=T- e

- KI.Z ] X 1152 x 1

Expanding, we obtain:
15 '

: 2x 1 '
R (610 823 83. lp. kl.Z) s - ‘T‘ 1+ 6 X KI.Z X 1152 1

- +2r x 1152 1 x 1T+3
20 , 1
If we compute:

R ( 61) 629 63' 1. kll ".-R [611 82. 83.
We obtain: '
25 : .
pL -2 B st

ex
== % (ky - k,) x 1152 x 1, hence proporti.onal to 81

If for example k3 > kj, then:
30 A (61, 1) <0 + 8§71 > 0 we decrease f'g
A (61, 1) >0 + §1 < 0 we increase f/g

A (61, 1) = 0 » §3 = 0 £’g properly aligned.

- ‘This Sheet Has Been Replaced
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If for exanple k[err]>k[err], then: [err]([err],l)<0[W
flerr] [err]([err], 1)>0-[err] <O we increase f[err] [err]([err], '
" 1)-0-[err]-0 f[err] properly aligned. If we_ conpute: [er7§4ss efﬂz]stg,i,E a

known constant whi ch depends.oenly ydr _:_-g_he"i kéi Tes k[err]. - ‘-ﬁ%.'
carriers used as master |ines. Thi's &rown nunber will th '_ ﬂ d
over a bits (n dependi n%ﬁon t he accuracy desired) forsinsta L

D.S.P. (Digital Signal oWeseompute? obtain [err] if [err] 12
-continued [err] We therefore see that by determning [err]([err], 1) and
“Terr]([err], [err], R)( 6an &pt & rkl\)a’rué\s( Kidg #4. Beskjble to alter
the frequency of the sanpling oscillator and the frequency of the

i nternedi ate frequency/bf;\s'els nd translation oscillator. [err] [err] [err]

where for exanple [errlg phidp tldrh gt ¥8p. By the FFT reception

circuit 25 Por the carrier kBerr] or k[err and for an arbitrary input
sanpl e bl ock nunbered j and where [err] is then given for an input sanple
bl ock sepa- kit+ka : '

being a known constant which depends only on
ky-ks '

10 the indices k3 and k3 of the carriers used as master
lines. This known number will therefore be coded over n
bits (n depending on the accuracy desired) for
installation in a D.S.P. (Digital Signal Processor).

We obtain o '
15

fn - f
1 HF 1
1)=4x2n[627_.+53-€—]151‘_61x1152x1

e : e
i for
. x 8w [62?-_4'63-?—-]::1152::1
e e .
20 £
-if A (83, 63. 1) < 0 ==> 62 < -.63

A. (82, 63..

* .we increase f’j

ol

f

- . o )
A (62,- 63. 1) > 0 ==> 52 < 53 ?
25 : {

8 (8, 8;, 1) =0 ==> %2 - - 33 i‘fﬁ' £’; properly aligned.-
We therefore see tha?:_ by determining A (8'1, 1)
and A (62, 63, 1), we can obtain values making it
30 possible to alter the frequency of the sampling
' oscillator and the - frequency of the intermediate
frequency/baseband translation oscillator. -

we decrease £’

A(G,l)s[wr o ]_['. o
35 : A R TS I A R "¢J'kz]

As,, §..1) =[ o' - g ] [ . -
2 %3 9 + |9 -9
J+ l'kl J, k, j+ 1.k2 ¢J.k1 ]
ky*ky '
- — A (8,)
kyky 1



rate fromthe block No. j for 1152X1 sanpl es; [err]([err] laced '
[err]([err], [err], 1) can be obtained by carrying out tHus Repace
represented in FIG 3. Inthis FIG 3, the fFI circuit 25 ii‘ bIe
to obtain at output the value x'[err] and X [err] corresp

carriers Klerr] and Klerr} respectively. Actually," the FFT circuit does not

002 e T RS g 5 L5 Lo e e SRy

sent respec_tivetyea?anﬂceptmmc tfab mocdmhmg:a'mnykpf or &anpl es
and to the 1 npukndl £Bx0lafl Gh e % HE€ b0 CBIOER %ﬂs&:&ap an@e

out- put fromthe neans rom-t di vi 'S sen

circuit 42 handvheget i juinkhky p8r tt n ¢ gdvenyker aPF‘sH%P‘F oFAmRpd

di vider 41.slndgegecki f séparata d firkh afHd t BodKe NG 1§ erforas ncnstxarlt
bet ween two rreasureTénts then: [err] 13 If the difference of the phases

is small ([err]3@®R16PFset of the | ocal oscillators) then we can wite:
[err] [err] or gl ¢eypelpsand BROBhESY y1)i cangbehebtatined: byn cairryting

function as reppggeriicd ifhdiTor S¥ap2EAGALRY Ofh Figudd PYL ffvﬁmtgﬁ%

circuit 42 is s® Iow curt
carries out an Bigume- 3ng ther Fweﬁarcuitmezﬁ smakes it tpesgiblmi &e

carries oujga f ng 4.0f A OF |
which is riegar d%%{:gih g\il:l ﬁwﬁﬁorﬁn}%n@alw k Kkl d8d L COridspondngdl S
to the carr:.ers K1 and K3 respectively. Actually, the

FFT circuit does not give the amplitude and phese of
the carriers directly but the values:

15 : k" Py
e-""j.kZ

o3 51

sz"’,)kz

_ As represented in F:Lgure 3, the output x’y].

from the FFT circuit 25 is sent respectively as input

20 to a means 40:for producing a delay of 1 samples and to

the input of a divider 41 which receives, on its other

input, the output from the means 40. The output from

the divider 41 is sent to a circuit 42 handling the

imaginary part of the signal arising from the divider

25 41. Indeed, if we regard the amplitude of the carriers _
as constant between two measurements, then:

S _
--}j—*_lis.l_s e + J[(OJ + 1, ki - Qj. kZ)]

N 3
30 '
+ 1, k ' -
B s IR I T INEUR PR TS
J,k2 o
If the difference of the phases is small
(~ weak offset of the local oscillators), then we can
35 write: '
. ~ Im [M]

#ye1 "% s I N 1



output fromthe circuit 43 is sent to a substractor 44. SimTarly, the
signal x[err] arising fromthe FFT circuit 25 is sent to a NRARE eflﬁasBeenReplaced

producing a digital delay of, for exanple, lé packets of 1152
signal X [err] is also sent to an i nput of divider .41 Whi CE‘“‘E mggmmi
its other input, the signal arising fromthe circuit 40 .«so a

the division: as nentioned in the above formula. The output fromthe
divider 41' is sent to a circuit 42' extracting the inmagi- nary part. The
out put fromtheandrcwt¢42 is sent  to a IO\N’-lPatss"fJ bter k43'. identical to
"the filter 43. The outputJf‘rdmk&e Pivre2 23 ils 5 ively as input
to an-adder 45 which receives on its other input t heJo ut fromthe filter
43 and to the setomdsenpe use t#cPBOM memoxyorgismingithe ctabulation ofl ue

[err]([err]s 1)thgurfﬁﬁét1€ﬁ” Cagl Seritdd Oy h?;ﬂgﬂg agt Oﬁcéi alifedcnt

to acircuit 46 sp as to multiply the output elenent a coe crent [err]
whi ch is known la‘Fi%l°'ﬁuant|sed over a nunber of bits suff|C| ent to ensure

good accuracy.  -14 Theheutcmﬁ ut Ofrbiie tHe CHiicdfti azsem Benene@f at he
i nputs of a subjractor 47 _whi regel V.es E%?Lts ot,her |np t.he out Eut from

the adder 45. TheYoBER8: 43ro fbciic ngé"si‘Eq’l'é'tva’f ‘Tef"f’ﬂ'-' esr],
[err], 1) Furtdmtrraneavbhagt.m oMercsdwerdl [elenents, atliat cis] tbesay.

| ocal osei 1§ o oibob° cifried ont . B1LARTRA] of PHE, AEGIRNBLGH, LA°
“sanpl i ng the ADSxdenvetocelidinabeothe nbdsewowhithesid exrepairded aa) and
Lerr](lerr], [ehi¥ing) Ar® Ahe&n. "HiHe ' Subplit’ Ftom the circuit 43 is
sent to a subtractor 44. Similarly, the signal x‘y3
. -arising from the FFT circuit 25 is sent to a means 40
15 © producing a-digita.l delay of, for example, 1 packets of
1152 samples. The signal X’‘g; is also sent to an input
of a divider 41’ which receives, on its other input,
the signal arising from the circuit 40’ so as to carry
out the division: '
20 x:ix*. 1 k2
3, k2

as mentioned in the above formula. The output from the

divider 41’ is sent to a circuit 42’ extracting the

25 imaginary part. The output from the circuit 42’ is sent

to a low-pass filter 43’ identical to the filter 43.

The output from the filter 43’ is sent respectively as

input to an adder 45 which receives on its other input

the output from the filter 43 and to the second input

30 of the subtractor 44 which outputs the value A (53, 1).

| Furthermore, the output from the subtractor 44 is sent
to a circuit 46 so as to mult:l.ply the output

| k1 - k2 - |
35 element by a coefficient ———— which is known and
' k1 + k2 :

quantised over a number of bits sufficient to ensure
good accuracy.
The output from the circuit 46 is sent to one



48 for control of the analysis tine. The outputs fromth ?srkﬂée\’ﬁés% ﬂg,ard

control cjrcuit are sent to the circuits 40 and 40' in or
value of 1, that is to say the val ue of thﬁ digital delay EEHHEI Himll
nunber . of packets of 115§ ;sanples and to't 2 Circuits 43 a
when approachi ng i deal Fues for the local oscillators; the terms
[err]([err], 1) err er tend_to econe snaller a

smal | er, except © qﬁ{‘ {fg‘&%ﬁlg #(E \ié‘:?ﬁ%?%’&s& GBI EG"G\‘“’!' Pﬁa{lﬁ’s to
s?y thhe anal ysi &thau.e :tzﬁpr}wr the tdmgﬂtal stx¥or Othet amaerghis. Ihwhbheﬂxtlyntt.ct ive
of the circuit Op{ Lo S t Fl as peen
represented anotf' \/\gb ‘g%t}:?%:ﬁ (fldf?estgﬁﬁs T&‘H([Aeif?' 1 3'anc})'
[err]([err], [an]rthb)rmom,s thenrewo ceal was us eth p t1Hoandreki (6 283, 1)
approximatign r r S r h

el ements asgt hogg%o sﬁd‘&%@aﬂ’? 8?19 H‘s E ?Fhﬁeﬁk%i EI(i ﬁ T
redescribed in @t &he lecah gsmé&atéort R@Zdlandjeqfs theadgcal sampling

circuits 42 andogeiinatdd ns1! hfiok@Bebr, "dhe PERd baxﬁebe%n(%ﬁg' ﬁ?e(imw a
PROM nenory 50 carrying out_a cartesi an? pql ar transforrrrf_xta)at.l on ki hg

possi bl e to obt & kéBperf3s bl erdqe ad$9q eP-PPut [EPr]aa %btft%tors

51 and 51 It b&nﬂﬂr@ﬂf 6& titlaa exnaliysisat t ohéS. '.lﬁle'indu'&pﬁtﬁ ofvem reec! y
by way of hod reali % 0scCl.l_| at.qrs of

Y e o T afiatys it K (Garkred riRl g, SonPIrhl e dird

oscillator, an 40t emd:dd &if einr egdenc pobaweli fyartthe rmﬂaiextcﬁnlesd:hhﬂ:am
o RSPl ™9, S8 b SANoR AR ST as
number ~of packets of 1152 samples and to the circuits
. 43 and 43°. Actually, when approaching ideal values for
15 the local oscillatoi:s, the terms A (431, 1f .and
A.(62, 63, 1) tend to become smaller and smaller;
except. if at the same time we increase the value of 1,
that is to say the énaly_sis time to permit the phases -
to rotate. This is the objective of the circuit for
20 'control of the analysis time. o -

In Figure 4 has been represented another way of
obtaining the tems ‘A (83, 1) and A (82, 63, 1). This
manner can be used without making any approximation
regarding the phase difference. In Figure 4, the same

25 elements as those of Fiqure 3 carry the same references
and will ‘not be redescribed in detail. In this figure,
the dividers 41 and 41’ and the circuits 42 and 42’
handling the imaginary part have been replaced by a
PROM memory 50 carrying out a cartesian-polar

30 transformation making it possible to obtain o5 k1.
p’y,k2, and ¢’y k1, ¢°3,k2, and by two subtractors 51
and 51°’.

It is clear to the expert that Figures 3 and 4
are given merely by way of example. '

35 '



\\
Mul ti pl exi %se fast Fourier transform FFT[ err] T
conput ation the spectr sai d signal conprising efrﬁsstmenmﬁggdr al
lines havi ’jg'mu"mmm cy differenceldet ween them
prising co mgmarl ation of the phase of th; MTI nes
as a function of tim® with*the aid of fast Fourier transformon I on,
then said oscillators being frequency acaAmebl e and setting the frequency

of the sanpli n osci | | nd the fr enc at | eas e _of the other
two oscillat or *accor dﬂﬁgﬁf’g rE? ai %hEOrrﬁﬂFéﬁ'rlﬁﬁgrsz Ot Rod
according to craceiverchaamnpmi:s:a@ ia trbigh hefradhéhcyt/inhemealiate
frequency of t di tra at i or
carried out byggoﬁgéﬁég‘a ﬁ%éi%ﬁ] gV\/Fi'gﬂﬁlﬂ?ef'r]Q%{nd g?’re %F‘é‘ e
respectivedy tﬁeegnegeygbeeﬁbaydt hetrasslsbmner ascidskakor comandat i @n on
reception for aaﬂpmﬁgl %&1'1[1@%1: %éﬁ[\ﬁ! ioélél{hl ReduEated ep g' QgK |

and [err] and errg ei ng ase for ése parated fromthg block |

by g X 1 sanpl €828 nd’%dc-bﬁcf’rgﬁl ff;ﬂrngl’i‘ﬁﬁq?e adkc Forrier krangfozm ( he
val ue of [err]¢fert], tomphtationwhenechbedihgl ertd, [arr]mulkicargiefase

cLifer ence RpSTRRIhNONe dhid " CHBRIG SR el Shtdpek Phot5ihn'
Met hod act@r di Mgltipteaing), typeacthe sspectruhabft htheoddid asignadf the
L;eggﬁgﬁ%’i g‘;, t 86mPEEhihg! Ywd' Mastos tlfl?xesaa”ﬂ’éfrﬂggfée%% eFeglbhiy Out

difference between them, the method being characterised

by the computation of the variation of the phaseé of

. the two lines as a function of time with the aid of a

15 fast Fourier Transform on reception, the said oscil-
lators being frequency adjustable and the result of the
said computation serving to set the frequency of the
oscillator of the sampling -and the frequency of at'

. least one of the other two oscillators.

20 2. Method according to Claim 1, characterised in
that the modification of the frequency of the inter-
mediate frequency/baseband tran:lat:.on oscillator is
' carried out by computing: |

25 -4 (5;' 83 1) - [ e, Kkt ® 5, k1 ] *
k, +k,

-k

[ 1o, "% k2 ] L6 208 D

30
in which #’j,k1 and ¢’4,k2 are respectively the phase
given by the circuit for fast PFourier transform
computation on reception for the carriers kj and k3 for
an input sample block j and ¢’5+1,k1 and 4’je1,k2 being

35 the phase for a block separated from the block j by
g x 1 samples, and :

a (s, 1)=1[9 -9 - (¢’ -9
(S =09y o =% ! )01 k2 ™9 w2

and by modifying the frequency as a function of the
40 value of A (63, 63, 1), the oscillator being correctly



[err] and b_’rr—o—d”l‘fmquency as a functlon of the value of [err]
t he oscilla ‘“‘mmmﬁmul& ll y adj ust ed when [err([err])——e——&——DEVTT‘f_oT‘—
'mplementln rding to anngxlFe of claims 1 tg. ,

Replaced
characterised i A that" it com prises an circuit (25) ﬁﬁﬂ‘iﬁf’ﬁﬁl‘m

output: means (40, 40') for delaying by gxl1 sanples the val:
X [err] arisin he,FET circuit (25) and correspongl ngl v
lines k[err] ggs&%?rrh]%}ﬁe\ﬁd di viders (41, 41') carrying out respectively
the division [ér{§2iwb3mebhs= (@2, 42) for the imaginary part of the val ues
arising Irom each divifisknod SWGARAY (41940 'C! PRRFhBESKERLR A S N0

fromone of the neans handling elmalnaryg e value arising
from the ot her tha&ns %dl#"ﬁ@lfh@amfagl n®% pshe sém%t apf the

[err]([err}); aBciddatoralvingi Rael IQQmFipl % HAMclel}e-4 e JiR?

(42, 42') for the |rragar'na5;y part, t|p ying the
[err]([err]) bbya Ci ent [err] a subtractor (47) subtracting the

val ue arising fro ltipljer fromthg val,ue i sing fromthe adder so

as to obtain [erlA]mE[ rr ?P r?] + 1) .xb.” Pgvia @grdlngkao dﬂjal h,

characterised in that it includes at the output of each nmeans for the

i magi nary partandn hix/emagn.lﬁglugvmim (thquéngzy Gs Davifimcddenr dofig the cl ai m

4, characygriz n at,it ifio n Si nt r ol
1871 ZGd1ukn bE g A b"ﬂl%!% q%x&'e@il%o

~circuit (48) al low ng rodif i i of ayS|s
adjusted when aA(81,1) = O.

4. Device for J.mplementlng the method accord:.ng to

any one of Claims 1 to 3, characterised in that it
comprises at output of the FPFT circuit:
15 - means (40, 40’) for delaying by q x 1 samples the
' values X‘kj, and X‘yxy arising from the FFT circuit (25)
- ‘apd correépbnding to the master lines kj and k3,
-~ two dividers (41, 41°’) carry:.ng out respectively the

division
20 _
X'y +1, k1 X3 +1, k2°
and _
X'§, k1 X’j, k2

25 - two means (42, 42’) handling the lmaginary part of
- the values arising from each divider, _
- a subtractor (44) subtracting the value arising from
one of the means handling the imaginary part from the
- value arising from the other means handling the
30 imaginary part so as to obtain a(53,1),
- an adder (45) adding the values arising from the two
" means (42, 42’) handling the imaginary part,
- a multiplier multiplying the value aA(§, 1) by a

k1 - ko
35 coefficient ——
ki + ko

- a subtractor (47) subtracting the value arising from
the multiplier from the value arising from the adder so
as to obtain a(s3, §3, 1).

40 5. Device according to Claim 4, characterised in



t he val ue of Mn to claimb5, char acﬂmsSlsadIasBﬁenRailaCQMe

di vi ders and Hmw I mginary part of the vaI

each divi der nr% PROM mafg)r_y per form ng. mguﬁljﬁ H poI ar
trans- formatich dndtbyntwe stbtractors: 17 8. Device 0 clai rhis?
5, characterized in that it additionally includes an analysis ti rre control

croutt (48) 2 el {Rdldaes" al"the Gitpil®'f' Sach Theahs hahdrihg'?' Ve
' | the imaginary part, an averaging device (43, 43').
6. Device according to either one of Claims 4 or
5, characterised in that it additionally includes an
5 analysis time control circuit (48) allowing modi-
 fication of the analysis time, namely the value of 1.
7.  Device according to Claim 5, characterised in
‘that the dividers and the means handling the imaginary
part of the values arising from each divider are
10 replaced by an angular PROM memory performing the
' cartesian-polar transformation and by two subtractors.



