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15 In order to monitor signal quality, most measuring

methods need to compare received signals (or

characteristics of such signals) with transmitted signals

(or with characteristics of transmitted signals).

Consequently, a prior condition for monitoring gquality is

20 to be able to achieve accurate time synchronization

between the signals that are to be compared.

Various methods exist for achieving for time

synchronization between any two digital signals, referred

to as E and S. Also such methods seek to establish

25 correspondence between elements, i.e. portions, of said

signals. For example, when synchronizing video

sequences, the basic element might be one image;

similarly, for an audio sequence, it could be one sample.

Existing methods can be classified in three

30 approaches.

The most usual approcach implements correlation on

complete decoded signals. It consists in comparing the

two signals E and S for synchronization on the basis of

their respective contents. Assuming that the content of

35 the signals varies significantly between two consecutive

elements, a comparison between the signals E and S shows

a high degree of similarity between the signals only when

T
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el ements, a conparison between the signals E and S shows a high degree of
simlarity between the signals only when 1111 *@&0002* 2 the el enents
thereof are in correspondence. In all other cases, the simlarity that is
‘observed is nmuch smaller. One exanple of a@ application of that principle
to animated images consists in evaluating the variance of 5 the error
image E - S, which passes through a m ninum when the inages in the two
vihdeo sequenceshar elemenosr espoadénsee Mt@mrneés?pmﬁcyenccmrre]lratdlﬂn didteneen
t he t\/\olrrage5|ses bl i shed_us |o | o i
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parameter T g ¥asnlbes LhdBe0rfoRtiE0L ARPLYING L Lo OlvdREasidngd S 1N
order to obtarn synchronization. An equation simlar to equatjon (1) is
appl i cabl B to BbEi 6T5PEnaN8Ie 18 20ST-Mh gk )Paggs ) Li(QuEy 2 tPifHEre T |s
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normal i zed: E(tyjo= 1@3@eéE2étéstaﬁllshed using equation (2) below. Each

pixel occupying the same spatial position (x,y) in the

10 images of the two sequences I' (1) is at a maxirmum when the
signals are time synchronized. The parameter T gives the
time offset for applying to one of the signals in order
to obtain synchronization. An equation similar to

equation (1) i1s applicable to audio signals.

15
T-1
T(r)= Y E().S(t-1) (1)
t=0
where T is an arbitrary duration.
20 T-1 M-IN-I
F(T)= Z ZZE(X,)’J)-S(X,)’J“Z'), (2)
t=0 x=0 y=0
where (M, N) is the size of an image in E and S.
For more effective correlation, the signals E and S
25 can initially be normalized:
E(t) - mean|E(t)
E(t) = — [ ] (3)
e
i=0
where mean (E) is the average of E over the interval T.
The main drawback of that type of method is the need
30 for content that varies significantly on a continuous

basis. Depending on the type of signal being analyzed,
that assumption is not always true. The content of the
signals therefore has a direct influence on the

performance of the method. Furthermore, the method can



where nean (E) is the average of E over the interval T. The nain drawback
of that type of nmethod is the need 30 for content that varies significantly
on a continuous basis. Depending on the type of signal being anal yzed,

't hat assunption is not always true. The comtent of the signals therefore
has a direct influence on the performance of the nethod. Furthernore, the
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15 perceptible or useful content in the signals (encoded
sound or images), it is possible to make use of them when

synchronizing two signals.
For this purpose, the process is based only on two
series of time references RT, which are extracted from
20 the signals using some appropriate extraction method.
The time references RT can be constituted, for example,
by numbers whose values increase over time, with
synchronization being performed merely by selecting, for
each time reference RT in a sequence, the closest time
25 reference in the series from the other sequence.
Nevertheless, the use of reduced data rate digital
systems, in particular for digital television signals,
gives rise to specific problems which prevent accurate
synchronization being achieved between two decoded
30 signals in real time. The digital transmission system
and the multiple pieces of equipment through which the
signal passes (coder, multiplexer, transmultiplexer,
decoder) lie behind this.
In a digital decoder (PDEC), an internal clock
35 giving the rate at which decoded signal elements are
output is generated on the basis of time references (RT)

present in the encoded binary stream (FB). However, only



synchroni zation being achi eved between two decoded 30 signals in real tine.
The digital transm ssion system and the nultiple pieces of equipment
.through which the signal passes (coder, nultiplexer, transmltiplexer
‘decoder) lie behind this. In a digital dedoder (PDEC), an internal clock
35 giving the rate at which decoded signal elenents are output is
generated on the basis of tine references'(RT) present in the encoded
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The existence of a phase offset between the time
references and the signals E and S output by datarate-
reducing digital decoders has an impact on the
performance of synchronization using time references.
20 The two associated series of time references RT; and RTg
are phase offset from E and S by ¢g and ¢g respectively.
Furthermore, ¢ and @g are unknown. The two series of
time references RT, and RTg are thus phase shifted by a
value that is unknown, which can be of the order of
25 several video images. Consequently, synchronizing E and
S on the basis solely of time references is approximate.
" This approach does not enable synchronization to be
obtained to within one signal element.
This approach presents the drawback of precision
30 that is limited firstly by the precision concerning the
values of the time references RT, and secondly by the
need for these references to be transmitted synchronously
with perceptible or useful content in the signals.
Furthermore, when used with datarate-reducing digital
35 systems, it provides coarse synchronization only.

However, it is very simple to implement.



Oobtained to within one signal elenent. This approach presents the drawback
of precision 30 that is |imted firstly by the precision concerning the
values of the time references RT, and secondly by the need for these
Teferences to be transmitted synchronously> with perceptible or useful
content in the signals. Furthernore, when used w th datarate-reducing
digital 35 systens, it provides coarse synchroni zation only. However, it
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15 The method of the invention seeks to provide

accurate time synchronization while being simple to
implement and without introducing any modification in the
two signals that are to be modified. The main function
of the method consists in evaluating the exact phase

20 offset between the two signals. Thereafter, knowledge of
this offset is used to correct the lack of
synchronization.

Amongst existing approaches, the approach based
exclusively on correlation is expensive to implement.

25 Furthermore, it does not make it possible to achieve
accurate synchronization (to within one image) merely on
the basis of the time references present in the signals.

The idea on which the present invention is based is
to define an approach constituting a hybrid between

30 making use of time references and using an approach by
correlation.

To this end, the method of the invention is
organized as two distinct stages:
a coarse synchronization stage based on the time

35 references in the binary stream; and

a fine synchronization stage serving to put the

decoded signals into exact correspondence.



-The idea on which the present invention is based is to define an approach
constituting a hybrid between 30 nmaki ng use of tinme references and using an
approach by correlation. To this end, the nethod of the invention is
‘organi zed as two distinct stages: a coar8e synchronization stage based on
the time 35 references in the binary streami and a fine synchronization
stage serving to put the decoded signals into exact correspondence. 6 To
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15 The invention thus provides a method of
synchronizing first and second digital signals presenting
digital content elements of the same kind that are to be
put into correspondence, on the basis of time references,
the method being characterized in that it implements:

20 a) preliminary synchronization of the two digital
signals using time references, by putting time references
recognized as having the same value in the first and
second digital signals (E, S) into correspondence; and

b) fine synchronization on the basis of a

25 characteristic parameter (PE, PS) obtained from the
binary streams of said digital elements, and computed for
each of said first and second digital signals (E, S).

Preliminary synchronization may be achieved by
putting successive values of the time references of said

30 two digital signals into best correspondence.

The method may be characterized in that the
preliminary synchronization implements:

al) selecting a time reference (RTg(i)) of the first
signal and a time reference (RT4(j)) of the second signal

35 and computing the difference between the values of these

two time references; and



each of said first and second digital signals (E, S). Prelimnary
synchroni zati on nay be achi eved by putting successive values of the tine
references of said 30 two digital signals into best correspondence. The
‘met hod nmay be characterized in that the prfelimnary synchronization

i npl ements: al) selecting a tine reference (RTE(i)) of the first signa

and a tine reference (RTs(j)) of the second signal 35 and conputing the
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successive timreigiantey O wd dbdatididiaticarrce pref erably perforned
prior to al). The nmethod 1s advan% ageo._usltly, characterized i.n that fine

synchroni zati on i s P IHRAFY HY" g & WERTEES VST Ysuccessi ve time
references (RTkpIRrsgntad ddtefrdrsinard neegcond 1siegrd] sheEdififerSnos th a
sequence of val ues of characterisstic paraneter_ of .eac i | ...t hese
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signals (E, S) correspondjng to simlar values of said characteristic
pa?aneteﬁ. )referenégs (Rfi, RT,) of the rfirst ang secon sf%na S Eé,

15 S) with a sequence of values of a characteristic
parameter of each signal, these values being written
PE (i) for the value of the characteristic parameter
associated with the time reference RT (i) of the first
signal (E), and PS(i) for the value of the characteristic
20 parameter associated with the time reference RT (i) of the
second signal (S); and
b2) comparing said sequences of values for the first
and second signals (E, S) so as to put the time
references [RTg(i), RTgz(i-1,)] of the first and second
25 signals (E, S) corresponding to similar values of said
characteristic parameter.
In particular, b2) may be implemented by
correlation.
Other characteristics and advantages of the
30 invention appear better on reading the following
description, given by way of example and made with
reference to the drawings, in which:
Figure 1 illustrates the problem of synchronizing
two digital signals, with Figure 2 showing the phase
35 offset that can arise between the time references and a

signal, e.g. a video signal;



In particular, b2) may be inplenented by correlation. other
characteristics and advantages of the 30 invention appear better on
reading the following description, given by way of exanple and nade with
Teference to the drawings, in which: . Figure 1 illustrates the probl em of
synchronizing two digital signals, with Figure 2 show ng the phase 35

of fset that can arise between the tine references and a signal, e.g. a
video signal; 8 Fi dureir3® sh@isoven aapprpdaraie tev atvadtuaan oof ofheheof f set
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series in order to synchronize hem _For this purpose, two approdaches
+

ar e proposed@hoWQ'%QGE%QHHQMg'aéé&ﬁbﬁpplication of the offset 1, =
T; and

Figure 8 shows an example of architecture for
15 implementing the invention.

The first step of the method of the invention is
preliminary synchronization making use of time
references.

This first step makes use of two series of time

20 references RT; and RT; coming from two sequences E and S
respectively that are to be synchronized. It consists,
for a value RT. (j) of the series RTy, in seeking the
closest value in the series RT. (i), and the offset to be
applied to one of the series in order to synchronize

25 them. For this purpose, two approaches are proposed:

- A "exhaustive" search:

A value RT (i) of the series RT; is selected. If the
value RTg (j) of the series RTy is greater than RT (i),
then the sequence S is in advance relative to the

30 sequence E. It is therefore necessary to retard the
sequence RTg by decrementing J until this advance
disappears. Conversely, if the value RTg(j) of the series
RTy is smaller than RTg (i), then j is incremented.

IF RTg(j=1) > RT (i), then decrement j until RT. (')

35 < RT.(1).

ELSE increment Jj until RTg(j') > RT(1).



A value RTE(i ) of the series RTE is selected. If the value RTS(j) of the
series RTSis greater than RTE(i), then the sequence S is in advance
relative to the 30 sequence E. It is therefore necessary to retard the
‘'sequence RTS by decrenenting j until this advance disappears. Conversely,
if the value RTS(j) of the series RIS is smaller than RTE(i), then j is
increnmented. IF RTS (j=1) > RTE(i) , then decrenent j until RT9 (j ' ) 35
< RTE(i ) . ELSE ino etterdejadp ipredRES (e 'seareRTE (i) . 9 A
three-step predictiyve search: lnstead of scanni t. ire |ist of tinme
references and exan?/nnsltnegaa%ao% So%a%‘trhlg}lr% qﬂe iesrlr%or%g ll%fetf %g é:r%ﬁet o find the

| ooked-for timefefararant reaninirg Baicdh mdt kden,s ivorie @bfdeci ent t han
the preceding Jethod ,and, ifi 8 BASTRIGHR USK it Ll ddiBiceT@ DR AR tO
do this, it is necessary to assune that the tinme references RT arrive at
regul ar t3 ne iHtes vegthodrhis ugst il dd enp fthagy Shenmprere Itmgs Nethe | r st
step deternm nesd ha: neana@ldie RRTsdeatvaen 1t wWa nlccassibee adire tiefder ences
(assuming this_ value is not known). It is estimted by exam

i ng the
di fference bet®ehr tHe IRINREESTIRING S ASRYS V&ah 1&e s éﬁglé%%nﬁe(?ne of
the two seri eRRIE})vdratR=Hdylad S ke siridrfvarience Tis snefppldeassari |y

constant, because of t_:tehe limted precision on the nunbers RTS(j) and
RTE(i), e.g. T gsé?ss. rT&?o‘nsequent |y, the operation is repeated over a
sufficiem nunber dfhub ffErentiest ctep alsdterminecaltd ateant ve lmga®xr

difference. 2G,.Meaecapd Slehds il adid L diopels JUctiibe RAR

di fference between two successive tine references is wn, It 1S possible
to detect the vakdreris it thnawn)ref eiteride$ata Med esk iQyp &k a ndide - Heo

achi eve synchron Zatd ik @k debasis i dde o i@y ence hetiveer ime5 t he
val ues of the references RTS(rjlg and RTEQAQ . Fi nal IRy[, (%peot hird ls)t ep serves

to predict t hefsAgypnces 1n o of the t eries r RTg(
15 This difference is not necessarily constant, because of

the limited precision on the numbers RTg(j) and RT; (i),
e.g. integers. Consequently, the operation is repeated
over a sufficient number of differences to be able to
calculate the mean difference.

20 The second step is prediction proper. Once the mean
difference between two successive time references is
known, it is possible to detect the number 4 of time
references to be skipped in order to achieve
synchronization on the basis of the difference between

25 the values of the references RTg(j) and RTg(i).

Finally, the third step serves to predict the value
of the loocked-for time reference.

Figure 3 illustrates how the offset d between the
two sequences is evaluated. The method of coarse

30 synchronization by predictive searching for the offset in
three steps is summarized below:

a) the difference P,, between two successive time
references is constant. It can be estimated on the basis
of several pairs of successive time references:

35 Ppr = mean(RTgq(] + 1) - RTg(j))

b) In practice, for an application in real time, the

values of the series RTy are in advance on those of the



of the | ooked-for time reference. Figure 3 illustrates how the offset d
between the two sequences is evaluated. The nethod of coarse 30

synchroni zation by predictive searching for the offset in three steps is
'sunmari zed below. a) the difference PRT beitgween two successive tine
references is constant. It can be estimated on the basis of several pairs
of successive tine references: 35 PRT = nean (RTS (] + 1) - RTS (j) ) b) In
practice, for aarappl Reati Orhid &edds tRTE) themaiues Ohet Bef s€Fér8e RTS

are in advance on those, of e 10_series This RTs(J E(")
The d.fferencebeﬁaﬁﬁ&eﬁhﬁh&lWFnﬁeF@F@PSﬁéFgﬁiiﬂQ(fymgﬁﬁfﬁﬁé( 5 RSt
series nmakes |bep®&3|hbke301prpdsstbihet@upbedlcd ofie RTEnbéhad 0EeRE; to be

recei ved befor%h h|eV| ;é g%n%hr géﬁgﬁ fg ach%ﬁ%# RTu(l)]/PRT c)

The | ooked-f or vglue oses = RTE (') + d

x PRT \Wheh RTssyprhzORIEaclpn t hen the sanme procedure can be 10 appli ed,

with the roles of ndrRls) bei iinterchanged. The difference betmeen

t he val ues of the tlne reFérences E anggﬁTS i S not. necessari zero.

can have a resi duafF)vahgelpeksdt han F@ﬁueLﬁﬂeFL@u&ﬁoﬁﬁﬁ%dﬁ%ﬁﬁﬁdéé l?t |s

consi dered t hat theR@|({eyenQ@T| )15 Ql@al and that the series RTE and

RTS have been put in o correspondenc %1 he_end of this ge, % t wo
dhr & Ap§E can Be

sequences E and S PR&P Blelib by erefheafaBE PGOCE
correspondenceappheetet kadhi shkepebes aff ROgtdroh RMyr b2A ngorineetichgnyled .

indices of the time_references. by din subtractin or fromthe
indices i or j_: TF 8 %@ h or F?gweeg tg Vg? egeégn% g %%Q%igure 3,
PRT = 2 and dref@renﬁhe Rﬁ@ @@@déhpe@ ars n@We§$ﬁ¢hdwnB2é@-asIﬁebﬁnas 25

possible on thg,basis gf;khi,ge (gigeences ci¥R 8ffectfder such
circumstances, it is considered that the difference is
15 minimal and that the series RT; and RTg; have been put into
correspondence.

At the end of this stage, the two sequences E and S
that are to be synchronized can be put into
correspondence. The method implements a function for

20 correcting the indices of the time references, by adding
or subtracting d to or from the indices i or j:

it =1 +doxr j' =3 -d

In the example of Figure 3, Ppr = 2 and d = 3.

The two sequences are now synchronized as well as

25 possible on the basis of time references. Two effects
limit the accuracy of this synchronization. Firstly, the
fact that the sequences of time references RT, and RTg are
not identical, and secondly the existence of a random
phase offset between the signals and the time references.

30 The following step of fine synchronization by
correlation serves to refine the result.

The second step of synchronization uses correlation
to lift the uncertainties that are inherent to the
preceding step.

35 1. In order to limit the complexity of computation,
the method extracts a characteristic parameter P from .

each signal element. Variation in the signal is replaced



Jimt the accuracy of this synchronization. Firstly, the fact that the
sequences of tinme references RT, and R Ts are not identical, and secondly
t he exi stence of a random phase offset between the signals and the tine
‘references. 30 The followi ng step of fineldynchronization by correlation
serves to refine the result. The second step of synchronization uses
correlation to lift the uncertainties that are inherent to the preceding
step. 35 1. | mordefidmidn nird tHee deppledtisrdlc parpokakro®, whtilkd et hod

extracts a characteristic raneter. P.from- .each_si.gnal | enent...Variati on
in the signal 9 GE K “%%}byr{%\?arsiegtlie@n S e Eﬁéfr%ar% é:r%issiti ghﬁgr %rret er P
which is synciitaxresaremigthia e rsedtes afart ibee exéfreccerdes rofueh vadeo

characteri sti cseqﬁé%der%qé%ﬁ&gq_%tlr% ed.f remavideo sequence, for

exanpl e, by any ] u shows dn exanpl e of how the paraneter P
can vary and the dtiguses %iﬂ%‘@éﬂsofaft lexaiohe odf &oshEle. PRYaneEEET & &8Fon

procedure is iyphensi 6dOn 46 21PN MR &F R1R0 taset effldnexact
correspondence between the two sequences. The idea_.is to determ ne whether

the 10 signal el ement % EHESEREPDHPINE & eréndcBPRFEENTEARY Hie
par anmet er PS(jparL@teaspond ta tdie Sirghalxaeitemeintre sphepresent edthneenef er ence
RTE(i) and th aranet er PE(i or.to .sone .ot her el enent in.t icinity T
of PE(i). Theeﬁ}geurtﬁ’oosége&uet Sret %’(? iléioetao lﬁ'r & &igtgr\r/néln&ew g:a%te\k%e%%
of f set tldbet weeigrtdie dlwmeser irep s cartek P by Thdec oefelratnicen Rifgt hHiod aad be
perfornmed usi a - LRl L LS.t 0 t oW ng
equation, sim ar q%/aoragrt(qelcj%tq'?;ﬁrﬁ?a1??85\%%?5%:Engﬁa(%ﬁ%gll'g?g&%#&PS(i -
r) 0<_i(T 253prEweniacam erefpgense RI:ray dednbheabrredebet of ehiand
using (3) . or to some other element in the vicinity T of Pg(i). The

purpose of the method is to provide a value for the

15 offset 1 between the two series P; and Py.
The correlation method can be performed using any
procedure. One possibility is to use the following

equation, similar to equation (1) above, i.e.:

20 G(r)=1-| Y (PE().PS(i-7) |
0<KT
The parameter P; and Pg; may be normalized beforehand
using (3).

Other possible methods are as follows:

25
— Seek G(r) = min [ S|P Py(i- )@ (4)
P olosi<r
1 , )
— Seek G(r)=min\/—— Z(PE(z)-—PS(z—r))' (5)
T VT o<r
30
Correlation serves to discover a complementary
offset t between the two signals. Figures 5a and 6 show
the existence of this offset which still appears between
the series P (i) and Pg(j) after correcting the coarse
35 offset as found in Figure 3 between the series RT (i) and

RTg(3) .



K her possible nethods are as follows: - Seek (r) = mn r - Seek r) =
mn r PE(i)-PS(i-T) O0<.i<T 1 (PE (i) - Ps T o<i<T (5 (4) Correlation
serves to discover a conplenentary offset t between the two signals.
‘Figures 5a and 6 show the existence of tid s offset which still appears
between the series PE(i) and PS(j) after correcting the coarse 35 offset
as found in Figure 3 between the series RTE(i) and RTS(j). 12 The net hod
can then use a corFeetnorhednesn omhem usg dercawreefiore Syhiraniizati on: t he

value for T fouagy byo f@ﬁﬁé’%ﬁﬁ@ﬁf&ﬁhi@éf&g '@n@dﬂﬁ%é &k SO £3%8n0 by

determ ne the synchronization difference To = T. The correction 5

function is the® FPErefelaR ToFRehel & @aded té%/rﬂ:rﬁ%rﬂszétq Sletamyee | n the

exanpl e of Fi@hléesﬁncﬂ_renlia@f@n-rdlff&enc]e =, 2. dTheropefad i - feh
correlatio nFthod can, be_t est using th oIIovvln criteria: 10 the

signals 1o be'&orrEPRtbd BEEAn ?’Ss%{?eeasﬁ 19%rchq G3A4SHF in anplitude and
waveform . Fosyndivsoplizposen stdges verified that the preceding correlation

is of good qualit n ol Je hod_ ET) < _ValidityThreshold
15 where: T) belﬁg %ﬁéco%é‘f@t%on%%\{ 6t gjp%’} éd D orie of

equations (1)2. (4)he wpréstiommif tl= |<1:mt1§e'llrﬁrtasimlrr¢tﬂfe:d1gaal el itchistted
threshol d using the following criteria:

10 + the signals to be correlated P; and P, are similar
(similar in amplitude and waveform). For this purpose,
it is verified that the preceding correlation is of good
quality, using the following method:

G(t) < ValidityThreshold

15 where:

G(t) being a correlation function, e.g. supplied by
one of equations (1), (4), or (5); and

ValidityThreshold being a validity threshold
determined experimentally.

20 When this equation is not true, it is considered
that the fine synchronization process has failed.

The signals to be correlated P; and Py vary
sufficiently, i.e. they are not constant.

Z'P(l) mean[P(z)]> ContentThreshold

25 T T o5
where mean{X] is the mean of X over the period T.

When this equation is not satisfied, then the fine
synchronization process is considered to be impossible.
Once the additional offset correction procedure has

30 been applied, the two sequences of Figure 6 are exactly
synchronous (Figure 7). Each signal element corresponds
to a parameter P(i), and the two signals E and S are thus
synchronized (see also Figure 5b).

An implementation of the method is given in

35 Figure 8. The signals E and S are obtained by decoding
the corresponding binary streams in decoders PDEC1l and
PDEC2. 1In parallel, the time references RT, respectively



determ ned experinentally. 20 When this equation is not true, it is
considered that the fine synchronization process has failed. The signals
to be correlated PE and PS vary sufficiently, i.e. they are not constant.
s= 1 Z JP(i) - mean[P(i)] > Content ThresHold 25 T o<r<T where nmean[X] is
the nean of X over the period T. When this equation is not satisfied, then
the fine synchronization process is considered to be inpossible. Once the
addi ti onal of f5@¥ EoiP@cti o proeerrteethdry 30 dmen REPIT exhd tRRRTA0

sequences of Figuse 61 er&r@fdhdes SYHCHAMOUS L RIOWE e ﬁ'%?a%esi gnal
el enment corres tp a paraneter P(')p and the two signals E and S are

onds .
thus synchr on%?é f%léjez%‘?g%n RHFES sy PHR i Sheiterliied dthe i ffsthod i s
given in 35 FigutieaB. edher silgnaiserE mnd iareplirdidied dyecodidng,s ithe

i rof of encet e o BB SRR g Ay st ks
PERT1 and PERTignalghesand iSrerefusshoss arablende usaahdly dud ldearse
etween the. s Satan? ae il AR nll Sshllerde ey BN

bet ween the two sequences as using 5t . .
procedure. Theted?ieeks tBEPAlecdbPCRAgnalThiE dmf Smartd arsde tuseehdlsre an

external auxi 4@ yevims hothd %ﬁ@r{ﬁﬁﬁié&%&ﬂa%@&{ 1S 'p.(‘er%rr‘?r%%; %oa
therefrom in blocks PCPA1 and PCPA2. This information’is used fo

achi evi H{;B f i N SARHIVNI BT on, TSR Gts Qfdsrdr @ thypxd St6 peseiessot heSF .
The exact of f selleridttis exd Silfe beigean thenelsement $1als haeslignaless E and S,
in this case immge sequences, isbg/iven b% To = d + T. The nethod proposed
by the inventionis ety UseFic™ i dppTicatin to a digital television

br oadcast networ k. THeS natlsut praeesidetly, tihe isveendoal liy Retrypassithile to

?2Vﬁogoggszfgﬁ§pt Jgéﬁggéghggﬁ?fgﬁgﬁEaﬁh%e§%@§sh%%ggf%gdcag%n%% %%@k[y,lt

15 In such a context, it is generally not possible to have
both sequences E and S present at the same location.
Consequently, it is not possible to use a conventional
correlation approach. The advantage of the system
proposed comes from using characteristic parameters of

20 the signals, which parameters are represented by numbers
that are easily transported, in order to achieve fine
synchronization.

Example of operation:
The table below illustrates how the method operates

25 when the difference between two successive time
references RT is constant, so the value of the time
reference RT; is transmitted only once every N parameters
PE. 1In this case N = 15. Coarse synchronization based
on the time references have been performed: after

30 compensating for the offset d existing between the two
series of values, it can be seen that the values of the
two series are similar. Thereafter, the parameters P
corresponding to the time references are used to perform
fine synchronization. The table below shows that under

35 such circumstances, there exists an additional offset of

T = 1 signal element.
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The method proposed is relatively simple to

implement and it can find multiple applications in the
field of digital TV:

firstly,

signal quality in a network.

extent,

of the invention;

testing laboratory equipment by performing quality

there are applications for monitoring

Because of their very great

such networks are particularly suitable for use

measurements constitutes another application, where the

advantage of the invention comes from the ease with which

it can be implemented;

and

finally

the proposed method can be applied to

resynchronizing signals before and after passing through



1032974510329788715. 5625875. 25 1032974510329788875. 125862. 9375
1032974510329788863. 125976. 8125 1032974510329788976. 8125873. 8125
1032974510329788873. 4375825. 6875 1032974510329788825. 4375814. 0625
1032991410329957813. 9375851. 0625 1032991411329957851. 375882. 375 The net hod
proposed is relatively sinple to inplenent and it can find nultiple
applications inthe 5 field of digital TV: firstly, there are
applications foertabhtperbgcusagnaiegeal of yeduipmeret wof&r Bewaplse of their

very great extegg?e§gc$nggg¥oEggngégdggét%guégéég?gpitable for use of the
ng la y equip

i nvention; 10 “tESTi ratory equi pnent by performng quality
measur ement s const i ¥aresganerakiyapph¢ catven; lomhereplirs welvaimy Bfalk he

i nvention comegyLram LhR-Ea8Re WhEBuRELB: bE SREDEf FRbEsENE €4 and
finally the proposed nethod can be applied to 15 resynchroni zing signals

before an8l aft éPapasSsrrySERFoB§hSUShceYEBPRS parti cul ar pi eces of equi prent,
for e?anple FDCOd?Aﬁ éadéﬁtaéé?@ﬁC@H@r@etHo@a§§ﬁﬂﬁe ﬂ@&@n@ﬂﬂ@r$é|whaﬂhe
invention applies to,any digital] systemsince the occurr e_of, e
offsets is a StEﬁE?a&FegPngEéoFosﬁ% & syRE engTP %t%d%ﬁﬁT%gggo?V?+égEiﬁhod
of the inventi on bsdéhato BhrtRrosine aeedcédvddveighwaTonpdrede Siginah E
available in der .to_sypchroni ze a received digital. _sj i th .t he
signal E, e.g.Q%SrS%ﬁaaguﬁpogegOfg%%af%%t?%ﬁp%%%l?#y?vakgg$in§h$¢%%%%}to
have thel0inme EefenéhtessRIE bavehehe ef enencefsrgmeaes aVhj Ibltée t oget her
with the correspandhng ¥abigs ofathepparamsberndt Wdereguch conditions,

it is possible to conpute faraneter P each digital elenent, e.g.
for each i mageSorreeRendinge¥aived of ghaf EYQESY of nakender ptjesh bl e

subsequently conditions, it is possible to compute the parameter P for

each digital element, e.g. for each image, in the

15 received signal S so as to make it possible subsequently
to achieve the desired synchronization. The time
references RT; and the corresponding parameters P of the
reference signal E can be transmitted, for example, using
a service channel incorporated in the digital

20 transmission medium, without any need to modify the
transmitted signal.

For example, with images, the invention makes it
possible to match the images of the reference signal E
with the images of a degraded signal S by using

25 parameters representative of image quality. The image
quality of the signal S can become degraded by random
effects in transmission and/or by the presence of
encoders or of decoders in the transmission system.
Quality evaluation can then be performed by comparing

30 parameters representative of the quality of the images in
the reference signal E and in the degraded signal S.

In general manner, the characteristic parameter P
can be any magnitude that is obtained from the content of
the digital signals, and by way of example, in video:

35 - the brightness of the image or of a zone thereof
such as that given by the DC coefficient F(0,0) of the

discrete cosine transform (DCT) of the image, or any



to achi eve the desired synchronization. The tine references RTE and the
correspondi ng paraneters P of the reference signal E can be transmtted,
for exanple, using a service channel incorporated in the digital 20
transm ssion nmedium wthout any need to ¥odify the transmtted signal.

For exanple, with inmages, the invention makes it possible to match the

i mges of the reference signal E with the i mages of a degraded signal S by
usi ng 25 paraheheas oepoeskeodenalebbdck negen gfidm tor Hheck mageylapesl i ty of
the signal S EPQn?f’&P:ﬁE degraded by random effects in transm ssion and/or
by the presence of éncoders or of decoders in the transm ssion system

Qual ity eval uati on' ca@nthest ben perd oimage byr conparione 3hqmaheters.

representativgsof;tbe gvality, of, thesdymges; | the reference signal E and
in the degr adesd é::ilgnal H% ﬁl)él {:jenger al manner re’ characteristic paraneter P

t
can be ahy nmagnitudelP3ER 3t BBYEN nd 39 gif tiRebortahte P kehe idt FIR
si 9”?' s, and t l/\@&?@io@wh 'Dé@/ilhé"{leiﬂ?%%@ﬁ%aﬁ@%ﬁrﬂ}%ﬁ;ﬁﬁﬁ IS Cfgnﬁ%’g%oﬂdm?e
or of a zone thereof . suc S a ven coefficie o]
the discrete®Ro3tAed tPhrfs o7 ocfrttl'f%gc?"ﬁ;ggﬁ érﬁf‘ri%éqqli“hegc%r
ort hogonal blbokrieansiosm dladdmekd orsiHrobalwavtglanss, oradc . aurdsirm,n t he
image or in a zo eéxlpgreof, e.g. as given by applying a Sobel filter; 5 .
i mge activity SA as defined, for exanple, in PCT application W 99/18736
in the Hane of the' Apptirnean ,ofarthe dlmeggaved by a |inear and orthogonal
bl ock transform (TG irl:%{]cih%y Haar, Hadamard, Slant, wavelets, etc.
transform .. ); and 10 the nean of the imge; and in audio: power; or
power spectrum densiB3WeE/ d&fined in French patent application No. FR 2

769 777 filed on Cctghedr lbedtB9Mm density as defined in French patent

application No. FR 2 769 777 filed on October 13, 1997.

15 It should be observed that the parameter P can be
itself subjected to degradation due to transmission, but
in practice it is found that given the level of
degradation that is generally to be observed in a
transmission network, synchronization can be performed

20 using the method of the invention.

In general, once synchronization has been acquired,
the method makes it possible to verify that it is
properly conserved, so as to be able to remedy
synchronization wherever necessary due to disturbances

25 such as an interruption in the binary stream, a change of
binary stream, a change of decoder, etc. ..., by

resynchronizing the digital signals E and S.



15 It should be observed that the paraneter P can be itself subjected to
degradation due to transm ssion, but in practice it is found that given
the I evel of degradation that is generally to be observed in a
transmi ssi on network, synchronization cantbe perforned 20 using the nethod
of the invention. In general, once synchronization has been acquired, the
met hod makes it possible to verify that it is properly conserved, so as to
be able to reWeiMSsynchroni zati on wherever necessary due to di sturbances

25 such as am}nﬁ%é%a%figym@r&wﬁ%g St {8aM 2. Changsy ofjgipary
stream a change of decoder, etc. ..., By resynchroni zing the di gital
si gnal s E andSiynalis ;pyeaasnit ing At Fntsiic piaientsyy 95 e &fdssecond

digital signalsdpfesedraodsigs t@he e ot eifiidernie t g a1 pddind t hat
are to be put l;Ento corrgs ondence,. on the mS f tine references, the
met hod bei ng Thar HEE ef T RGeS ¢ Hdte e % P IFE T ASTary?
synchroni zat iombofit hempiwmelitgst al signals using tine references, by
putting time referenc C 4 ving the val ue..in . the first
and 10 second di gi?)gl&gellgfn@*rg%,%&?rn%%anorkglroergpoofzgter?cet;woarﬁicfgqbr)aﬁTi ne
synchroni zat i ®ionl s hesesisind wefatencet es tiur Pararnsier YefierePQes

obtained fro | Nary. S ,gﬁ{% | pgi.tal;. el - onput ed
for each of m}s%élﬁg?%ésl? E}'sllsnd}tlé[é.eco Jﬂ{dﬁl %?a{tn% qé#ﬁlﬁllsﬁ(ﬁgeg&sfg%%&A met hod
accordi¥y to 9eend 1digHahct M (v thatintyr aannesRandaneehr ¢ii%ation i s

perforned by puttimg fSuecassdmoval dteiordfod hend inms irefgr ences of said two
digital signals into correspondence. 20 3/ met hod accor di ngto claim 2,

A
char act er i zedFHHF IHRT LT i PATRRSF 5 ndH ofiS a5 4185 n&y) )
sel ecting a thimareferenoes (RTE41)d diefiddie ligngints, and computed for

each of said first and second digital signals (E, S).
15
2/ A method according to claim 1, characterized in that
preliminary synchronization is performed by putting
successive values of the time references of said two
digital signals into correspondence.
20
3/ A method according to claim 2, characterized in that
preliminary synchronization implements:
al) selecting a time reference (RTz(i)) of the first
signal and a time reference (RT4(j)) of the second signal
25 and computing the difference between the values of these
two time references; and
a2) 1f this difference is not minimal, putting the
time references (RT;, RTg) of the first and second sigﬁals
(E, S) into correspondence by offsetting the indices (i,
30 j) of the time references (RT;, RT;) of the first and
second signals (E, S) by an offset (d), said offset (d)

corresponding to the observed difference.

4/ A method according to claim 3, characterized in that
35 it is implemented for at least one of the first and

second signals (E, S) by determining a mean value for the



signal and a tine reference (RTS(j)) of the second signal 25 and
conputing the difference between the values of these two tinme references;
and a2) if this difference is not minimal, putting the tine references
(RTE, RTS) of the first and second signal®¥8 (E, S) into correspondence by
of fsetting the indices (i, 30 j) of the tinme references (RTE, RTS) of the
first and second signals (E, S) by an offset (d), said offset (d)
correspondi ngdt 6fehenobsbevededi thereatees 44 £ Awet slodcassbveli ngneo cl ai m 3,
characterized LR.t.B Ees3§R.5 is inplenmented for at | east one of the first
and second S|gnaF ? y determ ning a nean value for the 18 difference
bet ween the values of two successive tinme references (RT). 5/ A nethod

according to g/aA%étheﬁaa@eaﬁaiﬁ§dtbncmﬁa » Sehgrdetermaationepd, said
mean val ue is perfornmed before met hod accordin to any ggecedlng

claim ehar aeeéf] %%EIGFWP%%O%% SPHE HPORT 250 1 oR 13 peYioF

associ ati ng aasgquence of successive tinme references (RTE, RTS) of the
first and second signals (E, S) with a sequence of values of a
characteristic paraneter of each signal, these values being witten PE(i)
for the vaIue6bfAtmethbdracterdEmgct@aaamepnecédﬁmgsmbiﬁﬁed wth the tine

ref erence RTE((). ol Lbe;Lir gh » 8002l o Hlyn a0k PL). Sor: 4 oo yaleeo! the

characteristic paraneter assocCiafed w ime referen of the
second &Pgnal (S);bahdadePpciampadi agssaiencequensescessivag uesnd or the first

20 and secondréfgféhéeéEma%] %@r@s 'fOtHHt fmgttwa séeéﬁaeeszgﬁaEBT BE' ).

RTE(i-tio) ] of the first sécond _signal s (E, correspondi ng t
sinmilar val ued) oFithiy SeHaPRet e?f st tuparahet el a%ﬁ?§¢r¥$¢kﬁhod accordlng

to claim®6, charaséteerzefl édchhaigndP) tiseperdorves hyicorvel eddon. 8/ A
met hod accordﬁﬁgl}ofgga{£é7va @grogttrézgha}acéerlstlc parameter
15 associated with the time reference RT (i) of the first
signal (E), and PS(i) for the value of the characteristic
parameter associated with the time reference RT (i) of the
second signal (S); and
b2) comparing said sequences of values for the first
20 and second signals (E, S) so as to put the time
references [RTy(i), RT(i-1,)] of the first and second
gsignals (E, S) corresponding to similar values of said

characteristic parameter.

25 7/ A method according to claim 6, characterized in that

b2) is performed by correlation.

8/ A method according to claim 7, characterized in that
the correlation is performed by seeking the minimum 71, as

30 a function of 1t for the function:

> |P()=Py(i—7)|

0<i<T

where 1 designates the number of values in the sequence

35 of values.



the correlation is perforned by seeking the mnimum To as 30 a function of
ti for the function: PE(i)-PS('-t)l 05i<T where ti designates the nunber
of values in the sequence 35 of values. 19 5 10 9/ A nethod according to
‘claim?7, characterized in that the corréltion is perfornmed by seeking the
m nimum To as a function of T in the function: | | (P., (i)-PS(i- r))z T
0o<i <T 10/ A nethod according to claim7, characterized in that the

correl ation i%/ perferhed Ebr;ccsetkimg:ds heel anianx | TyumhBoraas era Aadhcitri otheaf T in
the function:_ J-i S, ( thod, i_ng_fo any
precedi ng cl atlhe & Ifatérolg% B zed éenrﬁil)ar%eq’ br?p S]e;]#k r%%lhrzéatllglﬁﬁtﬁjs"gt ék%%’\ into
15 account ord yfwmqmeoﬁ:rfan@ctt@«a sunctpananeters (PE, PS) vary
sufficiently, i.e.: s= 1 P(i) - mean[P(i)] > SC T 0si<T 20 where: SC

designates a content threshold; a i gnates the nmean val ue
of the gparaneter P(i) in the ran 1}) ﬁ}' 5 12/ A met hod according
to any preceding claim charact f h(t ne synchroni zation is

performed only when the signals toT)e correlated are close, i.e. when a

correlation function G T) < ldentityThreshol d.
10/ A method according to claim 7, characterized in that

the correlation is performed by seeking the maximum 71, as
a function of 7 in the function:
10

T-1

> (P, ()P (i =)
t=0

11/ A method according to any preceding claim,
characterized in that fine synchronization is taken into
15 account only when the characteristic parameters (PE, PS)

vary sufficiently, i.e.:

1
s == > |P@i) - mean[P()]|> SC
0s1<T
20 where:
SC designates a content threshold; and
mean[P(i)] designates the mean value of the

parameter P(i) in the range 0 < i < T.

25 12/ A method according to any preceding claim,
characterized in that fine synchronization is performed
only when the signals to be correlated are close, i.e.

when a correlation function G(1) < IdentityThreshold.



