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TABLE |
k-3 =-2/(7x) = -0.0909

4 k2= 2/(5vy=  0.1273
k-1 = 2/(3m) = -0.2122
kO = 2/x-05= 0.1366

et

50 k1 = 2/z-0.5= 0.1366
' k2 =.2/3n)= -0.2122
k3= 2/(5xn)= 0.1273

k4 =-2/(7x)= -0.0909
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The interpolation system is shown in FIGURE 3. In this embodiment it is in the environment of a video signal
raster mapper where for example compressed widescreen imags information is reformatted for widescreen im-
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Delayed signals from delay elements 52 and 62 are coupled to respective input terminals of an adder 74,
the output of which is applied to a multiplier 84. Sums of signals provided by adder 74 are muitiplied by the
coefficient ka in multiplier 84 to produce the sum of products Kag(3T) + ka.g(-2T) which is equal to k3 (3T) + k.
2g(-2T). Output signals from multiplier 84 are coupled to the adder 90.
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adder 72 and multiplier 82 com bingtion which provide the sums of products
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F(t) may be adjusted to equal a binaryMatio. As such the multiplier may be
realized with shift-and-add cir- culer k‘ﬁhg(mTDhe i nvention has been

describeg in the environnment of video. Mr.;qcesm ng, it is to be understood
that 15 it is applicable to processing any sanpled data si gnal Caims )
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a’'linear i nterpolator (24) coupled to said input termnal for
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I nput sampl efthé Multigliere By Gdingand didaetibinaly ratio t@ths addeficentDEdT iexathpi®, ki AG,Gks el k, may be 9,
cor r esponds 14,8 and Xy Taurth&respgctively ol 1727, 17 wid 12ahd-werty-sightSrespedtivelySinsizachy tha values

i nt er pol at oot mey o ddjustbditoetiwal abidaryiatio. As sueh the glitiplist hayt ke aealided with shift-and-add cir-

i mpul serespovigwfilter has a transfer function, H given by M[ERR] where n
is an i ndex; TWhilethednyentipihay bmﬁpacebepwmecmwwg@myfvummmdt ig to be vnderstoedihgl| e
val ues; M i §%PHG§MPP@WFQQ"UWdH#F'9Q%e nunmber of input sanples used by
the filter to forma filtered sanple, and [err] are given by 55 5 EP O
450 335 Bl Dela ed signals fromdelay elenents 54 and 60 are simlarly
coupled to 5?1"3 der 72 and nul ti pI | er 82 com b| nation which prow de the

suns of pro ta T 1y gan zg o6 Ll ar| Q'd’dag (r:I‘ signal s
fromdel &y m%{ﬁniﬁ, éﬁ%ﬁ@ ":15 ﬂ!ﬁk r‘;}ﬁ[ ed‘@fg el b fgii&g,@égﬁn
Adder 90 sums 1BdHb seid Qﬂ?ﬁle If {t%}’bs ding* %J;bgmﬁbg %h&&pbrﬁf to%%olﬁ%ngﬁa{’m% he

produce the fi ;,er out put signha e appreciate

conpensajs Ng dpbay (38} QR o Sltput Redrb GRRE fior amn&einﬁ}pbﬁwra.taedm»p cEirfig'shib fin-
the signal whi gdyintersbiRitidis@ifplds@nd S flitere@ sdmpledi €r pol atorfrom the appropriate
del ay el enent efardchrizéd ih b said flitehSé & fiite GnpulSe fespgohdBifiltér, HaGing@weightihgdfisahs (B0 088), for
del ay el enent &daljing shid cant@hdating sighél®y & aermblised Shid fenctipnetd providd scalbdshmipids didbid @itdr
may be nodifiedutmkingdmsl y to facilitate hardware realization 10 of the
multipli®rs by using the closet binary ratio to the coefficient. For

exanpl e, [ eRr]Asaepleddata ]"“FP&W%%‘ set forth in clajm &Fﬂf’%‘egﬁeﬁt"mdﬂﬁ@af"éﬂ E)‘E“cfﬂi'%'%ﬂ apr-
or 17,27,17 ant#sPePdPe-twenty-eights respectively. Simlarly, theval ues of
F(t) may be adjusted to equal a bg..ﬁ{&r(mmtlm_eas_agch the multiplier my be
realized with shift-and-add cir- e—ud—t—Fy—WH—l—é[—t—he—i nvention has been
describef in the environment of vi @e(mnroces%l(d‘rgzmt is to be understood

that 15 it is applicable to procmn'g"ag’z—mm‘ev data signal. Cains 20
1. A sanpled data Interpolator havi ng?8X5@pADHt erninal for receiving a
sanpl ed data | nput signal;

Nt ?I-'(dn'zT)

o where d corresponds fo the position of an interpolated sample between two input samples in terms of a
fraction of a sample period T, and dn corresponds to a normalizing position typically T/2.

3. Asampled data interpolator as set forth in claim 1 characterized in that said finite impulse response filter
has a transfer function, H, given by

45
H= Z kn g(nT)
50 -M+1
where nis an index; T represents a sample period; g{nT) correspond to input sample values; M is a number
equal to one half the number of input samples used by the fiiter to form a filtered sample, and k; are given
by
55



a linear interpolator (24) coupled to said input terminal for providing

linearly interpolated sanples at arnepQusisdsgser m nal thereof ”lﬁ“l ml m" "III " IIII

coupled to said input termnal, for providing filtered sanp

corresponding to a conpensating sig- nal; 25 means ( 36) coupl'ed "o® *
out put means of said filter and |i nearsm{rﬁ(%r-pﬂ')}ator for additively
combining said lin- early interpol akesel and said filtered sanpl es;

characterized in that said filter Is a f7(§||'t"'é) i npul se response filter,

havi ng yei ght johg nexcdptzetoAd onedbd, for scaling said conpensating si gnal by a
normal i sed sinc function to provide S@&g s@{rpl es at said filter output
meang. 30 2. Asanpl ed data interp th inclaiml
characterized in that said normali2ed siInc & ur _dTnc -,f)unctlon cor- responds to [ERR
where d corresponds to the position of T&n i nterpol ated sanpl e between two

i nput senpl esfor mequalipgeroAandang.r act i on of a sanple period T, and dn
corresponds to a normalizing position typically T/2. 3. Asarrpl ed data

i nt er pol at Qr as tfo_r h in claiml characterized inthatsaidfinite

i mpul seres%ﬁ'f?g F?'t"8 has a transfer function, H given by M[ERR where n

B T I %%.ﬁ %ainﬁgmgngﬂf R@Erk&%ﬁrkrr&%t&%&gﬂfgﬁ mﬂa @é‘?ﬁﬂﬁ i 'be

the filter to fqn rqang iSHef fén AAbRIuRH Ven 0 450

335 Bl [ERR] farg .Jlen{rulﬁ‘e%‘ Gé‘s%td%ﬁrEﬂugaﬁ ARSSRUR EBFﬂum Befeitéienembefﬁt&emﬁ-o

and one. Patent aﬁﬁggrggrme,g,ﬁemeﬁm ofNpbridatiorsighdl kerf ,ﬁ,ﬁi}& ,at or mt elnem

Ei ngangg- Anschl UniBeifettMikssi (a8}, basahitehem/ARbgangshfeRias Fiits?gaia@enm Ligesimerpolator ékop-
elwém Li'near - i Nt et/ lzavh QdditivelBombitiFen dbitlinéke MteFiolgtainAbtasiverte trld derigegiesterp Mlitdst-

| st, zum Bereitsidte} en |inear InterpolierterAbtastwerte an sel nem
Ausgangs-AnschI udpdurchigekenmzelchneti | t er, das mit dem Ei ngangs- Anschl ul
gekoppel t |st, zdahdBeFitdrendEiR-Filtan (Finits ImpolsiResponserilter) ist, mitsinem Gewichtungpmittei(@o -
ei nem Kgnpensat i 8 zum Gielidrerides Kompeosatipnssignals mipiner normalisierten ging-Funkiienayunysiatieste
(36), das ni t ei Neastyrere gudrysiiker-fusgangemittelibpreliugtelland dem Li near - i nt er pol at or
gekop- pel t& a im addlithééve(g@ﬁonb nieren der linear interpollerter

Abt ast wer t h’?{%’ [ adur ¢ nnze| chnet, dag
das Filter ei 5‘[’ dzbr:[fmna‘[‘ jerte no-ﬁlnk& (11( {Ln&?%%

A I'st, mt einem
Gew bht gngsmi tt bl (80 - ;ﬁd_,_a‘

Konpensati onssignals mt e| ner nc- Funktion, um skallerte
Abt astwerte an dem Fil ter-Ausgangsm tHgI_ 47 H/Ar t zust el l en. 2.

Abt ast dat en- | Qs Pt dak Bdsititrdites Mfdr!ﬁrhAbhstwerbes zwischen zwei Eingangs-Abtastwerten in Form
eines Bruchteils einer Abtast-Periode T und d, mit einer normalisierten Position von typisch T/2 korre-
spondiert.

3. Abtastdaten-Interpolator nach Anspruch 1,
; dadurch gekennzelchnet, daB das FIR-Filter (Filter mit begrenzter Einstelizeit) eine Ubertragungsfunk-
ot tion H hat, die vorgegeben ist durch

M .
H = ‘ﬁ' Kp - 9(nT)
M+1

wobei n ein Index ist;

wobei T eine Abtast-Periode reprasentiert;

wobei g(nT) mit Eingangs-Abtastwerten korrespondiert;

wobei M eine Zahl gleich der Héllfte der Anzahl der Eingangs-Abtastwerte ist, die von dem Filter verwendet
werden, um einen gefilterten Abtastwert zu bilden;

und wobei k, gegeben wird durch

K, = sinf{(T/2 - nDITT}
{(T/2- nDIIT}
fir alle n mit Ausnahme von Null und Eins und
55 .
k, o SIM{/2-nDIIT} g 5
"= - nhIm
fir n gleich Null und Eins.



dadur ch gekennzel chnet, daB die normal -sierte sino-Funktion korrespondiert

Eﬁ(Ej ED Q1T {(d - 2T)LTm 25P5|4r51%?3%5d2$) BVIW; F{de“”mmrmmmmm

d mt der oleﬁéa ei nes interpolierten Abtastwertes zw schen Zwe
El ngangs- in Form 36 eI nes Bruchtells el ner

Ab P d ' 2
K 0? ?ZE s S{)lrll 3 i ﬁg te ’de H}r%:aié&%rtm n(?) s,(%{i)a?a[ lh'lgg?] E%%%n‘rk%ﬁ%ﬁ% o QIQ;IZI
gekennzgl chnefy iy Era Il LJn?J d éﬁr&ebé?ﬁ% Rk 8ds é'éllndﬂﬁlfoﬁé ihté:‘ibl&& -

ei ne- Coertraghgy ntelbg,rﬂe ,ﬁerymge I'st durch 4 =

kn \—9( nT) 45 Mﬁhﬁécoﬂpl@é iadileBERE d‘bﬁf’ée atfide@burdir 435 &ﬁarﬁﬁ&r@ﬁﬁnﬁ?&hbﬁﬂﬁﬂama un signal
reprisentiertdedempinsgton]) nt Ei ngangs- Abtastwerten korrespondiert; wobel M

ei ne Zahi gl eirrhsden (8b)lchipRaey sorieatidit file lebhtargaianen tindaikeadih uedoh\aunmaduivdhawasu.téem
Fi | t er ver wendéchariifons linéairen@hidérpolasist Iesdneechgaifions filss;en  Abt ast wert zu bi | den;
und wobel k, cpraptiviséioneergiie it filtne ést un fistref répohsd imputsionhidlle (ifiie, 1@6é d'unihdylen de doaié-
alle n mt Austha8- 86pen aldé I'datandgde dadit siprialde compensation par une sing fonction normalisée,
~~~~~~~~~~~~ sﬂqsﬁnéphﬁiurnirdeﬂéchanwonﬂétmormﬁs ak boridsiie ladife dodle defitre5 f Or n gl ei ch

Nul I und Eins. 111S
Revendi $¥at F‘o ’pﬁﬁﬂte‘i"ﬁf '%‘I‘? l"°’lﬂ'é°s ﬂ?{%‘éé'ﬂ&?}‘@ﬁ‘ﬁ“f‘%m@%ﬂ% ﬂ'ffa[ﬂ’t'be une
borne d' entr %;lf'fml"&m}a ptf PBRal d' entr6o do données

6chanti | | onn6os; un inter poI ateur lin6aire (24) couple Aladite
borne d' entr6e afln de fournlr es 60Eantlll ns intkrpol 6es |1- neairenent
sur -une_borne de sortie dudlgin d at egif H2amtre coupl 6 a ladite
bbﬁ«he dentr6e afin de four (G t H—u@tl-lpres correspondant A un
si gnal de conpensatlon; un nm@ ) coupl@ sortle duditfiltre et

i nterpolateurlin6aire afin de T er addi Ti e | esdits 10

6chantillons |ineairenent | nterpol 6s jet | esdit echantl | 1ons filtr6s;
caractegi se on co quo ledit filt r%%{r {hnridR) e A reponso | nmpul si onnel | e
finie, dot6 d' un noyen de pond6 r en vue de |'etal onnage
dudit signal de conpensation par une—s(dq.c.zﬂ'g)nctlon normal i s6e, destinee A
fournir des echantillons etal onnés alix bornes de laditb sortie de filtre. 5
2. Un Intorpol at eurde donnees 6chantill onnees conforns A | a Revendi cation

1, cara®trse @ § Ia gesitien d'un échantillon interpolé entre les deux échantillons d’entrée en termes
d’une fraction de période d’échantillonnage T, d, correspondant & une position de normalisation carac-
téristique de T/2.
3. Uninterpolateur de données échantillonnées conforme 2 1a Revendication 1 caractérisé en ce que lafonc-
35 tion de transfert H dudit filtre & réponse impuisionnelle finie se présente comme suit :
. - H= 2.k, gl
N\~ o ag;l g( D

ot n est un indice ; T représente une période d’échantillonnage ; g(nT) correspond a des valeurs d’échan-
tillonnage d'entrée ; M est un nombre égal & la moiti® du nombre d'échantillons d'entrée utilisés par le
filtre pour former un échantillon filtré, k, étant défini par les équations ci-aprés :

45
sin {E- (I -InT)}
ky = = TT2
50 T G -1h)
pour tous les n sauf zéro et un, et
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“sinc fonction normal | see se pr~sente sous la formo: sin fT—td+$%———4u4L4___
(d+2T)} T(d +17T (d+2T) T 25 EP 0 450 335 B1 ;
-2} T (dn-2T) 30 ob d correspond A | a position d' un: ﬂ!"ﬂ “‘ﬂ”’ “”u’

interpol A entre | es deux 6chantillons d entree en ternes d

p6ri ode d' echantillonnage T, dn cor nda A une position de

normal i sati on carac- teristique chm b Sn'l‘) n i nterpol at eurde donn6eas
chantillonn6es conforne A | akRRey capacterisé en co quo |a fonc-
35 5 tion de transfert H dudlt fil rponse i mpul sionnelle finie se

presentb comme suit: H= Fk kg(nT 401'012 n est un indice ; T represente une
p6ri ode d' 6chantillonnage ; g(nT) correspond A des val eurs d'echan-

till onnage digsgale@Broetdd €st un nonbre egal A la noitl6 du nonbre

d' 6chantillons d entr6e utilises par Is filtre pour fornmer un echantillon

filtrae kn etant defini par |les 6quations ci-aprbs: 45 sin {T( - nT)} ,rT2
kn = rT a T (2 -nT) pour tous
|l es n sauf zero et un, et S5 7 sin {T( ( nT)} IT -

O si n 6gale zero et un. 10 15 20 25 30 35 40 5 50 55
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