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invention relates in general to digital encoding and decodi ng of ‘ '
information. Mdre particularly, the invention relates to efficient

| mpl enentation of digital analysis and synthesis filter banks used in
digital encoding -and decoding. In a preferred enbodi ment of the invention,
the length of -the filter bank used to inplenent critically-sanpled anaIyS|s

and synthesis filter banks nay be adaptively sel ected. Thr oughout the
foll ow ng di scussion and especially in the background di scussion, nore
particular nmention will be nmade of audi o applications; however, it should

be understood that the present invention is applicable to a range of
applications w der than just that of audio encoding and decodi ng.
Background Art I nt roduction
There is considerable interest anong those in the field of signal
processing to develop efficient neans to transmit or store information.

| mproving coding efficiency includes (1) reducing informational

requi renents, that is, reducing the anmount of information required to
adequately represent a signal during transm ssion or storage, and (2)
reduci ng processing requirenments, that is, reducing the amunt of
processing required to inplenment the encodrng and decodi ng processes.
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Di scl osure of Invention is an object of the present invention to
provi de for a subband/transforn1encoder and® a subband/ t r ansf or m decoder of
digital informati on by nmeans of analysis filtering and synthesis filtering
requiring | ower processing requirenents, or inposing |ower processing

del ays, or both. It I's another object of the present invention to
provi de for a subband/transform encoder and a subband/transform decoder of
digital |nfornat|on reqU|r|ng Iomer proce55|ng reqU|renents or i nposi ng




inverition pertains nore generally to signal-synthesis filtering

appl i-cations. In accordance wth the teachings of the present,
invention in one enbodi mnent, an encoder provides for the encodi ng of

| nput signal sanples representing a tine-domain signal. The input sanples
whi ch are wei ghted by an anal ysi s-wi ndow function are buffered Into

ti me-domai n signal sanple blocks. = Pairs of signal sanples in the

ti me-domai n signal sanple bl ocks are conbined by a forward pre- transform
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[err] N-sanpl e | ength bl ock. Figure 7 is a hypothetical graphical
representation illustrating the boundary bet ween ti ne-reversal regions of
the tinme-domain aliasing conponent in a [err] N-sanple |ength bl ock.

Figure 8 is3@ hypothetical graphical representation of a bridge transform
illustrating the time- reversal regions of the tine-domain aliasing
conponent . Figure 9 is a flowgraph illustrating the forward
pre-transformfunction applied to a 16-sanple ti medomai n si gnal “sanpl e

bl ock to forman 8-sanple nodified sanple block permtting i npl enment ati on
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DST. - Figure 10 is a flowgraph illustrating the forward pre-transform
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Modes for Carryjng Qut the Invention ' 1.
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The forward transformis
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of ‘the present

I'S nec
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The E- TDAC transfor%
invention is equivalent to the
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t hough
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frequency donaln transforn1coeff|0|ent nunber,
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The - E- TDAC transform produces -one of two alternating sets of
frequency-domain transform coefficients i'n'response to each tine-domain
signal sanpl e block. These sets of frequency-donmain transformcoefficients
are of 'the form [err] [err] where i - tine-donain signal sanple
bl ock nunber. Each set of coefficients generated by the MDCT and the MDST -
are referred to herein as MDCT coefficient sets and MDST coefficient sets,

respectively. Princen and Bradl ey showed that with the proper phase term
m and a suitable pair of anglysis-, .synthesis w,ndaows, the TDAC t echni que
can accur at el yayaigss byildpp P&pﬁf‘t é?%ﬁ%uw‘?ﬁn f etheped4nd vyaig (2 Hee of

over| apped fi xgginé eyl scebdiylaré Qﬂfai)lycrleﬁmredssi & sidedravioFdmoaphihn C(D)3 suitablyt s of

the f t d
VDST o6t 11 ci oAt beige gpelathaase passed RatsBly Bl et W inld £80C RbRo" (L
al i asi ng corrpoaemévmumbte mixingeind edalescentetherenfjandthe angpnasp mixture fephase term

anal yst o- wi hdoReAnt oL AP of S b Efor e B e 6 splREE
synt hesi s- wi nddiwnmm gducons phase camgrising s a@emtlom%aﬁqpp@@rmmsm&af n
si gnal sanpl e %Qﬁxhg BEGRARE 8ﬁa®w1&m@ate9v&feﬁeov%rtﬁ@ah Bidlalong witiheRid&Ge term

min equatlons 1 an

hase it ne- domai n .al i,asi ng
di stortion. Towashiags into\the agueeus Rhaliﬁ dheiseparainy %féb"u‘ “%f‘esr ‘?é‘g%és istd
?r: ?i nal tine- "tﬁéﬁsesdfgiéainter mérmd chQ;é]Eg phe pdeRingl 'tE'Bsad(lgaotxﬁ)plinSe,afs .

ol | ows: omai n al i co en 0 e
first hal f?éf t"ﬁ'@c‘g ?‘Eﬁ“‘&ﬁb"ﬁb‘ﬁﬁ%ﬁ‘g '@ﬁ%‘y ?aeqm\/gﬁfté)eadwﬁ??ﬁ‘%csagéout t he
one- quart er rwlmlﬁn (D) firdve vetdctpireoveriveak sa'ﬂatntrich irs etheml cambé resbvered, andrp| ed
and w ndowed S'b%séa?tﬁ W%%es&%ﬂﬁlly \Aﬁ&?l&n B?Fec&@ér@& ?H@BFg%ﬁlcﬂﬂﬁgg of the

sanpl e bl ock; t, for
t he NMDCT exceptcomamsamqmalkmentmtuomp@aqwus nh@egwstmm%@serp@raé% phasAYitha ar e

illustrated in con@rﬂﬁk.%n%ft a}gfgb&& ;sﬂaﬁ‘e mﬁstdigr@gm@bhﬁs 'sﬁi@hb%quoo

h b br ok d
have boon A8i grAREY REstetab by Rusban S00,PP A DPICHL FoE: TS n R AT | o

Pr od e the appheRbhifind(C)larekiptin paspRiieasd donorhitwsighahcbinkfitsiafn i s
err

C. Forward Pre-FPAusing thissonsrutration belopy, thapleyel, The %tqoufgﬂ usPhase: | e

t echni que used dlippagesintoathe ethybaddRG? phase cahbe klate thseconudl!mg@heby appl yi ng
f d t t

L s RO PO dink e o o sy opm e |

[ err] N poi R0 DSmternals. Fehermnsgaric pbasg mq@wered |fmﬂnefd@f==ant¢re( ojuifablymety |

box 1061 n & gu bifoUARE Sietlad by
box. 106 i PeE: guﬁeéquri’i:‘?gd GHefiRily B £pbinARS! UGN SHSIAIT o

pre-transfo n|1funct|on conbi Qalrs
of signal sanpl&em;gelung () 'ieFFé[eé‘é ﬁ"%l'ﬁlﬁ‘a‘?m YlacgiabRassss qub ﬁgﬁﬁﬁﬂ
Er oducfe a bl oc koﬂéohﬁiﬁﬂl('\z &l i3 3aidbdpedfto |aﬁgﬂ1;yhac£ew(‘jté ;;éﬁthmg coliten (?l HEfreat i CaI
asis for usin err i e | rm
the N-point g ‘gtg@ﬂ%}%&gfﬁa}g@tﬁﬁgw?gﬁﬁﬁ% d“ﬁ ?@?Ade h% éerI phase
termmint toequhydrocarbons'lﬁmnWMmdne&quetmstlean‘ayleelsewm@ﬁ g@'@ledgut .
[err] Bsm% a dlstlﬁXtuﬁxe(feEirﬂ@.}e? wheff%g rt%st Iﬂ'ﬂ&lﬁ'ﬁ% bid slfowed thlcohdtintrate

expressi on 7a, ting I to exp goéfsmns 7b

t
and 7c, and by g@d %fermlfﬂﬂd-ff?@ﬁ ¢ basg of caluma(EY-(theryr mygaféi%F rqughis7q,
't may removed from the heads of column (E). If further purification/treatment of the-

ethyl acetate emerging from column (E) is desired, it may be passed through some

30 further optional polishing beds/columns.
Liquid leaving the low pressure flash system enters the acid removal
column (A) whose function is to separate acetic acid and any heavy hydrocarbons
from the product stream. This column (A) can be operated at atmospheric or

elevated pressure.
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be séen that equation | .can be rewitten as [err] Fi nal ly, by
defining a new sequence

- 10 - [err] where [i] nmod Mrepresents the value of i nodulo M the
expressions 8a and 8b may be conbi ned and witten as [err] 5 which is
a [err] N-point DCT for y(n). Froma simlar derivation, it can be
shown that the MDST of |length N can be inplenented by a DST of length
[err]N, [err] where z(n) J[err] It shoul d be appreciated that

the f d -t f f ti i di t ).
for alternat ve enpbdh MeqewarsetiBindamblésty PEE A8t BP sRRrip e Rl oy
sever al i npl enefithetcolunms in tenmk uﬂeud@raotﬁml/ﬂnpenmentaktmayse(wmhramne&smmiinqu

b f
ClIowt LS canabey OlcRRH O ehnffhdroe leprbilhr A0MRIrthuineS N B soARRIGE The [T
whi ch i |1 ust r adefinitions ar@mmangp@le pmsiedrthntfthmtfay effisicnsy efipdistillation ragind 12
for a basi 5 enpg t(oP{he he!éf\?e%?%ﬁﬁtto h@N&ﬂéﬁdﬂP gla-f@ﬁ{?’l‘? n:f)‘:%g d shown

Wi t hin parent he5|s jenot e ace subtr with an
associ at ed sanfPlEMAds usady are knomme ndhis grample.colymn e was %FPP“?EE atrhj s

subtractive Commhéwaﬁ%r@ﬁldﬂ%maﬁfmﬂhlaﬁ effidiéndy bf ¥pprbgimatelpbvde, by
negating the val ue o& &Wiﬁm gu%l @‘ﬁgbﬁ"%gﬁ%ﬁ?ﬁ@g} ocaﬁeﬂ&?”eﬁg?ﬁrd' ng to .

U-

)

the nodes in FEYUIE?
conbi ni ng the tlmsmb) aThe ethplrazeatd priodocts present as either the ethanol and/or water D.

Forward Pogj - T%&}fo e%g ld? ?lH]lgl‘lt ends epnatsééa Vet Q} 'h%f of cgﬁm(nofﬂaa"s%cﬁe'éﬁ’sns form

in the basic e ener
t ransf or m coef Sireane mhich wene@gpdﬂmeﬂ angl mssedﬁ.pm de&a@nlawhmh |1&:sultable subrui val ent

to the coot 11 chsaikd, operfifaH A0 Mérdthe Fed Aok AR MEMARPLRALL frg o same

i nput si gnal Yy tlve e resent i nvention
descri bed bel oWP@&ﬁﬁqs’eD@dﬁﬂhleéthb%P%ﬁteanq thewar d post-transform function to

the coeffici entothepanafaésd (Mterrimh)‘ ?idé@réotuh&i‘(ﬂ)(v dtéti ara@kear drfic RIluRi N :
CEe o aThe TSRO S renon SR BB, oS EARE ™
spectral | nf or matio will be lté]nsmthaehdﬁd%elomganuqqomdmtwgpsaagamed toemhmh @ent of
the present | ”‘ﬁﬂi‘éfggg aHEe‘%‘Es@R& AR 5ot ;d?ﬁ sq'eﬂlB?tAftfé&%ﬁ tﬂfs@}%t)‘f@@teh?ﬁle to

t he frequency- ol coertl cent’s genera
transform For sepesationein theieolumn(A), the aqyeoug nhase gontgingd melam‘enlnshlsh favels of

Subsequent Ly ¢ Fanoit 1L ey {5 anborroon sl pERR BRERth 0% BREERIRG " For
many appl i é9ti GAMMHINe gestal épr devod gy q@ﬁwa‘?a@gdpgweaﬁe?wg}eéw e,
engoger I dectndereftlwat eTthis WhisCbe gxaided duensymﬁmuﬁthl ¢ffept bﬂa;nenilm deon etkuce
coded signal in t req i rement s, usua u re spe tion
in order to estqa%&f Bf@ @P?@srﬂs‘gﬁ 'Héﬂ“g pg.lrssft%gté @‘ﬁé‘Fe%‘dS{b’g‘??t ral
conponent s. chteripgehe yyschmpassgs omin slﬂeae_:thylcaoeﬁafel refiging solyeme(C) tvérdip came
forward transfqj;erpeﬁlggeéﬁgglttBQEE(%%orrrat|on generated by the various forward

post-transformtuncti ons descr bel ow are generally not suitable for |ow
bit-rate tRansm ssi ohhese agertwacltemative svayg el ongsrtingueoluim ). Thesearer withni ques

nmay be used to theddlummnl dither (5 id Aéthyl Retdtd-ENRINhSIDNr bl Hdaree el awdeof a

signal®s irrel T nf%t\{mer mode (a) has been conventional in esterification since the water in the
base of column (A) is an important control variable. It needs to be kept low which
would mean that operating column (A) in the water-filled mode would not be

30 possible. It has been found that column (A) can be operated in either mode but the
water-filled mode offers a substantial advantage in that it can be run largely free of
organic reflux thereby saving both capital and operating costs. The details-of these
two modes (operating under atmospheric pressure) are respectively shown in

Tables 2-5 below:
35 a. Ethyl acetate Full Mode



In a‘practical inplenentation of an encoder incorporating a basic
enbodi rent of the present invention, the forward post-transform function
represented by box 110 in Figure 1 nay conprise. quantizing the
frequency-domai n transform coefficients generated by the forward transform
however, quantizing is not required to practice the present invention. .
E. Qutput Formatting Qutput formatting represented by box 112 in Figure
1 is not required to practice the present invention but is often used in
signal encoding applications. Cenerall out put formatting assenbles the
spectral information and other i nfornmath L uired for transm ssion or
storage. Any additional side-information needed by a decoder is also
assenbl ed i nt o ftheformattedrsignal.  Ar a nchronr zatrong byts dnd error
det ecti on/ corr dct Compeneas npy Keedso ﬂ[gg’“’é.%@a““ﬂr fﬁés%ﬂf";df*cgp

Dat abase pointgqrs or keys nmay be added agmeaati€d %dy wtorage. The |formatted

data is ready flor—rransmssfon Qf _TOr] stora alon ath 114 sho in
Figure 1. Y " Acetic Aci 31.9 _ (A ; p': !Sip‘bt BeHor mat t i ng
I nput def or mat t| phyl fRtagseNt gd hy7.dox 202 I R73 gure |2 is o3 requifred to
practice the pr es_engy* TMVEn{ion_put | ortegsused [N s1gn decodli ng

appl i cations. OZPictbEthery oyiradds of on——and—any si de

information fropwatdror matted{si gnps regcei ved4for om pay h 200188 t her py
recei pt of a ransm tted signal_ _or retrlevsg fromptorag
G I nverse Pre- ﬂ”tj‘ﬁmnrm Eungtiod-8 The—i -s—pf-e *aﬁ‘gf e+mfHunct i on,

represented by bayetdldéhyde Fi gur e0.®3 obl ai ns g.0Bquency- donmaiod transform

coefficients franpg iépectr 1 rmagion | he retel ved 6|gnal. 1f the
spectral infornptd&h=nds i n the Jg&_v_% i ' subst-aht-al-—eer+epponds to

t he frequency- dpNridiumt Eadsf ofm co@bfi clents 0.11gener pt ed by0an E- TDAC
transform then Fige |€£ﬁarse ore- r?ns_f brm rungtion Ih a bagpe enbofli mrent of
t he present f unp B T8 be 4 t+ Qdar by essehtayruH—FgRet+or] such as,
for exanple, grpumotd (kg /laedtral 63,079 mati on | 33,816| ocks. 29,463
- 12- In a practigal , [ emgnt at 1 on ,0f [ - r t] basi c
enbodi ment of the p eﬁ{‘ﬂ? 4y (,’w?rﬁgdr%\?@r%glgg&re ‘élhé] ﬁ‘%ﬁggé@n%aﬁgone?ti on may
conpri se dequarndisengapgd tilheolemndAddndicay beatemovedoverheasn Under the aeve sui t abl e
for input t t@@nﬂiﬂlﬁﬁsr the f{:lli]cﬁﬂﬁé ?éngBefrétH rofiRE ShoiAPHeYle 3 JEBWAREEZI NG 1S
not required to practice the present 1 nvention.

H. Synthesis FiobsetvedBank - |nvetse Transform  Box 208 in Figure 2
represents a bank of synthesis filters WaABBERr ansforns each set of
frequency- domain transformcoefficientS rnto tine-domain transform
coefficients. A j i i S i bank 108
in Figure 1 inplgnments synipgy Nunibedrt er bank P08. T¢hperatues £€)di s¢rete

transforms for E{TDAC US€d I n the basic enbod{nent of t present |i nvention
is an alternating i j pai-f-ed—Di-Seret-e—CasHne
Transform (1 MDCT)} and an I nverg98 Modified Di s¢rete Sine7llransfor m|( 1 MDST)

shown in equations I3 and 14, rgspectlvely; [err] 7gNnere [err] (k). =
recovered MDCT f rfeguency-domalA-transi-ormcoeterent—ic Fer+H = -
recovered MDST frlequency-donai @3t ransform coefficient k85 and err](n) =
recovered tinme-ddmain signal s e n. 105 1.

| nver se Post - Tr ansfe+mtFohreti-on Fhe—processtrg—tregurtenents—of t he

t echni que used .0 eviWatatEilledMadbDCT and the | MDST may be  reduced by

i nstead ev ating ap .0V T : A S, ) and
appl yi ng a?\fdJ i nvers “%gesgé Fana B?%%%??g%cgﬁtegé?“g aﬁl catlé)%@‘cﬁ) .the

i nverse transforns. Golumni(A)ee shat thesmiddle sectionsefgalime k) s dilled withadiquidnt e

by box 210 I'n Fi gur egdytantially Ethprised Bfwater TEhis MégnsSBatine beilliepsshed Bbwn
function splits time-domaln transfoEer coefficients l#nte s gsal Earrpl es.
Using a derivation sFama(A)gnd thaet %ﬁé@é@@g‘ﬂ%( brColmnd(dy gan Be
transform it can  bpeatedwiith 128¢ refluk thanahatarpdedor teeethyd aeetate-filled mode
post -t ransfi)%m functi,on .di scussed bel O%stetaﬁle | MDCT of | ength N can be

| npl ement ediby an | DEETERY IGTRSINEUES W Terr]  where [err](n) -
recovered ti me- Therompbsitios dhthmstreahs inahismode, obsained from a run with 37 [err]
' theoretical stages are shown in Table 4 below:
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 13°- . Recovered tine- domai n si-gnal sanples [err](n) nmay be obtained
fromthe tine-domain transformcoefficients [err](u) according to [err]
Wth an appropriate inverse post-transformfunction, the I MDST of length N

can be inplenmented by an IDST of length [err]N; [err] where [err](n) =
recovered tinme-domain transform coefficient n. Recovered tinme-donmain
"signal sanples may be obtained fromthe tinme-domain transform coefficients
[err](n) according to [err] 1. Cutput
Sanpl e Processing An overl ap-add pr s required by the TDAC
transforns to generate sanpl es correspdﬁéﬁigiio si gnal sanpl es encoded by

a conpani on encoder. This process, represented by box 212 in Figure 2,

over |l aps adj acept blocks recqver | me t he '
sanpl es I n one bl oc °f“3’°“§3ﬁpl es “%‘ge‘é ad g %r}\{?g‘?&.}" Pm% .%t The

E- TDAC transform used I n the bagi c enbodi neAsnoohtstin@egiyagent i nventi on al so .
requires prior tQ.0 | ap- add theﬁpd)licatlon a syt hesi ndoy to
the recovered t ;&&Agd“ S-afp-g—hi-0etes- Fhe {gésl +erits :.’?34‘\? TBAC
transform pl ace>Etmm)n t he desi gn of 461k synt hesi83.4ni ndoy, the Ganal ysis
wi ndow, and the dd progess ks di sgusse ully In the paper by
Princen and Brag ﬁﬁ%ﬂﬁh&”‘i —H-e abl‘?c. dzg o [,
Al ternative FiXx =Wd1emgt h Enbodi fent s11.3 A\ t er n4a.9| ve efbodi t8fis of |t he

present |nventi¢ achi eve grleate redu Lt 1 ons, LN pro,eSS| n
requi renents. Tmﬁé‘—ewﬁ rg—aesqrpt 'i'ﬂsn eH$etss 34 - R

I
Rg—aeSq+Pt+ofi—ai-$EcuSSEeS t+he—di-fHFerences—beq ween

t hese al ternati ydcetabdehydt rrents and 0.02 bagi c_e@@di nen| _descrQ bed_alpove.

- 14 - A TDACE | npl nt ed| by DF'Ib In @one
alternative enb;éfl%ﬁ?di. the pIUDUJ%E¥HVCIt;UH ??? ot tHbUUUI, t+re—fior war d

ETDAC transf or m MediumBadented y a ®P6cretle Folkller Transfor® (DPT)| A
f orward pre-trahﬁeg fgction gener@bps ar alterqlati ng [sequqpgge of two

types of bl ocks fcon —ST™Y moctfi—ed Sanp e one—btock | AN S LUlelbllg

nmodi fi ed sanpl es_p(hytahtke Aryecand bl 6@127? pe conpPddBilfg nodifi 28.4681pl es
(). Each modifiegnpaidhle ol ofid efam‘ﬁknﬁ r(fmstshswﬁmam@wb%vpf one pair of
signal sanples x(n) according to err | owmgraph for a 16-sanple
block illustrating this forward pre-transformfunction is shown in Figure
4, The fgrward E-TDAC transformis i qABDE® ed by a DFT which generates
alternating sets of conplex-val ued frequency-domain transform coefficients

P(k) of the formHdk) iU} —and-RHO)—of theform ) —+H—Wl)—-h—+egponse
to the alternatijng sequenSeagefNumbef i ed sanplje bl oaresnperatl{rel(?(]:) [lerr]
' ' 1 73
12 81
24 95
37 106

Ion Exchange Beds and Vaporiser _
An ion-exchange resin bed may optionally be used to remove impurities

10  from a liquid comprising the unreacted acid, water and heavy ends recovered from
the base of column (A), the liquid being suitably fed to a coalescer to remove any
oily material (heavy hydrocarbons dispersed in the unreacted acid) prior to being
fed through an optional jon exchange bed capable of removing dissolved/suspended
corrosive metals and generating an eluate comprising acetic acid and water. The

15 ion exchénge resin used in the bed is suitably a cationic exchange resin such as
Purolite® CT145 ( ex Purolite) or Amberlyst® A16 (ex Rohm & Haas). These
resins are relatively stable at the temperature encountered in the base of column

" (A). The liquid is fed to these resin beds to remove any metals which may dissolve
8



Wheré j = [err]1. Spectral I nformati on corresponding to E-TDAC
transformcoefficients C(k) and S(k) is obtained by applying a forward

post-transform function according to; [err] In one alternative
enbodi ment of the present Invention for a decoder, the inverse E-TDAC
transformis inplemented by an Inverse DFT (I DFT). An inverse

pre-transform function recovers spectral Information C(k) and S(k)
corresponding to E- TDAC transform coefficients C(k) and S(k),

respectively, o th
recgvere\é s);;-ec &#%o?%&a?gggogggﬁ%erngllg?a%ghﬁérémml?'{]ﬁaopt@%esOof ©
bl ocks conpr_mgﬁal@me@tﬁﬂéwewﬁqsmﬁh@o%tﬁa %thﬁ‘)ﬁwpﬁpﬂﬁ ywkthisistsPent s; one
bl ock type co ote%essmé%&v&ra%@l theEzR SteonY dhy & firaeaihdisls pishglaver flek) of

the formJ[err] and a se | ock t

s M oovehet of shevaperisa THECEvy SeAHoinE GRSk PESTREKTE Brawietrls o the
[err] (k) +] g erédtilgst. The real and inmginary parts of the frequency-donain
transform coefficle

d
[err] An inverse ﬁ‘%kgﬁ“ Fg\ %gh@fgfﬁgzegﬁ?gp%ﬁ%@ %gwgé’aféﬁé% T8Y Z'E \%r ][ ypes
of bl ocks conp(fram tige topy of/ & vabrisemeoniuishigt trays(trhy efficeney dbanit 60Y«) abhg
appl ying an | Dgtﬁzfeﬂe }é&@tag* fs?{,(cpfot éh@%o&S&%ﬂﬁ@sa%e oGB! ”&MerQW‘&U&cfdr apform

coefficient bloc I ses recovered
transf or m coef anyresysle streams| fed}heaﬁa aae 3@9@#@ thGRPijﬁﬁes%@hﬁYrqOQ@@Sraec over ed

ti me- domai 1p t r RAHH AeAERek b abSRItRe Ed‘fﬁ’ trriﬂﬁ)mmmﬁe AdyFliquits &Ver CERA¢RT the
ti me-domain transform coe,ff 4,&4) shown IF equat {ons 3 and 32;

[err] [err] aceticiagids AP forkabersithe RORIFEH Gl the AApATIser fouicrit H vapdurs

obt ai ned b%/ gloafiecyae@acld Ay BrRkes @p&ie—dadaﬁ&f‘ﬂidﬁéﬁym?wdnﬁﬁg tu?y ﬁé&@y@detz?r nating
sequence o ocks co ecove t ansform co i cients.
Signal sanpl es L0 15?5[%%»3“‘?#%398%%3&0@0{@%% R pséifor

coef ficients acesorbldsgat be reduced. - lerr] [err] Signal sarrpl es are

gat al Fg? I fom bl ocksreQapList B0 Hz@&‘ox[rﬁs’ tht ek of 9&fatdein Sy i{eﬁ&fﬂ&%& ptésdnf

in the recycled acid. These concentrate in the base of the vaporiser along with
some of the acid and can be purged from the system at a rate of about 83 kg/hr.
Ethylene saturated with vaporised acid (and any water) -emefging from the
vaporiser may be suitably further heated before being fed to the direct addition
20  reactor: |
The direct addition reactor train suitably consists of four fixed-bed adiabatic
reactors which are preferably arranged in a radial flow configuration. The
exotherm will depend upon the catalyst loading in each bed but is generally in the
range from 5-15°C, eg about 8-8.5 across each catalyst bed. The reaction takes
25 place in the vapour phase and the inlet temperature to the or each reactor is
* suitably about 175°C although this may be varied depending upon the condition of
the catalyst.
An acid stream is injected to the exit gases of the first three reactors to
maintain the ethylene to acid ratio at the entry point to each of the reactors within a
30 pre-determined range. Water may be added to these reactors to maintain control
| of the temperature of the gases fed to the next subsequent reactors in the system
within a pre-determined range. .
To recover as much heat as is practical, the exit gases leaving the reactor
train is interchanged with the gas stream from the vaporiser referred to above, then
35 used as a source of reboil energy on the ethyl acetate polishing column (E) referred

9



TerrT . B. E-TDAC I nplenented by Concurrent DFT In
anot her enbodi nent of the present invention for an encoder, the MDCT and
the MDST of one or nore forward E- TDAC transforns are inpl enented
concurrently by one or nore DFITs. In single channel encoder applications,
two adj acent frequency-domain coefficient sets as illustrated in expression
5 above may be generated concurrently by a single DFT. In two channel
applications, a MXCT coeffrcr ent set for channel one may be generat ed

concurrently w th,a M effic set for ch nel two
fol l owed by a forsste c?é’ﬁ ina xetﬁp@h‘tat hegasesigrae gﬁé@%%ﬁsﬁf aTleedCO%(B current ly
with a MDCT corehétor existgases aré furthehaooled to vondefitetbe liqadbbefate tahegsemer a

ff t t |
Gotai | on concliud/Rts aRHDA Sitterk WARATE SthLfy £1iR presplet vasilniglcs 'Fgﬂra. or
Transform Engsepaxater (Getenfter, “W$r)é¥hlﬁlc§ﬂﬁ§ﬁf‘ed “Wéf 313133?@?’39%“'3 ¢B8b@t.
A forward pye- ltoryolgﬁgrm 6&& U108 eRHDRR A, &ﬁs%fﬁ%tﬁ@&c@ed)éth bﬁ:t@sroecmnéd sing

conpl ex-val ued

and r(n) are f off owerheadhand Wéylﬁ?fg‘l’ﬁ%&gt)’ tﬁﬁf%&“ﬁ%ﬂﬁ‘&@&%‘e ﬁé‘é() Cley %‘ﬁ ’(‘)‘lr)( &
function descr jdepeledbakaoanévaioriser C:%%mémﬁm%ssai afdhg pdige is takdmfrodIGE and
s}

he MDST he f
| ol erent ed by R RIGHT Eh PR l&yp P e BB g gn

t ransf or m coef tarborntonokilk jn thefrectyme loop.nTh¥ tepson fdf kpolagabe fied go the [err]
Spectral i g or c§1ls§)9irn{a %@n&hﬁﬂ ent‘ﬂe uﬂi%ﬁ dﬁr{) 4 QELhde &idc?é 25 gh& K)

and S(k) |s obtaine orwar ost™- trans nctions
according to noj-gen ensab[le qls and by-preduets: Hbe ressemfar seplingtheserroduds tht

invention for g Wﬁ’@&ﬁ erittl?e ds ssﬂﬂléjlsttb%rhthﬁ%ﬁn?facétﬂﬂehyd@fbe rcﬁnidd\/ erse

E- TDAC transforns_are 1 nplenente current
An | nverse prept’?"aﬁ%q‘%ﬂdrﬁof‘mi@t‘lsﬁﬁc‘?t §e@8{5&$¥lﬁoﬁ§¥£§rﬁ9& i 15§ k) and
[err] (k) correghitledthegebyc nsurﬁ'?TththMa@&&fd@hiﬂeQﬁﬂié HEVES!is efftdppedirith8( k) ,

t h d toth
Fecover ed_ ShectGR srimrniiram Fodin e B SRR coover od
conpl ex- val werdaihingdmithedfP WbhBas passediors fooa lowepressure vapous/lifuid sggadrytont t he
form Lenrl(k) *ingbider 8 Cﬁ&m ATFoplrlited at Mdut 266 KPARH bhi)Fhd GERGRE o

spectral |Infor on accor
- 17 - [err] 40°C. Anyrg@sesrm)@ns armm e thygoemoyehayerhend; ang thiseverhodd se ETDAC

t ranlsf orm fir e § 5@84rh Ynal 'Hé's@r}fﬁ%ﬁé@% ﬂ?t%\%ds%?hmmw &‘{:ﬁﬁldfeh yde
conpl ex- va ansf o effici err e

[err] (n)+ B8r r] ﬂ?‘“ag@‘gﬁj’ﬂf‘ﬁ’g{r?'ﬂt he L&f’g]‘s pumpﬁcﬂi@ od%'h%ﬁ hg %Qﬁ%ﬂm’g‘a’r&ﬂ
[err](n) are rqadwiepsihtnostid dvid, hppliescaid mmst@ft}teheatemeepaeatpd)ﬁbm ethylsf or m

‘; {J/ncfa\ljggt ?SZ ¢ rLI o gtg’ﬁaab e%ll ﬂ,ﬁlg ﬁl?lg (r)e\:l\r/rrt]atnlrrtg e p?géucgs?’ ThE 04 hcRE:s recovered

Bri dge Transf orfrom the buse nEthis aolein §dhweich is siigablieeparatiot @t atrout 138 m,d:ihnr que

whi ch inproves #E$p§]§¥dgpﬁ1{m@%aeg lafdn %th S Heh g&@{é@gngﬂﬁa ,theadapt ive

sel ection of t rrean and “‘con tron@d_{_ i.red
to inpl enedd artegamps repycled h%réﬂ@rthe peif yepPrisst e F heiqudy gyerhead strea IS put

gr gl di stcus S e%ol deid ﬂ:g?/} %:%lgﬂi&' ABQ? E\"t‘r;]v L'és((gcﬁudégi Bl 61‘5&18)L£rﬁi25d%hanter
ubl i cati on i S er es in
the | ength of e‘F‘%‘/\Q%? “teglémﬁeﬁaﬁ&c ﬁ?%ﬁ?ﬂs et"ﬁ]é‘e?ié %‘F&H%f%??ﬁeﬁég
require  changhs column(@)s acfux, endnsravemtudl)dtemotveﬂ froml the bagei af¢heicotainn

o o cance Lo St G076 L pDIPRALE ) B P
signal  s&@l ecalurmonK4) betospemdlybycmm&nseths beads Pmct phihe column 45\4(45 bl ock
recover ed 1rom Ll ég@rsnrhe BB SO AAF T 00K B TR SRS

after synthesis ore Ove -a the a t blo

has cancel | ed t$tFPé“be5%|t e athylacetate refi H@grc@SJr‘% 'éfqddﬁ af‘ﬁ"?tﬁédaﬁ dBPKEr
figures does gvlimfAhodedcrdedbeowl signal sanples, but rather Illustrates
only the envel Oﬁeh?f t he L tude of . sanples within the wi ndowed si gnal
sanpl e bl ocks. | sanpl e bl ock conprises two -
conponent s:3%ne conpThesthyt sgetateeich phaserfrarhdecantek (41 emntdiging all the bight ne
substantially corresponds to the anal ysis- and synthesis-w ndow wei ght ed
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signal sanples, and the second conponent represented. In the figures by a
broken |ine corresponds to t he anal ysi s- and synt hesi s-w ndow wei ght ed
ti me-dormain aliasing distortion. As discussed above, the al I asi ng
conmponent |Is a tinme-reversed replica of the wi ndowed I nput signal sanples
whi ch occurs In two separate regions, The phase termmfor the E-TDAC
and the O TDAC transforns controls the | ocati on of the boundary between
these two regions. For fixed-length E-TDAC and O TDAC

transforns, th ! t ed: 403 i i liqsanpl e
bl ock. The phagg ?@&%ﬁ#%ﬁh?&@ﬁﬁﬁgggf?%ggggﬁghﬁ?gﬁyg@?ﬁﬁe%%ﬁ@%h?g?fgn under
thi s conditi onstage $éfpmithe tap) of roathg! acetaterefining colymn (C)spstamBe A8

graphi cal repr gr@pdtfhi ﬁ&&%&%ﬁgg af 25CKER (B bad) and bt £ Aokir eeffbo@kis of

recovered froman I nverse E-T transfor rior to overl|lap-add. The first
block is an N gaﬁiil-e'rh%ﬂ@mm%@l@'\/ﬂ%t cﬂggp‘b‘@%‘r@l‘@ﬁ'e%ﬁ’ @qu,r\g?ﬁe{ H@F thepcT.
The SeCOgdfﬁndlj%:sjﬁ%%l Tiﬁaﬁ%ln_{ﬂk_r;}b&@@wé&n.lmwt. ﬁhnﬁlﬂﬁﬁa&hf@&tﬁ&avehbeen
recovere rom the i e aliasing conponent in.t N-s en

MDCT bl ock conp¥t ??%ﬁﬁf’?@& %?ref?f@gﬁdr)%gta ‘gel'%mg’fnﬁ'?tﬂzhﬁ Fﬁﬁﬁﬁ‘ i‘&%?%bm ock
reversed in ti Mheatinndl whsethen sulspaquenty washed frorh thik streampsisg Materk, and a

replica of the.sec f -t he i i i ut the
thPee- guarter ;@F‘H{mgq q?‘{?ea sggat}r%l{ﬂg(egﬁg}g{(egg'l ?S‘{tg?/g%ﬁaé%ilg{j@%g?*[&ﬁgsg@é%ﬂg hal f
of the MDCT bl dskastocprovide airatia ofumsTof fow pRoeganisite anesays phasedindalhonn in

Figure 6 iSnto ) S L i . o
clo?nl;onentI ?g t ﬁ’g QI r'g-tgt'sl\'/ggi i er, ?‘P?\‘I—ﬁé%f%i%q?te&g? he'lbﬁ?(;‘ggﬂﬁﬁg?taggbﬁ@fgﬁsi ca of
the entire [er TPNmedipithe celugnjuss below § ﬁ\?‘@PI‘Q%IWil‘PFaE‘P@;nT HBAUEOHR PRBGer sed
end-for-end. ThentisEeth@idvwaspatiped @fto Rylunlig(DYPST and | MDST transforns to

d time-d i i asi.ng, it ht h teri st i
Prerrre & T Can pheeedRoiph e (ELuld 1D APRRE ST AR 80N LT ) s
(43) wher e [ eavoid any dfftke LightEhdsandf partienldrty acetaldehyde enteringt thersvaskver sal
FCoht - hand 15 - (ega shif oBRRS Endling WiSHr AR ROAdTRIPR LerBRE GRyianplly he

For exanpl e, Fingtureback tol the reagtasyia calumn (b Thediighttknds compoaraveuld thug|

sanpl € bl ocks. aHRgmuf .iémtt%@%epﬂi&?& doturh® (€) MdSRER réifiovdd ds@ttabls stvlalddi N
this bl ock, the boungary et egy%_lprre-rever sal,

_regel%ga I%.at a poi nt 8

sanpl es from t hany ethrleogandiloger FrhensIegBIngS N s thisgplumh ars, Hhase
term mrequi reda%laih dlRwed tbidiRngéeh selumaf(C) had atel retunngl eweripad e theveadton
each region, of t. {th

errl.N-s | e block.is . . ek .
thi s backg undv’@gklea‘gﬂpf’g ﬂf'é‘g?pa@ohﬁﬁﬁﬁi&%ﬂ% pestpldehyde E%g‘ﬁgcsetreta}?els aflow ge
transform" A bioi apdensetand ns-Emntentheslistiltatiomsdctiom Typicahcompobitionsafghe ft from
one transform | SnolQ o0y ANRbAToturhy {(f)%@%v@ninafableéﬂé’l\ﬁ@:' n Figure 8,
suppose the present jnvention I's call’ed upon to process one block of [err]N
sanpl es foll owed by another block of [err]N sanples. It is possible to
performa separate transformfor each bl ock. For reasons whose
expl anati on _exceed the scope of this discussion, a bridge transform
i nproves corfer performance by Instead transformng a single block of ferr]N
sanpl es. The bridge transformrequired to process the [err] N-sanple
bl ock shown in Figure 8 may be i npl enented by an FFT to conpute the
transformfor three [err] N bl ocks followed by a reconbination
-19 - operation. This technique is known in the art and is discussed in
Oppenhei m and Schafer, Digital Signal Processing, Englewod Ciffs, NJ.:
Prentice-Hall, Inc., 1975, pp. 307-14. The FFT with this reconbi nation .
operation c¥h also be used to concurrently process two E- TDAC bri dge
transforns in the same manner as that briefly discussed above for
fixed-length transforns. It is inportant to note, however, that concurrent
processing in E-TDAC is possible only for a MDCT and MDST whi ch have the
sane | ength and TDAC phase term For the decoder, the length of the
i nverse transform nay be established by side-Information passed by the
encoder in the encoded signal. The sane considerations for adaptive-Ilength
transforns 3ahd bridge transforns that were di scussed above for the forward
transform including the phase termrequired for tinme-domain aliasing
cancel lation, also apply to the inverse trapsform The foll ow ng
describes differences between adaptive-length enbodi mnents of the present
invention and the fixed-Ilength enbodi nents di scussed above. The structure
of each adaptive-length enbodinent is substantially the sane as that for a
correspondi ng fixed-1ength enbodi nent. The nost significant differences
pertain to the pre- and post-transformfunctions and to the |ength and
phase ternms of the transform functions. In the foll ow ng di scussions,

o Y o




B. E-TDAC | npl enent ed by DCT/ DST One adaptive-| ength enmbodi ment
corresponds to the fixed-Iength basic enbodi nent di scussed above. The
forward pre-transform corresponding to the functions shown in equations 9
and 12 of the fixed-length enbodi nent, generates an alternating sequence

of nodified sanple bl ocks according to [err] “Jerr] A
flowgraph Illustrating this forward pre-transformfunction for a 16-sanple
bl ock with a=4 and b=12 is shown In Figure 9. The forward transform
conprises a DCT and a DST according to eﬂﬁﬂ:ﬁ'

-20 - [err] The inverse transf rises an IDCT and an | DST
according to [err] [err] The.inverse post-transformfunction.

et

the fixed-| rgcovers onal n si
ti me- domai n [t ransform coef ficipnt Bhasecor di Wgter®hase |Distillate | [ Stream

cor respondi g Sﬁ“é‘ﬂﬁ""%”fﬂ’?‘ﬁs IS0 Gl §IURELARS 16) Hdads! IBaAR Brodudtd
(0]

2 lerr] |[lerr]  [efr] | C. EgtRag ! ol ement ed by
DFT  Anot hef adapti ve- | prigtir—enbodiment corresponus TOo the rrxed-trengr
enbodi nent of _the B- TDA trapsformlnp WiET di scssed ahbve.
The forwvard Pegid Agast or no.gor [ espogdingjto the fu*ct igons phown gl n

equati ons 21fang—2z2—ftor |he fTrRed-fengtn ermo(agl ent, at es ag

al ternating Eth?/(lé?ﬂt#@(a of 8t ipnssqntmpl 4 hl o3 ar‘r‘rrr$ ’1 th s&7r]

The forward g&%@t},&ans o’ | § | nph ementjed byga DPT V\/equ gkener apes
al ternating gets-of rex-vatued freqyency-donaln Stofmcogriiclents
P(k) of the Wates T( k)+]- J(*Q and F\’ﬁlp\ of lthe 8 -ﬂ\rm\/\ k) - W) I n respofise

to the altermdndp Sequepce3of m)ds ’gsed qanpl @ Pl ockg aggording to

-2l Acetaldehyde | 0.05 0 0 0.8 0
Light Ends 1.7 0 0 23.1 0
edium Ends 0.1 0.06 0 0 ~0.13
Heavy Ends 0 0 0 0 0
Total (kg /hr) | 33,816 80,346 13,528 526 28,239

The temperature profile for column (C) is shown in Table 7 below:

5 .
TABLE 7
 Stage Number Temperature

1 71

5 - 95

15 100
25 104
37 RS
48 111

When the reactor is operating in such a way as to produce low
concentrations of the Medium End impurities it is possible to by-pass column (E)
10 and save the steam usage associated with operating the ethyl acetate polishing
column (E). Under these circumstances it is possible to remove the ethyl acetate
product as a side draw close to the bottom of the column. In this case the less
volatile heavy hydrocarbons are purged from the base of column (C) rather than

12



Terr] . The forward post-transform corresponding to the functions shown
I n equations 25 and 26 for the fixed-|ength enbodi nent, generates ,
alternating sets of spectral information according to [err] The

i nverse pre-transform function, corresponding to the functions shown in
equations 27 through 30 for the fixed-length enbodi nent, generates an

al ternating sequence of bl ocks conprising recovered frequency-domain
transform.coefficients; one block type conprises recovered conpl ex-val ued
coefficients [err e f r Kk r econd .bl ock
type conpri sest P@%&V@@%‘@g im‘{? F\.‘?hé “%BGt!f"‘P[“ff éé)?afee'%ﬁa{‘k? COMEE HIE £ or m
[err] (k) j-I[ erpr]o(d&ustﬁanh frequency domain transformcoefficient is

obt ai ned accor 11 [err] [err] The inverse
transform gene Je d Jv d(’%'{']‘quence of -two types of bl ocks
conprising recovedcheads steeatnframrcolumm §Eowas pasedd ongo éhgs 4{frompe Wp)g)fan

| DFT to thes al Eﬁﬁtﬁﬁtabélﬁldglﬁﬂ%&ﬁ&ﬁfcolun{nr&ﬂ%ﬂ %16‘9{% 1cﬁlrs'i£k°e§°ﬂ‘f€ volatile

coefficient bloc one type conprl|ses recovered, tine-donal

transf or m coef PABreRkthe camMpPReuSs present istissigam neesssitared tf\?&?ﬁl’ﬁ‘@é@%‘l@% over ed
time-domein tr apsilaehide réfioldl ic6lufidt elevhtel (pkéssurzl‘wai leist meq@at(cméusm n the
recovered time; dosnagtranfor coeff%cieritsrh b uat i. ns 64 and
65: [err] and at a molar reflux ratio of 26 ecoumnmay eopera & t he
repl acenent sheaige of pressures up to 600 KPa (5 barg) to allow more effective removal omtye

- 22 - er f Ing to
e tunst) s Becni bR R RS EhIA R A 0 he 16 iRORARA "0
enbodi ment, obstagesandunsieethese c¢ndmmmﬂowe<$ P8y weightl afghe amld@y&tﬂbﬁ
time-domain tr 3B AR dystehfiilaneaas S il fomQhis acethi@byde removal column

which stream also contained a small amount of diethyl ether. The ether loss was
estimated to be 9% by weight in this stream. The base stream from the

15 acetaldehyde removal column contained 60% by weight of diethy! ether and the
remaining Light Ends impurities. |
The composition of the streams from this acetaldehyde removal column
operated at 600 KPa (5 barg) was as shown in Table 8 below:

TABLE 8
20
Component Feed Heads Product Base Product
Amounts in % by wt unless otherwise specified
Acetic Acid 0.0 0.0 00
Ethyl acetate 9.9 _ 0 10.7
Diethyl Ether 61.2 81.6 60.2
Water 3.6 4.8 3.6
Ethanol 1.5 0.04 1.6
Acetaldehyde 0.77 10.2 0.02
Light Ends 23.1 4.2 23.9
Medium Ends 0 0 0
Heavy Ends 0 0 _ 0
Total (kg/hr) 526 30.5 487
The temperature profile of this acetaldehyde removal column is shown in
Table 9 below: |
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whefe O{err] n < a+b. D. O TDAC I npl enented by -
DST The O TDAC transformutilizes a MDCT of the form J[err] where E(k)
= frequency-donmai n transform coefficient k. The processing requirenments
needed to I nplenment this transformcan be reduced by applying a forward
pre-transformfunction to the tinme-domain signal sanples to generate
nodi fi ed sanples [err](n), then applying a DST to the nodified sanples to
generate frequency-domain transform coefficients X(k). The forward
pre-transformfunction is [err] lhlﬁ\ggraph [llustrating this
forward pre-transform function for algésﬂ'n'p'l-e- ‘block with a-4 and b= 12
Is shown in Figure 10. The mnus_signs denote terns which are subtractively

conbi ned wi th ____ Stage Number o hempe ratyre gog assqci at ed
sanpl e for thefonctriom ShowT apove T equat|iomn—71. gnsform
conprises a DST.according to 1 [err] Theg inverse t®dnsform conyrises an

| DST according|to [err] yher e [e'r.r] (k) q recoveredyipnme-domain
t ransf or m coef firctrent, —anmd [erT i (k)—Tecqgvered—frequency-donar
transform coef flicient k Thé inverse post-ltransform%0idction obtdins

-recovered tineqdomain signal jganples [err](n) fromrecgygred time-donain
transform coef fTClents . accorajng to [erTi - — =24

CLAI VB 1. A S%QFL@MP%Q@IM ‘ééﬁ"’m?rﬁtthfbhgm Ends sugh as theqpethylsanpl es
representing qmtanes,ww%@oms kg/he OWEY fakéBom the baseisttath befoké Riwdgeans for
gr oupi ng aﬁl d 'eﬂPUt liaagq ﬁ@ I nt.o tinme-domain signal sanpl e bl ocks of

| ength N er di rg% © ia qreg%m{” es are anal ysi s-w ndow wei ght ed sanpl es,
and - andWatersPurificatigroColynne (B} i Ng spectral information in response
to said time-domai 'The g@%# phase o%gg 1?m§kg$.§§%1§e?'“%s%8&%%& fo il WheZRt ' ON

conprising spectral ' ent’s "
purification column (D). This column (D) has 15 theoretical stages and the feed

enters above stage 5 (from the top). Column (D) was operated at a reflux ratio of
10 0.75:1.

Column (D) removed ethanol and ethyl acetate from the water as
azeotropes in the head stream and were then returned back to the reactor (as the
ethanol recycle). The base stream - which was essentially water containing less than
150 ppm total organics - was then recycled back to the decanter associated with

15 column (C), or was passed to the effluent system. Column (D) was operated at
atmospheric pressure. |
The composition of the stream was as shown in Table 10 below:

TABLE 10
Component Feed Base Heads
Amounts in % by wt
Acetic Acid 0 0 0
Ethyl acetate 932 0 4.33
Diethyl Ether 0 0 0
Water 82.4 99.99 12.27
Ethanol 8.31 0.01 41.36
Acetaldéhyde 0 : 0 ' 0
Light Ends 0 0 0
Medium Ends 0 0 0.01
Heavy Ends 0 0 0
_Total (kg/hr) | 13,528 | 10,807 2721
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substantially corresponding to the frequency-domain transform coefficients
of an Evenly- Stacked Ti me- Domain Aliasing Cancellation transform
applied to said tinme-donain signal sanple blocks, wherein said spectral
coefficients C(k) and S(k) substantially correspond to Modified D screte
Cosi ne Transform coefficients and Mdified Discrete Sine Transform
coefficients, respectively, conpri si ng f orwar d
pre-transform neans for generating nodified-sanple bl ocks conprising [err]N

11, 4P € DN B S B 1 B 1 B, e o o

transform nmeans for generating frequency-domain transform coefficients by
appl yi ng one or nore discrete transfor.lfl fﬂﬂgrﬂons to said nodified-sanple
bl ocks. _ 2. A signal -anal ysis syst ording to claim1l wherein
said forward pre-transform neans generates first nodified-sanple bl ocks
conpri si ng nodi filed SGH4R ) formed fro < L.idewe cgnbi nation
of a pair of analfysrs—wToow %\:;N?lg%égu sanptes nTé'E ﬂ? .e&..(.ba regspective
one of said tinme-|domnin signal Isanple bl ocks lccording7®o

[err] pre-trgnsform means ggenerates seconpl nodi fi egysanpl e bljocks
conpri si ng nodi fifgd~samptes—zt n‘)) frormed—fronrtire—subtracttv
conbi nation of alpair of anal ydPs-wi ndow weighted sanpl®s x(n) frjom

anot her respectie one of saidj§i me-domain sipnal sanpjyg bl ocks gccording
to - —25—ferTi said
forward tra&nsform means generates spectral coefficients C(k) by applying a

discrete trapgivAveidtd PurBiRatibh CothhdE)y corresponding to a Discrete
Cosi ne Transform tupctjo 0 _sal .11 st nodj fjed- | e, bl ocks and

gener at es spectral @&Qﬁfqﬁ&xiéﬁ?tgteiw%@egbﬁ icﬂb’“H‘ éﬁg"’ﬁé‘?‘zmt e or m
function substaetatapiryfieation esinemd(E) gt tray 30 Qiremrtké wpPone SPteaytray m f uncti on
to said second ..opdj f lL.ed- I . si gnal -apal ysi s system
according to c%}gflm@%'%ﬂ%fﬁowel folt tgﬁﬁcsf’)f Selun nd(EﬁrV%qsg}ng?é?dg??trﬁl N feiux
gener at es ¥ r sratigwfiabowscP: & aorphag abous %% obthpdistiilatg wesdeturmed as refianyhes p(n)
formed from t heagfichliM@IsoBEVgerdtb PRt 18%;%&1%5 Fratfd’s ﬂgﬂé ¥Shuriisd BALOW Wrlrgt ed
sanpl es x(nﬁﬁ froma respective one of said tine-domarn SI% al sanple

bl ocks accor di K& than typigabpy the fgeg cugreptdy pgedn Thepthyl propignatesmediumandar d

pr e- t r ansf or m WRrROCargSRANd ahF hé@?%dr&&ﬁﬁoﬁk fitht Hidd'PasSePbs e RAAF Sing
nodi fi ed sanpl e(a %\r{é} forrrg_d ronllt he subtracti mg‘s i nat On\‘ll&\];l a pair
of anal ysi s-wi fi¥ ) §8 A AZOLOBPLWIth wiersyesp purged é%ﬁgéé‘? one of
sai d ti me-Homa(E). Cobymal (B)avgs| apehitet ssthattheroderal) etliyl acetitestippage was 0.394i d

forward transf ﬁ%[ es a first set of conpl ex-val ued
frequency-donmgt:]{%?&?pgncg orn@beffici ents P(k) of the formT(k)+j U(k) by

appl yi ng a di scr et eThe heavydwdrdcarbons sich copsibted arimasilyl of Clér hyslseartingg to a
D screte Four | Gith omes Wekdseplafed!frérh tnd Bl acdiRMRU Gy RBbAEK Howevehd
generates a se onéi ﬁ_e({r or conpl ex-val ued frequency- domgj ranstorm
coefficients Rt%g) & hydrpearbons described above appeared to interact with ethyl acetate such
20 that their volatility was greater than expected from their boiling points. A high -
reflux ratio and a relatively large column were employed to bring the concentration
of these components down to acceptable levels. Olefins are undesirable in the
product since, even at low concentrations, they adversely affect the odour of ethyl
acetate. At this high reflux ratio a large proportion of these undesirable
25  components were removed from the base of column (E) rather than from the

heads. The composition of the various streams is shown in Table 12 below:

30
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form V(k)+j-WKk) by applying a discrete transformfunction substantially
corresponding to a Di screte Fourier Transformto said second

nmodi fi ed- sanpl e bl ocks, and wherein said analysis neans further conprises
forward post-transform neans for generating said spectral coefficients
C(k) by applying a forward post-transformfunction to said first set of
conpl ex- val ued frequency-domai n transform coefficients according to [err]
and for generating said spectral coefficients S(k) by applying a forward

post-transformfunction to said seconm conpl ex-val ued
ing to

frequency-domai n transform coefficient [err]

4. A signal-analysis systemaccording to claiml wherein said forward
pre-transform nea eneratt es |sai &t&di fied-sa gsbl ocks COfpL Sing

conpl ex- val rnap-l—gg—qﬁﬁ-)—aﬁ—t—h;ﬁ—uﬁwﬁ—m-n-)—rd—rgﬁ—mer ein
each p(n) is er med fromthe addi ti ve cAmbumtstin $a byfwt pair of

anal ysi s-w ndo L ght.gd sanplles x( from a respgecti ve one o saj d

ti me-domai n si g ‘%&ﬁ@:c bl-oaks acggoru...u B [IJ fuublt:u from t he
subtractive confthyhacetateof a pair Qﬂ‘ﬂanalyu - viH wej ght e@P.¥anpl ek x(n)
from anot her Ve one of said tink- domajn S|gnal sanpl e bl ofks
according to diegﬁﬁ?&hé 4&1—d—f—§+mﬂ- ratrst \'9. TrreaTs gc.rurgu ates—h set

of conpl ex- val uf¥atér equency- ddmai n Or ansf of m Ocoeffikients9Q k) of the
form G (k) +j . H kﬁtﬁﬁgﬁppl yi ng g di scroet e tr anst or g subst ant i al IQy

correspondi ng t p—e—brsetrete—gurter—Franstprmto—sardnpdirfred=sanpt®

bl ocks, and vmmeialﬂeb;idaj anallysi s ®eans further Qconprikes fo
post-transform %nfd?r generatl ng osai d 5>pectr%| coeffi ci enfgs C(k) i by
appl yl ng a f or |JU3L'L rafsHorm-fretronmto—sar o—set—pf—Tconpiex-val ued
frequency- dormai MediemEnds m coeli fi ci%ehds actordin® to [err] 3 (gﬂ'é for
generating sai dHe%QfﬁBHéil coeffl Ci eq)ts S(k) by agplyingja forward

post - t ransf or m ftetron—to—sard—set—of—comptrex-vatued requency-gomnki n

t ransf or m coef f | ci®atab(kgdbor dihg to 28344] 5. 28120 gnal - anal ydR4isyst em
for the filtering Ofcdm&igsfgmeﬁgpeeﬁe 45 ol n@'@ﬁel%‘i/at@@'i:&nﬁérﬁkﬂ?éss At
conpri sing i nput ans groupi ng said In les into
time-domain si @H&Pﬂ%‘&ﬁﬁpé‘—sﬁlrétwhéhe feed Shqvé‘hE}i‘We tems;aélf %ﬁiﬁnpengt h may

and wherein sai d signal

varies fromsbl eluniP(E)| waskshoha iR Tabers Yeldwes,
sanpl-es are anal ysi s-w ndow wei ght ed sanpl es,

-27- forward pre-transform nmeans for generating nodified-sanple bl ocks

conprising [err](a +b) TABLE 13
Tray Number Temperature (°C)
1 77
20 78
40 79.5
50 82

Column (E) is important since it polishes the product to ensure that the
10  concentration of impurities such as the C8 hydrocarbons are below the levels that
are acceptable to customers.
Alternative Options .
A number of alternative options are available for operating the distillation
section in order to minimise utilities usage. In particular this is linked with the
| operation of the polishing column (E) when the impurities produced in the reactor

are low. Under these circumstances the separation required by the polishing

15

column is relatively less. The following alternative options are available:
Reduction of the reflux ratio. Provided that there is sufficient turndown
16
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nodi fi ed sanpl es by combi ning pairs of analysis-w ndow wei ghted sanples to
formsaid nodified sanples, and forward transformneans for
generating frequency-donain transform coefficients by applying one or
nore discrete transformfunctions to said nodified-sanple blocks. 6. A
si gnal -anal ysis system according to claim5 wherein said forward
pre-transform nmeans generates first nodified-sanple blocks conprising

nodi fi ed sanples y(n) fornmed fromthe additive conbination of a pair of

i e, dommi n st gnal - SAGRe CHUTIE) s Bt Bperalel  rERERTRANSAERE (G qut o
pre-transfor m meansimpenigiesimeke steanyrgivenditné.i ed- sanpl e bl ocks conpri si ng

modi fi ed Pl esg @t@l%] @BM%&% fsmla@-awwsomﬂmmu Py a pair

of anal ysi s- WI ndow wel from,anot her res(ia&ctl ve one of

said time-donai n si gfE 1°§h¢ﬁﬁbl§56‘l‘ sdmpyrities to beapmpved (becausg they
forward transform npans SRS BRG] aédtit@)'ilﬁl snwdmnabsaorme saect ral

fficient bst di
Frequenoy- domai n ¢ r ShHGRHBb ok U Iotbe degiable 3 hEhampyIEigyefa ice the
Ti me- Domai n Al i asi ng;?art@telrb@xtedris highaad consequently ethyl acesate dossesramndenai n
J

si gnal sanpl e cks, wherein said spectral coefficients C(k) and S(k)

‘substantially corre nd to Modi fied Discrete Cosine Transform
coefficients aad NDSMmb@fEno&unm(Fe) #idrremove prsiductas a side-drawf fromicolunan
respective and HIER ShtaiR &8ss ofal d
spectr al 10" coeffl cr gmﬁag’fﬁﬁ)} t }&?lﬁéﬁﬁﬁ&%ﬁscrete traﬁﬂsrformfu ction
substantial |y corre§%ﬁ€ﬁ yremovmgstb? gthyl asstate,produgtstregmas fion to

sali ?f first t rmcsil( L .) eddw&bm zbldéﬁﬂkgl élosk tt@emebadeeoftmammn tm tﬁl@ﬁistdntab tl;e ¥
coefficients a discre ncti substantially
corresponding to a %ea\Pg'lx-anggﬁe%qrgpgrg;g ﬂge?@]s n}f.fﬂli ﬁyto sai d second
mlodi fi ed\-/\;anpl d. bl o@ksitch off column (E) (of redige atfluxatiy)saml ;myspmduem:eanm ng to
claimb ein :

said forward pre-tr é‘i‘f?fl%ﬁ’ %PRB%!W%g% n«ygpg Shfngrbetd TR Qfmprcf' a° eltherI acmlﬁ%tgd
conprising modified caEb@npmlycpl@n}le‘f&aldmnamm edrth qd@npuwmaem-mﬁlﬂldﬁ on of a

pair of anal ysis- Wi Regw YRl Rflcs hybdphilfclrfl-e mfsmgm@ one of
said tinme-domain sig sample csacc d|n to err

pre-transform neans cgmm&ae@a%@eemas ﬁ’t%ﬁ"\aisé'ﬂaYs ab BPS BPIBSMISY i si ng

nodi fied sanples r( ufiégred fromthe subtractive conbination of a pair of
anal ysi s- Bdow wei ghted sanples x(n) from anot her respective one of said
ti me-domai A~ si gnal sanpl e bl ocks according to [err] said forward
transform neans generates a first set of conplex-valued frequency-donain
transformcoefficients P(k) of the form T(k)+j.Uk) by applying a discrete
transform function substantially corresponding to a Discrete Fourier
Transformto said first nodified-sanple bl ocks and generates a second set
of conpl ex-val ued frequency-domai n transform coefficients R(k) of the
formV(k)+-Wk) by applying a discrete transform function substanti aI Iy
correspondifig to a
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Di screte Fourier Transformto said second nodified-sanple bl ocks, and
Wherei n said anal ysis neans further conprises forward post-transform neans
for generating spectral | nf ormati on conprising spectral coefficients C(k)
and S(k) substantially corresponding-to the frequency-domai n transform
coeffients of an Evenly-Staked Tinme-Dormain Alliasing Cancellation
transformapplied to said tinme-domain signal sanple bl ocks,.wherein said
spectral coefficients C(k) and S(k) substantially correspond to Mdified
Di screte Cosine Transform coeficients and Mdified Di screte sine
Transform coefficients respectively, and wherein said forward transform
means  generates said spectral coefficients C(k) by applying a forward
post-transformfunction to said first set of conpl ex-val ued

frequency-donmai n transform coefficients according to [err] and
generates said spectral coefficients S(k) by applying a forward
post-transform function to said second set of conplex-val ued
frequency-donmai n transform coefficients according to [err] 8. A
signal -anatysis system according to claimb5 wherein

-29 - said forward pre-transform neans generates sai d nodified-sanple

bl ocks conprising nodified sanples e(n) formed fromthe conbination of a
-pai r of anal ysi s-wi ndow wei ghted sanples x(n) froma respective one of

said time-domain signal sanple blocks according to [err] sai d
forward transf giimgeans generates said spectral Information by applying a
di screte transform functjon substantially corresponding to a Discrete

Si ne Transf or m{ DSTY PIRFEES 9 thepusification ofthereaction peadurts obrdirest addition 9. A
si gnal - synt hestéactiose@ip ﬁsi’ﬁ tré“d%tlh@\éﬂ‘@feﬁe WithtaREdatidn Re BrdsEdtle df%fc‘afa!igﬁt on

representlngoeor i tal S CONpri sin . synthesi s
means for genef%: ﬁéﬁﬁﬁteg’& é‘g’“?%\&‘F ﬁg*‘»geglgs gh‘? Hu'%fifé?,‘?‘i‘ grocess

| nf or mati on, samdpnsmgmeg;r@ls ofanpl es subst antially corresponding to the

A 1251 ng. Canceltlat | SRCEEhe FERAP Brothad % 5¥ B0 ¥emont Pl (R0 oPiR e
conprising - acid ig wmvgé fronothebasesdfizhercolomnsatileast g éractian cmgprm'@ of

frequency-domai n tr pRf ¥ comprising znté}‘)cﬂfJ I‘le}ﬂ'rgd%}b%]pk %tﬁﬂéa@&gt%eeﬁgno?a' d

spectral Informatio or geherating
~ transform bl ocks cogﬁﬂiyé ethgr @‘qu’é’aﬁbﬁ@i ‘Mlthdfawn overhegdaangkfgd mt%éifeﬁmﬁﬂ’ent s by

applying an I nver Se(Aill)Sib?@é[ﬁriticﬂﬂﬂfsﬁfdevfebﬂéﬁﬂd iftb drPethl a@et%%‘-ﬁctpﬁhase and
frequency-gomai n transforns coeff. IBq}nts and | nver se

post - t r anst br m mean&® ARYCOYS (WPLEFFIGE BHa8%. dommi n si gnal sanpl e bl ocks
conpri sing (i) redyickngpatdeass a ppttiem, of Wheethylnceate-hich plwseaﬂitasub@taﬁfxal@l gnal

sanpl es are gener at o&' E&@gﬁe&&sﬁi‘s\é f'er% d[ecar%ter n%&la 2s ]reg],ux 68%%'?%[3" l??gﬁ 6%,[ put

transform coefficien

)

sanpl es by overl applcﬁ]g‘"MA‘)§t of nezaithe tQPrﬁber@gf;al n signal sanpl e
blrocks and addifi) v elfdedsifaVhé Rérféinder G fe SRYTRLAS AN PHRIE Bofi deliihér Q115 % apped
' 15 a refining column (C) at or near the top thereof,

(iv)  removing from column (C):
(a) a base product comprising substantially refined ethyl
acetate which is fed to a purification column (E);
(b) an overhead product comprising light ends including inter
20 o alia acetaldehyde and diethyl ether which is fed to an -
aldehyde removal column; and
(c) a side-draw comprising primarily ethyl acetate, ethanol and
some water which is removed at a point below the feed
_point of the ethyl acetate-rich phase from column (A),
25 (V) removing a purge comprising acetaldehyde at or near the top of the

18
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10. " A signal -synthesis systemaccording to claim9 wherein:

- 30- said inverse transform neans generates transform bl ocks conpri sing
ti me-domain transform coefficients [err](n) by applying an inverse

di screte transform function substantially corresponding to an Inverse

Di screte Cosine Transform function to a respective one of said sets of
frequency- donmain transform coefficients, and generates transform bl ocks
conprising time-domain transform coefficients [err](n) by applying an

Inverse discrete tramgh erpemoatdo%ﬁmseeyaihg'twdiemgxraﬁmeéwa&dtﬁoman _
| nverse Discrete Sine ran?f_or function to_ahother respeciive one of said
sets of frequency- tMPR th%ﬁ%ﬁi%wt ¢olyramtosthe gsteriticationggacton, andr se
post -t r ansf or mvipanputlfigy the eefidet eyl @648 irs talindh (E)gnpl e bl ocks conpri sing
si gnal sanpl es [err?

b | yi I t- f f ti t
ti me- domai n tr &nsf OAB')""E%@?’%@?/H&%g?‘& fv}”’?‘rﬁﬁse'e"a@gg? Yrﬁ'ggﬁséé?%f F']%H&“I?'gp r °
and by appl yi ngeation isvatraoel gatalysttand isssefected frdm phosporic acidf phosphisriciacid
transf orm coef Bh&h%@{egoréoz)ga@d(%%él iCOI’dI ng to [err] [err] 11. A

si gnal - synt hesi's sys cor to claim9 wherein said spectral
i nformation coBpri sdspragessaiccordingdpddainnl or @ avhierein thetcatalyst isjsgporteddoroa ocks
of spectral CO%Hrie ents [err](k), wherein said spectral coofficients
[err] (k) and [err fl;% substantially correspaond. to Mdified Discrete Cosine
Tr ansf or m coef fi ci et Brocgssackerding teqnpiose pethe peeoeding Glaigrovherein splums ent s
of an Evenlg- S(AYisashefdte®at i iiginiOréfRikirdo ofB8 aefit iftek i réfluk i${aENnto
respectively, and .(\plner. el nl? said | nver‘?@ Ugr e-transform rr@gns
generates firsOBRgatgn, %‘&E?éﬁé%a-"&oﬁ‘?a}”ﬁf%@a {6 11) by retyrging ot leash <
[err] (k) of theoftmofthe piganphasclamigll of theaqieous phase fsltHesotumn as refldx. .
generates seconrd set r - I fQr. fL.1 clents
[err] (k) of t hg “for n@ p%:reérsja%g@?gb%o%ﬂgﬁgg of the pf%é;e??@ (%lms%rédsx g?@p‘}nnver se
transf orm neanéAé;meaate@elthem@)florame%ybamataﬁﬂpci modagr (h)rir adater-flledr ansf or m
coefficienys [@adde(n) by applying an inverse discrete transformfunction
substantially corresponding to . ) )
-31- an Inverfe D <tPECESSASGRTdNg toramyong ofthernieceding Claimseuheteinithest sets of
f requency- donaidistiliagtleanfron aef dthyliaeathte r@ﬁ‘ﬂn@&ﬁlﬁﬁﬂt(@? is fFenafa@r m bl ocks
conprising ti n%-otgﬁahg trar&sfor[n coefficients [err](n) by applying an
i nverse di scr etS&CPIAERSesemOrel folU™h subst antial Iy corresponding to an
i nverse Discretle FoAprasessTacaosiing to dnyroneiof thet preceding Cleimsnwhereihshoéthyl
f requency- ggnai a |Gl . [¥e I r "
post-trans gr m?’?r%ttél{n.egﬁg{e ea%@glf c}%c%%t@ﬂ%@l %ﬁ%l%%?ll ‘si‘%r%ﬁ%‘létr%'}%%g’ﬁ%“fé‘beﬁpri si ng
si gnal sanpl es ipduding Avenslicgnstajdehydeanddiethyketherare fadtostaget2f(froot then t o
time-domai n trapsy 6FdR ethyl acetate refining column (C) comprising 48 theoretical stages

operating at 250 KPa (1.5 barg) and at a molar reflux ratio of 27.4:1 and wherein

ethanol and water were removed as a side-draw from this column (C) at stage 20.

25 8. A process according to any one of the preceding Claims wherein the
compositions of the various streams from column (C) are as shown in Table 6
below:
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coefficients [err](n) according tO[err] even and [err] odd, and by
appl ying an | nverse post- transformfunction to tine-donmain transform
coefficients [err](n) according to [err] Oferr]ln [err] N, n odd.

12. A si.gnal -synthesis systemaccording to claim9 wherein said spectral

I nformati on conprises blocks of spectral coefficients [err] (k) and bl ocks
of spectral coefficients S(k), wherein said spectral coefficients C(k) and
[err] (k) substantially correspond to Modified D screte Cosine Transform
coefficients and Modified D screte Si mleA]ﬁgr},sf orm coefficients of an

Evenl y-StaC'cd Frrmre=—DBormgtn AF[asT™g ot ot ||an|||; |capct,t; \ |y,

~and wher ei n| Componepti d Feeder|Decanter QikhsfBecanberans| Jteads at|Base Brodusk
frequency-ddmain transfdrm coef figicatS | watekPhiale ASiSGhste 1Y Strea [lerr]
and [ erjr] daid Infverse trangform neans peneratgs transtorm
bl ocks conprli sing conpl € dtine- donmin t}8Feam m coefficiendts

[err](n) of jthe form[er|r](n)+-[err](n)AouitPin/% By ¥t | Nverse di scretje
transform sypsStanl rarty [Corregponding to[an TNMVErSe prscrerqg Fourier

Transform tic Acid sald inver<® post-tradkform heals gdner at 85

ti me- domai n [Eingnadets#anp! legpBocks sgnprising 93  si fnalggsanpl esggerri (jn)
by applyin TYEr S€ posSl-lr@anstorm upction to [efrj{n
[grrfpezengaw}éﬂ}e‘f nP 2.5 0 oférr] < NF N éﬂ}l& i ng
an I nverse pWatert r ansforimgeincyi ongpo [enr] (rge accor di nget o [egr] evlen
and [err] f 0 [err] < N nodd. I3, A Signal _Syntnesi s systiem
for the inv nol, i p_e,\fS,.%a inflor rmg-i:;nn rebre i . nor e
di gi tal signAkéetaldelydel Si|ng.05 d nverge preytranstorggneans fog

~generating s ?:tﬁf frequency- domal . trangt orm coer i1 ¢i N1 response
to said spect ' i ' ALY : _c.aeQ;f_l_u_eE ients
wherein the MedivnuEhdy of G:befficioepgs may varges from et tp sep.1®ne of
nmore tines, i nvier S tfansform ngans 10r genératy ng [ransiorm
bl ocks conpr 3 F-A— RS- coefficilents—by a-pp_-Léai—ug—gne
or -nor e i nvef Fetall{lac/he) e 33,816f or m 80;3d6ijons t 0135028 |set s526 | f r equ8239
domai n transfogpm cogfflcients. .. | nverse [ -{r.anstorm ns,for
gener ating ti mg: dond WS Astording sp any pae REFE BiecPie cofins Whreh fedifas
sanpl es, wher eftieaan franrcoldms (Qharie passer loato stageye (feor tleerop) ofiarpacetziqehyde ve
one of said  remayal H&ﬁﬁﬂ%b&irﬁﬁf@i@&?@tﬁﬂ%&g e§ hx’?&'fs%geiaa@& at a pressure ofout put
means for generating out%g)t sanpl es by over prng palrs of sal
ti me- domai P si ghefileast 400 KPa(3|barg)iand et a modaraaiin raieiof 26 otbi ni ng si gnal
sanpl es from eagh ofA sRicess@¢estdiig6 1 aim 9 wherein the composition of the streams

from this acetaldehyde removal column is as shown in Table 8 below:

TABLE 8
Component Feed Heads Product Base Product
_ Amounts in % by wt .

Acetic Acid 0 0 0
Ethyl acetate 9.9 0 10.7
Diethyl Ether 61.2 ' 81.6 60.2
Water 3.6 48 3.6
Ethanol 1.5 0.04 1.6
lAcetaldehyde 0.77 10.2 0.02
Light Ends 23.1. 42 239
Medium Ends 0 | -0 0
Heavy Ends 0 _ 0 0

Total (kg/hr) | 526 305 | 487
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14. A signal -synthesis system according to claim 13 wherein.

sai d inverse transform neans generates transform bl ocks conpri sing

ti me-domain transform coefficients [err](n) by applying an inverse
di screte transform function substantially corresponding to an

| nverse Discrete Cosine Transformfunction to a respective one of said sets
of frequency-- domai n transform coefficients, and transform bl ocks
conprising time-domain transform coefficents [err](n) by applying an
i nverse discrefge tr f

an I nverse Di sife rﬁgés?ra E&%&#%@ Mh@fd %fdt @Lé%mc‘ﬁé {eﬂﬁ)%gﬂgte{m ﬁlgone of
sai d sets of fﬂumeualdphyde removal collmmisrasshewm froFshledbelpwei ent s, and

sai d inverse post-transform nmeans generpigg g me- donain signal sanple

bl ocks conpri sing : - 33-
signal sanples [err](n) by applying an inverse post-transformfunction to
ti me-domain trapsform StafENunfbe@nts [err]{n) aqegigtraGre °C) [err]
and by appl yi ngfam TTVerse post- TrTanst ormiunctiop_to LI me-dojain
transform coefflcients [prr(n)l according ta [err]

15. A signal -sypthesis systemsaccording to cllaim 13 wh@rm n said spectral

I nformati on conprises b oCKS Of spectral [coefTici egbs [errJ (k) and

bl ocks of spectial coeffici ent’s S(k) —wherej said spe

coefficients [efr] (k) and [ergh(k) substantiqlly corresgond to Mdi{ied

Di screte Cosine Transform coerticrents and NbaTTTed Discrete ol ne
Transform coefficients of an Evenl y- St acked Ti me-Donmai n Aliasing

Cancel l ation tnansfg mocemesﬁdin@domymd oﬂ/ﬂerﬁed&dmg Claims whereifighullei nver se

t f I t f
oo onc " ) B G t epFal HAUS dP  al
[err] and geneohimes(E)eperatiedsatasmas’s réflworatin of abimiti hso that about O%taﬁﬂ;corm
coeffients [e”d}sﬁlﬁlte%a d@ﬁ:rﬁé?fi?r[eﬁﬁ{] according to [err] and

[err] nverse transform neans generates transfor m bl ocks

conpri si ng10i né3doma$ nrqqewgmg to any one of thequegedingplaims wheren the agid

appl ying an i nygmg@al CoRmirt{o é?ﬂﬁ&%%é‘ﬁémeﬁdddyh ﬁ?teamaeétamfm aﬁqmndl ng
an I nvese Discrete Fourier, Transform tunc¢tion to said fo;
t

set s of frequerfOIPRSHgURreactedacid, water and heavy e, FemaVAg & leash PGERL,
t ransf or m bl ockhe liquithias slpngetatrmndarrthe baderofsaiti @olunoo@)f i ci ents [err](n) by

appl ying an | nvey se gliSgrel gobtdnloR Y3GiHeAM BRLAEhAL b s6R 58 BaRdI no

to an Inverse D $cr OV it £ URGET on erond
frequency- démaiof ¢olams{(4) is aptiehdliyfed o g coalpster to remove any oil matesiglsd | nver se

post - t r ansf or m QRARG; GARRF 316 helly TdHRARIdhs AisPHRLd HARDhGA BHBF KSb&RAETAI Si N

through an ion-exchange resin bed capable of removing dissolved/suspended

corrosive metals and generating an eluate comprising acetic acid and water.
~15. _ A process according to Claim 13 or 14 wherein the ion-exchange resin bed
20 is a cation exchange resin bed. g
16. A process according to any one of the preceding Claims 13 to 15 wherein
the liquid eluate exiting the resin beds is then passed to tray 2 from the top of a
vaporiser comprising 5 trays (tray efficienty about 50%), and ethylene reactant to
the bottom of the same vaporiser, whereby the acid, and the returning recycle
25  streams are vaporised. '
17. A process according to Claim 16 wherein the vaporiser is provided with a
liquid demister at or above the top tray to minimise any liquid carry over. -
18. A process according to Claim 16 or 17 wherein fresh acetic acid is fed
above the top tray of the vaporiser to scrub the vapours of recycled acid as it rises
30 up the vaporiser thereby preventing any heavy metal carry over along with the

AR AR ) L
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- 34°- signal sanples [err](n) by applying an inverse post-transform
function to tine-domain transform coefficients [err](n) according to [err]
for O [err] n < atbh, n even and [err], and by applying an Inverse post-
transformfunction to tine-domain transformcoefficients [err](n) according
to [err] even and [err] odd. . 16. A signal-synthesis system according
to claim 13 wherein said inverse transform neans generates tine-domain
transformcoefficients [err](n) by applying an inverse discrete transform
function substantjally corresponding to an Inverse Discrete Sine Transform
to said sets &ﬂwisﬁaéﬁeydaﬁwﬁmﬁ transform coefficients, and wher ei n

Efii dkl nverse post- ww&éﬁsrmm?ig&ogﬂmf HI'GISLS Wﬂ&eﬁmﬁﬂéhesdaﬂ.ﬁ@ded&ﬁfm' e
"OCKS conpri1 si.ng. | a es.lerri.n a L Ng. .nvers

oot~ & anof or ied AR tensd BV RAiaR eEieRRing Bndy R RRPORser i trthet el 1 ()
accordi ng to peford $eing-fedrto]thé diredd aflditioh reactor[ err],

2

This is t hSe ' %B.I ac (!:Irlr% process. féotr tﬁeeﬁplaratloﬂ 3¢ ethyl acetate from a mixture comprising

Dat e: as components ethanol, water and ethyl acetate, the improvement comprises:
a. intimately mixing said components to achieve coalescence thereof;, and
b feeding the intimate mixture from (a) into a decanter designed to achieve a
separation of the ethyl acetate in an organic phase from ethanol and water
10 in an aqueous phase

- such that the concentration of the aqueous phase in the organic phase is in less than
1000 ppm based on the total organic phase.
21. A process according to Claim 20 wherein the concentration of the aqueous
phase in the organic phase is less than 300 ppm based on the total organic phase.
15 22. A process according to Claim 20 or 21 wherein the separation of the
aqueous phase from the organic phase is achieved using a decanter which is
internally designed to achieve the desired separation. _
23. A process according to any one of the preceding Claims 20-22 wherein the
internal design of the decanter comprises plate packing to achieve the desired
20  separation.
24. - A process according to any one of the preceding Claims 20-22 wherein the
separation of the aqueous phase from the organic phase is achieved by controlling
the residence time of the intimate mixture in said decanter.
25. A process according to any one of the preceding Claims 20-24 wherein the
25  separation of the aqueous phase from the organic phase is achieved by using a
combination of the internal design of the decanter and the residence time of the
intimate mixture therein.
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