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10 There is a growing need to accommodate watermarks in audio and video
signals. Watermarks are supplemental data messages embedded in multimedia assets,
preferably in a perceptually invisible manner. They comprise information, for example, about
the source or copyright status of documents and audiovisual programs. They can be used to
provide legal proof of the copyright owner, and allow tracing of piracy and support the

15 protection of intellectual property.

A known method of watermarking a video signal as defined in the opening
paragraph is disclosed in F.Hartung and B.Giros: "Digital Watermarking of Raw and
Compressed Video", SPIE Vol. 2952, pp. 205-212. Watermarking is herein achieved by
modifying selected DCT coefficients in the output bitstream of an MPEG2 encoder, including

20 DCT coefficients of predictively encoded (P or B) pictures. Predictive encoders include a
feedback loop to control the encoding process. A prediction error (the difference between the
input signal and a prediction therefor) is encoded rather than the input signal itself. The
prediction signal is obtained by locally decoding the encoded signal.

In the prior art method, the watermarks are inserted after conventional

25 coding. The capacity available for watermarking the encoded signal in this manner appears to
" be restricted.
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The invention is particularly useful for embedding supplemental data in
unity bit encoded signals. Unity bit encoded signals are véry vuinerable to watermarking.
The encoders produce a one-bit output sample for each encoding step. Modifying an output
sample of the encoded signal for the purpose of watermarking is generally more drastic than,
20 for example, merely changing the value of a multi-bit sample.
Exampies of unity bit encoders are delta modulators, sigma-deita
modulators, and noise shape ercoders. They also belong to the family of encoders having a
feedback loop. Sigma-delta modulation is envisaged for recording high-quality audio on the
audio version of the Digital Versatile Disc (DVD), using a sampling frequency of 2822400
25 Hz (64*44100) and having a signal-to-noise ratio of 115 dB. Watermarks are inserted, for
example, by replacing selected bits of the output bitstream by bits of a digital watermark
pattern. If this is done in the way as taught by the prior art, i.e. after conventional coding,
the insertion of watermark bits raises the quantization noise considerably. For example,
replacing 1 bit of every 100 bits of the sigma-delta modulated audio signal by a watermark
30  bit will raise the Quantization noise to -60 dB. In contrast, the invention allows 1 bit per 100
bits of the sigma-delta modulated audio signal to be changed at the expense of only a 1 dB
increaise of the quantization noise. This corresponds to a watermark bit rate of about 28000
bits per second.
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DESCRIPTION OF EMBODIMENTS

Fig. 1 is a diagram of an arrangement for embedding supplemental data in

25 an encoded audio or video signal in accordance with the invention. The arrangement
comprises a predictive encoder 1 and a modification circuit 2. The predictive encoder 1
receives an (analog or digital) input signal x and comprises a subtracter 11 for subtracting a
prediction signal % from the input signal x. A prediction error signal e thus obtained is
applied to an encoding stage 12. The predictive encoder further comprises a feedback path

30 for obtaining the prediction signal R, including a decoding stage 13, an adder 14 and a delay
15. The predictive encoder 1 may take various forms which are known per se in the art, such
as a deltamodulator, a differential pulse code modulator, or a discrete cosine transform

(DCT) encoder.
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20 stage 2 is now fed back via decoding stage 13 to subtracter 11, resulting in the prediction
error being subsequently encoded in such a way that its effect is compensated. Consequently,
the allowed “error rate” for a given signal-to-noise ratio is considerably increased, and/or the

perceptual quality is significantly improved. _
Receivers for decoding the encoded signal from encoders as shown in
25 Fig.1 are generally identical to the prediction loop of the encoders and are therefore not
separately shown.

A more detailed example will now be given with reference to Fig.2 which
shows a delta modulator for encoding an analog or PCM coded audio signal. The
arrangement comprises a subtracter 21 for subtracting the prediction signal { from the input

30 signal x. The prediction error e is applied to a polarity detector 22 which produces, at a rate
determined by a sampling frequency f,, an output sample +1 for x>X and an output sample
-1 for x <&. The feedback loop includes a decoding filter 23 (a summer or integrator) to
obtain the prediction signal. In accordance with the invention, a modification circuit 24 is
connected between polarity detector 22 and filter 23. In this embodiment, the modification
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Fig.4 elucidates the effect of watermarking the encoded signal in a

manner taught by the prior art. Numeral 34 denotes the bitstream which is obtained by

15 replacing the 6th, 16th and 26th bit of bitstream 32 (Fig.3) by -1, -1 and +1, respectively,
corresponding to a digital watermark pattern w="001". Numeral 33 denotes the output signal
of a receiver receiving this bitstream. A significant decrease of the signal-to-noise ratio can
clearly be observed.

Fig.5 shows the effect of embedding a watermark in accordance with the

20 invention. Numeral 35 denotes the prediction signal X. Numeral 36 denotes the output
bitstream of the arrangement. Similarly as in Fig.4, the watermark bit pattern w="001" is
accommodated at the 6th, 16th and 26th bit position of the bitstream 36, but now the bit
modification is carried out before feeding back the encoded signal. The first bit 51 of the
embedded watermark does not differ from the sampie -1 which the polarity detector produces

25 for that sample period. Accordingly, prediction signal level 54 is the same as prediction
signal level 37 in Fig.3. The second bit 52 of the watermark differs from the value +1
which the polarity encoder produces. As this ’erroneous’ bit is now fed back through the
prediction loop, the prediction signal assumes a level 55 which the delta modulator
compensates by producing different subsequent bits. As a result, the prediction signal 35

30 already intersects the input signal again after a few sample periods. Similarly, the third
watermark bit 53 causes the arrangement to produce a +1 sample, whereas the arrangement
would otherwise have produced (and the polarity detector would then indeed produce) a value
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15 watermarking facilities. Numeral 70 denotes the input signal x, and numeral 71 denotes the
encoded output signal. The sigma-delta modulator produces more positive samples as the
input signal becomes larger. As Fig.7 shows, the input voltage of -0.5V is encoded as a
sequence of three -1V puises and one +1V puise, the input voltage of OV is encoded as an
alternating pattern of -1V and +1V pulses, and the input voltage of +0.5V is encoded as a

20 sequence of three +1V pulses and one -1V pulse. The signal is decoded at the receiving end
by reshaping the received pulses and passing them through a low-pass filter. In Fig.7, the
signal is demodulated by averaging 13 samples of the bitstream. Numeral 72 denotes the
reconstructed signal, apart from the time delay caused by the averaging operation. The
reconstructed signal is thus time-aligned with the input signal.

25 Fig.8 shows the effect of watermarking the encoded signal in accordance
with the prior art, i.e. after conventional sigma-delta modulation. In the example, a -1
sample 73 (Fig.7) of the conventional sigma-delta modulator has been replaced by a +1
sample 74. This replacement does not affect the encoding process, and leaves the rest of
encoded output signal 75 unmodified. Numeral 76 denotes the reconstructed signal at the

30 receiving end. The difference with reconstructed signal 72 in Fig.7 becomes manifest at 77
(which in the Figure is earlier in time due to time-aligning the signals) and ripples through
the rest of the decoding process. Again, a significant decrease of the signal-to-noise ratio can

be observed.
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based rubbery core and . a second stage 15 polynerized from .
et hyl nﬂﬁ%aé@%@ﬂ@@ﬂ can heachiened by acehmmodatingapredetermingd so pr esent

I n the fg &-&m@ | Dki I r.af .0kl ng

nmononer Ssyﬁcﬂfo ullﬁ'g g%ﬁ%e’ﬂgﬁ% %*e?rgg{ﬁgir}ﬁﬁgf.i %@8@0 ye?rnedrdg%n%d}’ 3587 onal | Y,

cont20 n detectordi02 detects said pattern and changes the phase of divider stage 101 until the sync
pattern is detected.

Fig.11 shows an arrangement for extracting an embedded watermark
which can be used if the original input signal x is available at the receiver end. The
arrangement comprises the same encoder 1 as the corresponding transmitter shown in Fig. 1.

25 However, the feedback loop now receives the watermarked signal z. Accordingly, the
reconstructed prediction signal R is the same as is generated at the transmitter end. The
locally encoded signal y and the received signal z are applied to an extraction circuit 3 which
performs the inverse operations of modification circuit 2 in Fig.1. For example, if the
watermark signal is a sequence of real numbers which has been added to the DCT

30 coefficients of an MPEG encoder, the extraction circuit is a subtracter.

Fig.12 shows a specific embodiment for extracting the watermark from a
(sigma-)delta modulated signal. In the Figure, reference numerals 21-23 constitute the same
delta modulator as shown in Fig.2. The extraction circuit 3 comprises an exclusive OR-gate
301 which detects whether the bits of the watermarked signal z and the corresponding bits of



20 anount, i.e., up to about 50 wt% of repeating units derived from one
or nore wo9s/sasber nonoet hyl eni cal ly ungat urated nononer s RGTABI®00D40
copol yrmeri zable with the glycidyl ®ster nononer. - As wused herein

the term nol . "monoet hyl.eni cal | y unsat urat ed" . neans havi ng. a si hgl e
Site of R qRRaRH sgnal y arg el ALINEH A5 89T SRR PR PeradER BYR SRR MR o
monoet h%%énﬁﬂx&ke@ﬁgxa&%%ﬁé@%ﬁ%mf%ﬁ%b bedfl sinal is a?% lto & QfRfet C
nmonomer s such as, e.g., styrene and vinyl toluene, vi esters such
as e.g. 302 whjdh schicked atthet sampje frequency ifpardopmtieces anbingsy ¥’ if the[mambley of

al kyl th) .acryl ates such.as,. eg., bytyl.acryl at e, t hyl

Lt bt Bit Beeiodt Yethen 190 Stkseriys Pvemet bl isTC Bl Bites mmber Jlar kamplec73) 1
Ceri]) ¢ AYYSi £ iyt ikl Ig&m s&oﬁ"@éxﬂ“ﬂn Od¥am

car b?n g%dqlgtoﬁ @f%@oﬁ%’?&gtgg%&tas e. g@,ﬁgmat 9|g11 et hylipércfg%yl, g?éc?olsag?
cycl ohexyl and the Fig.18shows signalnyanefoims to'illnsifate thecoperation ofethis t o

acryl ate conpou and rylate conpounds. .

o' ' Gnbodihient JRefifhon muneBl 198 BeAcys e Ceighial Bnii sign, %, mumeral 131 denotes
convent ﬂﬁ%&ei@étﬁﬁvatemafk%@'sg%hl &Narld Alféral PRPUMIBRES tha iprétictidn €@l ' which is

pol ymeri zation met hods. In a highly preferred efbodi nent; the gl ycidyl
est er i optained hydiecoding itke watermarked isignal. Mpoerhid3 denotesgthe auipusisignal of local

e
EE g ][ re ]r ;igfloﬂ&éds anurplte!1r (desdted $3H)hwhéte aRe fedeived KighlaDs combfikds|a Hle(dendteky! |
135\3. This discrepancy is detected by the exciusive OR-gate 301 (Fig.12). In a similar
manner, the exclusive OR-gate detects the occurrences of watermark bits denoted 136 and
137. The counter 302 (Fig.12) counts the number of bit periods between the detected
15 watermark bits. In the present (simplified) example, a distance of 15 bit periods represents a

’0’ and a distance of 7 bit periods represents a '1’ of the watermark pattern.

In summary, a method of embedding watermarks in a signal encoded by
an encoder having a feedback loop, for example, a sigma-delta modulator (21,22,23) is
described. A digital watermark pattern (w) is embedded in the signal (z) by modifying

20 selected samples (for example, replacing every 100th bit) of the encoded signal (y) by
samples of the watermark pattern. The circuit (24) for modifying the samples is located
inside the loop of the encoder. The effect of watermarking is thus compensated in subsequent
encoding steps and the signal-to-noise ratio is only slightly affected.



H or nethyl; 20 Rlerr] and Rl err] are each independently

al kyl or awgbsisypeeferably nethyl; a + b pc19edsebosol 00;
ais from50 to 99.5; 9 is from0.5 to 25, preferably 1
to 10; cis fromO to 50; and 25 d|s
fromO t&laBus preferably O. LD A prefes: d enbodi ment ;- the nelt™

i ndex, as neasured at 190[err]

$(§’r.@rﬁ@4ﬂ$@3tm\‘ ASTI\{I %Zegﬁds Bgtt,n }{e l?toed
gl yci dyI ester inpact nodifierlis
and preferably fromO0.5 to 30 {

r@@@;g\dgmo 100! gram; II “I MHE
to 30 grans/ 10 m nutes.

Preferred rubbery nodifiers are those with good weathering that is, based
on acrylic, silicone or olefin rubber rather than di ene based rubbers.
In a preferred enbodi ment, the glycidyl ester inpact nodifier conprises one
or 5 ndre copol yrrersAsméthodeﬂefnbeMiﬂge pplergiental dhed ir 2 efidoded ¥igakk

copol yners ol efin.vinyl acetate-glycidyl (nmeth)acrylate copolymers
and ol &emprising theé@&ﬁ’&yl (met h) acryl at e-al kyl (net h) acryi ate copol yners.

Ioe preter v\ TRaehaR Al ot gh s AL BRLaSTISS WG

cycl o alstephoft feedipg baels therencedsdnsigmal &b eondpdlysaid encodmg, one conpri sing the
reactd on product of: | east one stral ght chai n,

br an or cyclBedifying the.ensoded signalgo rgpx)esent said supplemental datgy err] al kane
diol, m&ﬁixa@t@:ﬂi&f 80iht theGé b1 febiid rﬂacﬁiﬂg Sold 8khA is carried ou( after said step

diol, or chem cal equivalent t 1ere

one cycloéquﬁf}mg widisigaald, nost preferably a (Jerr]-Cerr]

di acid, or chem cal equivalent thereof; and (B) fromO to about 25%
preferably from5 to 25% by wei ght of an inpact 20 nodi fier
conprisizng a subst antA ahéthod 8P ERIMAEin @it 1 C WiefeirP tHlereB@ing fis unity bit

several different nodifiers or conbinations of two or nore of these

modi ¥ e€8C0difRE.t abl e are the groups of nodifiers known as ASA nodifiers,
EPDM graft SAN nodifiers, acrylic rubber nodifiers, and glycidyl ester

S ’aﬂd prefe

3. A method as claimed in claim 2, wherein the encoding is sigma-delta
modulation.
15 4. A method as claimed in claim 1, 2 or 3, wherein the step of modifying

the encoded signal comprises the replacement of selected samples of the encoded signal by
samples of said supplemental data.

S. A method as claimed in claim 2 or 3, wherein the step of modifying the

20 encoded signal comprises the inversion of selected samples of the unity bit encoded signal,
the embedded data being represented by the number of sample periods between successive
inverted samples.

6. A method of extracting supplemental data from a received encoded signal
25 in which selected samples are replaced by samples of said supplemental data, characterized
by the step of selecting said samples in response to a predetermined selection signal.

7. A method as claimed in claim 6, wherein said selection signal is retrieved
by detecting a synchronization pattern included in said supplemental data.
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nmodi fiers; 25 (CQ _fl_om,z';:e;ﬁbﬁut:—«p% preferably from5 to 35% by
wei ght of we dgj3gi24 52 THIS € gs,zwfmt*'eéﬁ&tar‘ wei ght pol yet her est pe1/ndgigsoab Whi ch

i ncreases the nelt f‘! OW REPLACGED prﬁ)p‘@rt ies of the inpact-nodified
pol yest er pol yner (ag;&:b:):wr—them‘:—f—“‘ reduci ng the ductil Ia%
‘t her eof ,8.and - (D)A metbod Sf extradting tsuppiemeptakdasa dtuiny afreceivesDencoded sighal,

wei ght of a_g as‘i #ﬁ)er 30 filler to reinforce and stiffen the
conposi tOFIPTEHE PESPY fel nf or ced nol di ng conposition.

‘Wile cyclo ali ph@kbsmgqhyaﬁgﬁm §ieRdlA adéddatice Wit & @ivein"RbdiAR pPddess S,
since they have ver -stability properties, the present

i nvent i dncludipl s step o€ f goback the recgived encededcsignab teyronralseid enspdiagt and

Convent i onal V- STRREIRR HE encele oPlphiab ingt the pecived eppled BRI A, | .
t he overdifferei@sbetwveer Biid giphRiYepresehting ithe sippleméitainiatal | y reduci ng the

UV-stability properties thereof. The preferred inpact nodifiers
general ly conprise an acryl ic or methacrylic grafted pol yner of an

acryl at .el ast oner, q@&érred 2ff %Wdé%’éfg whggu@m\él {l}é{)le;n%nfafﬁgmy C

conpound. EspeC|aIIy pr hers are’t acrylrc core-
shel | patpresentedoby titenumie of \sambliebperiods berweeh successive inverted sxmples,e Acryl oid

EXL3330. Most, preferably, the inpact ifier wll rlseatwos e
pol y CHHKPPﬁlﬁlgrfg‘béWPf&{:’PW’é& e amber Pgmlg Reiods Beyesn i fsé%

pol yrrer & Gilorl dafi™ wﬁ#ng?tdgﬁcryl ate alone or in conbinati on Wi t h styrene.
15 Also present Irst stage are cross |inking nononers and graft
| i nki ng nononers Exanpl es of the cross Ilnklng nononer s i ncl ude

1, 3- butyl ene di a rylate d|V|n nzene byt Iene di ne cryl ate.
Exanpl ed0of graft X %@P%dedgrsesw %We“?gr‘% cpéq:fmg%al,
nethacrxbg? d dlaIIyI naleate 20 Addi tional i npact nDdlfiers are of
t he type sed in US. Pat. No. 4,292, 233, i ncor porated by

ref el®ence. These dngneodemiodiencasing mrsggnahapc@émgraafdeglback loop to ceritenl isaid| y

hi gh conteni. _of a cross-I|inked butadi ene polyner grafted base having
graftedeP n acrylonitrile and styrene. 25 The nethod of blending the
conposi tions can heansFof hedxfgmg selecedRumples @Fahe encoded sigasl reserfo3@id
conveni ent met hod conprises bl ending the polyester pol yet herester and
ot her i isupniementakdatsyy powder or granular form extruding the

characterized in that the feedback loop is connected to feedback the modified encoded signal.

20
11. An arrangement as claimed in claim 10, wherein the encoder is a unity bit
encoder.
12. An arrangement as claimed in claim 11, wherein the encoder is a sigma-

25  delta modulator.

13. An arrangement as claimed in claim 10, 11 or 12, wherein the means for
modifying the encoded signal is a multiplexer for replacing selected samples of the encoded
signal by samples of said supplemental data.

30
14, A method as claimed in claim 11 or 12, wherein the means for modifying
the encoded signal is an inverter for inverting selected samples of the unity bit encoded
signal, the embedded data being represented by the number of sample penods between

successive modified samples.
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_bI end end comm nut-
i ngr edi eniygp 98/33324

'wrnfi“pé I%atéx} ot her suitable shapes The
r gHié 5L an \usual manner, e.g., bpcuaposmosdong or

by mxing in the 30 ne T $Pate—+w' anléxt ruder, or in ot her mxers
12 The criti dditive of the present |nvent|on is the hig

ol ecul 25, wei ght Ampatrangement fion gxsranting supplemgntalitata frem 2 ﬁ%@ﬂﬁérﬂ&?@!ﬁdr N

an anount bout { ntially
ot ove SeEAl i e sgected Bbies a%%%%ﬁ@b&?t‘rfe%ﬂor@%@%%

rei nf or R GeTRAY A 8giStet for sefecling wiia samples yespaﬁseewsaepreuammmrsaecgomf
t he conposition. Nbreover, increased | oadi ng of certain

pol yet heigealt ers into the conposition substantially increases t he heat
defl ection tenperature (HDT) at 264 psi, which also is conpletely

unexsgct ed. 10 The preferred pol yetherester nodifiers are those

cont ai nijggg hi gh nol ecAnt afrangemenyas gmmabhyaam a5 acompuising means for detecting a

pol ytetrah drofuran ol ymers, .such as (b | ene . .
t er epht sy %%Fﬁﬁf@ﬁ?@é‘!@l d%%ﬁ%# ix?@.%for geneatingSaid; o) | y

avarlabl Mol "Hytrel™, and
pol y(cy é@ﬁan@fﬁwe@g? yclaﬁiex ne’ dr car boxyl at e- pol yt et rahydr of uran 15

bl ock copol yners commerci al | y-avai | abI e from East man under the trademark

"Ecdel ", and "Lonod" pol yet heri m_de ester .,resi rcially-avaj bl e
fromOcedéral Electri c‘e ent for e § &u ‘@r‘&?fé%bﬁé% v i8bded

pol yeth gf‘%‘ ﬁ ?ers are preferred It should be 20 wunderstood that
sui tabl e ér "’g asti ¢ copol yetheresters for use in this I nvention
i ncl ude both randnranaoﬂbrtfonekcmhng)thprmgnal Iandlgeare\rldw sighals including a feedback

prepare Qﬂby colnveghr onal‘?zgster catr %S&ddﬁg;%g#ngggn&)rlocesseﬁ fromt (r)]ne
or nor e 'RPHEEEIVIRE %@Fﬂo re long chain ether
glycols, and one Rgan8§ée g%&%ﬂ&iieﬁroﬂgﬁial Wwithtthe eeceived eticadedosed
in 25 aforementioned US Patent 5,122, 551. PoI ycycl oal i phatic

pol ykSst signaloithe-differenca betweearsaid signals senresentng: thepyupplemental datac r |
pol ycycl ohexyl diol-Clerr]-( err]-pol ycycl ohexyl di aci dpol yest er-poly

t et rahydr of urans, such as Ecdel 9960. 30 The present weat herabl e
nol di ng 1gonposi tions A dﬁmeediaﬁmc@m érhmaa igherein thet supplementat idata inf a
fibrous glass or carbon fil referabl%v ass fibers, mg

represented by the number of samp periods between successive inverted samples,

comprising a counter for counting the number of sample periods between inverted samples to

20 extract said supplemental data.

19. An encoded signal with embedded supplemental data, characterized in that
selected samples of the encoded signal are samples of said supplemental data.

25 20. A unity bit encoded signal with embedded supplemental data,
characterized in that selected bits of the encoded signal have been inverted, the number of bit
periods between successive inverted bits representing the embedded data.

21. A storage medium having stored thereon a signal as claimed in claim 19
30 or20.
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13 amounts rangi ng between about 5% and 50% by wei ght of the total
conposi ti @ipogasy preferably between 10% and 40% pé-gﬁmﬁo“i)l ber or
filamentous gl ass enployed as reinforcenent in the present

conpositions, preferably conprise |ine-alumnumborosilicate glass that is
relatively soda-free. The filanments are e by standard processes, e.g. by
steamor air blow ng, flame bl ow ng and hani cal pulling. The preferred
filaments for plastic rei nforcimant are made Ry nechanical pulling. The
filament dianmeters_range from ahout 3 to 30 mijcrons but this is not
critical to the present invention. dditifonally, “addlti ves such

as anti oxi dant s, i atg ng fgents, m'yleh'als sugh ad talc Iclag/ m ca,
barite, wol| astom er st abi | ncl oo fmted
to W stabilizers, shch as 3, rrotT=zol €l mentlal rei nf orcing fillers

15 such as flakéd of ,nmlle Z)gll ass, and the-ike; —fFane r¢tardants,

pi gnents or jconbXnations thereof may be added to v pogi tions of
the present i nvention. DESCRLETI ON OF| THE PREFERRED
EMBCDI MENTS 20 The follow ng exanples illustrate{the invéntion w thout
limtation. Al part$ are gi ven by wei ght unl ess othgrw se,i ndi cated.
As set forth in The ol ow ng exanpl es, the properties ap&AnR sbred
according to 25 thefJfollTow ng procedure€s. ﬁ zod {NI') and
Unnot ched 1 zod (UNI) This test proced t he ASTM D256

met hod. In this tase—usrmgtzodivettod—E; i hpact

strength is obtained by testing an unnotcH 4 . The results of 30
the test is reported—i-R Lterns -of—enexgy_absorbed..pepum_t_o.f_ Speci nen

wi dt h, and expressed in foot times pounds per inch (Ft.Lbs./In.).
Typically the final test resul t iFl@I C1I| ated as the average of test
results of five test bars. '

i
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14 Bi axi al inpact test (Dynatup[err]): This test procedure is based
on the AS{{9g/33324°3763 net hod and was performed on a Dynat '#@Thﬂ%fuot est
machi ne. This procedure provides informati on on how a nmateri al behaves
under nmultiaxial 5 deformation conditions. The deformation applied is a
hi gh speed puncture. An exanpl e of ;fupplier of this type of testing
equi pnent is Dynatup. Reported as t results are the so-called total
energy and maxi mum | oad val ues at vari ous tenperatures, which are
expressed in foot ti nes, pounds (Ft Ihq ) The fi nal I est result is

cal cul at ed as %he average of the tesn results of typlcall ten test

pl agues. 10 Mel t MISCOSIty (M) 1 This test priocgduyee|is based on the
ASTM D1238 ngt hjod. | ! The equi prent udk AT USi o pl ast onet er

equi pped wi tH autongtic timen. Ajs exanpl e ¢f this equi pnent
woul d be the|Tizpi us C)son VP 987. . odle testing, the sanples are
dried for ong Q feitesting 15 cbnd|t|o1s are a nelt

t enperature of | oad of 5, 000 g”anl an orifice

di anmeter of (. a dwell jtine of 5 mnutes. The test result is
expressed in|tRe Flexurgg Nbduhus: Thi § test procedure
is based on §heé ASTM D#90 met hod. 20! Typi eal testl bars hfve the foll ow ng
di mensions: 1/ inch tines 1/2 inch §1mes 2-1/2 inchl The final test
result is calcykgte e [Evenapgepit guiis 'werFLG st bars.
The test invol y&s &It hikke I nt Woadingldsyst emut (lfi zdg ¢erlt J @Adi ng

on a sinply s f f exanpl es of

manuf acturers of instrunments designed to performthis type of test. The
flexural 25 nmodulus is the ratio, within the elastic limt, of stress
correspondi ng strain and is expressed in pounds per square inch (psi).
Tensile Strefgth: ThrsTtest procedurF 'S based on'the ASTM D638 net hod.

Test bafs8in the frorm of the standard dunbbell shaoe are used in this
test net hod. 36 The fnnal test result B% calcul d t he average of the
test results|off{five tdst bars. ! The t g~dt rengt hli s cal cul ated by
di vi ding the|miki mum | gad obser ved ' . te#t by the original mninum
cross-sectio1ag area ofthe test
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15

di met hyl
1, 4- cycl ohexa
(e.g. TPI). T

(@50[err] O
H ndered Phen
UV absor ber,

C ba- Gei gy Cof

Pl asti cs.
Rohm & Haas
6) Hytrel 405
a pol yet heres
16

EXAMPLES (% b
E2 E3
58.9 56. 4

The result
and Zwi ckway 98133324
designed to performthis type
t enperature nmeasured as per ASTM D 648.
following ingredients are as foll ows:

cycl oal i phatic ester
trans-1, 4-cycl ohexanedi carboxylate (t-DMCD)

I s expressed in pounds per square inch
typi cal exanpl es of nmanufacturers of
of test. 5 HDT Test:

éthDIar 10

made by reacting e

nedi net hanol ( CHDM

in

(psi). Instron

Heat distortion

In the exanples the
1) PCCD 3400 is a

anount s of

1qyfolyner has a melt viscosity of 4§00-5000
esth with a T. 220[ert] C
bl Q&1 Ant i - Oxi dant from d ba- Gei
fituted hydroxypheny| b
ati on 4)

i\azol e
Tl ycar bonat e -

5) EXL 333

[

p

in the presence of a catalyst

Wi th
p0|se
 ganox 1076 -
Ti nuvin 234 -
from

Lexan 141, GE
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dcrylic core shel
0.2 ,-W’ungfr the trademark Acrlyloid. 20
.04 bster froI DuPont . 7) Ecdel 9960 -
t
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illustrates the base c
of the Acryloid EXI;r 3330 acryM

| rganox 1076 02 0.2 02 0.2 02

02 Phosphlite Stab. 02 0.2 ,ggjgom 0.2
0.2 %0?%?3324 0.2 Tinuvin 234 3 PCTIB 03
03 03 03 0.2 Car bon Bl ack

-03 03 03 03 %7 03 Phosphor ous Add
0.1 0.1 0.1 0.1 0. 4/5 0.1 03 d ass

Fi ber 35.0 35.0 35.0 35.0 35.0 35.0

0.1 EXL3330 100 5.0 5.0 5.0 5.0
5.0 5.0 ziytrel 4086 - S 2.5 -

- - 2.5 Ecdeb 9960 - - -
84 16. 8 33.6 56{ 4 100.0
100.0 100.0 100.0 100.0 100.0 100.0 5

TESTI NG Cl C2 El E2

E3 E4 C3 st W @ 2 0g,..[ Poi se] 20123
24285 21460 21638 | ?167/@4 1015075 102" Not ched 1 zod
[ft-1Db/in] 2.9 3. .9 3.8 4.7 7.4
Unnot ched 1zod (ft-I1b/in 11.6 13- 3 12. 4 14.8 16.5
20.9 Dynatup @ 22C max I oad 4.33 3.61 3.59 4. 89
4.13 5.77 [ft-1D] Dyré(@ 22C total 13 14. 3
149 15 15.7 14. 3 energy [ft-1Db]

Dynatup @-10C nmaex | oad - 7.3 7. 8.4
5.4 [ft-tb] Dynatup @ -10C total * 15. 6

17 11.6 174~ =~ 7139 — T éenérgy '[T't’-‘l’B‘I] natup @ - 20C
max. | oad -y Misel -y - - 4y 5
[ft-1Db] Dwm‘hﬁp’@—-?ﬂc'total - } — —>

* * 114 enelgy f=f-t=1 b] Tensille Elo Hon [ %

6 3 3 3 12 4 7 I 9 Type |
Tensile Strength (psi] ﬁ“ype 8722 9530 ¢ 9/96 | 9774 6 8081
5624 I Fliex. [Mbdus [Kpsi]; Rght 62 | 590 88 596
430 344 ' 189 Flex. Strendgth [ Kps|]; | 14.7 13.5

13.4 13.5 |10 4 10.0 6.4 ‘pe(‘T Gravity {(g/cnB]

1.408 1.426 1.442 1.430 1.412 1,444 1. 40l Y%ASH

27. 4 38.3 3616 36. 4 33.9 8 34.5 %t HDT264psi
[err]C - ! 64 55. 53.6 | 60 89.7
99.7 * Less than $ft. |b. In Table 1, IExanples E1-E4 are
illustrative of. the }presen| Conpar ati ve Exanple Cerr]

erties,jin 10 t he absence
shel | inmpact nodifier (1M,

e e e e = e - —— - - —— - —— — —— — — d
FIG. 11
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and in the absence of Hytrel 4056 and Ecdel 9960, both of which are
pol yet herwgloghssa4 Whi ch function as fl ow i nprovers accor di ngci/fizoggeadpr €sent

i nvention. Conparative Exanple C2 contains the EXL 3330 inmpact nodifier but
17 not the flow nodifier (Hytrel or Ecdel). Conparative Exanple C3
-illustrates the: properties of the 5? osition containing EXL 3330 and
Hytrel but in the absence of the p 5?cyclohexanethylene)

cycl ohexyl ene di carboxyl at e ( PCCD) polymer. 5 The addition of 5%
"EXL 3330 (acrylic core/shell IM increases the ductility of 35%
G--filled PCCD fornul ations (Exanple A >C2). In this case, the ductility is
measured as an increase in notched |zod values. A decrease in nelt flowis

general ly observed by incorporating core/shell inpact nodifiers to enhance
the 10 ductility. This effect can al so be seen by conparing the MW nunbers
for Example C1 vs. C2. However, the additional use of high

nol ecul ar wei ght pol yet heresters (PEP) such as Hytrel (PBT-PTHF) or
Ecdel (PCCD-PTHF) as flow inprovers for these 15 fornulations in

conmbi nation with the EXL. 3330 produces both enhanced ductility and

increased flow properties. The efficiency of 2.5% PEP, for exanple,

can be seen by co 0] € CZ (oW acryric TiMr- no PEF) W1h Exanpl e
El (5%acrylic IM |285% PEP).| The ductility of thp Q?rnulaqlons with PEP is
not reduced byt g¢s hi ghgr since the Exanple [l fon| di spl ays an
additional - 20 1 [g r]c duqtlllty with a flowi 0% A
simlar flow and | ow teqperature ductilit nt, can|al so be
found by addi ng di fg] anount s of Iyethere%ters (Exampl es
E2 to E4 conpared w O ettt pL.yCLuc.c tefs| appear to
have anot her benefifch easi ng the” PEP Ioldlng in a

e the 25 HDT val ues. This pehavior is
Exanpl es of Tablle 2 illudtratg base

GF/ PCCDY PEP bl end appears to.
conpl etely surprisifn

conposi tions cont ailnb Xt yres of PCCD pollyner and pol ychr bonat e
polynmer, and avail ahge under jthe trademark Lexan 141 firom fGener al
El ectric Co. The cantrol rnr’mrlsi tiaon of Exanple (‘.A 20 r‘nn'r.::n nsi no i npact
modi fier (IM or f|0¥lﬂDdlfl 'r-13%0nd the control qongoﬁﬂtloqs
SH Aty
-1 | 135 137
i i VAL '
OT n | 1} \ 1 1 ]
-1D LIQ134 | |
i i i
;/ IOII |/ l1l I/

FIG. 13



of Ekarrpl es C5 and C6 contain a polyetherester fl Ya . but
no i npact nodifier (Hytrel 4056). REMCWEWS)}%E%T

18° | NGREDI ENTS
EXAMPLES (% b ht) \
E5 - c%LAMg Lexan 141
43.0 PCCD 3400 20.7
| rganox 1076 ' 0.2 0.
Phosphite Stab. . 0.2 0.
-Tinuvin'234 - 0.3 0.
Car bon Bl ack 0.3 0. .
Phosphor ous Acid 0.1 0. AT,
d ass Fi er A3fhethod of embecﬁﬂn@supplemental%ﬂatﬁ in an encodedbs:@nal
EXL3330 - 5.0 5.0
Hytrel 4¢o@Pprising the steps of: 2 5 Epoxi di zed soy
- bean oil = -
100. 0 100. 0 encodm%gxg s&nal in acco(ggzmce with a évgh encoding process including the
TESTI NG step of feeding back the encoded signal to control sald Srcoding; Cc5 ES

6 - Test B339 887 26235
164845 Mot ched ”ﬁ‘ ‘gé F‘Eﬁq%ﬁi? sighdl m"lpr?eﬁt smdzsuppémf“m atd; 2 7

1.6 dﬂ)ﬂl‘&@kﬁﬂ@ﬂm'tﬁﬁ%é dtép bibfebdlhg back the éﬂcoded mgna.ll@czﬁrxed out a:f&r §a|d step of - 2
Dynatup @22C max |load [ft-

| b/in]  modifyjrgsaihsignaloC t ot aI energy [ft- 10. 1 14. 3 14. 8 12.1°
| b]- Tensile Elongation [A4 Type | 2.8 3.1 2.9 2.1
Tensile Strength [psi] Type | 12840 12210 12890 10500 Fl ex
Sttengt h 2. psi ] A 8thof as clainletBii@laim 11 8Aéfein the eABading is unitly lbitx
Modul us ‘[ psi 751400 702200 762000 659400 Spec.
GrdVi 10y [ca¢ 1. 4066 1. 3969 1. 4079 1.3884

3. A method as claimed in claim 2, wherein the encoding is sigma-delta

modulation.

15 4 A method as claimed in claim 1, 2 or 3, wherein the step of modifying

the encoded signal comprises the replacement of selected samples of the encoded signal by
samples of said supplemental data.

5. . A method as claimed in claim 2 or 3, wherein the step of modifying the
20 encoded signal comprises the inversion of selected samples of the unity bit encoded signal, the
et embedded data being represented by the number of sample periods between successive

inverted samples.

6. A method of extracting supplemental data from a received encoded
25  signal in which selected samples are replaced by samples of said supplemental data,
characterized by the step of selecting said samples in response to a predetermined selection

signal.

—————
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Ash [0 29.7 29. 1 , T
264 |[0£ C 112. 108 100. 3 R(E}S%C%E%\I%SHgET

effect of the addition of the EXL 3330 a};‘?yl ic core-shell inpact nodifier

on t he G--reinforced conpositions based upon PC/ PCCD pol yrmer bl ends is
cleatr  7- fromthe conpdymethadpeeigimsd inclaimSs Wherin said seleqtionisignali§ ¢ he

he” duct {THEy LY htech By o A feorm AR s e B R ol ¢ O

(measured as notc’hﬁd' | zod- and Dynatup TE).
19 - wever, the increased,ductility of the sition of Exanpl.e C5
is © d&conpanied by af ﬁnﬁ'gf’ég gxipagu Fﬁpm%g@%wn?é?ﬁfbv E}ef‘?‘%d

propest i %%xaﬂ,_%mprisin fddidps@p of the polyetherester flow inprover (Hytrel
4056) .to the corrposi%i on of 5 Exanple E5 reduces the nelt viscosity bel ow

"that of Exanpl e C5engading the original signal in agordancenwith A giveneogoding processy and

I ncreasi ng.,t he nat u uct i d ity . AlLl, t.est . net hods .nent i oned above
are her ente e FEGTER S feEg backhe rgeived encodéa gy« EontSY P TEREGE fd
present invention bbmpafno@e ehcddee bE gindesigriad and'de 2eceived ehbiddedetknal) thehi s art
in light of the above, detailed description.  All such obvious

vari at i orliffererce hietween seidsignaly reprgsanting thessupplemsntal ggta.appended cl ai ns.

20 30 CLAI V5 1. A reinforced,
nmol ding conposition having inproved ductility and nmelt flow properties
conprisi®g a uniform m xAumethod as claimed in claim 8, wherein the supplemental data is

represented by the number of sample periods between successive inverted samples,
comprising the step of counting the number of sample periods between inverted samples to
N extract said supplemental data.
15

.

10. An arrangement for embedding supplemental data in an encoded
signal, comprising:
an encoder for encoding the signal, including a feedback loop to control said
encoding;
20 means for modifying selected samples of the encoded signal to represent said
supplemental data;
characterized in that the feedback loop is connected to feedback the modified encoded signal.

11. An arrangement as claimed in claim 10, wherein the encoder is a unity

25  bit encoder.

12. An arrangement as claimed in claim 11, wherein the encoder is a

sigma-delta modulator.

30 13 An arrangement as claimed in claim 10, 11 or 12, wherein the means
for modifying the encoded signal is a multiplexer for replacing selected samples of the
encoded signal by samples of said supplemental data.

A



(a) a cycloaliphatic polyester resin conmprising the R&PLAGCENENG: SHERT

saliphatic (err]-Cerr] diol or chemcalh equivalent and a (Jerr]-Cerr]

al i phatic diacid or chem cal equivalent, said cycloaliphatic
pol yester resin ~containing at | east_ about 80% by wejght of_a
cycl-oal i patic Agijarrangement pyclaisned in glaimHd or dd) wherginhe awans fon4; or

of a cycloal.iphatic . . di ol ] ' : P & 0% t
Sbout -SSR YRR Frcspied pepstis B Mysfr oy HTbR5 sficthd Bnfibs of the unity b) S0 0
| ncr easegnédied dighhl, metemmamwwygﬁpwsemeé by thHeajunihet of smnple peridrs

.melt fl-ow properties thereof; (c) 2% to about 50% by wei ght of a
hi gh' nol detyyesn SW%Y“BB‘I“%@@H‘@F@%H pol ymer which increases the
mel t'.gl ow properties of the inpact- nodi fi ed pol yester polynmer (a
& b) Without reducing the ductility t hereof , and (d) 5%to

about 50%$by wei ght of aAplamagémént forfexiracting suppleinental dasa from a received

stiffen the conposjtiaon and forma.reinforced nol di.n onNPosSi fion

2. *A éBrgsedistenlinpuch %ﬁ?’??é"*‘{weéia}'ﬁ tePleReE WH‘F%WS&RP\%B%EPF gata,

pol yeste rcﬁﬁx‘iétbﬂzﬁ% tepRfer fhiSselcang $4d saMPIES Flredponse toladpredetérhined selection
1 ol” o

cycloaliphatic r chem cal equivalent and a (Jerr]-Cerr]

cycl oal i ptgml.c di aci d or chemi cal equival ent. 3. A conposition
according to claim2 conpri sing: (a) from 20-80% by wei ght of the
cycl& | i phatic pol yester resin; (b) from5 to 25% by wei ght of the

i mpact @i fyi ng anmor phous drR@pétnent as claimédin claimrd S compisifig meamefoght of t he
pol yet herester polynmer, and ... (d) .from 10 to 4Q% by i%rat of the

gl ass fi ldetecting 4 synchronization attern ingludethimsaid slenpleamsﬁafa doeansfon 1 in

whi ch the i t odifving. r.esb:n 4 ected fromthe group

consi sti rﬁjn%?gﬁg%\afr?g%ér% g?’@gﬁél ggsreﬁ?%lard&%ﬁgﬁ di ene rubber polyners
and silicone rubber polyners. 21
5w A conposition according to claim 3 in _which the inpact nodifying

armor phoud7r esin conpri seéw@a?wmtéomcwwplﬁmewl%%m“m’x'ed

encoded signal, comprising:
an encoder for encoding the original audio or video signal, including a feedback
loop receiving the received encoded signal to control said encoding; and

means for comparing the encoded original signal with the received encoded

20  signal, the difference between said signals representing the supplemental data.

18. An arrangement as claimed in claim 17, wherein the supplemental data
is represented by the number of sample periods between successive inverted samples,
comprising a counter for counting the number of sample periods between inverted samples to

25  extract said supplemental data.

19. A storage medium having stored thereon an encoded signal with

embedded supplemental data, characterized in that selected samples of the encoded signal are

samples of said supplemental data.
30
20. A storage medium having recorded thereon a unity bit encoded signal

with embedded supplemental data, characterized in that selected bits of the encoded signal

have been inverted, the number of bit periods between successive inverted bits representing
the embedded data.

W



6. A conposition according to claim3 in which the inpact g
anor phous resin conprises a graft acrylic rubber. R

conposi tion RCE di ng to W%W@@MM@@%W@Merest er

DUH
N

osition

i ) . 8.
S onp L iR RANAC A BB AT PR 8 Milrinn. e parentt coRRER SRR TRAATE @S ok

Cop ¢ilylmemathal Ratpo Ciaeisitssen ol yer and | treRBlischiPuiidiifiaibt: an  POWO®S/33324
9. AHogNmei tion according to clapm 7 in which the pol yetherester polyne
corprises a pol ybutyl ene terephthal at|é43pltepiatianzRyldicatibnPaten  C 0 B0 Julyeiv9s (30.07.98)

10.[ A conposition according to crai
C 0I11631) lpgrnatioeat Apwigdtivpiaiberc POl PESIBER00MO |
t he oal i tic polyester conprises
o 4P e Mt o i SR 0L 5
cyg¢lic diacid, or chem cal equivalent.
t 0 | €30Ekrigrity Data: whi ch said m xture furth
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Method of embedding watermarks in a signal encoded by an encoder having a feedback loop, for example, a sigma—delta modulator
(21, 22, 23). A digital watermark pattern (w) is embedded in the signai (z) by modifying selected samples (for example, replacing every
100th bit) of the encoded signal (y) by samples of the watermark pattern. The circuit (24) for modifying the samples is located inside the
loop of the encoder. The effect of watermarking is thus compensated in subsequent encoding steps and the signal-to-noise ratio is only




