"EP 0273447 Bl Description This invention relates to a tone signal
generation device perfornming renoval of an aliasing noise and tone col or
control utilizing a digital filgpayo@@yaid on and, nore particularly, to a
tone signal generation device 5 capable of perforrri ng a digital filter
operation of a good quality with a relatively sinple hardware structure. In
an el eRescdptioo nusi cal instrunent, a digital filter is utilized for
controlling the tone color of a dlgltal tone signal or renoving noise.. For
exanpl e, Thip ingentigh@latoy te A dap Sional WprseRtiemiiqvisel perfopning Wmﬁmhﬂfsﬂﬁnﬁi'liﬁ"@rﬂoﬁp Loy type
tone S‘Q'Pﬂ tolog Pantrphailring 2 tiaite) filer pgeretion dpd: ERrePatliowasly S'p griap sigaal gendrafiensdeyier] by
conductepPsilp %3?({5’!’1“ ae\rprahf"far WO ‘i"aPr‘l? gg%r%?'ryrggthfarr@ by Y]é‘ ple hprdease sliuely@- of t he
f requenc 75‘f° “i"ii" 1’3 ?ftf‘u Qitaié'él” % iz t?’ﬁém f'.)°f bAFEhNd the

- sanpl Itﬁ ?njl;n : in np leI cm one na . ﬁ; °p ‘H"cﬂﬁ"c 1o zmg
accor e S esy %1 )?II’ guvég lEe r%g H tg X Iggg) d{fre en%q ‘INA% ng
noi ge re"}gagr ooty .%Bﬁ ]
and remaar tfr tt%%g:\plﬁ tr%ﬁ AA%ar Yiksig @&Q is H&fﬁ%ﬁﬁé Mnth EQEoné fr XAcO%nEéJC

al i asi {9 e [YBHePRodTRAR rSMNA Gt sudh RiiaBthd Rdisc BN MERERAR. FérPendviiD SudnUiing ingigd| . 1t

has  be@htaiRédPRASEd Inbn-Sattidhizivg LiRfdGorkel Ghal it hes BRA Propbe® 4 Bause & itddb tsighal fid | ter

of chagaach@ighsd digitai Mafbh lafaciistitLEmpatidd rdnit@ingithb AfkingndRI (SSALIoH g6y, 701, 956) .

15 15 Innsushu @lathoe tabwoeiing 16 vhidh RIGtoiie0 sigial Bhcaaset! a6 assi tbadh 4 Higitah ke dorithe pass

t AT ouglamevatif gliasiag ndise, & Biter bpratibhef high lrcousky whst b pabinmg by osisgea sufficlentyti@ge

oper atrugwhercft filtdr grdeesc Thiy brwpvampeses e quablemothateichebassitatos mcomplsated filtsk eamstrug- | ar ge

numbertiopf i, fiqr [oxamplep thgeigital fitpr i onpoekdf erdefsoties orerptionsriesill dfrthe 9§ rorders must be

necesshetiemed s thap girpuitadesian enablingr allcefrpyelr (ifter oparasigns mest bp amployethghe sanhe

d| W arobjem grisps i §°‘o‘?€\§’ Pfigighfiltgy ig@fegloqu Jliesing nojse bukdigialdiiters, for sone coler comel 96
'Pré'l? %’Ef ?rh?;\?"aé ersr gy P %’?sdPFSEH%\B?W"W&da{PVI a"c?Fdeésdi:h

<2 pther pep
f| I terdeﬁ'E’ r"gﬁrcg The yoblem arises in no a
di gi tal PP % awqgfde Do, SAE, B SRHER, 2 4 edl ?:fne

prevr orin Img one p od Q waveshape a c ars lr}ter a
col gr XQMEY ﬁ{ A % ers,
a tin:

pIR tlp lérfﬂg n?e%ral get éen th g‘%htluggs ftu es ar
filfers 8 DR %ro o8 Taoh o odesd &ae IiefiTe
char acyanriy 3 pzﬁga%da b e At i1 ed?rﬁ&rfuh eeantsraaae@ gnal
generagegree,papggicea@,tujgso duci ng 2 des; red waveshape by previously stori ng

basi ¢ anpl id-ndefs @b, al MRehEYs SATBLI HADRBMEP rézafg @jpet.be.smu@waaesra
G0 2%0S Emdnitine$tdras sadipleatiesCol b eleflbdchl GalidRing kepebesntadi by An MidgtaNRidiess. Arcdétici et ween
t he baféntorasirkes tastie@nts Tdn @thb@adr Gntapaidtibr. WilieBwa Inrbeiipesimpr| valiegDlich dideach at a
coar sehe wiveshagd ménory eppemd by Goraintegraltaddressep@e bppoaxinafed b @witipigation dbstasd A

f unct i ssmple yalpesod theerkvéshanecmt corsepdndingicdeffigietti velnespoirthe basisaf nthiveler inpprrpladat a.
WavesiHape anplitudes are interpol ated between the basic anplitudes. In

US- & 4 28®hgiti3he mepiippeds Hp oaigun diselessp aofechnigue o intarnplating, Betwepnt agjseent dwo

di scl Juweshaca saEple 19 [$e Hawpvernsyelrap inferaplalion dechifique allersuenyy 19f Preduge g ecoargglic h

val ue %@P'ﬂ‘b“’?"éﬂ}aé%%tﬁ!‘%’cfa'we d¥Pryalst Bigriapvnolans sane! gere'%sreeﬁrsremseﬁtmwe?raw?ﬁ stores
coeff|°éfhér‘ﬁ°§"'?‘6r°fﬁ’i$'ﬁ” Werinaof § °Fﬁ 1at|on Unknown nt e rred ate sa
valil gﬂ‘ of tHe fnﬁ t| ?ﬁ r% er‘ @9 %h
ad d?oes r contro § Paﬁamow g 0 Ira orse y uirhzlnlg 3a qltal or can a frlt?TpoPeratlon hl%

on or e Pare € values of the

i
wavesha ‘th %Bka{é F?é? nﬂnseog Cﬂ»r?é%t ’A@Jnh'o%srﬁgnmé*? St RS biScidih fé i3, grder
i nt er Rol gstivdiy. O ment | oned atents discloses a
t echni quﬁ1e0 nd BhRH B%e@&ubmge\&%tééé‘o%hgaﬂl tﬂmro&m.smeon\r@.yesmees SIGAEP lgbneRASANL S
HOVRV &heansteF Gondrltirigth QEd s Rlgh RorsREYYF B Rteddr Is68tEn 5HalaYdetiMalbQdh AR ILE 8RS Sel Y
sanpl agidVauRsNapRI ahanbihdlet aSaBdoRespBidREaliene pitde ok QMR foosRegdbi@Rda)l tone
gener afavéthaps\dafa @aBordlion MOdns Nalsehshis & sald ittéter seetidirbrydferaihg ting wkv@khapé Inttes | Ng  of
t one Sorgksnplddivakus, filer codificat supdly tnaahs icapadlaof supplying m filter icabtficnts don eelactiggnal
gener and eupptying i ncittentuietiitients flonp embrar swidny fittey weetiib@nis i maspect Orsiid glecimal seaorovi Ng
of @l i(elarany <rrok e digitalfilted epeiatiep mean$ favinglan fri-priierrstruciuig fop dighab filkering $aid torer
oper atwaggshape Hyi pvformingufiltec ppestion of nt eders iwiiB | rgspedt rip Incsamaledwelkes &ftseidcionr e. The
tone SYayes aﬁpeg'eé?é?faﬁnp‘i)w“w‘é\‘ﬁl"dtﬁe@PefWﬂ@tspr esent | nventi on has the features of

I(

cl ai m 1, Becddrgss signalneparatiop mpans-peeerdies A agirgss éﬁrefsa'iq q_fmn a'esrréeﬂae &t di ng
to t he asimehssclign 9 ?W9§%§t 2 il EYSSRYD ’r?a!“ t°f 6ﬁ°“&§1 SRR3R As is
ensér 19 ‘V ?P‘"adtH? EE? o SPY ’éP‘ E&H@??tsl ?ehfeé #‘P“ 8’&’&“? ﬁ""ﬁ 8°°él°"decu mal
sectl reot: ap§a t'ogsf"eéf"i"s E Frat(?ﬁéoﬁ Lo L\ r ondi ng
hce he |]pte er section ess sr e r solutvon !l ne WE ve
to tor}a? BJe th o &a‘?,&% egv.ﬁ\% QP&‘an &a%@ ’3% % J on

means 'r spon 0 sal er sec |on or ge eratlng oné waveshape in
the form of sanpled value fllter coefficient supply nmeans capabl e of
supplying mfilter coefficients for2selecting and supplying n filter
coefficients fromanmong said mfilter coefficients in respect to said

deci mal secion 50 (where n < n), and diigital filter operation nmeans having
an- n}order~structure for dlgltal filtering sai d tone waveshape by

o I T o v o I Y T Y



théreof. The tone waveshape data generation neans generates tone waveshape
sanpl ed data in accor- dance with the integer section of this address
signal. The resolution of the tongpwpyadazry sanpl ed data prepared by the
tone waveshape data generation neans therefore may be of a relatively :
coarse one. For 2 EP 0 273 447 Bl exanpl e, tone waveshape sanpl ed data
may be prepapiedonswaleshape saragsd data rhdycbeqrabered ofth £4urgkiyun the orlerpe 64 dinigioppar iooal  Of
a waveshagpodisf & watekiappras @7 tharrriopart piteh ssymrbtonieing Bipm done ysigaalt gen@ation giavige. The
gener at i oyamgling freguenTihin thisiagse imay eftfree e é hranizetien itk e witehagy net in [swnchigaizdtion
synchroni Withtis. Iriheapitch nerrRYNghroniEing Bype fepr Signa! apperation apuiceeths Bne aveshane samplpd datg
pitch ﬁonmwfﬁp yithigslupprwhiehj® asGogiEaps e eneruaed ip fhe @ikeh yrehropipiag typhene:
waveshape s @EP'%é{t‘ae 8”°rﬁ'§ "‘°Bé‘° P ?’FH‘Q\AX&GHWP@BT' genegionpavics fjiga general

Sl G i Nl s g i
Che pri ool JYesiep o %EPQ”? ?{ IR é@ 8?“96“1%& Ao, "
t%ly

it is gﬁé@‘ a: zcurac ?‘} ﬁi%e' ““S'O“ g{"& Pﬁ%); r‘; W trvg\%i aciura uwes a’

noi se 10 g, o ifcrdaSifig ﬁr@% onS ta& foW@‘f

i ncrease éyﬁrsmsramtﬂ dda Eh%HéJ@frhC.)éran QWarﬁ‘é@BiB Such'¥a 6ot slRtapd p@ﬁé‘%&rﬁ%
prepar ed Witbidd Ha REvEshaRLHorry dndB04d dubthdrbrrdd) thoblin\his tn@tﬂodor%y R cdpiblo Ala Bhe 2
wav es hapesigngiUgsher@ioh 4 siny inf vaHitHi o Rfeshapblor WAYIRFOIA BRONGIBIRA ¥udhfasdh w#bsAbieVd lolle
| ar.ge @apaebd ynly BDléfrddon & havesiRgel ime@b® hd fead oat thuralomhap de BBBIHaYA, 0f a ®ou€ Bghall g€
capadi t y, sythesisedtivdctaiet aipher sasinging fee Bacinihags MsBeLR Rbigh the sampting fteatney T o
a tone siignadsecyeve syichromizes with mnirequendyi of h toae Wwebeaghispiesd the done dbaubncy diley pltchy ge
sect i on siedm hasnogy with riikeo samplieg dedvapy oW, péoardimbly.pe rcompiment spreducedetly ialiesiag is
wav es hapeharreanized withnifie fooe éreayancy tahé desls moinecerrod adiset Riesplaies titietsoaringslittigeproblem if
accep; #bl ¥avpshang detsrie Prepaaeavithpaplalvaly icearsesiparasiin the gRer ohB4adivigiens Shragse perfod gf
rel ati vel Wavethene Accaiginglprihis fetiodis suitahig j& eHalsesiagt! 98'??@"3’5“?@% iy Yhighh# Yyaveghape
stored i rPfé r 9!%\‘/@% t?asb%ecmfar'tﬂsaﬁtfmr@aeraeata Hetusd periers iBstofed dn 3 Raery ﬁ%’dad i

e

synt hesr
wr h reso rs as coarse as romzr eratr s stem

synchr 0”' ﬁhi ueﬁ 8”5 IQ&I @ 5y ﬁéhz thts
fr equenCy, Ioﬁ is sJi)ra h to?thb ne

=]

. ﬁ i @ Q,eﬁr{aS&IUreJ]

,aCCOf I N%e¥tion %u&%%%& apQroP |y6\ Et@r%& R Wave %JWQMF d\%gdh)u{ ﬂ&eﬁ&rﬂe

f r equencyanarr&l 0 Sshe Wtnal GeheBRN %yaar S whidd 8 vl @hpe df RERIVB! 18@Ssdclidnt dubh as
Q( egp lﬁavé’s@aﬁ%t’ﬁlﬁnﬁﬁd&ﬁodi@%@rehﬁr W RERERGnaMokyend rdal bitltheVesbth. COoar se accuracy

he or dethefitteP docftickéhtSdupply nidars Suts RA isGsliddf invayRARADahe dbehl Sdcig o thd i S

rret hod i Sadaigsd @ifrat nf EDeffidierdt QAR fRdnQ BradngORBIRGE IdaE cBish@Eng o Wit ebsfitiewr \weshape

of a r el adrdieveeiwfierb ONg s A6 Higital Speedioradie®d Phifdro tiler Wavaisisdren @fdefs| withabsppe itd 0ds

i S st or edonenwazeshenvDdaja @l mcsamela cboiow tby tusiey &he @atestape daym bir msAMplel@inst geperated by

accor desnghd ne [wevesirepe diata caeneration wishis. Byiftis ereangdmento fiker \eaeratioh apeerioaned | vhigh dat a

i's preparesdivaRait (g implementing agckaie filipri apprafioss glsm oslgrsdeespity th4i diltgsioperptions of n orders

synchr oni ¢ pripatiypast °'t"l9ﬁ)e‘"'§‘| reRRatt Wyieprevareshape sneled dete pi ighmseyraoy dthigfis fgh atyally

t he sarrpl RreRg ref‘r“’é@ E‘%/W?‘@s‘? g3t esrPREy ’W”at‘ﬂ *taﬂ'@ ?‘t“t’f‘ﬂ" Bfrth?tS‘E‘:'m%é%?'d?frfﬁq Y,

thig_inv f?ns' “ f lepx "t‘ﬂa}‘P“f"P'ih'st'ﬁ'? gedt 5] 9 nerat| on

whi ch - vvav%—:e Jik éf%tone oreapl ?(ﬂrﬁ‘ %r‘.%?‘t"" Lought, ""Sft one

J so avesha data pre are e w 2 ed d
pert 00 orlelodein i s 995 \é@ rrpjﬂ rrﬁL t@qﬁem k¥l %? “3
the tone pa Pag RN i e R p@rtfdrM ong
section ct‘?ogo ARRbeP Eordatddhdig tQ%BJe §ata$5f9\rs% plb Boifts WRMES rﬂﬂﬁr
nmenor y45artﬂanrrﬁ%dn¢m.&tﬁnfbefne TalgRdMVittef BiRuik bAnliRrehRAT (gr SincB Mo st oPBARS b&BnESt S
and suppldg@iSalent B peRBRMESRclrite tilk® oféeioRBb:  FdetsOAthObsdofto AHE MRSeEhdpb GBAbled N
coef fi ci edata hdh@ res6iGidh a1THE Yo&aa sbdtioh 6Mthe BRkads ighal, 8afd0% Bénafls budht bbdRt by an
coef fi ci etwatofitenomaiorn ith nadpectao nswikpshipeedad ¢fihigh Iresoipiihad.¢. Caecur@ea Bdting @ff lohr N6
filter opanabssayoibocompomnt@thgesnitibdiprodsipeot a tae signalet wgueisivalihe cahdteabihed
“sanpl esopoi ninsorieyaspest 10f) thedm@ntionyy ths Hiflgy ecoelifidiant efipply weanp lise capeble tof sypplyiog &t Her by
35 the t oweffivey gotmype daretpranding toaa foahof peapranor@fjitet ¢riefficients ammye iiian coefficiehts of
oper at i orm ieslers@nd eniagtschnehpupelesi is rasepuba/g|therdecimal seefion efrfenaddisss anekir €M fiflet er
oper at i orpeefigienhprovrivaluss agiie spafiiciontdeta. By fiscarragempnit he pkove flespring @daatages san
actual | y §9ex° F'o‘teﬁréﬂfi befiden e sspeacy in e f"éﬁﬁép‘t}\%t't?'estﬁ‘a'i?efu%’a Ffetfeda!tt@%r‘a'tﬂgg
accur a\“fy P’§ ‘t"@“‘r‘t&t"‘% "t d Pé arf@ag %/"“P‘h%’etf'dﬁ'é % e’p’§ 02 tota
gt "t?? '

glegﬁ;f‘tl fp io pltg [ierta ion b .q ver%e §s:m rtg ec\oérlg urvalen per &E )s %fgs
(‘tOF' cransconsru ru t n grogrhvau% 'nr:hvr ¥ y nd t%{ vevré WI nu8u ht

about (1) Si nce the resolutlon of tone maveshape sanpled data prepared
actually by the tone waveshape sanpl ed3data generation neans may be a
relatively coarse one corresponding to the integer section of the address
signal, the circuit design can be sinplitfied. (2) Since filter operations
may be actuaIIy perforned mnth respect to orders of a Ilntted nunber

o o Y o o T



acturate filter operation with respect to tone waveshape data of high
resolution, e.g., accurate cutting off of unnecessary noise conmponent with
resul ting productlon of a tone sg@pal3eky @1900d quality, can be obtained.
50" In one aspect of the invention, the filter coefficient supply nmeans
I s capabl e of supplying a filter coeffici ent group val ue corresponding to a
total oplushsnpled s ef he kdnervalbe ¢kf plicilciathpledidatanigpid atltted:th ocled tica exstlisthaythem
orders d&avel ob®l aligsing campensnt[¥plabe &, atteryatpd gpdmsealitoofitiedodeignaed imgeedadi on of t he
addr ess siRyefered embpogimentsrpf fhip|invention g fiqncheedrscriped wih veidrenss tathetaaeompanying
coef fi cidemingdat a. By this arrangenent, the above described advant ages can
be achi evéathaﬁawmewtaegram@s accuracy inthe filter operation can be further
i ncreased? Figi 1 ot Plovhadip Hwing 2 bagie fifeGtEe 8t FuRPRIFIReRY dhecigippt ﬁ"”@a?eé‘ﬁa“%y
oper at i ng %{'C?F‘FCP 9 &8¢ i’%‘?“@ t val uhe corrﬁg\goqdl n% to a total Le %

P, 8 a at

(e cof LA TYs s S gavae P

poi nt,, f’é él?s Sw.r?fin Coh 12e wedik ooy oSl B0 ABSLALT on
bUt neve COITES e T IL? O Ope at i ng ter coe | CI entS
constitutt .9 ol EBhin I AR ahya | ipel bgaaw shRAAL el y
with respa tsiscmée, £ & BAHS o Exam?:%gof vk ‘?6 eehlec: e% fi' i@ @b the
same val Uﬁnﬁdw-&ssﬂnlallr'ééli@éd KESFBhEH 1 v@nt @ d at t e Oth wth a result

that ghe kigvels &f eampildr asilalg neasRANGREruN&T £ bifusbidal a»tabbeagtat mcranéi padsed
quaH ty ofhroudreind PRassifigidiat thb SharddRhstiveshowdin &fges;r ed, enbodi nents of the

I nvent i onFig7 ik arivek biegrate Skhawirged evdnipie dT@feGiltambéﬂidi@t supply aeaGgaa thei diilal filter

dr awi ngs. ogeration rhemnt IndFigat:conpanyi ng drawi-ngs, Fig. 1 is a bl ock diagram
showi ng aFipa&isca bibekudidgmme shefvingra o cokcitie rinbediménh ef the rane siggal glenqyadine devideon
device aceovrdingty theonwehtoni nvention; Figs. 2a - 2d are waveshape di agrans
showing afig-ek énpltise cherh s'wmwatwhrab@ns Rhrptitbrgetiy caperatans weds p@@tqp@@t@ﬁ azger@
based on tPRedigepishenn is Bigyf gg? frequency conversion theory: ﬁ 3a -
3e are di 'E{gfrd s’ﬂ‘b\ﬂenﬂjagaﬂ"se b ARlaINg 58 HiotA f'%é@?’?%'“é @B’@g""ﬂ?’“t" fhe
respectlv e.sanp - 4e are

cxpldhnl B *8‘3#;? s e g iR B e

i nvention, s ms oW Ng exanpre o(f" ua?rlf

anpl i t ude- 3 i Ms.ccn kaa;g% §vzaw9% ﬂ%oﬁ.tn&t' PR lﬁe%FenEee@lLa'ra%@fh
accordi H&:gtnﬁleé rs&) ViGN F%vah&naneans |1Ghe vésﬁa&'ﬁaﬁ)&@ﬁ@ 6 MbarRC4 Kl bobridas ur ed
SpeCtsEUET&p‘ny rReand EHASOLIGHR! fildRYSeratbrdfedns W deberiBaBprisasiy dnd d%&&gﬁaﬁ@enbr@%ﬁpass

i Ier Rloarls e gdhbrale@ A @didrst isghal SHRIMNg! it afrifbgeDsectfoh JAD 4nd decihabéddtidn FDA@am

s hOWI N radecots&oRding 16 fionb pRchf df latige 16 6€ bérefie@Nthe 36HePlayeshaa st yBikbratirEmeling i2t al
filter gaeratsitdn waaangpe isamftedydatalin rdsp@hse & thesinmgdIsemikn tDad Faraiebs\signg). ThenDr €
speci f i eitee mbasitienesipplp fmdatee 3 tselpas sndyn@blieg @nfidtpratdetitiedewneg flter coetlicierds dimg t o
t he i3mvenders dmsm)Fn gesp@hsé 4o the tdecimalcdaetion FAROMthegaddiepd signat dhea idigidal dilteyfoperation

ar i t hmemeansaiprarfarrrisdifier aperdtions feem @igres with respscti tp tonh eaesioel date for nshoklm peints.Fi g.
'8; Fi gsusingOtese 1 (ter spoeffiekinieg nsinione ypveaneps &Ptmf‘?ig‘ gerepieg painds aprierated byofe teei on

i N anot WeyeshepheriR SREPIEIAHIMeERFe | nvent i on; 25 Fig. 11 is a block di agram
' sho\&n ad’bfhﬁe?mbéﬁ'ﬁﬁ'& ??E‘ﬁf"gd'feq'fqﬁ@’ fe i, eA9ptA ’%ﬁ%‘?&"@l APER Shiatirepe ge ggngra °3nd

Fi (Pg F’%F“ 'r°ﬁéy Pf&?'f'"%g “Ej'j‘f? g:"?e P%T?"S‘?wg‘ei‘lf 4aFeF'tzﬁ?Hé’i’” iPRSSOET &l ons
and ot hgt‘rte::léb amm asi <) n;:I o ngmgl ) a' c@rdm to %he m\pee?iﬁén Ql ock
di agr am,h .gﬁ;rﬁs?%i vn%cn .wfrb & ETIAS Hfine WL RGEUR ol "
desi gna Pe‘i‘e?en@éj nggg er atl on neans, tone wavesh ape

genergt | ofgIeaNs og ?shéw lara %Eangﬂ-ﬁ'gff WEbSRle dibhrand WRRL %nmﬁ@aaqeandarﬂpnﬁg %cfua.l.cy
filter onRsrabd RsrRRMYs. :BS FdnRREnHRS WS ésthih erldisheaddr ess signa

gener at i OrFigeans a LiQgRACERWRAG 2 bxaflsk 86 fe I6r@NAveshRRSdafmblet GadfsadPled RiHeEGOI

sect i onsdniplihgrdudheg isWith respst fo@omd-ihpatpomtsr at e correspondi ng to tone pitch
of a tone boudbassgedn tatihe done Maesshapr csamplud 8ita pe Figalaais Gpplied ad b @iyitardistswhith
genersat egerdtasng a\sarediigaibeing p lacicbqaaitya (W 1 s gpicnseMttonet hne large eg e, samplgi on

| AD of frépmerssldly efdiw datag mathis cashahdre bredd pegiods t/Mcaf hetfregueppl M * rfelrese Beriggkseet S
and suppfsi dghersafpling drequoneyf 6. The semmledadatang néti depssatecc el £ Mifillasogerafion iMBGS Br der s
(n<m) i Aner egplingdimet @ thehienedwavpshape SEwler gta PADIoFa ivh e pdmplecs 48t [sgiqparatedrie

di gi t al oMy P'Eeeﬁ'm'@éff"algl M iltereorpration tiginae d‘r PRe Reried t8rof Hi5eeRpling (FeaveBtY fhapd Her s

Withe Yalyo 596 a4aS E1Ri9E VErees Mo This & leé ?’h‘f‘% tong, 5’?‘1‘7?? o
filter @ %P‘fF'%laéJﬁ °”8r 59 2bh e \?@%H;%ﬁ%pﬁa\f' arpryp Feefr%?'ﬁ tht ed
by the PEWELINAYRERT A VEARDAINGHLYNGS ° Fn?%{ Is s (Hmt'h hbodl nent , sarrpl i ng

frequency fs is constant irrespective of pItCh of a tone to be generat ed

4



40 (i.e., pitch non-synchronizing type) and the digital filter operation
means 4 realizes |owpass filter char- acteristics using a frequency of
fsf2 as.cut-off frequency for rengpigraadz@ii asi ng noi se. For expl aini ng
basi ¢ principle of the tone.signal generation device according to the

i nvention, the operation of the digital filter which constitutes a

prer equi si t Thig ®né lvevesimpe sam@et gatd bf Hie 2les em:ili@:éd the digital titet where ffittar @peration ds

Fi gs. 2a perf@thediratl ti®asampBug, timibg of theFirgggencP M -* Bd Alidirnlivehin stetrdi rfjlibre casfficients of
wav eshaperespoeeiye amerb awogeraipd W'M‘efe?eﬁéq fahe waypshprertigtatat eamplerroipts @byiidyanp samrlitgor y
and Fi gs.fregeency sds/MH{uhichadptacshaviph have gffeqtivessagpled valumaten StreRieq timing per M tinisogy

di agram sﬁﬂé\ﬁﬁ'?@eda‘ﬁ'“ékhr?pIabthbfe"tal‘i'@g%hb"%ﬁé@h%‘é"@ﬁn%\f Bi§ apaNoamenh @S RN t h
t he sanpl’ '91 cf P ﬁ%’ﬁ p"’r gat'\‘/\/l"tWi1 Gheamaled "i“ﬂ?sW"é%?"é’aﬁﬂ|"h‘E‘§resHE’é°l'°"EPst°é§%urre
that the " ‘E{' gfﬁf -1 5'%1"@61"”375 fil “°F’2 tipnsis pesformadpt ??9“ gq ’%l
filter wif &R 6”98 " * e ! QP{"'B P8Efﬁ‘£ﬁ89ﬁ (EnPrein

olufion su of Ier er nd a corr s ndm

\é\glsgh I S ﬁW‘EI resa i wga Ied VJ‘IU gee]c é::k%ély gh%r:ge?iaf a g;()ljvm r¥ hi's
daa c h e )

1/fs Of t&& re%%g?n lin gfe u'eﬁ'é}% Gé(o §1ned asmfeéf\tf bfstoﬂ% avéRile  data %qtaﬁ bg @

of Mfil t@rsuerpedsaﬁmﬁ@ with B1d38%d i sBmONE fr§ GUSRdy! ra,gm.slcae Afind Ee.rédoeepmvfeab&e,e

sanpl ed dgich sRduldbedresadplel i Mt*HEONSIREPLRENCH BErBbd Shicfhedl 6F AEARPIIRY the WalssHAPE data

tim ngrsaneFg. 2d 4t b kdtecdt ogean Btimesofttiedamgitig timingleMpas.i od ts of the sanpling

fr e\qﬂency f By awedadolie d&dorite nipdceshing alobke wavshapé dath viitheha sampling faaguéricpriingan ba -

1. Thi s eusampled id the samiptiy fler@ntyori & Wi BhizgpitustaerHxadplel M ia 4@hd RilgB. 2a i S

gener at ed aFigBaris diagrém ereing ianexsgipleef spdettsamguivélong of therivangshabe ¢ftiig. g adurandy M

fs and t Heagisgmsmeshoyiad ae okampledt spectrir enyoispmohihe yatesheps gE Figf 2bnThe shapgopf e s

shoyn, #n PpggumEyelope is theeam ip figs. £ pnd3db bk ing Iqualrieeregh indih apés M V@dﬂ Hat3#- of

Fi g. " 2b iYisdppecreq "tewur'ﬁe' ftﬂie Ct"’élsa'PP'P‘i @HUGMer ea"fPIGPtVé'P‘anﬁ@Péfei §")contained

per f or rred"ﬁ‘?c’t"rﬁ%'“*?a '" f"u fre uenc s. AI ter native
stated filt8 ?98‘}’ re@ °<5f‘"g eE?%eﬂa* adt vge e se@?éct
Eg / JI[VIO?\%{‘NO a| %ult?:&a th‘i fltihlse c e: o arac%nstcs { @agstzgt tlhaelfl §£ ﬁi sami ng
per Mti rﬂo eﬁnpq)etofa P g“e \Lv&gsﬁf of ngé

per Mtirgdg He re%éaﬁaaﬁ}ﬁm?% rfméil%utﬁ?lt?éﬁﬁhudsfat bgedu levb O OBV RS r%&?

data in v t@ergnéle&enwetaaeﬁmaa fo W % ERAIPRINGGnd IBvef BThERABMERI G Figl 8u t he
respecs v[gmﬁ.rfwah;a@gtl mngs of M* Ts. This is because filter operation is

perfornmed ain ieaaddvé axEpicNBe ldighal Mgsr &f utliRa 6rrRAMIRIBA YWf b 'sarhBlin@ Rebuedd) ahd1 B not
filter opmaaliraftedto Gmedtioradial tomgsidinanbyn gstablishing Ulhepiobe Boqyamty to & dakitedi piterd DY
convol ut i onrastuteret, aaaking itd trer ineniber thanitbital fiter spespanichsery ors dwpdbed arinbiple.is 10
By resanmitiizeq intgeneating e bmh aipeal dfatdasited pitti ch sanpl ed val ue have been densely
gener atsed aMorsispaeiicaliy. #Riagdresssionkl mhick chipegrisiabairatsenepespengiing teigreaniicly of attenedo be
waves hapesesei?ﬁtyl sdoederpiad b toeh adeess sigaqt aeearatien @gansol andd dis penewdtingaieps weKgshape

f requency® a&‘&‘ Pada BypspPRRedo t“Pl fe?oF'%“ﬁ‘o’\RB digitpl @S@éﬁ&ﬂ 5@%‘?"“”?‘1)%‘“9\@\%% H’ @‘ed%lt a

bt d T@n R TR o o ey e
Jos : ”g wcg (e ﬁ%m%%@ i

cas

E " ﬁgﬁé one W ves é?ﬁ wgths n&

];:S/ N f0h| ner 1 g{E?Tone w v ’\f\f rgrat c!nJea Q’YB?YG%& i of
ig. 2c aﬂa B 1 & 10 a0 st b .ecz, %va%@ d il e

the above,desgk e%r&%ﬁﬁv’i?h B in eg sm»eﬁes. S o sn@.own

frequencyy, kg. 4an be resanpled to the sanpling f requency of M* / N. I'n the

i |'] ust gsat edTiIRX e aE seckbrl BADH oA ablirbss skynalFleftesodid d fineP pittisd B6tAEBNSLUPRENR Garilo

exanpl e Qoin®Pe Glsamplh poNEdstRtingf byl e inkgseshiRp A6 thd dreddisigiad IHoBexampPle) the &

di agr am sgreentagdress veliaagslgaatal bysetegal Bodtion/Bb apedadimat svetiondap shipg eddedss el

2b. The g%€apraseindicited ROCAp@FIg. atenveabpaud & tHeheegeasmetidnNAD-isge. exaeplaatsd adh

but the |tewdscintahecipoFAD s difegpncBiptwesn CANawf IAD Rt is, ICAPI gIAD3a FADThi s i s because

t he nussber Bdr oblpihiog kitve waweshape gigeal loli@ goodiquelity, haviagrjittie terperlicidistorlign, subharmenicyot
"0') contditanied o moisehdt ie Gpsirattieitq ehtpinsione ivaveshane edmrlddedatsr Vithi rasplutieruefiies decimag.

3c shows sgriior kAPl tee ardrass gipnahjie {ip cerespopgRariotte Rhase Q§§APrf\°ﬁﬂF'em‘°ttWe'"¥ﬂ"§ﬂ"t al

filter | ghig, cpy e ﬁ%%edf"l'"lf‘tae?'mﬁ'a\ﬁ“ foggirction ang avithqyt ’eﬂf"\“"gf? @E{ l%‘)\:%{é higfrirgis of

shows @et"BLﬁ'ﬂC'éH\V/ 8 1B dighab fillgs \PRIAON AP 9B :Pe A Pﬁtﬂ this
{11t or P T el f%f Pt eg%e ply meqns 3 Selfely A supaliey 1 oef ‘°'1;'Hd?t?n T ead °<; oL ng
due to tHECHHPR gﬁggh GRS P PR (R < [E RSP Gt P Speymal ey
frequency I's SO hat the al i asi ng does not cause a noise in
resanmpling. Fig. 3e shows an exanple of a spectrum envel ope of the
waveshape of Fig. 2d. Since the signal level after nere resanpling of the
filter output remains at the reduced | &vel of 1/M as described before, the
signal level is restored to the original one by multiplying the |evel of
the waveshape of Fig. 2d 30 by Min resanpling. In the above exanple, the
digital f||ter |s ut|I|zed for conver5|on of the sanpllng frequency and S

Y o




cohtrast thereto, according to the invention, the digital filter operation
based on the above principle is utilizediin generati ng a tone signal of a
degired pitch. 35 More specifp 6%’739){47 g address signal which changes at
arate corresponding to tone pitch of a tone to be generated is generated
by the address signal generation nmeans 1 and, in generating tone waveshape
sanpl ed datsawili e #ppspdida thoddshipforadidingss F@k.gznahd 24, ves whit gecbssharyfid bdpply tone
oper at i eaveblmpe daropled Hata &b coresgpndenad Bl & drderaibf th Ziket. codtfidendsd ofr Bwal Sdeyn bult
consi st sffegfivecaamplpd dje mag de tsimpfied AR ratadf andevéryd orders andthe BADbleddivelpé theone
wav es hapenrirgt datagaayeireatol ofih mseqss to2hgyteneiniag exfers ofven ialbe i seses ampricwrdte ditara i n
r espohs eparaion jgiperiarmedbuping filtey cogfticiantsoh mulfiple aers B thalcdpressionalidhageod qualitheaner
wor ds, Ph@btf"éﬁﬁ'eov\@@é’s?‘ﬁa‘ﬁéh'%%( iplect %?'d"tm°€ﬁ'°8§?ﬁeﬁé” SR LIPS PYRIMOdt one
wavesha “'a "%('t‘g’b tPf°6?Fs'“9r€ §°? ”}‘:’ P‘é‘ o‘i‘i'B'sj il HP'F‘E BRSNS he
i nt eger %fgm g © °Ad°'aﬁ mrfﬁa De& 'feé ?““’PB o il Prale
sanpl, ed 5%? 3"° af#"@ }'Qr[r °p % Cﬁﬁ%rsﬁ%"dﬁn tn

oen 1 r er er and s pled han ) ra on an es, even if |t
respdhsg i rorlsc%geram 4129 (%%Q edn c% R

not kn B e Oﬁ) tﬂehﬁroragr &%srr%éggé ri %Dggﬂéé%%pﬁ' fi ner
&

s
IO ase bgidieiy c% er%ﬁrlﬁeo@a% ef‘oré)%n'a Ltvéhad S2AP) & QR QF B BRPIRE MobiffcyOl
i nt eger sl%@ﬁ‘id (ST} da A Afertbd® RRH R Safpigd Réquercl M sy sEXRIRP bRe oldif MUIRRER!
addr 8§ s téabriging R5duerta tve € rshiid IBehingNO e GEL sahPell vaNb dit Mehphitfhintasion®l- 19ifves pen FAD
of ‘the &rldsces 3he E@indied idstaas Pipa&EI0] NalbinatiRd oftyaifABIti the Fieguendyam 1 Reanpriggent
val ue obperdiensi mise ge ractsaig tcartied duADith Seshapt toetit@nidedicié @8 ofaaiidordidne eslabdshedlin tidct i on
FAD i s digitd 8eence between CAD and | AD. That is, CAD = | AD + FAD. 50 For
obt ai ni ng Imcantsert tharetoe thisdpyrention iprelibracirized igdwtl utiligiag theyach tiret ancpppriation |of sdmiledoni ¢
di s{ o t P&nywhasesieriedomiue isdPSengretfiterrogicianbrogespondingitipreeis japlealy enneepseint 8% t one
wav €5 hapreralighpandg omited: ThistaRvirtesSearying o terfilteripperdiop iahdhigls @iet filtey rPDFfNB"df"'"She
addr ess &g \harab"wg gmplificgjon, gf F"@s?ﬁrﬁ@@ndé”"t ‘d“"PrPé‘ R dpplemenialign of sgceysats,fi

this in Heing; fliers °°€g'ﬁ'e'5%°f s 'F?@Sdar Vi P‘H"bi' i Tdﬁ‘slr & pr'CE’BHs°f fhﬁ(?f“f n and
wi t hout € %ﬂﬁf'?”laﬂ '"é?r ho a?‘crf i tﬂe ! t l°"s t |dl él ng
the df 9i tah g?e E?é ?“ ? rh:zpl r opera in até ' f}SU@ i c CtPI bF?u nlac'i’e a sthat

n coeff gl fezrsoa prn deﬁé E'Em ﬁét@arﬁ%d o%snp &g reg Jf se
Coef fi Meﬁ?r%ﬁo& at.orm.r% Edufind WREL anwgﬁm%) of kb Bk BE ﬁﬂ%@
t o N sdiviphed Hatali& GorRFEEE %Snéﬁngﬁbaimoné the M ifor Qpetdiidn dfhifgSduriA orW ﬁe‘nod)t% o@ﬁtﬁar ent

f r t N QanfRRLHdqMrcP B wiHid sdmpi@ vhide FdcBHes BB 206l rearammw I Btiigs. BEHBRGWIY/int O
supply wResanpie shap e habab @bvestabasdnipled @hth @SR A @ eRerkten alaliming dese pef Mt he
filter aaagfsaapiagtisingd of Helifeqlency Mers whiktthedamplod vare edipls e datcaemamyingra
suppl i ed1 aér M timageis Ghownric Bigeabef iviking nahayes ofcthalddcival ssatigpl FAD of the wddreds sighd
sanplsed (i.datwnbeagbtined by dividing i wite gydaim onit of the deamal isentiorgFAS), der. dividiky aymbenist he

| atter &4 the minimure onitrchthe dpdimal gection FAR e PAYis tarepented dy dothere i relationdt £id t er

coef fi ci erfonsidsfingra|ceseprere filise ogeratigns plaM Fdarvae rsngrrath "ePoq 1y dne WevaEhaPey can
“be obt apamwlpd defy shaye inEigi 1S (Hrbeing p desipq pibgy deterrainey ey qstaplishing flisr chgigetpristisspn
basg_%%oﬁ filter gutput %H"a'c%ﬁ é‘ga;'ﬁ“’s' ?é‘r‘“f"brs' ‘P r‘P"t ??P§h?VY5\/'érﬁq éh Caf\ be phifgined with

pr oc Sf"ﬁ‘% MR W%. S g 5N W’gﬁ WéL.o g&é"”ﬁ*’“g
conver S[Z Eﬁ?ﬂﬁ%’ever ne ?é?at ergtlo % grg ytﬁ‘e a?e é
respect j4yQ,okibdsterkr oBQer j, é?} cgﬁﬁb ﬁts"& s Vel
fitler ﬁ%&%ﬂﬁ Hog H Ba rrta%eous aﬁ@%ﬁd?ﬁé/ a ted rrst is inv&htion. ﬁt'stg&cpof%ﬁ)lweﬁ i@ ence
to  het Wembl, tRSnvehidR LR RS factBR s APRhRH o BiBied BANEIRSe SdnPRWaIE: 8 S0t

operat i &?re&doﬂ&r@fﬂ{éh vt BVARWally urnbeoksaryk faVRerbiBdt orfits GRY Gher8ifon WE%sdat a
whose s péiemdtittsradpbtBlion ithddt usiid pariE@dily Bigh rakd danPlingGe@lehdyci ent is "0", it is
not known Adkurdidy 10 ruekCinventitiD &ich iokniskitn bialnadceskaily mperbiiontcae b beHivedby difiding ®8Si Ng
accor di agirds® sigedn eoadhe St $e0pnfIAR gutEhe Yedrtdh vantied BAD tritiegongtating e efacgshapet one
wav e st a paenpied ripla drdacdartiance it ihe inggamHettiog IAD @tje eneying ad agpplyimg iitter icoeffieiegts f2a i S
conver t the digital dilker @peyétiot incacs@rdgnte wigh the degimsh sagtidvl FAD. loyotreanpts, iids ofeelereitey M
cl ocks wfentid thaththe susnqsition opf fleneqwaverhgpelvbdmpied datedisi medermed! rith a0 velativplvaceasepl ed
val ue ateSQi‘et'R'Plnl ageprdane Withsheointeaar sactien B yvherags tha digigLiitter opefgiondpparermedvitiiat a i s
appl i edfitegesgluingn pegerdpice h thg gagimaa! ispryonAth Mereespeqifis Ue‘?Yc‘S?'GR?I"ﬁ fifteg cogffigients| ¢ er
oper & i Brfgc"l‘ﬁfg‘ie Wa “?fc‘leﬁ'a‘la'l ctioq FAR gl efdraRs tierar erd é&’tf'"chW?ff“? "E”é?“ff%?@?’ﬂ"&l ents
of all B rvgvees g m'ﬂ'r I\S?f?ﬁ'fsfogg*e fe&r;va'f e agnf'nr 6{8 %& s g this
i nvent I nrn rese s ft egtaddre,s sr!gln Z.i%m f tﬁe mte ectlon | % gth on of
sanpl ed da r'?p1i FE*D! 9%er

correspondlng thereto S actually unnecessary such operatlon can be

onmtted. This obviates carrying out tthe filter operation at a high rate
filter operation timing thereby enabling sinplification of the operation
circuit while enabling inplementation of. accurate filter operation using
f||ter coeff|C|ents of suff|C|entIy Iarge nunber of orders Thus

this 558?53;“ n ;Bgrj foiq"r oled r|0 S'uiQpl I es




shown in Fig. 4a is applied to a digital filter operating at a sanpling
timng whose frequency is Mtinmes that of sanpling frequency fs of the tone
wayeshape sanpl ed data so that M pegiRgast g4M of frequency M* fs enter one
period ts = 1/fs of the sanpling frequency fs and that sanpled data is not
generated at all of the Mfilter operation timngs during one sanpling tine
of the t deamatoseetoh M. Janpbredordsa tcarrasponbing) reldtian Ibatve@Osanpdpiatdat datnple | ®ints
gener at edorespandieg td ¥re intpoemssntipn ik ardl drderd girfiltepestidantsris teterinings inchgedrdpgeeowith
peri od tsheoﬁecmesesmvmwrrg ther zgeensignal wheyghly [opdersnffiltas goaffitionts cheesoonding 'tfineat
t he renmisAnRige iming baving 0 ipserteSae pampled yplheinithe aeRinesd os3engsIFigd 4 eAn ke letgmindde
t one whv&athfie resagehiodbese gidarsote piders ofjihe fillor Geaffisionte ean Bt regled jnnjupiya BRNNSHBat e
M am)ng éﬁ‘?ﬁgﬂ‘i“H‘Ejs F’PnPn@%thﬁtff"‘?’h%?e‘f“f‘%‘ LROABSPOIEE 19 STIGIR Q" sapipied Va9 °§fP&f‘i§e
becone ues W 'H Vi eratT % (o th H} er eng \Rht?rlc officjents w)ﬂgh tr]
i St et Dol ket el
nunberiao gg}/&g%% Ile.dl @%’Rgt e ecr FﬁetF §? % (¥? ?) FAD
v i o G L1 Phhe™AD

'S 0. 1) lafiing Al §e‘?'8h‘ﬁ secr O D) by tre s‘%&d\ma te §7¢45° WEIRIOhGIR ich o
where fi lshfRgled0RRd %tge%lr&e@ at BheOKHIRY iR biRorlgBHE a¥ilih ﬁr@SQ&@Jnoﬁ min§d Soriiiasyhape
Sarfpl ed dridig SR ¥empldlinive.of 4 1érid) W2Rdshspe Bakiied Bt ofHigTiag by det=ed BAdRE sdnidlied

abl s s Ralggisf 0F 2 the Géradiragt € F 11SinMiRS) Accardingll.t tBd sBmHidaldataSef AR l4b Glas am effd2tugr at e
r e ut i samgedvdiuarat tode timiag onig amlamMhe i assukried) filte? @p@ation MimingH bistaimeidoyditidingl he
respect tangldinteivane theetoeshapshasasipbled databbFigf4afygl andlacloyl operatfoorhas ordy foi ket er
oper at i omerfarmedswitiyesped t fhimiasrymedfiltet dnsrafignelinitaaly. Adcdrdingly.us abgveedeiscribéd f pdnt er
coef fi ci dadstergiinednfrom dherrelatipn ndwe g¥d soljea odere ¢f Lwkith/argpaakentially spasad witht the Fisgyal 2.
Thi g _rowel@manbe selested iy aesordanes wihi tamdagimat $eetiofliFQP ohihe pddresepiongt: Tharrpefgliggimavat e
sarrp i ng PP PRETRLYIMINCe pPYongd dmpamneng Jimings pilhe spenaling st fha dacfslPéiI“IG’y
carried GH™G A 8‘?{)8&%’“‘% arq f tsé}"‘ e%‘eﬂrsr'r & E an e °H?YF"°BFH%§P% t'g‘gps "h °‘Pﬂ| S

di gl t al 1wiorid§ |t d %f thessa peorlf rmne m%
| nvent | orli'”t % @' fcﬁ'ﬂ ng ﬁ% HiPgratag 'bdg
alo sf'; mE re? arﬂ y s n andnirggt ,qu san accura ntﬁjer r.épera n is orm
sho n |n

a corr esrr:g 5qséurn 5 G g@% gﬁ aary dscro%rzstmle s\smdme%’g&maw
om t's t iz RRedrald é%ﬂrp%@ Y -PEEHL 415 an‘ftr!ra'll} Rt nBQRLRL 41 b ﬁwé"%plddsdaﬁg a
parti cul gedeyatdai i f&céoﬁfaﬁ‘ce&ﬁﬂﬁhé RBgdr’ BEHE MY of S GRISIE Bgndi h foliRndonty @ daBBlingSUCH
om ssraen f@éueWﬁgﬁQSM|%ct@Q%&t I on can be achi eved by dividing the address
si ghal i nt orhish@il beuee Nusiard inaRe fightds and tiltdt @pétatidh B8Jordmig &d the mvdnia i@ Bglivatent
gener at i BgpdriowngVefies biRporbwith 8B e shripBt Alath As &R0 indkAg G iNbdiBspoiid@ndelth @@er
section lcéisniphiake CAR loB b iatdfesarsthnal LIp phiy/ tazg, dni dxéaregie oio@frbspondemndeshefw@pn sdngpled
di gi tal wathtok Figofrearat respectivel calesdrthmoer thirduph tmhel-theadanadf tesetiter osefficidids of m
ot her sowodlers is showg iraFif.efat Eig-edcahovshie terforendfiap entelvae an ramgle e immpuise respdnsd ofne
waves hap@wsuwprﬂedcr@apfanqtes PR Giniteeichpuipet fespensel filter plvm|oydetso hesteeqpengy Herndingf | n
accor dandis KR filker fsd ity & fs and dhej yhefi impranpiesf dhpson-prss lfeg chagdcteristicg ig set at fsi2
oper at | oFfr| f%mqrerafabqswedww P‘H‘C%f”'f'q e sPerithe urf’ﬁ“BPFVl iR 18 dipiMPHISR E2S0QNE% 8t Redeter-

°’Pﬂ\|§"’° B & ¢ t‘?’&/'s apRimed I‘°e?ﬂ"P "ﬁc’l E?"t eise AP ¢ fes 55
| n acc6r ? \ﬂ{; 3 't?ié’B?' I convejution bepwgl ) %?f"ze ata fd ?ﬂﬁ%\f:’:ﬁ'mﬁfs of
(11 er el ;aa A 99}%% AR e L«
poi nts of 4 a%ir. r.rgg c&a.cre“mg of 6T Borres fra | AD
are det eliﬂg‘ éar% e@ﬁaté nl &rﬁw@@ rFchrp%%lét A haBs = ﬁr}dnge Gahier % sa%fed %Lta fa Hgne
sanpl i §9 efideeNBiuEAR &R BivBLlidh RE &S I b. 17 B HRstio empid) R is2H6lFRE Shabin G 84
consi sti RY1®hnd & B.NE QBEEF RIUtIGH obkaMNSd B litdr RBertion carfidd &bt 2170%rr46$3ncgﬂced6‘ﬂie”a|
secti on kent praseOtAR bf 1 bdlitess Giglial BSspewhbygsolie litih B1g. e hwerwn pampbed ddidda at
sanpl e poneih Sigcal, Bes Randi dogvolulior, e, d Mbrayeit Sgdall is densbiADer@rtbdod e saneahanhérl t er
coef fi ci estiowndn Eigt 2¢ I he drequancgcaboiid ancie Wi Sincd, e the esamermianse @é wes pleviddsiyf
t he addr desritedgthialcomwhletionliy acwathe pafomiedfonlytvéth respet fo sameled Jate of v esh diredeveloft o
fi ne sanpieifitey quipet signahizvpduged B"1/4 IFs¥ta efdthe grigirahieved drhisarbdustidnrin tHedevaksnrhed
case of Ferepenspieddfdhe loes! dicthefilier puirit Sanahis anultipfedipy des JB.ctitomaiveln dindfiligyrapeniatipn t he
orders ofMmay hempdy ysisg adiigs ceqfiicieptheengigye! ¢je T A@EP®d i n such a manner that
thei r prodUd 4e ghows apexample; 9 gnpitydeiraquepqyehprpeieristins §f E'5rivERass fEsr ﬁ #ingdmeHiger s

for safp re@"aarfaﬁsh 49. "F'ifj“ i (%fer U«Sa'\/baﬁ & %‘aﬁ%ﬂ/@a‘cﬁ? onegfs gthe g "'t.érg Yy domain
oper at ed e Ffffraied el LFE Bh zoq rfsa LS degfarhe
I)Ir ldte?\; ?nalilvfenf rﬁ:;%eﬁugl d f C#ﬁ% s%? twgve %} néa ﬁ )?% througl!1 the R%?ﬁp atg‘g ‘fr E ‘th

coefficient data of orders m but n coeffrcrents armng them(n < nm have
only to to be selected and supplied in”accordance with the decimal section
FAD of the address signal. Wth regard to M | n the sanpling frequency M*
fs of the assunmed digital filter operation, = d (the dividing nunber of
t he deci rral sectlon FAD) and the assurred sarrpl ed data of F| 9. 4b S one |n



performed with respect to this assuned filter operation timng only.

Accordi ngly, the above described n can be determ ned fromthe relation n =
md so that orders of n which amp semuarita@l |y spaced with the interval 20
of d may be selected in accordance with the deci mal section FAD of the
address signal. The operation may be perforned only once every d tines
among t ¢heacleristicsfot FlaeS. Sanyll herappdrent érore tidsyfige* ndfisg camppnents ghey thap khe fiendaroentd

di gi t al wavp precpriainheatignyatse telyplpwi-801E. not necessary to performthe operation
at ot her GPRAMAGYP henrelstiare liugigied SN Fignide -l wyresivetorrierssnm 0kl oart i@ Meddh not
be erf?ﬁ’??’e‘d f' C?‘ﬂff@eg‘éﬁb‘l‘ri‘?'ib'“f@f B@ﬁd ”CM'”“O'f gralwespl thepddrgsgsiopal yith@sohdiet or ned

at t Re T?t EA él?le E?”f"ﬁ"‘é‘tm @RS deF {ergr @yder Frﬁ CF"B?f)?PH pB@ps to
per f or '“ o‘;” Hﬁg””’i’f 5% ff’é d%'}?b ef'?s'ﬁ d ﬁ’at
subst an %@ h W éyse o f n sar: ' nugtr ) hTes j(:'i%cl’:ms C{‘ IP u
frequengiiols T  shong %ete QORI S Qb c&ns o ﬁdé? i@ ed
dat a,asin$ Yéﬁnderbw a §ec§<§rsH m%dc« rr M%d&@s@%lgh&%e%ﬁﬁre@\é? knd fﬂ%e 9

t he san;q,bﬂpg,e;,{s@quency M * fs and the insertion anp
val ue " 0" Gbr dtampid, tHel r%@n@roﬂjeagért'dﬁiohd(ngﬂ@‘he'&ﬁﬁ?éﬁﬁﬁﬁ&ycﬂi of ﬁe'ad@b‘gs ddig |§tﬁ§rp| ed
dat a gediasr ktdethel dantaC@Ql, Ghareder Wat e tthifter iNERFRId 16 B6 Ul orbMdnef mt hesaddarss
si gnal driers expgoOfiene Otlotot e saNPlosay adOn fis @ quepayive iBtegar todiionsdinD &€ thk \eulened.
Thi s ren dddrelsesigral” tatednteger becgdns at ed 6 amblagoihis pab@sand e theiittéger seafiddriad blhe
r di qugerit @ddrése signal.dni 1A 2, B\De quiARalihBnt 118D perahd AR Isyoven if Figt 4r Odpepiit | On
wi t h redfewtichtar distanifron tibareterease wtroin =i 47-tliby .amdimty ¢prrewondingpo diglemres oftthe t he
cur r entreypReive inGagy seFtiophel nerdiple saintsiigaiP.- 21 WD-Hi BDCIABE, 1.4AP éxamgl 18D 8fare
corr es;ﬂ?ﬁﬂéh@éteﬁ@’!e\ﬂé@PP'@éYnaﬁlf@'ﬂwﬁat a of Fig. 4b and respective orders ( Oth

or dgr) t‘PfF’?I& 'FPSPH“d'"Q_t%'ﬁDo?d‘erF&\B?dt he fiFter coefficients of m35 orders is
shown i QYdgricgresmending:foAD slck s & i n the formof an envel ope an exanpl e of

i mpul se P SPEE ?5'3' o zf@%ofl lter characteristics of FIR (finite inpulse
respons r rCJ:ﬁigﬂ B? I] ;r A Fi Jrequency domain of this FIRfilter is M
* s, P fng guency of the |ow pass filter

character ﬁé éb% ] |'s§us &I:e Lm I é:r% Jlf%pédmydnggreaolf E&?Qerbgss% ethé:%geetg I’\IPCQI the
sanmpl i ngk Jn?éir\b%ﬁp%lun b Blodudedh eﬁcﬁnd’ ﬁﬁﬁﬁ&éﬁuna&n Rf EAShEh 1, B BE

r ef er eng Qg QhdR lthe( 8- oond&ro e&d@tco& WoreiRG Sl | § wARR WTE a,%&escw&eem% eF 0

Cur r entsepdaa s detNe corfrent Eﬂare@s@ﬁdﬁ\@s‘i So SdtdRbd unkibr thd @ ridifidnToBK - BATEr R4 | ON,

cqnvel ut i mnnd eteneedicRRMRIpEIY ntkaksd3, Odrddkd §.n 48 deRAninddl ik eecofae.ea‘efmtaltwa&mf Fig.
4cT1 S Odotidh FAD.of kHe dufért aGdss® sighal lbly @feadyDd gt 4bove deScribed tapiefof af biechtiow tilduit

r es pectimpiemaring the cibdlat farmmlacde cuadficiset daga Edéspaminggto Stz belers diats ale®fmitedgare 4b 1 N
the freamewdedy domain of d fs. In other words, operation between sanpl ed

dat a havi Ageamblect injenab stryplurech! Wil filterscopfficiént guppigtmeansid fnd the digitb Bfef preraiort s of
or de#ss eesns & Sphowi indrict 6 int seme Slaiiph ITé%if"t?a@@ff'@mt ugply meeng 3 corertlisesHiiterrpoefiigient

rel at i gienerpligp means 33 agnerating filkey serdiicieps obeARst Bdlrema L WV Al 497 edfecliantepas

val ues qbrfeleﬁ!élg é‘dﬁ?fd%"ﬁff"‘r"%‘ﬁ? W”%P&@r@‘e'rﬁ"%"'?ﬁ‘ts qf ﬁ'dﬁ'ﬁé" i aceREqapce; Wt "é'k%l?ng‘% it

IS ass ress 9e hﬁ ecﬁon_m%ans b%‘i[ﬂ?f' elﬁ:q d by
Fil t LH;S f ch? corresp taB'qtor:Zrletpgi $§ ex sec IOI"IS| zt:ﬁ Wg‘)‘nbel D of

the ad o} dl U Eo% rq Rl r y of
a dOtteﬁg e W 2 (é%io o " sl 0 g’
clgnal. | e E% 999“"% anﬁ.h S a%?mxmprlsgs Eé.ag me%ﬁs W the

f requemﬁ%h%@apsltaqeqtav@khape data g&&a@d w tne kmw@a;ﬁepm&rb%ner%n Waghs iR ¥sgiiss Y S0
desclsl i the iftdYescefnVAD bitthitidress At didtk Pdel (R STRb ARbilhg Wedudndyas AR belhyO
sanpl ednddasd & Dbpis sanfpledidar xaeveglxeof 1w, Xii l+t Br x@ut Hahd K@i 3N coirdspérigeed to
| d = 1/tAdregfectivh @ntetn sgttidad IADe\eelaD -Thiap, IRRAUCHAIDA 2 did 1ATES. [TBase lsangraadl dag X(li
conpensad.edi t fi), Kiip Xtevel). X + Hendl X{iit €13) eatappiibd B rguitpliers dbinu4Bivhbieakbylzye d
16. Al treuitiphiad with|tlys, fillehepefficiértseln(i -0foib hat Mo hi)nheiy + ok hiretd@d) e hriig+ @d¥ Dltpgs of the
coef §oi ondtintierh Avli ndp6 we edided floggiher Hygant dddersic 4Afl gutputeot Hegwider i iwRrarifrdeasdiie
anpl i t LUt af dhg ihiier. Singe the sepniesk datasKip which R teajod feciBsscuitentsarmple aent iggddlaygslil se
55 r espuridecdaly meagp 4aq e fitlgr gpaticients i i geirdi(i 4 Bd)suppliegbyal8e elactionerang Pramay
conponé’ﬁt %"t%’fy ?%e%ut aqepragge ety t'lfo’i'?éﬁerf Spavleg paty, ofdh anp therosfier 6\'/99"90‘8*0 t'Ef’B
This i §“‘1" [less ‘Wel hlé/ gur ate g har act erj st cs

o sqPam A8t %@ﬂg i Pjn bt 'f‘f%a'twﬁ% § e gréglr—'lk 8 1o
E:J(r:lnsg: cét Cl secu theﬁngl 0SS ﬁle% EQ.JE cfr' e exam e r}ﬂe E lCl‘é?&sqa v
EP 0 2 M%B% c%ar acetﬂer et ee 6 SDOE " ﬁé(v- be appar t'aﬁ 3 %h
figure. noise conponents other than the fundarrent al wave are certainly
attenuated to below - 80 dB. Sunming8up the relations illustrated in Figs.
4a - 4c. respective orders (fromO-th order to m- 1-th order) of filter
coefficients of orders mcorrespond | o continuous val ues of the address

si gnal W|th resol utlon 5 of the deC| mal sectlon FAD and a predeterm ned

Y o, " o o o I v ) Y




10°in accordance with the decimal section of the current address signal are
supplied by the filter coefficient supply neans 3. If, for exanple, the
reference order corresponding to gp@ £ZYG4aLRY phase CAD of the address
signal is the order k at the center (e.g., the order k at the center is
assunmed to be 47-th order when m = 96, i.e., all orders range fromO-th to
m - 1-t h with @bintehial efriidtha niosde, ard daiepimed in\aecordaba@gdth valasstdf te SledinAd sedtion RAD of
current e cupehd pddsess sigoph artherety mdilterrrbeffigiantsordspending tf n frders geteraminpdl @ agesrdancs
bef or e andh dfet decimahsecontFAGeaf theequtrpnd pddragd sighal tarpesuplied o thenfiltersepgificiens sudplynal |
i.e., 1ADeans8. |AD - 1, |AD. IAD + .1, IAD + 2 and IAD 3 shown in Fig. 4a.
Or der s5of rindhedorpggingjmanpes aggasdingrp theinyRation dityr @pesation ray be epsfprmeg only with feppectyy,
amount s F9°§'§9’5r96 r?g"to"lﬂg” gqawolgpn P?Téa"?’e%fp%?'ﬁ%%fW‘ﬁfd%gé'?swé‘eef 'i’§5fﬁ’§‘"l9f n

S arrpl e p tion it fflce ata o all cgording
gener al | % “@5&? A o%gs:;ﬁzai‘gsefﬁ'@gm B “éi*’o ":a.n@ Rl

k - FAD °°%§E° t PRI | o pani N o
to | AD. ar g@ Bf fﬁi&& ﬁg&é r op rétﬁns of ers l usmg
cor r es po I’ﬁég %

d borfohing b é 7 ae I tﬁeeapwbmort re i dor3: &
U %etbv@enl ddﬁ&enp%s @?(fﬁlgrpéo@fﬂm nt 5r86r8 Wherst TrtdH bbeiibasdi § +Of

COUF se IO%S Salda’s %re édﬁsélﬁgerﬁﬁﬁueaﬂﬁfch RtdrbdRion 6k ifnﬁése B&uw%vemﬂduhafn $04ushdyaR SheMBY

be . pr odural Gt @pétatidg beqdmas 6 aigk Fa3biith oOd * @f 1 so thabigr diderd bacoh®t X ARG,

i 546 underactuney stihefileosetdionodan be grdaly regoveespondi ng to AD - 3 which is 3

sanpl es befmdmeretshezific enegiimens efdliel ppasert Aiverdibn vill be dascrbted vittadresssto Figghal nust

be det er m nethelamtbedimerhof Kaf8 the dividing ofmier of theXiecimaBsgctioB (FAD johthe hasirdsE kigrst is d

coef fi ci entlé.ditpporgersrenprs m3,= 8¢ ded 8 - Rurthpre intenolation ¢fgresolulionae o danestorsidt h

t he, \g,e?el ippiiveenasiarenh orea of fdtﬁf qopficiontsy of @ngrdeigienddifey cep ts oh§ * e aders GT 3&eedegghove

descCT i be@etdepiely qsperalpd. Jb‘eﬁ‘%’tmabFPCB‘?“ch"tE’i qf t r?gﬁféﬁféf%‘ rigeredinse. spRsFE bedisaly Pl -and

coef fi ci OhPatyserospodipglo '??rﬂ!ﬁ' =857 getnd lgsp, ﬁ'g"'f&é'tt@r"’t'f? ﬁ’ééd dhereto s°

e, fﬁr B giigff’%ﬁ el W?

and ion wit |s em |men

: 3|gn in s nchr

7 in sBng, nLtmc?@ ..te sv%ﬁhg cﬁaa?'.apalr. okt g el
coeffi ci % era er co | en 0 ers m
(fromO- t Qeyﬂ%ard n%@ eﬁﬁ!}r%& br%@ngr@ﬁy}ﬁtcl%g oBPBhRGS bé‘gengratehl #eyE depressed
coeffici gnis K@pRAY ﬁo 56 Qotobtbd B aCIRGTdsdigref M IndP herRFabiSil & 1BRes LoREHEMGNE GheM t h

a\mt;e R dbhisssslerdySBle § Gk toRE gbrdRiGH cHakRIsATR RifberSdt dAtbne GaRbratoh IcRANGERNS 3D
COITPr i Sesxdniple xR BspetiRe kNGRS L€ dtdblighediby @ilgRomneth WA Enfaliva Snelys dnld tine
t abl e or dedr&l dasis. ThAkey asdigner K1 profudE a ke, cotie KC biABys dssigneli Adhe redpective-chénfibls,a 2d
40 and key-orfsfgnal-KOBichng aikeyespmisd KOYP bo a tilhe siraesibegd inwecordat@gvth ciged tirsing | AD -
2, | AD - 1,An s8resd sifpaHgefgratio\Brotit 22 @paiveb KB key &deKCrandg thimpéieonyoisa tkONRfrdm the
ther ey et assioser dhdndbtherpuros gérsratesran addréssi siphad mihish khapges-at 2 dgte cw(espondmb) tothe( i),
h(i + d) tonp pitches ofdhe keyiaskighed-to B yespestiveechpald iom  time shaFps! baRis 9 axce with the
det erm néBF“B?' digyng. Thip aF‘ngss sfgnak pRBsigis. st descriopq gleque, o%é?eatnfeé?f ‘"r?é‘éﬂﬂs‘ D apd thei st S
of an FI RGQ"P?' ts%ﬁ“mh'?ﬁP 5 ‘1"% é%“ﬂb'l”‘a °'1*°ﬁ§*ét‘|‘§ elﬂﬁ’p@ﬁrﬂf df?ﬁ‘i‘éte?/\%f\?@é’ﬂ

dat \gﬁgen F r hon pgcl? g'aeafegg;' ﬁ}%“& @ Shf\ﬁneefnég‘ ﬂ e 45
;grri)l Ienlg ?13 s ? trr;'t o ral p ric wav QOJ“'::& cra (loeﬂ Eoo(\zi ?ﬁe t he
X(ii - 1)he i gk A nednta'd h%{e@ div ckmh'?ﬁ .3'5(”1: 4 uch g%fe e &ﬁmgfﬁirsg et

respect | \gy ih%ﬁgfe{eaﬁﬁgc&k %gat he dea of thbpluratlperidd \vedhAd oF tHe suLtﬁppéﬂflonzAﬁf&

| AD 3. ﬁTIﬂﬁsﬁarﬁnaﬂBﬂ §shod@igatheGhidiress: fgnal H(thé addrdes. sng}ﬁél' deneratbol dircdit 1,) anyXbdthodt 2)
and X(11 intiuding &Heln ¥Ppt ir@@deric® niilet ispbicabdy dfdlated, 4 Bbiad RéRerdch @ividmg thethod and

mul ti pl i @achetioll Bountivey o rotetokick maebd épignad.s h(i - 2d), h(i - d), h(i), h(i +F
d), h(i + 20 pssatigiol vith the Zelooar@a0, EUbEH dbtedtioe ddite MUl list prgidee s déthding toddibof atvee
added t ogedréssed k®y. an adder 4c and out put of the adder 4c is provided as the
out putseof tThe térleRvdvedhamer merBirndé stonss. Bameimeld, sampted)Xala 9f phinal @hriqdswaveshetecdd as
t he cur r descrikedrapve- Poitere Waseshiark anesnbl? stdes rilsd! asts plestisiswateshanerpamplpd data in a
coef fi ci &me §olgy(selection giyouis 14 injcorespefiflensp fnyieleaigbiipng ¢plorss Eheciens WaesHERa ROy Way

be suit af®y fiengien P‘Ha'aieésond‘&WE%‘aW gamniadedatf [oh jkelh scalingpIntY Hof 5’“9((°P‘P') '“and
t hereaf t é?°° rgg"%amf "Cf‘r?éc‘?‘?ﬁ? [ore PYor My °°'°‘%B%W"*5%“°y touchy Figiihisy .ﬂgge qu
above 58e§8 .ss i Cd 1psh daty Wfﬁi' NI A g e
(n =6 ; ?@, 58 i, pogordante o 2d re5e PR SPRR P OR n =
mdin accgrdsance WI t (JI ng nunber d of the decimal section of the
address signal (d = 16 in the above exanple), n filter coefficients to be
determ ned consi st of coefficients resgectively corresponding to n orders
whi ch are sequentially spaced 8 273 447 B1 with an interval of d,
the n orders are determined in accordance with val ues of the decinal
section FAD of



the current address. signal whereby n filter coefficients corresponding to n
orders determ ned in accordance with the decinmal section FAD of the current
address signal are supplied frongdhezd sty coeffici ent supply neans 3. 5
In the foregoing manner, according to the invention, filter operation may
be perforned only with respect to coefficient data of n=mndinthe
convol ut i Ghe dge rathe dtegef sechve IAD bt the adsfesmsignatl gereraled iy dlgdaddifespegrialogentratipn
filter ofeitaisoIpprikdtth phass padresstigput ofahd joné wemestdps mewfry ABJ nob Hirectie buhtiseudhr s.
Accor di hgl;xfs tsiiragierglb @ng pddgipE)- Ahese nresaiers hdanddd wedaim & dunglion whith isegvialent to
despi t e® dF“‘a@tdetahatea'tsh'ethgd’f?ﬁ?‘ ifilRy (e ceftAsPRRGING 19 4adh Gial 7)-dYirse srerifically. sn th's a
result 8HeRdMeresAMAled %@r@d?ﬁ?? 940 e gespegtivg inteﬁ%rseﬁ 'ésr'é'l?r En'ARi t T 1A HY g
resol ut | +02f":ﬁ"§ 'AE f; 2%%1'?1( e )6653{? ﬁ‘é’d° a'ftIO‘Et obtai 'Y Hﬂa‘ngﬂl‘e ??H\R)eﬂé’ :gade
about i |y

v S ar in nerating, .on a tim ar k S Q i
ST by Ml S o Zz?f Al
oper %I 8n§1 + i tr% a of the egeru .,ct%gl 13 ft!% ad régs i ngl o%r} t‘?ne% argg 9 éJng and
per f or mng.f gﬁl %en%Rﬁfs ?QS O ereo |n erpolation w
resol uti ofkd saecrf.éaupercm ala B r\eﬁ@foagrremrtr m@rassatrat ] hbté?r(:Aé%iuédaﬁk gnts
of ‘mor Qéi‘tfufatr MGES sefgehtrasd &Q&cfidddr @RlsamBihg Hedueily ® JBHKHR R IGRSE] things
gener at eds - Eiis &édharinBis QFePEHNBd bPBRviBhg EhelpbiBR%! thR s/ B ©5HA iR BPébiRE tifb eratuency
in the Hhbedi@ist@d fdrhéd B diOQRT fhd BNSIBLGRNE& of edth FRanh@ 39| e Dh® PerRll ofithd fikbr* f S
so ‘that oferdtibretimesictas snelypaan® ntpster clockipae BIE. B Souaiihg Ulis Syista folobih uldel MCE By a
oper at i counteraet neulg) B.csitt bopnt duprabCERl whidh diginguishpsefttef dperatonidiod isivwrot 1,¢f 3,t4leed 5
pr esent ini ane eshérineintinid §lbt ib @bldiest: ISMedbsighdtds & éifee opevation tcpcld-pgjse Bhosé ong heriod
enbodi rramshr@izergt or®, charmel tifey$iati Ihte raieriation oifclet dutse GAE Nl khize theifitter opsk@ionf t he
addr‘}scwlegwtiﬁ SME i91409 ktig ang fhp maptercaiagle pseM@ isc2 hMHz. Jhesarpyises aad Gount-gta prer |
i Nt eT pofAeRSA by e MagterFiqsk P%‘ﬁ'a%ﬁ’r 2 andjadiming Siupy gengradien c"B‘étt%ﬁreen adj dj. acent ones of
filter coérf‘? F?Ht’é‘ﬁ?’ <6 spbhapts 2JremgAl iRy optpinipg V@t‘?e?ff‘hec'r“é?ﬁ §°‘i9

??Sn&rd ot B B dof ef{;‘vﬂ% gm a0 cgpﬁs E@%‘sezﬁ?w é Taes &Sﬂ% Bﬂgﬁi So the

han ime Iot as 1own

di vi g%@ps.o B ﬁ@r

so that nehhes np't,@glt.ma ;.soobag ¥ @setattaqub A mér apa.ra Sy sl

in the GA%FondichdnhdiSmsIBOM d2EdMance th&eﬂﬁcéal%ﬁrled S8€ Ldr@Ehohidilg thme

SI gnal SRtibhs DS Dhiarb- Dildp, déd a. 1, TAke + SFRIANY Jgf%slﬁ@%presponrmmwmft o 25
4 ﬁgd,eﬁqo.tngen srt.ggaﬂ,ardds,agener ated not in synchronization with the

pl ttf | N Thélisgm@Bsdoedld PRadtout frdhe 1l Gbrbay 18idkd ecrpnéostoc-pnﬁrmbmctwdroaiaeoarbr fikdr

filter odeffitiomnumphcafidnl Ter ilehedeicib@y hd tsuglied Bdm & @G \Costibical 5UPSly RGcUR@49€aas i n

t he pr embowistoediestbadnater ie MspahiseT®nhe delinkab ydotar RAD1D treadiessssighalk EheSoufpotr of

desi gnathe myliplen &8 jsiabwiee & afactwne®r tinlydich ewe piadoed@iutidddy sbtaiwdr Bisasdunulatdr he

keybear tP geformsacehaulatianent| a iping okiby masies iclppiepulst MGafel. o @prbirstepiodthe gt qoum data

cor r es pBHdRhanc iy cledred B3 imingnf éediliel deergton gydle piisp SHIC- iryprsiatpbifeefom Fleaing the

channel accunyiiedyafvBcthe egnvelFian sy ebtejeadeyAbq eyeriparplion és fptsheddy adlatahpifcait 80-and

t he resgl?ct"f“v’é iptusting et S'a'ﬁ“é‘:t%fsiaal? flag h‘edmﬂ p'ﬁs |‘?rga°8‘6'rh‘?éf’ﬁ PoAtd Gehereyt i2Bn

rrea%o (- |{ O teb r Oner n%f S frter co elrn%n LéC ¥ Ode KC of

keys af@ojﬁ?%ﬂ s ﬂgﬁ tsg %"53 éﬁ% oﬁw Jdig mj%?é\?ﬂﬁgﬁ gy on

pU| se 6 I r o g'fr sr fﬂ%ﬁé ¥V|nlf gwgé‘ Frg

addr ess g an t.oq%ero@ bQEhr&s's sfghth, land: .reraat%ﬁsr Yiss Ifﬁeyf.rrap Srittbnt Hefhor

key-on gHal5&r KGNRhdid Q8L thCentrely Eie SRRBNRA arbbraaE rohserrﬁeh%cgerberdﬁt&ﬁzan

addr g8 Syitfsi Bgdfikiem& kor MhidrbbRNEIER 1R inRrpbddoR FEkTRSTHANEARIME bHodddr filh GodhiclerBes Of

the keygora® & B&RitérOcobM@ent @RROAJsI 266n8 RAM @) Sxddiplod ad bHERN FHtE . B 8dsBrited

accor dages. Whé Iidr karedi@iame | redlibddl $1gthis Tip@seadsoa®Sis,Stog ample O &ipads Silterachar-

descr i badbrigtaede shoah it Fig dervk €ges witebd iraquelcpbi BRM= RH eHOWedhna halfset tHei samplirg\D.

The i nt ieggeencg &Ct 50 kHA bhidg wemisissessuf-difrfreguemcypl e of 18-bit data and desi gnates
cont ismuoudhe saipsticn mann27sdetskmigest b respoay Bheayalie obths destmahgpetidn FADF thb agidisask od's

pr epar esigrah ordeisdne FAR v adhkhpeFABentrly - £8D, 1o FAThed, decfAval Zband lon FMAD i3d

6- bi t deargsrardinges gheirespertiyhipipesr sejiongdhl of. Ik ahphie AR Kid. 1At 2889 #Phagef frenor y

13 st or &5 waPl Paints 3nq, pelactivelyrreasl ofdiia s i 4 At éﬁH‘"pBﬁ' t 9iah @i a of

pl ural %ﬁ %ff%&“é*sfr‘fa'gé’efat'ené meFeiesi R D e Peig BndeteAred gUpiESs ad ‘?gfﬁélgna's

‘geneft ?a“if WB’r'sﬁf é’ss”f’t‘taét%d?fr%s”s"“g'leb [ and 2 dr3hé°rd?.?ff tB'étt a of

§9| y
ihfeger

rmj t ari
thle p| llii:%"!, é %?ﬁé{ e e i a sec on F%)to?ﬁtk gstsI On Icr)sncelredtsto t.{%ctor
pul se KCh m hdwct iy e bl ong <Pk ol Syl ol 85
t he pl ural peri o vvaves ape o t he sus ain e rranner of

generating the address signal in the address srgnal generatron circuit 1,
any met hod including one in which fréQuency nunmber is repeatedly operated
a variable frequency dividing nmethod and a nethod counting a note clock may
be enployed. In association with the keyboard 10, a touch detection device
14 |s provrded for detectrng touch of the depressed key. so The tone
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i nteger section I AD of the address signal. 9 EP 0 273 44Y Bl The data of
the integer section | AD of the address signal generated by the address
signal generation circuit 12 is_%@Qjéﬁgﬁﬁqﬂphase address input of the tone
waveshape nmenory 13, not directly but through operators (subtractor 16 and
adder 17). These operators 16 and 17 performa function which is equival ent
to sanpl @dydshat sut @Rl aytipi@astsofi "me & caRyiThalkutpitlol ée s(igrctorc?y andipontiuhgf the 4a
in Fig. miplidvbsoears pedddf bgetilel By thenaddri & Bhichetidyewbomprotiyces datp linsligatinattbe above

COr I eSpodedénbgd biders ke FADSPRL ki-WADI -nt, égeTADs e FABN'S d WDFAD 2 2d s k- AAD +A9. | AD
1, | AD +ORpussnte.|ofdrst of3heoddder Y1 cor@porsimas] wlupn? nb of the dotsarnt datg B GTERrHsfown

act ualsl yintrelfellpving Tablee sanpl ed data generated by the tone waveshape menory
13 but t hels@hesTarjsl lethovnelep thoraiuss el eaRpcrve Itgge’ sesigpa b e "’Pn'tbé“éf Aetth ons
are obt ai f&R| *h3angdM rat ¢ Bamels Paints PRSPPI eI ™S addr ess data of the
respective integer sections |IAD- 2, IAD- 1, IAD, IAD 4 1, IAD + 2 and | AD
+ 3 of n( = 6) sanple points by add&ng -21 -1, 100, +1, + 2 and + 3 to
the déta of the integer section |AD 0 %ﬁe address signal on a time shared

basi s, and accessing tfe MegPLded bictpeRconddr gssele! Be Ehderdan

specifically shgusman opergtionoisnpi9nter perflofAeRerhihéqoRe@aikion. In
Fig. 9, CAC designates|a cal culation cycle pul 9e generated at_a period of

the s ling frequency|fs =-50 kHz. Tinme divisijon timngs CHL - CH8 of 8
channel s are forned by |dividi ngrape-period of this pubse BaDp8 and filter
operation tinme slots 1% for 6 orders are forngd by dividing tinme division
time slot of eacht chanpel by 6.IKBbe-period of tlhe fiBter &d&ration tine
slot is one period of ster clock pulse MC. By counting this nmaster clock
pulise2C by a couhter o¢f nodul oI&8D. sl ot ,count data SBRZTR WAPch

di sT1 ngui shes filter operation tinme slots 0, 1,/ 2, 3,__.4 and 5 in one
channel tine slot3is obtained. BV de%ignates a filtép 6pgﬁgtion cycle
pul se whose one period{synchronjizes w,th one channel i ne ot. If the

cal culation cycle* puls¢ CACis %%SKF¥% the filtjer ongafigﬁbcycle pul se SMC
is 408°kHz and t masfer cl ock pyl se-MC is 2.4 MHz. g%hes | ses and count
data are generatgg by & master %#gck %enerator*ZZ angga t?ﬁ?ﬁg si gnal
generation circuit 23. The subtractor 16 subtracts 2 from | AD for obtaining

?&kgcgd t%‘i%tki on7 LAR = 2 Whhsde bistinga S@MPk EFAPI 24 & - PAS 0d,@ -t he
s{

a val ue of “twq,[ebei Lpﬁ

I ntegel 866 k.¢ap! FADNE 26 URd ENEATR A Hy@3Some! 88 Bithwn inltE atsdad @bib Acordindiyhthe
obtai nedode?htiapﬁﬁzhi? th® sdiddGorPHERE 22 fal e \WBherdly LoRt G eAtso GO U bxeBitd e Dpbrdtidni S
added. Sihafa WNIiFADS! @LcEPLs) lat a7SIEER @hcthanges 0, 1, 2, 3, 4, 5 within
one channeltp biput 5f 86 a@Br $Ni9WFblibdtoRiedilt, cosrtdine ssmata B aef aldo heappisipe tefite

i Nt eger sRBikibMNBeroAD2s afdr 1liAidded theletadhy dnfidder 32, THUADR RteerdffitigdD data 3f edjacent
sanpl gs podérs Sroasedl oPEiET @é @ithr Eaetiintettmeradaas 20 26 fihezo £ ifittes cedffigienidiatyats applied

COr r espomdas herdotatidh dirclit 28 andppey aitbieginto tiritereolatipiowith pterpglatiop chgacteristies de.&. WP hi n
one chan@rpotatiamecherhaaristicshof #steps tasrpense I’cfefigé‘moﬁtlﬁ'b“sdéﬁpf Wl depirpal seelin AOAH HGI ng
to the redsrsebignad Acenrdinglys althewshithsngenmosps 25 gnd 26 gpjually plore) oy filtergepfficients of Jor= 4 5
anu Ad 96 grdess, ittiﬁ@cgé/algnt é‘&?fﬁ?a_éat'ﬁb?frﬁ’t;@e éP@k of diltey ceﬁjttuefﬂ's gmhgro -ttﬂélsttim—e A tiﬁgs% on
a trmeo sibe epuh akine interpplation, cirqui, 48 ipangligddg dhey Tgéﬁ"frplr% h ;ri@s%ﬁf:a ‘:rDL&%taaéL%Tﬁ
applied 9@maohﬂpffgwlgwsggw dV”ﬂ%ﬁfﬁB?wfgxﬂﬁr CoeF Tt ent nu%ilp i cation.
The fil t 8P VEUEY FIEPEHP L9 8" ¥OPPTT ed™ T Para il ter coefficient supply
circuit 24 in a manner to be described tater in response to the deci mal
sectiop FAD of the.address signal. The output of the nmultiplier 18 is
applied to an accunul ator 19 in which sumof convolution is obtained. This
accurul ator 35 19 perfornms accumulation at a timng of the master clock
pulse MC (i.e., at each step of the slot count data SLCTR) and is cl eared
at atimng of the filter operation cycle pulse SMC. Imredi ately before

cl earigag the accunul ated val ue, the convol uti on sum obtai ned by the current
operation is |latched by a latch circuit 20. The portion including the
subtracter 16, adder 17, multiplier 18, accunulator 19 and latch circuit 20
corresponds to a digital filter operation circuit 21 of FIR type. The
filter coefficient supply circuit 24 conprises filter coefficient nenories
25 and526 respectively storing filter coefficients of m= 96 orders (from
O-th order to 95-th order), selection neans 27 for selecting n = 6 filter
coefficients fromanong the filter coefficients of 96 orders in accordance
with the value of the decimal section FAD of the address signal, and an
interpolation circuit 28. The filter coefficient nmenories 25 and 26 of 2
channels are of the entirely sane strudture and are provided for parallelly
produci ng adjacent 2 45 filter coefficients for interpolation in the
interpolation circuit 28. The inpul se response of filter coefficients
stored in these filter coefficient nenories 25 and 26 is, for exanple, as
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Se The sel ection neans 27 determnes, in response to the value of the
deci mal section FAD of the address S|gnal orders k - FAD - 2d, k - FAD -

d, kK - FAD, k - FAD - .d, k - FA@(lrnglammk - FAD + 3d correspondl ng to the
réspectlve i nteger sections-1AD - 2, IAD- 1, IAD, IAD + 1, IAD + 2 and | AD
+ 3 of n = 6 sanple points and sel ectively reads out filter coefficients

h(i - 2d), h(i - d), h(i), h(i + d)r, H%I 2+ 2d) and h(i + 3d) fromthe
filter coefficient menories 25 and’ 28 si“ng the determ ned orders as
address signals. 55 The sel ection neans 27 conprises a subtractor 29, a

mul tiplier 30 and adder thls arithnetic
operation. ; st If&ﬁgg% @.cht%;‘i‘ %Q Syl |,.;,\.Q_,'i—]§JI gbﬁse addr ess
signal is apg red t the subtrac § to carr;elg,!_tu,tﬂte2§ubtract|on of "15
- FAD'. To ' ~appt--et—the—ptot—c R for 10
EP 0 273 447 B3 carriyong oufaphe pul tiplicatjon of ¢0l6- A CTR'. The out put
of the subtractor 29 and the output of the nultiplier 30 are added toget her
by t'Re adder 31 which thereagpon-prnoduces datp indil@# i-nFAhe above
described orders k - FAD - 2d, k - FAD d. k| FAD, k - FAD + d, k - FAD +
2d and | k- FADz+ 3d.| Qut put JADIi .e., orders, jof the &fiderFAR correspondi ng
to values 0 - 5 of tjhe slot count data SLCTH are shown 5 in the follow ng
Tablg 1. The Table 1 shows #PBo+t Re val ues of the ¥speditRe integer
sections |AD-- 2, IAD - 1, IAD, IAD + 1, |AQ + 2 a3r]|d IA[%, 3 of 6 sanple
poi nts correspéndi ng to t heddDordérs. 10 =
Table | Integer siection _qf Qut put of [adder SLECKIB? 6

sanpl e point s> IAD( defer i ned or der) - . | AD
-2, 15 - FAD 1 |AD- 1

31> FAD . 20 2 1AD.

47 - FAD IgTable 1, FAD is modulo 16 (d = |1§Dvhe|:eas_|_m Table 2, FAD is moduio 64 (d = 64). 63 - D 4

|AD + 2 The filter operation output signal prowe;egt from

95 - FADP Multigled with an aﬂa@wgtea@t?pgﬁgta' F‘I‘ppk‘:% f‘° ot ‘H‘de °—q° s 7?§|T

cr uit 20 is applied to a multiplier 3
ggnerat genesates, in res -on env apt n
g‘:]gé’fss r;Rsn qﬁ@ eéﬂgd C, tone c lor selbctnon ﬁﬂc an ’tou h 1 Si.lt oft
33 is applie agr?
ra

}""ﬁg‘ip ef i ned
oper at [,gii Gl rt nn ,ﬁtﬁ‘ nng' DG 31 fea"aa%n et a@\t ed so
accum l e 0 u ti m e |ter l O,
as to Exdnhdf ﬁun E\ngf' I‘@ﬁ%&bﬂof & pu(§ 7 ,Rm'meaﬂltel’& b! ore-cleafﬂnb - FAD
+ (ShCHR accu?r%latéd Jfﬁue, su-lFrh@f s@Mfl&HJ&atapcff all BRnRAGEEtcREY by S Ia?&FHurbtﬁQGt othe filter
cOefTi Ci efib shRAYG ¥oqdnciBra BhS griabpraRl b the tdchtdreuitfsslid fer= smiafzfahd eaidtal BRRNDT Y
26 af t Qiiasihg héisetisl daxirel g Middriag lollo@Pasa ditke [chadatteridiles B, thedigital filer opeeadrf dircuiiet dat a
of ad] asisgiihe Fbquettyd@ isz2 aras kHe asl treutit-difr iemuentie The bitmee sigbbfftheleehtirauitAdisi es 25
and 26 conlresieo 2nfandltesigrmbey kidiitend-andiag @omerter 8pEhd ddrepiter tisheupplivt de paioundi on
Ci r cai tsysk@n s dhaowous sihjaboftthe latch pitceit Pos atsp eppligd tol digiteleaffenrd lcikquit 89 provided for
char actirepartivy imwsice( effegts sudhian esxerbéraficeraples] atiother redsise! SHecds nd thecsignal ippatedvitins i n

r espondhe musicel; effitsris senvedsi te aejanales Gng' e @ a@&alt?eﬂ"a'gseecw%tﬁr Fpand SErrligteto Mfdr ess

si gnal soynéesyem 3yl y, al t hough the nenor| and 26 act ual | storel\ only

f| I_ r co'@PfaP‘E’P@ﬁi%bQS‘fdeﬁﬁeas"Q'B'h r’ed'é' o the; f'tter °§tp%‘ t ’Gﬂg gjp?f( s A of
B SR IS Sl ur

out put °8 '°t°Ht§ & by oh SC1PEUt agsupﬁ"f 5q 3™ H’ r\ i p{l er 18. By

the i n{&rf ent act;tﬁa% oPthQﬁ|te$ o,gmn I o B8 FRGEE Wl G0N £B0o0Y L he

interp eacﬁrl: Q:or?str &’b“ tﬂ@dﬂgmct of wie deSiiiBdd. are

vi rtal CTatol=1 rQoV ﬁ lbeﬁar §gHﬂM@tohé1w5v a;;é)elal‘ngf% Q&la Wﬁbth@ sa?nphﬂ&fr&ﬂen'éﬁ s EP

0273447 Eé—kﬂ_za@nbwﬁn A Flld“4§g§ﬁat§ 6iCthd Spffg frequency in the domain dDUCHER S= 08 x GO t=DBACS
SLCTR  kHz in appearanés, @ ERSed @ 8 bfecessed on the assumption thatQf sampiddl edij@otoa isi itserted
at a rate of d - 1 times per d times of clock of d * fs = 800 kHz, the filter operation being omitted with
respect to order corresponding to the sampled value "0". In contrast thereto, in the embodiment shown in
so Fig. 11, tone waveshape sampled data of the sampling frequency fs = 50 kHz shown in Fig. 4a is
interpreted as data which is held at the 0-th order in the domain of d * fs = 800 kHz shown in Fig. 10a and
the simplified filter operation is performed in the same manner as in the previously described embodiment
with respect to sampled data having effective values at all sample points of the sampling frequency d * fs
= 800 kHz.

65 Fig. 10b shows-an example of impulse response of low-pass filter characteristics of m = 96 orders as
in Fig. 4¢. In the same manner as in the previously described embodiment, convolution sum of the sampled
data of Fig. 10a and the impulse response of Fig. 10b is obtained by causing the phase CAD of the current
address signal to correspond to a predsetermined reference order k (e.g., intermediate 47-th order). This
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cfrcuit 28 0 . , |AD - 2 . 60 - FAD

10 1 IAD - 1 124 - FAD
2, | AD EP 0273447 B1 188 - FAD 15

3 |AD + 1 252 - FAD 4

|AD + 2 316 - FAD 5 |AD + 3

380 - FRbbvolufonTsail can fhe expraBsed yemseatly bythd 6quattbn= 16) whereas in Table 2, FAD is
nodul o 64 (d = 64). The filter operation output signal provided fromthe
latch circuit 20 is applied to a nmulgiplier 33 in which it Is nultiplied

w th an anplitude envel gpg skgnalk suppl neqalsr amjgnwenygl ope generator 34.
The envel ope 25 generator 34 generatk@s, in response to the key-on signal
KON, an envel ope shape signal controlled in response to the key code KC,
tone col or selection code TC and touch dat

nul ti pl i pesBreriesents sapvolipn; sdmé;@ﬁ E‘El Phag:?a ?E‘ﬁregttﬂqf § » égg] % vgjat a
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50 kHz SMowiedipartibisgare dibtramor 48D, anasier ¢iorls gemanaklri2A t-fnmsqweﬁ@; eraion PleuBEA of
d * fs =hib6coefigiont-meBDOesdes apth2 agranring, to s¥hradier§| Beptes £oak 9%‘9@':%%%‘@9 on
t he assusigal garereleatcireuits33nip Fige 8128 dpacripes ahoge, '%%’érﬂ’@d""&?’“ anF"é\?"e°fc?f°dH°t
tirnes pefimes igicaEed gyt it [tRgchioppregplion pisone 38@8'9 t s°t ét f"ltet'é’ 1@&“5‘? i 6 #8i ng

oni t1 44 mﬁwwge*em}ﬂm a'gtra"e&negggﬁmr@g;ﬂ iching %‘% @;qugn%qg 2 "

contrast t MeF cr’éﬁg) ?‘fe shap
sarrpl ed H%[ . epeg ' or tu %\,%IVIS g W&vév& E‘Eg 7||§t
i nterpr eg 3 e %?{té he Slot he dﬁ st g\@l E)—'Ot Sbnfthdl ﬁEnt 'lsnnc;cﬂi@d @%zg&digﬁ flﬁb?’

usI
or b

= 800 Kk gé\?\% b9, 2143, & é\nﬁnlnscinggllldnifldl 8o Eibll BREouRRR R Mdfer kiock pulse
per f Or el nta.aafenamer’rerheaﬁu EdUint &8s SOV @bkbleyor dREGLIEHIRCIE MaasH opEradon Wi t h
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100 sanple points in Fig. 10a. The spectrum envel ope of the waveshape shown
in Fig. 10a is shown in Fig. 10c. In this spectrum envel ope, unnecessary
har moni ¢ conponents are conveni g § y7Phdragpated. In the filter output
signal obtained according to the above equation al so, therefore,
unnecessary all asing conponent is sufficiently attenuated. 15 In the
above gaumerdfliliee cesflcients of evelgtict + AA olfrs it cspesto @ft 0/d&'s {donaisting & 8m @ete wbichr gre
Si nce t $iged aige abaddiesdes de - 8@ Fump gidfiterctoefficld@itstal fwessthand £ HE owdarsde hmpdeitwawrept ed
dat a of offthegmpuisedgsporsieshonrihEig. 18P (consisiing ahflS pdtewhighdirg steser, oD piraddressest cihh be
r educedadoums of fHies ceeflicispie Phlesoian 4 it Praprenia] teyriontwargtdnAl gt thp dMRUSREOSAPASP i t ude
in packiggeisitg o h%\fetsc%%’ which e sfpredy %raé?ﬁ"b?fs‘?,sa% Bé”r"éd‘??é@loﬁft%?f’e" AR sl s

pr oxi nal é’“'@’ 'P’r“g' (Feeen yhigh s B‘PCS’Fﬁ" ed @r Thﬁ’ ncfpt fheese é}sa'ﬁf” f?reﬂea | on
Of pr od g ta | tru m |§J%r0ra}a rg | eor (le e t he
sane 20°lr k'/sg ﬁésé SW'B‘T ﬁa 5rt" e' tcoe ﬁg s gf B dreudrggnp e |anf eger
sectl 8 the i nteger section IAD - of the address S|gnal a
S|ngle nultlpllcatlon of coefficient mnll sufflce for the sanpled data in
this portion. The same is the case WaRlpos tlons betmeen |AD - 1 and | AD,

| AD and | AQ + and_| AD + 3. Since the
same mavesﬁ%%%"%éﬁﬁled dataq%%%Tlﬁ%%gthhﬁﬁé FrBPptVﬁégeﬁhlch is smaller
than,gd = 16 ina Erddmn between 1AD - 3 and IAD -2, a single

mulNi plication of 25  coefficient can suffice for this portion. The same is

the case W th a pof t4 o Jetusare ] MRt LN LAD.Fady AREQTOINDl Y,

convolution which s equivalent to t ove equation cah be obtained by
addi tion of preduct sumptcd |4 téé@ﬁfld;ﬂénébléfpb”poﬁt bBaEbs enbodi nent
of Fig. 11, filter: coefficients of orders of maximumd = 16 correspondi ng
to SHme maveshape sa et dutltear ecqufii@ishys asflegl ¢ ograherdapd addition
of products is 30 | carried out by a single coefficient operdtion by
treating the tdtal| chum ke fiiltter cosdffiiodientss asf a0 s+ ngré o6rdees
coefficient data. For exanple, instead of carrying out calculation of W*
hO +®W* h2 + W* h3 + W* h4 + .W* h5 + W* h6 by multiplication of 7
times, sumof hO+ hi + h2 + h3 + h4 + h5 + h6 is previously prepared and
addition of products is obtained by the single nultiplication of W' (hO +
hli + h2 + h3 + h4 + h5 + h6). 35 In Fig. 11, the sane conponent parts as
in Fihg. 8 are designated by the same reference characters. Mdified
portions are subtractor 160, master clock generator 220, tim ng signal
generation circuit 230 and filter coefficient nmenories 250 and 260
corresponding to subtractor 16, master clock generator 22, timng singal
generation circuit 23 in Fig. 8. As described above, in this enbodi nent,
addi B4 on of products by 7 tinmes is carried out in the filter operation of
one sanple point so that 7 filter operation time slots are 40 necessary in
one channel tinme slot and the operation timng is changed as shown in Fig.
In Fig. 12, the calculation cycle pulse CACis generated at a period of
the\dfnpllng frequency fs = 50 kHz and this one period is divided by 8 to
formitime division timngs CHL - CH8 of 8 channels as in the previously
descri bed enbodi ment. The tinme division time slot of each channel however
is divided by 7 into 7 filter operation time slots. The slot count data
SLCTR in this enbodinment is nodified to:distinguish 7 filter 45 operation
tinegslots 0, 1, 2, 3, 4, 5 and 6 within one channel time slot. By counting
the master clock pulse MC by a counter of nodulo 7, the slot count data
SLCTR capabl e of distinguishing the 7 filter operation tinme slots 0 - 6
w htin one channel tine slot is obtained. Accordingly, the frequency of the
master clock pulse MCis nodified to 2.8 MHz. In accordance with this
nodi &4 cati on, structures of the master clock generator 220 and the timng
signal generation circuit 230 are nodified. 50 Since a single filter
operation is perfornmed with respect to sanpled data corresponding to
i nteger section of the address signal of 7 sanple points, extra sanple data
corresponding to the integer section IAD - 3 which is 3 sanple points
bef of® the integer section | AD of the current address signal becones
necessary. The subtractor 160 corresponding to the subtractor 16 of Fig. 8,
therefore, is nodified in such a manner that 3 is subtracted fromthe
i nteger section | AD of the current address signal to obtain "IAD - 3". 55
The filter coefficient menories 250 and 260 prestore filter coefficient
group val ues corresponding to suns off4one or nore filter coefficients anong
filter coefficients of m= 96 orders. In the same manner as descri bed
previously, the nenories 250 and 260 have the sane nenory contents. There
are 111 sets of fllter coeff|0|ent _group values prestored in the nenDrles
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stored, e.g., at ad

dresses 16 - 96), sunms of filter coefficients of I|ess

than d = 16 orders for the leftward end of the inpulse response shown in

Fig. 10b (consistin

15) and sunms of filter coefficients of

rightward end of th
are stored, e.g., a
this is onIy a nagt
t he sel ecti on nmeans
t he sane manner as
order) %used as the
t hrough 62-nd order

g of 15 sets wep@hrarg@rahored, e.g., at addresses 1 -

| ess than d 16 orders for the

e inpul se response 5 (consisting of 15 sets also which
t addresses 97 - 111). At address O is stored "0" and
er of design which is necessitated for the reason that
27 for generating the address data is constructed in
in Fig. 8. Data of internmediate order (i.e., 47-th
reference is a sumof filter coefficients of 47-th

s and this data is stored at address 63. 10 Table 3

Addr ess Iolet G alu 0
"0" 1| filter ol ot ok 841680 1dokt 5%{*’9’{50 % YL FErd Brdars
coefficients of 05-| kiim eEdeibter coeffsuﬂ@nﬂﬁ off bl ter4tiw ddderei ents of O
- 2nd” orders 4 sum of filter coefficients of O - 3rd orders
25 30 35 45 50-55- ﬂ4----EP-O(273 4A4F-B1)+ & 14 - - -stm of - £ -t-er--coetfici ents
of do - 13rd or de{g 1osum of £i er cce%}%lér{tlst %rf Boef‘fétgh ent e::cs)f 0 - 1l4th
orders ...... L LT T T T T T T T . 16
sum of ssf i | ter coef fli Guanbe of16kr cbBER: SI&HHS ok51st - 1lgkn oxdarefl filter

coéfficients of 1st

16th orders 18 sumof filter coefficients of 2nd -

17th orders 19 1&ymswh PE| fektegoebpffieirrtsofof3Rdd - - 18tk orders 25 91 sum
of filter coefficjégnts of 75th - 90t£ orders 92 _sum of flltg coefficients
of 76th - 91lst o}%§r§“§‘3°§u?ﬁ]otferf CPEEFLTHBYS Ofedtd of ' 8FR RT9®E5nd or ders
94 gumeof filterygge fu&n%fnfﬁa;r RblriclAnd QEdeEs 35!9th orde?? sum of
filter coefficientg of 79th - 94th orders 96 sumof filter coe f|C|ents of
80th - 95th oOrdersS .. ... e

sumof filter coeff
coefficients of 825
95th dPders 45 101
EP 0 273 447 Bl 10¢
~orders 91

)

30 92

o/
93

94

36 95

96

40 97

98
99
101

50

|C|ents of 81st 95th orders 98 sum of fllter
d - 95th orders 99 sumof filter coefficients of 83rd -
sumof filter coefficients of 84th - 95th orders 50 55

sum of filter coefficients of 93rd - 95th
sum of filter coefficients of 75th - 90th orders
sum of filter coefficients of 76th - 91st orders
sum of filter coefficients of 77th - 92nd orders
sum of filter coefficients of 78th - 93rd orders
sum of filter coefficients of 79th - 94th orders
sum of filter coefficients of 80th - 95th orders
sum of filter coefficients of 81st - 95th orders
sum of filter coefficients of 82nd - 95th orders
sum of filter coefficients of 83rd - 95th orders
sum of filter coefficients of 84th - 95th orders

55
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110 sumof filter coefficients of 94th - 95th orders 6 111 filter
coefficient of 95th order only In this construction, data provided fromthe
adder 31 of the selection nmeans g/, b ,gﬂr,-,gpspondence to 10 values 0 - 8 of
the slot count data SLCTR does not represent orders thensel ves but
addresses of the filter coefficient nencries 250 and 260 as shown in Table
3. Values of coefficient nenory address data provided fromthe adder 31 of
the sel ecti amombaimm JE i1 100drF esPrEiiCentd ol 99sa 0. - 96tRf obH8rs! Ot count
data SLCTR in re¢sponse to the decinmal section FAD of the address signal are
shown in thd 1ol Isoni reef ikl teext. c et £5i d indil s SHDVES4 €1h SO 99ERespaadisng i nt eger
sectisons IAD - 8, IAD- 2, IAD- 1, IAD, IAD+ 1, IAD+ 2 and Is | AD + 3 of
7 sanpl e poilidfls| fid&eso muefif igfiendnmf I6adiondemn omly enbodinent is, as in
the previously described enbodi nent, to cause coefficient data stored at

address 63 corres ondi ng to an internedi ate order (47-th_order) used as the
ref erence '"c igis e fr‘H’éE‘F r‘?ﬁ‘i’e’ §é (9{ ih‘c’) ﬁe'?—CATF ‘Bfa"f ﬁé '"c‘i?F’?i?ﬁ’tde%FGd? ess

o S R e e %ﬁzv. e
r ef er enfR AU IRTEIE i)’;se% orrn nser b'ogé% " gce t" §W€ mif é’?
res peCté qR! um'e(é o RGhd hédh L o FA37 of ' thé-addr srér atare sﬁlown i fo!ll AD +

ﬁ'R % E §Q de: 'aﬁd

2 and tible stdlvs dlsS BdHBsFondRY r%g%r EEQEMsUALS- §9&0 TRIASEELIAD T
curregltmgddges-,ssam b@its. and Tead out 7 sets of filter coeffi CI ent group

value dat and soasapt bren&noep@ﬁémg:m N erBREERALYs, A8l I tBS SreBoubil dSscHifd Qibbdaasht, to
Fur t her causiScobfficidnh GatPHtard SlaBdHYssEB S6Tdslaptine a0 thidiBitiate driidr (434th 6ra&f lised beihé
group Vviatetsecedtatcarraporadp eeelatimalcdetios OB ofithe cpréahBaddeskd ignak aeterdiitie skipgimght he t wo
rrermr i e®eB&t anwinoAC @ddxerdesi mitaeedp tbrat the meférencp exdfiressnedl b enwers coinspdnding dat a.
5 Tabl distahcésif dypaespe@ive intpgerchctions IAD - 3, 1AD - 2, IAD - 10ADPAD +of, &l de? arBilABG- 3

SLCEH;‘{ of 7 sample poiffts freyp theldecipalisagtign FAD of this current address sighal casfl fréad jowtrit setsrab filtsr v
addr es sgoef@crent group value data from {ha[3 coefficient mergory addresses thus determined. Further, s in the EAD

35 previously glescribed embodiment, filter gogffjcient-group value data of adjacent addresses are parallellg 1
FAD 2 read out from the two merqlo'&ﬁ 250 J—gnd 260 and interpolation is performed between the tyodata. -AD 3

| AD % 63 - FAD 4 IAD + 1
79 - FAD 5 | AD + 95 - FAD
0.4 45 6 "%Aﬁe 4 111

- FAD Referring to {Tak l‘,.1 Fa c‘b:.drf of OF |exailfut tHE segésrBisection FAD
of, tg,e addr §§'§T§I gnal |7s d1cCiént (EsefFiefehessmemodywhen
SLefR is 0 and sum|data of fllter coefhmentsaﬂdfhsér)toSth orders is 50

read out frem-the—fitter—coeffrcrent—menory 25— WremStCTR—T5S T he
address is 25gand qum dat gamf fidter coefficients of59-tRAPo 24-th orders
is read out. When SLCTR is 2, the address iIs 41 and sumdata of filter
coefdd cients of 25-th to 4AD h & ders is read out. Ihen BABTR is 3, the
address is 57 and Jum data of filter coefficients of_41st_to 56-th orders
is read out. ®hen SLCTR i AP -t He address §s 73 and*Sum B&Pa of filter

coefficients of 57-4th to 72-nd orders is ré¢ad out. %lgen Ris 5, the
add s is 893and qum dat &A% filter 55 coefficientd of -rd to 88-th
orde is read out. When R |1s 6, the agdress i g.OS g sum dat a of
filter 'coefffcients of 8Yh %o 95-th ordérs is read out In the foregoing

manner, all fiélter coeffigients pf 0-th to/95-th orglers pgg covered by
seven filter coeffifcient roup values. 16 | EP 0 273 447 Bl As descri bed
inthe forego%ng, dccor di rﬁ?ﬁo tfe enbodi nent of F g llpaphe operation for
obt ai ni ng sum of addi tion products of all of filter coefficients of m=
96 orders Wi th respect to sanpled data held at O-th order in the domain of

d * fs = RBbhikd® BBIesHaNN4, i ioFb@mpib, i déchibl BRHHCHADAS thé A& ERYnkISO &, Ry

oper at i dBrfiédnt MBmdry dddrésIRSo wrdG GLCTR B 0laid sUdC a4l @ tifker bodriicRiits 0B a4 &-Brordedis be
per f er niegl ¢is irdrg thednie Shéfmenti@braorg B50s P@6d SLOTRSs 1,36 ddaiesy i€ 26 BndvdainCdataddk fil®Si Ng

C ONP O N edobfficientssal fofth @i 2urth bidedtid @adi it Sdihen| SLCTR & 2 MMaadira®mnis $1 afd skingiata oBfilend . 11,
t he opesvaffidents & @At tol4D g dasid red Duo Wheh 8LATArie 3 Wes/aidieesdie STramiosuy db of Biter

provi dexpeffigientshel 4dist ¢t 58ath ofdefstie read pedr Wiandih CTR fschithe agdressds Akandssuinalatacghéfiltey i ng
sanpl edcogffigients qf §T-thtel 7&hd erders izl rpad qut Ydhprl B Ras Bidhegggdiopy ie 89 end symydatarphfifevel y,

a dePaycoeffisients of 73rid o S8-th pidarsis firad guto\Yhenet CAR ish ipaddress fs 195 ard sum data of fifter

“coefficionts of 89-th to 95-th orders is read out In the foregoing manner, all filter coefficients of 0-th to 95-th
orders are covered by seven fiiter coefficient group values.
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As’ t one waveshape sanpl ed data generation nmeans, the tone waveshape menory
13 storing plural 70 period waveshape is provided. The tone waveshape
sappl ed data generation means howppe@razkasf@ly |imted to this but any other
system such as a tone waveshape nmenory storing nerely a waveshape of one
period, a systemfor generating tone waveshape sanpl ed data by frequency
nodul at i on AspeEsalbedin, thesforsyarige aschrding @ethesralfodimgnticd Fig. ahe Spradiion Haoipdin et a
by anpl i tobietisitiomofuiraiieto of ab ptiltat ¢oefficientsiot an 596 towiansfwith regeactie sempigyl datarheld at 0-th -
wav es hap erdsaintectdmdinobd bis © &0Q@kHz@n veawniimitg. 4 Brieas de a@@vﬂ'&aaquphb'@ddﬂmpDW'edof 15
In the alsolvéd Erasoticardingly, aceyige t"@nemﬁ'ﬁ@ﬁm heorprigimgd fuping wevesliges datd efnspe¢irumhe
respecfi \FE“%HH’@F%E"&F'EG gomPPIeats sHificieay aiteuple® shar ed basis. These

processi ng "}'?8%@?}'&? ofgégst%qnp,@dheoqy@ra}g Cﬁ%{'f"!!ﬂ‘q ¥ldrest ‘Efé'@§%’l° 2shapg gnemory
i nventi ord 'sspr '@tag&t‘" 'ab‘g ‘g{c” 4 2 X e' VBH ?‘Pe‘?aéﬁ' dgg/aﬁ“é'fﬁ but
al so a mb S'AS E'a‘f?#ﬁ‘ét F"g b :' fg‘fét

and 11

12 inst e%@ne@ﬁhnd e WAVRShaPEYAADIVARR B HRptudsSmatidn el lRS 8 sysddR} generating
gener at | Qdhe WaveShtpb sakwplddRiitaldg daRdinkér a@edshRla maly n6 BRpisRLECt these data by

| ef t mogt  bi th SheDhbold) emBélHieAES thei 1gRagenerbiibntdAe fitiétSoper@fiontifl éhd IFEPLIEE chamEIORRe
whiseh i s cayiea@it bi & @rhe Wtiatdd baes PBEb plobeskigs rhaythewsCheadatie® bE @ paaliel ProcdSsirgs.g.
4c or 10bhe fnivértier is @apgikétiecioatt snlf @ polgihbnio rode generaeadsystoh bbealst Dmetbphanict thre
menory bgeneratiorssyetad, hal f of the filter coefficients may be stored and one
filter coefffor gdlesting aragveshepeceomapandingus the tdng rcolar ssigctipn fepdet B keyowfié KE ianchtoudhf

t heys; d?‘&lT@e'“It'@ﬁ:'ﬁf'%ua"&?haﬁ’%é‘e@?WéM fe camibogimants pidfrigsa® agd di fthese date reaydesr .
The Tilt éPP"E‘bé’f the PR Tignalopqneration srirgiit i 2oigstend oty tanpywavgthapm; ey da b Med
into one? &7 a%ﬁﬁ'e?“%{b‘f"ﬁ%b}?tm%’d’@ﬁqd@?%?ﬂth?iéftcél‘ Telﬂm ‘f’?f@ dpta e PB@P%PF%?{ ”'f‘?ay

ﬁgsigradc?o:% oo I PRI ngf SoReg U ep t°* oG e
i nt er pOl 0 f ter coe cuen? %a&ﬁor ars n ore mor but lngt alf é
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oot o Wy s o o i gﬁ:"‘% orily Bk o o

nMemory are n9tigdRBskidaf'm nﬂou fos 25 %-%26 rmé?: be &Fn%fng@inﬁtdng%e%@pa%d '25

not i m LgebehtOcobMtisint it Gorl fAleR? a%l.% Bet|§ but RY 6eCharde bRdd. | 2 the
fpt Y€ 11Buehdyl df Bl nRARRF AbdkQist MONE toubloBTah@ 8l 118 diviiBn BAO ¥ibts e I ihi@slatioh Bret Y PE
but™ I | R driiéd within@nb ARk bferatibieeiodge) type or other type of filter may be _

enpl oyed. Thee@dmbdiasntd éflFigers amad, thafiltlsheoepitiemetbd but fromttheoMerm@y &P HtdrcuRitdde

not onl vy id @ siepee The Mtk obirtegpolatiodi dtps MOh® dmBR] tb nhid. [Tae dtmoiaticheiter imagdven be

enbodi neemtedput al so to ot her purposes including tone color control. . In

thi s case, Tn tgerdrigenepatatighis wodlinjted nethe abovet deatribéd FiRetypec i iBcinfinite Sinputs® nay

be sel ecresponse) e coetory e offiltehmavihe erplevedeol or 40 sel ecti on code TC, key

code KC andhe Sighte! diar asepiin thriprasont fruentien ig apaligableiotpriy tofthe) rp@qavabqi@ﬁqsm neismasdat a

corres ppoFP%@j’°¥%d°ﬁ‘Frl9P‘é?m'?°id1"ie@F bE‘H‘&P pcatiesr P'gP‘?SE%'"‘?i‘fdé"grt@@ @'E’tq%t@l' “é'P 688 n a

filter c6 %, B'Ta’aF it o"@st'P g golor
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coef fi ci g, k8 ahFSRRE T%nb £€a f.ﬂa co
Signal . qeion it s won%fftml oo amp et e e e fone
col or gont NPkey L8NG RSHYErelfdndivaUS ReydRka kERr toRe b W6 RRLERGS t@iouéu 4dLTD, a
coef fi Ci qualiced AuabdVRYfilBEcHRiaST 948 fhay Bo brosorbENReYneMbel dndfid lcoBiRh dail ditbedat a
may be dasiey Yroaided bg GdlerPfating) thesdPmMbatdetiger: ligia 6n febpoh&d to GieeHely icodeekd aktpdbachi N
responsedat®Tbhe key code KC and touch data TD. The tone signal generation
devi ce accamditang sigoal tgaasratinv esvice Giaconting th ehepin@vtiod adkyi e ppdvigedin Pyrslitsgstemsamd 50
t one b gioab sigupisrgeneratedinitise hiesee!chanieadysthesizyd beinsipakalivedin werbnipyto the key code
i nt er pol &Cianthtough daagPonse to the key code KC and touch data TD. In the
above descrit Bedbevehindérivech pbodinents. (ress vavaeiipee sampisl cldtads penefatedduyribe pitch dobyy
t he pi t cHynawpnizatigingyRie® i which R sgpeiing frequanqxtis eensteriaogadinss chigich obe tpap signgl.s
const ant Theljantands aprligablgialse tp Heaseingvhich tanp yaveshare prmpled\dala s gpRerpied Bihe PADbI e
al so t% SYnCHeNRafion SYHPR i ‘Y'Hfﬁéhe\ﬁéﬁ? 'E‘H %’e%cé( Eﬂn'fﬁitw*a‘h P‘§°h Eﬁ@?%\?'%f@' l')ny tt]’e
pitch 55 ?f&%? T ghrzdns e tpgf@twwe h B ey
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SynChron%r UeNcy regiol “?’ r othertcu{vEes r

waveshape saﬁpf%d‘ at 8°%t%ore f”ﬁe one waveshape nmenory, the address
signal may be controlled in such a manner that the data will be read out
intermittently in a high frquency regi'dn, e.g., every other tines or once
in 4 tines. 17 EP 0 273 447 Bl
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‘I'n sum according to the invention, tone waveshape; sanpled data is
generated in accordance with the integer section of the address signal

whi ch changes in accordance W tgp hene 9t ggh of a tone to be generated, n
coefficient data anong coefficient data corresponding to filter
coefficients of morders (n < m are selected in response to the deci nal
section of sunhecaedthges thednvgntah, tardvaldshapetsapper detd io msnectediin arcdeiarse Mt the
per f or imegensectionr gsihe @ddress  sigmale whiehv ewhggs en datosdande withs wng Ipichpdi stiee By basi ng

t one waenemtedprecagticient gitta amantngseiliciend dxle sorngenvading te ditdr goaffisiente sho eiiersde<tm t he

i nt egepreselestecin responsh do Hel deaimal sedtighel|the apresy vignaland Gker pprsstiotsr! & gestigees t he
f ol Ii)wP?f{j’ raadh iRt TEIPESI LIS 19ne Srashare (detp of ferarplg GPIRE Y 1SIBY AN HavaRkape SR 9k

sanp 8°"§ Qﬂ‘éalt %{8’&’%}’%‘8@@% t‘fﬁ "'t“ s%é{% fh%i(%éd%??é'g %ng"}ea! °B"ﬁ’"neans
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in r sectlo of th a cFesa mn cu (‘uv conptru tr%ra e st

(2) Jhﬁ.?e?% : lo%? g ”hg,,r He A .s c%ﬁps i ;ﬁgn&n@t ed

jt ol O e bﬁ‘palcd’a A S

@lr l:%rsm'i P) (pWéth su%ﬁ&llfr %%l‘n@p ec‘R altsh% gﬂ gﬂc& flftér ter

C' rcw bp dFﬁBn 3l §Pold&s Sﬁd&ip with reQ)cu )tonbN 6avfaéhh|§ee£an€mar@a§a! NhigH B&LRE) ha nby

becorreses@atwh \ohLkRMeciin@l SWRtiGACe URcahdRirské kbRl MREfoakibuME 1©Tvaibud belantagedBrtagM t h

I €eSPEChbduDby @MMeMBpéRESHAPRIBRAPAIR Ceghatt ao @dne Maldinae CldinAIey dlta\of Righ r@BiGdort | On
of\+t heindedingTie &eatdgenhofrehivel ader esecabgynabise Thhneons phdwdesitht @swigi ous
advant agestidrad addnt sipdal ofdigbutallyy a filter operation perfornmed with respect
to tone waveshape sanpl ed data of high resolution including the advant age
t hat r&Wmal of an unnecessary noi se conponent is ensured with resulting
‘praodpction of a tone signal of high quality. Clainms 1. A tone signal
genér afli ohtoeRyIekoeesHisp %‘1"%‘7@0"‘@8&%55 signal generation means (1, 12 for
gener at i dr&?? %ﬂi‘ﬁ'r@g%’a@i’ s (Hﬁ')rﬁ?' fﬁﬁn%ﬂ‘ ?dﬁ"te alGoppiisyg ag

deci mal s sec F’\P&I"?Pg p o33 d‘d%{ﬁ?frs@g RGPyt adAR FYyte "%{?gtﬁ rate
cor respoq % es q#pfkrf?ata enerat on means(fz toc%eswépo Sl%%l eeg{]eege%%nﬁm gﬁ?eratm attone

waveshape 0 Sal section

for generfﬁl s mter ok &J?&B geer i zed
by: fil tefrltelrt,‘a@f dnts!iff gpoﬁkbotg sdid WS& D) Qﬁ@% r&HQ rd bl ddl ter
coef fici efifigi |l{epr6b@=£flaﬁ‘gn@ngr(lpé-w h&fingMard | &Eé} &l@&ur@ |f&" 86aP fikdhnd 8F B&iS6het O

g'/ 0 deCi RbshERGA hddbradncé\ith saheiter ddefdidhts are integers and n<m and digital
frfter operation neans (4;21) having an morder structure for digital

filternga ohe S@ialgeherBidn J6vice as defiay BSIHED € whéteit E0DMEcdve@ciskt Edpply aiednsn3;2d)| t er
coef fi ci edomprise? filteh cheffiniens pgrraliong@ceas ddat2626)devgcneratng sdiefrh ik dosfficdntsi and 1
wher ei n ssaleclioh inletresr (327 fof seddctingt sadungitibrycosfticiants if BR3¢ to e#igh deckw sectidnt (BAD)
coefss i ci enfithegddvessaighdn neans (3a; 25,26) for generating said mfilter
coefficients and sel ection neans (3b;27) for selecting said n filter
coef fi & ehtoge pigna} aene@linficdeviee anelinedeie iclai] 1 waerein said (NFHilley) cogificients corrpgpondyia
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to the d EZA é?cpfll |c18tt s@pp eans supgl}ég Eﬁé‘ﬂ fll\é? que\‘f@@ntg Eorr%@do di ess

si gnal ord %%éier%f% in ré spbifRk 1GREdeifal £Bon Wbﬂhé‘&ﬂ-&ﬁ adiceébd sigdl. er m nes
n or4glers ich differ fromthe reference order (k) by amounts correspondi ng

0 i Nt &Y VioRe Sfnal GREETh id¥ficol BIIBHEE iR | WRGeih h AstcRingtl RENbIRIRAERGINt 0 t he
deci mal SRedrdanes With SdidnCrihend oradid liesHal Sb@BRlFADGARd adtiless Sighb, fshill ha@ifter

coef fi Ci eJobfiGangPicyrespoan® B¢l pRlrde@Swisd shqientidlll tdéer By Bfchiasi ok @] Bie @Osrdezs goNdi Ng
to the n deteehainel rospastivele tire reapangedioi valuese eftod Sexintad séciiens (BAD) ol thessmadnt @ddr¢sBAD)  of
t he seur r esignalddal)esd sad tlieataetidibnt 4upph rheane (24) p@ies gpihrefiiat coefiiciehdy carespasd-
defined iing tolthe motestieusaletermingdgn drspamsariorthel deginah segtignedf dhei qyrrent address ighal
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