SPECI FI CATI ON TI TLE OF THE | NVENTI ON: Met hod of and apparatus for
interpolating digital signal, and apparatus for and nethod of recording
and/ or playi ng back recordi ng medi um TECHNI CAL FI ELD: The present invention
rel ates tq,fodplfod of and apparatus for interpolating a di gcyabesigsal .
and nore par- ticularly to a nmethod of and apparatus for interpolating a
digital signal which has been digitized with a small nunber of bits.
BACKGROUND ART: Recordi ng/ pl ayb?ﬁk medi ums, such as CDs (Conpact Discs),

DATs (Digital Audio Tapes), etc.”Jand digi tAll audi o BRbadcast i ng services
such as satellj r jcasting..sery- . i,ces g retof are heen, put t se
as means for ﬁ@ﬁ?ggﬁg and t%én%r{ft’t"i‘rfg‘fa(%}g‘:ﬁﬁugﬁdﬁﬁ%sa(E‘h‘é @g#%‘-"“ R &
"transm ssi on" used herein inchuydeg nesordi-ng Ang { chil N, 0Fy Sl ls).
In such a digital audio transrﬁ“llsiéﬁ%r“a(%ﬁé]‘r*éétn%sé ﬁ%@gﬂgieﬁl‘ '('f’u%{?%}frg‘lr %n?%

convert an analog signal into- ﬂi gital signal according to a prescribed
format including a sanpling fré-""quency of 48 kHz, 44.1 kHz, or the |ike
and a aunber of quantizing bits such as 16 bits. In the conventi onal

di gi tal audio transnission apparatus, the nunber of quantizing bits for
di gital audi o;i-;,];f%g_!?al s generally governs the dynam c range of audio
signals to be )((:Iem)du ated. For transmtting audio signals of higher sound
quality, therefoRé&glljtsis Fedegsar{y; Eonappihg Uhdl ouin coey Yol qubintdr 2 ng
bits fromthe current standard of 16 bits to 20 or 24 bits. Once a format
for signal tr4hasoissikai flgidbtigrni ned, Thigtwever )L & Bctn the nudbel 0% (D 4]
quanti zing bits cannot easily be expanded, it is not possible to produce
audi o si gnal s[iBtfyikghiér lsoan® Budl 12t 97 the digital audio
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transm ssi on

apparatus. One process known as [err] (sigma-delta) nodul ation
for digitizing audio signals has been proposed (see

digital filter" by Yoshio Yamazaki, Japan Acoustic Society Journal Vol.

No. 3 (1990)ps/1pages 251 - 257). FIG 1 of the acconpanyi ng PETARPHPdSShows ’
an ar- rangenent for 1-bit [err] nodulation. As shown in FIG 1, an audio
signal inputted froman input term nal

to an integrat o$493; yhizely; supphi. 65 .an, QUypYf- éﬁzﬁlaftb -8 Cofmar ator, 94

The conpar at or

com parest & dut put si gnal

a m d- poi nt poyept) aks of o ey hous todk ANl gesk guat 1and (AyORLL AES gL

out put si gnal

each of sanpl yng e dps( |The ¥ r()engncy pfl e SRNPIFNG pebi ody A girlding
frequency) is 64 or 128 tines the conventi onal sarrpl ing frequency of 48 kHz

or 44.1 kHz.

del ays the quantized signal by one sanpling pe- -2- riod. The del ayed
signaljis then $udpG ed 1t bk oudh Zaidi-biy ,D/lA@dn\lé&eJﬂ B&IUH e addek 02,
whi ch adds the del ayed signal to the audio signal inputted fromthe input
termnal 92. Th® Hidht Zed & ghaﬁb of o tihel donpal dEdp W9ACTis AlAdiidEl 9 ver ed

e I bt ety o b o I e Y P i e dR A B usiha 20

to an out put
i ndi cated by

fromthe I nt egrat or into 1-bit quan- tized S|gnal in

Ihe quanyi zed si gmat —+s (sihrirdd )t a &Edgllidy wnit 95, which

termnal 97. Accordi
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value of either "1" or "0". For the digital audio signal which is not
processed, e.g., which is produced by the ar- rangenent shown in FIG 1,

t he successive values of "1" and "0" correspond respectively to a positive
maxi mum vaveies/emab a negati ve maxi num val ue of the denpdul at @ETEPEFIGAAST
There- fore, in the event that part of the signal is lost while in the
transm ssion system maxi mum|evel noise is produced at the |ost part of

coe, “DATs, "ot B Bl 57 B Rl B IL R B T Reo” SR Tiat A me s RoRe e

CDs, DATs, ettt * of mat ermried’ stick That “the “stcteds

val ues of "1"-apd- 0 W by b)ec;frfg/ﬁ%iégt-fr,gegigt;e f&aggue of ___\tMJ%)e_.dﬁ Y at ed

signal . Therefore] no maxi mim| evel 'nor'se I's produced ‘even en the above

signal |oss ogty & AR gf FOL% gRIBE et i OgEeRki A &= #-3; cluded in a
digital signal which is transmtted for thereby recovering the signal in a

certain range exew i ( he<evVem ‘DEFA-skanal ikassuli Futtfrer'mpre, smi 't iy t eppect
to a signal |oss beyond the capability of the error-correcting code, the
si-gnal5 | oss i i ekpod slv @ Wist g Hrecddidg Bnd foH swivng HEGAYDE the B ke,
or data preceding the signal |oss are held, preventing the |istener froma
probl em i n hedringd: ¥héd deph dlide &gt M. HEer Ui bt bripoihati ny/ls@rl o 5 gndk
| oss, a linear interpolation process as showm in FIG 2 of the acconpanying
draw ng, forledarkpled 18 784rei dd 18U 116 Fhdwh 4fiFEGH & Ti &t e gbllati on
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terpolating circuit for carrying out the |linear interpola- tion process
descri bed above. As shown in FIG 3, a digital audio signal is supplied to
a data input termnal 81. The digital audio signal is supplied as an

i nputted Weatsgsd@nal fromthe data input term nal 81 througicrarperomsy 82 to
a calculating circuit 84. An error-detecting signal indica- tive of whether
the digital audio signal supplied to the data input termnal 81 is correct

or not is suppli 0,0 8L hpk COLE OGt | i gnak, i-Rputtarn oa Bﬁ%<,1h_
error- -4- pﬁh@fgcbi ?"ig )sﬁﬂglll'gf‘m?‘?o _‘)tt{!e_r}“gr‘foég-%éﬂ%@?i?ﬁl étg]g%a'%l ‘i‘ JF ‘Ser-
minal 85 s SPppl ked 4o g2 Conkl gk i oulst B Agn taeleRiBLrdet pot agy
signal is supplted to the error-correcti'ng signal inpd ermnal " 85, the

control circuit+86; phg @5 RY ignalxty ¢ YEI§2 angl A4

cal cul ati ng ci)r'c“uﬁi{ ﬁ{g@ m\/\ﬁ?éﬁﬂé??g?g z?ﬁ% I iLnevgri r%tag?mpy%?i %ngpé Q%eos?s
accordi ng to fjhg gbove gagatt gnt 1) wsy g 3 he {Hahax guQr ed dFt-heyrenpry 82.
I'nt erpol ati on data pro- duced by the calculating circuit 84 are supplied to
a dat & sel ect gr 883 whiltil [3 s Brtd dihrlBaD Y (HHE S oatiidll Signal, framithe -,
control circuit 86. During a period in which the error- detecting signal is
suppl i ed, thedat & sekedt 0f 3D dbldck d1the iDhUBElHdLadi dild4t & 4 ronot®el
calculating circuit 84 and delivers the interpolation data to a data output
ternminal 87. [ihit he4] #F of Jhabdl & ol ididhdl Sdecdata 4 8 rasy aLlii g wor d
| ength and conprises 1-bit data, |ost data cannot be interpol ated using
precedi ng and & dl Folli Klgﬂéiaﬁ 4l e proposed solution nmay be to replace error

data with preced- _ing , data_which, have the s ,length as the.errpor data
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Dat a produced according to the [err] nodul ati on nmay be converted into a
signal format for CDs, DATs, or the like using a decimation filter. This
process allows data to be interpolated in the same nanner as the
convent i ORgh 9P RAGSS - 5- or replaced with the precedi ng dstIraRbEds? ar e
hel d, prevent- ing the listener froma problemin hearing the reproduced
sound. According to this process, however, signals which are processed have

the sanme charagteristy &5+asy ihgse- of \sig—.nal L £05,+.DATS, ,,0f ;t:he ,like,
and fail to pr %@@@m@% &@”%&%%%%ﬁ%ﬁ%ﬁ %@?M%h
are features of [epf]. ¢ gngl a,-The ;copvenkienalr gppanatus,-and; met-hods shave
no neans for récovérfhg;?gf?f’élQnalgpthr%dgﬁ‘#ﬁ?zfpéﬁggi%ﬁgﬁ%qﬁh%qgﬁed;
that it is Iosp'?uﬁgzpua%jgigy%g-_ . hey-tz apeni-s9k0n system Consequently,
it has been hiﬁ% y d@??icult to Eggj[eﬁa]agQQnals)in t he gener al

transm ssion system The present invention has been nade in view of the
above problens. It is an object of the present inven- tion to provide a
met hod pf and F}b@p#Eiatus for well inter- polating error data of a digital
signal which has been dig- itized with a small nunber of bits according to
[err] nodul a- ti#ngoHl] the (I Ked oF FILOSURE "OF THR | MMIENEIZONC AcTordilig ¢o
the present invention, a digital signal digitizedﬁig’g;gredqurnineg snal
nunber of bits{addietnvaihithdl hn 'edf dY ¥o0%¥ tiitan L silsTipHl # o, fiano® = 7 — &
interpolation data for the error portion are produced using a val ue pro-,
duced by suppl $x Rylk Reddhgit & lsignlalﬁdi%% ’Mu'djf?% ﬁr{éﬁ@rbﬂdﬁ Port Fofr ilsled an
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val ue produced by supplying all interpolation data which the error portion

can take to the arbitrary position of the digital filter. In this

connection, there are disclosed a nethod of and an apparatus for

i nt er pol avong1a4eli gital sig- nal, and an apparatus for andpaTieésmdsof

recordi ng and/ or playing back a recordi ng nedium BRI EF DESCRI PTI ON OF THE

DRAWNGS: FIG 1 is a block diagramof an arrangenent for 1-bit [err]

nodul ati on; lJ-l rative of a linear in- terpolation
PG S S G %

process; FI G” 0? a conventi onal appa- ratus for

i nterpol atingprayd;gitglsi ghe 1-G. 1—5 i 8k Rz
process of thl dII(r:]% prgcﬁé'tdl ng ’g“agf );agdé grg’g?jam WﬁJH lrj%t"l’ f*a
nmet hod of i ntjgripabai gsprcdigit al S|gnal according to a first enbodl ment
of the present invention;, FIG 6 is a diagramshowing Table 1 illustrative
of the nmethod-<of @Gnt eqp()I,atl s 5 M) @i galh 54 ghal ;Lagcojajmghr?]% pheyt rr:zls(@
enbodi nent of the present invention; FIG is a diagrams omﬁng

i |1ustrative JaftitfAeDnEit o) &if & &x Bt ﬁo&i:azi J]g a digital signal according to
the first enmbodi mrent of the present invention; -7- FIG 8 is a diagram
illustrative loflthe mbt hdd of A At Bl Solkadi ﬁ'g‘/ajdilg‘lntét}OJShlgi’hdih‘ HEaERlihgt o
the first em  bodinent of the present invention; FIG 9 is a block diagram
of an apparab&@mﬁﬂﬁaﬁwﬂ@ﬂébﬁéiaﬁg)a digital S|gnal according to the first

em bodi nrent of the re t |n on Y e ) .
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FIG 10 is a diagramillustrative of a method of interpolating a digital
signal according to a second enbodi - nent of the present invention; FIG 11
is a block diagram of an apparatus for interpolating a digital signal

accor di nguledifigessecond em bodi ment of the present inventi earpdsie24s2 is a
diagramillustrative of a nethod of interpolating a digital signal
according to a third enbodi - nent of the present invention; FIG 13 is a

o sgram 111Ut 8 06, 9F L0 PEA B OF, nkerpol ating o i gital i onal
o cgram 11 usyr ot pve of 1106 renacial snieceol g & ol glil o 003 5 o)
b ook 1 agramy L LA SK IO AR K6 For Tnterpolating a digital
53, 4 earam s ot o g1, SuRleg 817 ot pohiakg ssumptels gl ossneln |

i s-a dtagram H!W vkl ve pafctheznet hod of interpolating a digital signal
accord?r)ng to el“%urﬂ% j’gr[‘f'godi ITEFI)'[ of the present invention; FIG 18 is a

di agram show ng ja (wavef of nyQf #x st K & 1 Jsyanals 8oy BEREY, Dy hoE &) ay
data which precede a 4- bit error that has occurred to the 1-bit [err]
signal; FIG 149 i% @ diagf&csdiobing a waveformof a 1- bit [err] signal
corrected by an interpolation process accord- ing to the present invention
after a 4-bit I2rids .ha® Ddd cNBIVLE $hé TI B ¢ Plefid 7 & kil /5 B @ 220 03 a
di agram show ng a waveformof a 1- )
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bit [err] signal corrected by holding data which precede an 8- bit error
that has occurred to the 1-bit [err] signal; FIG 21 is a diagramshow ng a
waveform of a 1- bit [err] signal corrected by an interpol ation process
accord- ivagoeé/orsidie present invention after an 8-bit error RasJpPgs/i2esrred to
the 1-bit [err] signal; FIG 22 is a diagramillustrative of a nethod of
interpolating a digital signal according to a fifth enbodi- nent of the
present invention,. Fl 23 J,s_a-diagramillastrative of .t he net! f

i nterpol ati ngct)a gi\g’l&t%’rs)i%g}ﬁal '5c%g(?'d|grr?g k)ozj’t’h’e’ f :bf h"’eﬁb@di g?nm)g%gf hAe
present invent:iion, £l-G.. 4-Sragdpagram-i |l rat 5y +4 he t hpd . of

i nterpol at i nguaJd‘l’ ft)iési g/h'a%: %c%orgd‘l né 'EroH)t'S e f?%/?h9‘é1rib2’diyln1§nf£§?9%ﬁ%
present inventign: 5%, FIG 25 is a block diagramillustrative of the
met hod of inter poi’ati ng a digital signal according to the fifth enbodi nent
of the present ynveatiqn;:xFb@ 26¢ip & Bl pck di aggam pl hustrative ofh-a

nmet hod of interpolating a digital signal according to a sixth enbodi nent of
the present iRvignidlon; FIG 27 is a diagramillustrative of the nmethod of
interpolating a digital signal according to the sixth enbodi nent of the
present inventiany FI&II28 +syaldiant dni b bs€) at vk &F 0 hé tndt tod, df 2,
interpolating a digital signal according to the sixth enbodi ment of the
present invenbidon; ®l & 29 i‘siCaIbﬁotrk'/JHﬂhéfr'éTm’-’l Bl dstr at ilvel 89 [a Indt Rbdr of
interpolating a digital signal accor_d_}_n? to a sev- enth enbodi nent of the
present i nventi B PG 3@ KeDafoPolck’ddRagr am i | | ustrative of a nethod of

'nterpolating a,digitgl sjopaj acqording 40180 o w b2 +cd % b3 )
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ei ght h enbodi nent of the present invention; FIG 31 is a block diagram of
an apparatus for recording and reproducing a digital signal according to an
enbodi ment of the present invention; and FIGS. 32A, 32B, and 32C are

di agr ans WOO&1A49a si gnal format for the apparatus for recoPETMRPSRIS?
reproduc- ing a digital signal according to the present invention. BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON: - 10- A net hod of and an appar at us
for interpol atd Rgza-dilgisy ab fskanal, accprdifidita {ive Bresant: Dngeiit ks W | |
here- inafter be described in detail below According to the present

i nvention, a pecr P svgnal 3whitch has suffered an error is interpolated in
the formof a [err] signal, and corrected into data which wll present no
probl ens for th¥ mser A e hear €Hé solind ~elSroduced there- from- (2)
Specifically, a _[err] signal which has suffered an error is predicted using
a filter, anddthele®d & I < iMi@rdob dPel wsiing  h& iy &ditbled et D &i gnit .
For exanple, if _a [err] signal conprising a train of data b0, bl, b2,

bmis appli ed’d & an n-tap FIR | ow pass filter having coefficients c0O, cl,
c2, ..., cn-1, then the FIR filter, produces ,an, output signal Yn according
to the follow ng' &gllatt dhl v € lcg*pb Lt %‘1%& ¥ E’Z‘Eb’z £ :9 * D en 1*’br€\-h. | f
4 bits (bO bl, %)6 b3) of a [err] signal having a word Iength of 1 bit
suffer an errdor,” the FIR filter pro- duces an output signal Yn as follows:

Yn = (c0*b0 + cl¥bl,+ c2*h2 # c3*h3), H (¢45ibd + .o + cnylibn-1) i nce the
val ue of the first er*m%( @Odbd“ﬂ@ (t:lF*Bll +$CE*‘g2d‘+bc%*B"3) [zm\ét)%egr?gﬁt ?}@nd
side of the ahowejequa- tion cannot be cal cul ated because its data are

| ost, the

10 (c2 *=bl0 +cd *bl +c4d *b2 +ch *b3 ) +A2
=Y2
(c3 =bl +c4 bl +c¢cd kb2 +chb kb3 ) +A3
=Y3
- e+ s (3)
15 COMEITA (3) b0 ~bI KD THBERbNIT —

Y DOWMEHLT LI ENTE D,
ETAMNEBICHE T —FZbn OF -l 18y PIEDT.
O T ERl T—1) LhEdin, caick LTy
AR (3) O T 1y o I—1 1 ADIEZDOWMICKED
20 o TONHMIMLTIIN (3) Do, BIZEMDFRITHTIL
THF—7 DA L Fhd N—11 el lTH Ml
ENLZAEFESHIEWICASRHBLRLD) A X E6EATLE DK
nd L,
SORIDEIBMELRRXE, ¥ YT BT ST EITL-
25 T =AY 4 NWd —DF v TORIEGIHELENTE Lo,
c *b0 +cl bl 4+ c2 xb2 +cd *xbd +A0 =Y0
cl £b0 +c2 %bl +c3 %xb2 +cd kb3 +Al =YI
c2 ®#bl) +cd bl +cd b2 +cd *xb3 +A2 =Y2



second term (c4*b4 + ... + cn-1*bn-1) of the right-hand side can be

cal cul at ed because the values of data b4 ~ bn-1 are known. If it is assuned
that the second termof the right- hand side has a value of AO then the
above eqwOPEIT4iE ex- pressed as follows: YO = (cO0*b0 + clPoTumosaRidy? +
c3*b3) + AO Simlarly, after 1 sanple, 2 sarrpl es, and 3 sam ples, the
filter produces output signals as follows: Yl = cl*bO + c2*bl + c3*b2 +

*p + b *b *b 3 b3 d +
curbs) 38 R0 SE) 1S R IR o e g, e

c4*bl + c5*b 7k c6* he vallus of “YH i‘nBar

in- terpolati agcP |ngt i:h quaki @ny. Yno = A 47N )/N —
.(2) where ﬁql S thé)dval (ﬁe—ppregegl ngEt e e:ér%)r—i é?s*t g%e‘?vg‘l lé\e f ol IYovk/i

t he error, andiN:epresents sRMpl ps4as the ¢ 3- 4t gngesbef wean At he _vat ges A
B, as vvlth t he above equation (1). Therefore, Yn is expressed as foll ows:

(CUbO + cl*bt 6+ 2512 + €3*bB) b+ AD 7 ¥Oi (Cf *bOctgca ly 3+4CH h2 =+ §*b3)
+ Al = Y1, (c2*b0 + ¢3*bl + c4*b2 + c5*b3) + A2 = Y2, and (c3*bO + c4*bl +
c5*b25+ c6*b3) T+ #3b 4 ¥8.c.§ .3 Mhencthexsibnl Haredlisk égBati gng E3)Y dre
solved for b0 ~ b3, the value of the |ost data can be estimated. Since the
data word | ergth '@fit'héidﬁtlal Ii Zé;’ﬁc'_'[ Tual Iy/)L bk 1 the dalie of & e Jdat a
bn can be only either "1" On the other hand, the solutions of the

si - mul t aneoys iBdYEi ﬁnés M) are éf bafhit Ly val bed® 8 HEIC thn. ebit HE#C

or "- 1". Theref(}re\ even if the value of the -12-
& W 1d o

I TARBUDU | ORMHWICHE DT, KDL D IS4 %
10 Zho TRODLFT—F b X T 1] FLET—-1]1OELLID
LS IS &Il (3) KOABD (¢ x=b
0 +cl bl 4+ c2 #b2 +cd *xbd ) . 4WDF—4% b
0 ~b3 DTN LT -1 OHSEITEYAEEI 8‘@66’)
LA DiEh, €TITCID]l 6MDIUARTHELH oL
15 L. (83) KDZLEH (c0 b0 +c¢cl &bl +c2 kb2 +c
3 kb3 ) +A0MIkSYO WKHEWVWE, TO1 60D DD
yANCR R DR ILE (ol = G AT
LEEDHPE LT, FTIG., bOXINMRUFIG. 6ICRT LD
8297 9 7DODLFIRT4WI—FHOT, K2ITRIEKDNE 1
20 Ey PDF—4DH2LDO4Ey POF—% (b0, bl, b2, b3 )
ML =W LA ERELToNAHMMI INAE XL THED
o B FIG. TOF—F WYXy IR 2. 82 2MII
z  ESEEE LIk Hz, REEX 7MWy —-1LE0D-50dBO
Y4 VEDOPATHD, ik (3) RDT 408 —§liaed L&
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data is determned to be either "1" or "- 1" based on the sign, for

exanpl e, of the solutions of the sinultaneous equations (3), the
interpolated [err] signal may possibly con- tain noise having a very | arge
| evel . Siwo®éazany such sinul t aneous equations as the numfefIRIs0IBps of a
| ow-pass filter can be generated by shifting sanples, it nmay be possible to
establish sinultane- ous equations: cO'bO + cl*bl + c2*b2 + ¢c3*b3 + AO =
YO, c1*b0 + c2*bl + ¢c3*b2 + c4*b3 + AL = Y1, c2*b0 + c3*bl + c4*b2 + c5*b3
+ A2 = Y2, c¢3¥bD + c4*bl + c5*b2 + c6*b3 + A3 = Y3, c4*bO + c5*bl + c6*b2 +
c7*b3 + A4 = Y4p £5%b G6* +_C/ B2 8*bh3 5, ¢6 7*bl +
c8*bh2 + c9*b3 LA% = \(?GHandkpl(:)ﬁbgC +lz; 8:%(11 +pc(9:1b165+5c10‘b§ f?@ B Y7 and

to deternm ne appyepli gk e g9luty GRg)WRIZpg_tTe, Ethagh of 7l gast ysq-uﬂr EBH01E t he
| i ke. However, such a process results in conplex calculations and i s not

practical . Acgozdwpg:—t,IDOaéjrg’smmubodl ment of the present invention, the
follow ng process is devised: In view of the fact that the data bn can only
take ajval ue of felit kerc V1% dv (~123",+(cA*b® b CAFH1 + .c2*b2 + c3tH3) toh-t he
| eft-hand side of the equations (3) can only take a total of 16 val ues due
to a conbi nat2bnr- af 11# tadd 19+ 1¢ Iétbel foue dakabbd + .b3.., A H- chd7#6 b

val ues are cal cul ated in advance, and one of the -13- 16 values is

| ooked for whigH rﬁaﬁ&s“ (tl:d’flbo + c1*bl + c2*b2 + ¢3*b3) closest to YO In an

act ual exarrpl Su that 4-bit data (b0, bl, b2, b3) of 1-bit
dat a shown in ébll’-é 2"“3 wze‘?r] Pﬁé‘* 7 have suffered an error, and the data

are interpo- Bn 4+ A0 =Y0 C e e (1)
10 &8 %
—Ji. b0 hobd T En 1) T -1 Oz
57l 6DBADBN OWHEHITI S &
b0 =1, bl =1, b2 =1, b3 = 1Dk
Brn =B0 = 1331
13 b0 =-1, bl =1, b2 =1, b3 = 10OU¥

b0 =1, bl =-1, b2 =1, b3 = 1D
Bn =B2 = 659
b0 =-1, bl =-1, b2 = 1, b3 = 1Dk

20 Bn =B3 = 29
b0 = 1, bl =1, b2 =-1, b3 = 1OU
Bn =B4 = 643
b0 =-1, bl =1 b2 =-1, b3 = 1D
Bn =Bj = 13
25 b0 = 1, bl =-1, b2 =-1, b3 = DI}
Bn =B6 = -29

b0 =-1, bl =-1, b2 =-1, b3 = 1Dk



| ated using Table 1 shown in FIG 5 and a 29-tap FIRfilter shown in FIG
6. The data shown in FIG 7 represents by way of exanple a sine wave having
a sanpling frequency of 2.822 MHz, a signal frequency of 1 kHz, and an

anpl i t ude whib@iT4is of - 50 dB fromthe full scale. For carrJFHEPBERIhe
filter calculations according to the equations (3), the data which have
suffered an error may be | ocated in any phase of the FIRfilter, but are
assuned to be atythe-centep pf_the FLR fil ter assshowngip: FIG 8 for an
easy understanding. If ternms which cannot be subject to filter cal cu-

| ations due to an error are represented by Bn, then g tef37§ Bn aggy
expressed by: Bn = c12*bO + c13*bl + c14*b2 + c15*b3. If remaining terns
whi ch can be subpdct=t-o,fi bter=cal,cuba? & ohs ibndt ke-htiskhce of an error
are represented by AO then the terns AO are expressed by: AO = cO*bg)- 12) +

cl*b(-11) + ... + c10*b(-2) + c11*b(-1) + c16*b4 + cBrab5=B Y. =+ c29*bl15 +
c28*bl1l6. The equations (3) are now expressed by: Bn + A0 = YO.
... (4) b 14- 16 WarFuels ob Bn=whbr e bedcF ol béﬂi F3-18kE% val - ues of "1"
Bn = B0 = 1331 When bo = - 1. bl = 1, b2 = 1 b3 = Bty ¥ Al= 3L
M 02 ST b3 B0 Thls Balm 1 %8 Ninbn g0%= TRNET, oo = -1 b3
- b Bn =B1ll= -643
b0 = 1, bl =1, b2 =-1, b3 =-10U}
10 Ban =B12= -29
b0 =-1, bl = I, b2 =-1, b3 =-1Dl§
Bn =B13= -638Y
b0 =1, bl =-1, b2 =-1, b3 =-101NF
Bn =Bl4= -701
15 b0 =-1, bl =-1, b2 =-1, b3 =-1DI¥
Bn =B 16=-1331
VA
KICTI—LTOVWIENTF =2 8HD7 4 vgy —il5FalT
A =-3.0
20 Y, T3 —HHLILAEF—FDOUNDT 4 s —IINTJOM A
A=c0 % b (-29) +cl *b(-28) +,,,,,.+ c2T* b (-2)
+ ¢ 28%x b (-1)=12.0
IS5 %R LATF—FDUKDT7 4wy — i3OI B,
25 B=c0 ®xbd +cl #b5 +,,.,, +c2T5b3l+c28%b
32= 0.0 |
N =29+ 4=33
n =14

1



Bn B4 643. When bO = - 1, bl =1, b2 =- 1, b3 =1, Bn = B5 = 13.
Wen bO=1, bl =- 1, b2 =- 1, b3 =1, Bh = B6 = -29. V\henbO-- 1 bl
=-1, b2 =-1, b3 =1, Bn = B7 = -659. Wien bO =1, bl =1 =
- 1, Bn =vB3961744%659. When bO = - 1, bl = 1, b2 = 1, b3 = PET’JBHS/WE'Q =
29. Wen bO =1, bl =- 1, b2 =1, b3 = - 1, anBlO:-13 When bO = - 1,
bl =- 1, b2 =1, b3 =- 1, Bn = B11 = -643. Wien bO=1, bl =1, b2 = - 1,
b3 = - 1, -15-x =,B12 (= nor=- 1, bl =1, b2 =- 1, b3 = -
1, Bn = B13 = -ggQg%%)n bO(Z%% j@h— -1, b2=-1, b3 =- 1, Bn = B14 =
-701. Wen bO =Y (1,=bi = n %, OB = A L, A3 = 1210814 B14, ¥ 1332 (Dat
portions with no error are subjected to fil- ter calculations, resulting
in: A0 = - 3.Q3=Fhdé . value A of a filter output signal preceding data which
suffer an error is indicated by: A = c0*b(-29) + cl1*b(-28) + ... +

c27*b(-2) + c2B*H(%L) = 12.0. The value B of a filter output signal
foll ow ng data which suffer an error is kgndl cated by:

WosT. Bn ODFNRENOLEIKED
Bn =DB0 Oty Ba +A0 = 1328
Bn =DB1 Ol¥ Bo +AQ0 = 638
Bn =08B2 Ol Bn + A0 = 656
Bn =1B3 OIl¥ Bn + A0 = 26

10 Bn =B4 OUf Bn Al = 640
Bn =B5 Oy Bn +A0 = 10
Bn =Bb6 OUl¥ Bn + A0 = -32
Bn =DB7 Ol Bn +A0 = -662
Bn =138 DOy Bn + A0 = 657

15 Bn =BY% OU¥ Bn - A0 = 26
Bn =D 10Dl Bn +A0 = -16
Bn =B11Ol Bn + A0 = -646
Ban =D 1200 Bn +A(Q = -32
Ban =DBI13DU Bn + A0 = -662

20 Bn =B 4Dl Bn +A0 = -T04
Bn =B1oDIHk Bn + A0 = -1334

E1E Do

TIRHLOUMNOEHE WMDY = 6. —F LIS KLBE +
Al =10, D% b
25 B : (b0 =-1, bl =1 b2 =-1, b3 = 1)

KRB LA T — 7 &8 H, WE8IDOUWTER, &7 —5 3P ]
G. TOERZ2DIILDTFT—F&E—BLT WD, _
CHOLT DI, EXMOLRE Y P TF VI L



B=cOb4 +cl*b5 + ... + ¢c27*b31 + ¢28*b32 = 0.0 N=29 + 4 = 33 n = 14.
‘Therefore, using the equation (2), YO= A+ n*(B- A/N=12.0 + 14*(0.0 -
12.0)/ 33 = 6.9. Therefore, at the respective instances of Bn, when Bn =

BO Bn +W@%1%493 \when Bn = B1, Bn + A0 = 698, when BnPCT’BQ95"BH57+ AO =
656, when Bn = B3, Bn + AO = 26, -16- when Bn = B4, Bn + AO = 640,
when Bn = B5, Bn + AO = 10, when Bn = B6, Bn + AO = -32, when Bn =
87, B + AO 11 €662 WD & B B0 B fg BT et B, =589 4B ;A0 =
26, when Bn = B10, Bn + AO = -16 when Bn = Bll, Bn + AO =" -%46 when Bn =

B12, Bn + AO3(-B2 -whifi 86 £ BB, NBH & BOC=T- 662, iihieit- Boy /854~ Bngs AO
= -704, when Bn = B15, Bn + A0 =-1334. Therefore, the value of B5 + AO 10
whi ch is cl odési 0D07°<’:t?ri‘~ jn)tl/eTmelaftfi’orr Calilpt Lvd fe/okli ¥Q, 160~ K¢y (D BB
(b0 = 01, bl -,” 3 i s_interpolation data which are to be
det er ni ned. 1% hi>¢e§?a49}:}lué The ﬁ’nﬁer pdl 4t {lod datlaaredd H AgFebnentl @it h

th | dat h FLG A tg thi t hod
i gi (81 51 gni Wik dl 1508 S8k ki 257 I+ ol WAy < fefét thabmierd 6
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data of the error portion are obtained using a value pro- duced by
supplying the data of the digital signal, in which the error portion is at
an arbitrary position and fromwhich the error portion is renoved, to an
arbitrary wogsnmlsofil- ter, and also a value produced by sumRIT/IRIE0OST
interpola- tion data, which the error portion can have, to an arbitrary
-17- position of the digital filter. As a result, it is possible to

btain int gt t 3 b | 5
nt ot pol at | ng UhE &“&ﬂ‘?aﬁ‘) 2P - LOgRL 700 R $o4ac Aer bk vel 5
suppl yi ng the -daﬁt’“a%l {u B ‘FUQ fﬁréisﬂ gﬁqil’f"ff‘-gﬂ‘tlﬁ’g' ca @ﬁl fares Bolﬁ L}’&D i

renoved, to the rary |g| fireer val ue pro- duced

supplying all gy t at ixon- dpt i-chy the epror g por C-aNz 5t o whe
digital filter {t dpﬁer m ned. pTgﬁgr \eghl S )t7hen S{Etgr m%e?‘?%a ué’kﬁngwﬁl ch)’t he
sum approxi - et gsopyy § weqit atk kas)Qeen cal cul at ed "according to an arbi -
trary interpolation fornula froma val ue produced by supply- ing data of
the digjtal signat —wi go/phgeede ian ihoklfawbtRe e r brEpai {3 Bnid o the- HY R
digital filter. | nterpol ation data are now_obtal ned which correspond to the
det ermi ned val lieX ot W & rakdél (& theAatviint- bfiCcal Tui-ad ik 501 Bkl &d4T or
wel | interpolating the di |taI SI nal ., The ”abQ_ve rocess may be carried out
by an ar- rangénent dsdéﬂag @ 9. DA BHewy AnAFEG) 8, il 'c'ﬁngi?-‘tm—@udi 0
si gnal |nputtedfroma data i nput termnal, 1 is sup | ie hr o harrermry
2 to a data seffedt or ‘3L L?hé/drg’l‘tal)’s@gﬂdl‘l T tﬁebhgln{?rl : % Vse &
supplied to an_n- tap FI d{?,éﬁ)as\s filter haV| ng co ﬁ]u:l ents cO cl,

..., cn-1. An ér r"or’ defe kSt AL Drdi eatl redor Thét h’e?’ {he dléﬁtyaf_ 4

audi o nal s t dat nput rm na 1S..C Q i
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plied froman error-detecting circuit (not shown). The er- -18-
ror-detecting circuit detects whether an error has occurred or not when it
decodes an error-detecting code or an error- correcting code which is added
to the di ¥i%%(1748di o signal supplied to the data input ter rBGEAIPYS/0245ne
error-detecting signal supplied to the error-correcting signal input term -
nal 5 is supplied to a control circuit 6. The control cir- cuit 6 supplies

a control siggalltZo,t e ey 2 Whe cakar sel;eq’nov & naad a @nhﬁ@{)@,:ﬁ%l on

data generating circuit 7 (described |ater on) en~—an &ry of s
in the digital? é’udl”d_&[ghiih TEunpkied3 tp Live dayq) i Angtyd &rAl nal- 211(] ;ﬁ{‘
error- detectln nal is supplied to the error-correcting S|gn I 'npu

termnal 5, tHl:eLb&n d IEinr D 78 IYuiipk ifes az cdnunp) ssfgnap f Y fe-ngnory
2, fromwhich data precedi ng the data which have suffered the error are
read and supplG 8643 a-éiér?lawkfé Hieb o4. The digital filter 4 extracts a
val ue A preceding,the data m']l ch have suffered the error. The value Ais
held by a regi sfdef 713)1“ 2 |V~M4éﬂéoffaﬁlneﬁ datA yerier -)bad i gl oD X7t

Then, the contyol c 6 suppl i centrol signal to the menory 2, from
whi ch data fo (‘.3'\/\1{"g37r{3 ﬁ/n ﬁ R $Mift b dd 1ie Broof B ildadatd

the'i nt er po ta{‘?bﬂ 2ilg a'feh'eta«%ég tlhfeﬁ?‘ E R o dtebra maﬁ@s%eig?%ﬁfe
e 2 et sl et A B £ Lo BB L
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supplied to the menory 2, fromwhich data preceding and fol- |ow ng the
data whi ch have suffered the error, as showmn in FIG 8, are read and
supplied to the digital filter 4. Since the above error is not generated,

t he val ue vah og17486 M AO capable of filter calculations is extcagpesih®somthe
digital filter 4, and held by a register 74 of the interpo- lation data
generating circuit 7. A nenory 75 of the interpolation data generating
circuit 7 holds: the val ot t-ern A ncapable;ef; fil cal.cul ati ons due
to the error. ﬁhg @aPngg%(s)Tg\ E/e'r“’ n%grc’z"ggtgégéld\;e“rﬁirbéa f‘rg&‘hthe nenor y
75 and supplied £o-ah ad» ger 76 Hehs agas 14 he - Fised \valyes nfy ter

Bn to the val ue of the té[‘rﬁqﬁ,g?o.’h %Rgﬁgqjgg'otﬁﬁfzjg& |"§qs\lj§pg i"e too /‘z\ i
deci sion circuit] @ i £h 20 QMRafge) e SuRBLE-od vahyg jofitRgynsam et fhe
value YO fromthe calculating circuit 73, and decides a val ue of Bn at

whi ch the suppRiregyval BBe' pf the Uk its (chipseyl Lol valifie, YOHis p | v

I nterpol ation data are pro- duced according to the decided value of Bn. The
val ues 0f Bn argcal @uilaged( fipliddy8hde ibasdel b ,he configuration of the
digital filter 4 that is used or the filter coefficients and the position
where an error i§ @stabl isfied HArd are stored in a table. The interpolation
data generating circuit 7 which is functionally shown as a block in FIG 9
is actual ly inpl Brente® Bytséftware. The interpolation data fromthe
interpolation data generatjng circuit 7 are suppljed to the data selector

- 20- 3. Thé Hat aZs® &ct oz 3(i% céﬁql@dﬁlneéhggiﬂe €ontrol signal from
the control circuit g During a_na'ér]terval in which an error-detecting
signal is suppliBd*t thd & Por= deflect i ng signal input termnal 5, the data
sel ect 3 selects_the interpolation data fromthe interpolation data
generalt ng circuft <7 and delivers the interpolation data to a data out -

x= (Y0 —A0 —aq) /p -+« (D)
ERO, O (5) XKOMITHHBIEATOCEEWM S b T
— RO ENTX DL,

DA DNT, LEERUFIRT 4y =% Icil%x

15 MY o B ZREFONMIITHAE~NEZ Do
B0 = B0 = 1331
B'l = Bl = 701
B'2 = B2 = 639
B’3 = B8 = 659

20 B'4 = DB4 = 643
B’ = B3 = 29
B’6 = B9 = 29
B'7 = Bb = 13
B'8 = Bll= -i3

29 3’8 = B6 = -29
B’10 = Blz= -29
B'll = DBll= -643
B'12 = DBT7 = -639



put term nal 8. The apparatus shown in FIG 9 is supplied with a digital
signal which has been digitized in an arbitrary small nunber of bits and
contains an error portion, and pro- duces interpolation data of the error
portion we®egi7ad%al ue produced by supplying the data of thechiegstiadsisi gnal,
in which the error portion is at an arbitrary position and from which the
error portion is renoved, to an arbitrary digital filter, and also a val ue
produced by squl'yii:j-ng:al IBiin‘{gr p_oﬁ.rgati on data, which the error portion can
have, to an arbi- trary position of the digital filter. As a result, it is
possi bl e to obtjairn 4 nterpglpfion. gata approxi mating the original data,

thereby well interpolating the digital sig- nal. In the nethod according to
the first enmbodprgmt descRijgpd appye, if the nunber of |ost data is small,
e.g., 4inthe illustrated exanple, then the nunber of data calcu- lated is
al so smal |, i.ez U8 HOWMEN f It heGl engt by 0F aafr Aoy NGy §ageR;: 4t hen

the anount of cal cul ations needed in- creases by a factor of the square of
t he | éngt h ofMibétgd-Critirdy IBctoEdingl ¥, It Bi & netthddd € mwotc Suidt abketf or
calculat- -21- ~ ing the values of all conbinations of Bn + AO throroughly
to deternmine aldi niFdddalius. —1 W0 H0.n®t hod according to a second ermbodi nent
of the present_invention, possible 16 values of BO ~ Bl5 are rearranged in

- (3

order of maghltiide ‘dsoB 09 75BP1S Pamdl d$hedo ar 8 appr bRS el 84K & & £t fab ght
line (interpaglating straight. |line) hayigg_a.gradient of "p" and a .
y-int fa_rcept pdﬁ%"’q“ ,gpusi ﬂgcgnﬁé%%é %‘f %?%‘a‘ t Js8udr és’lof tehé 2] ﬁ’gl’k (4
Speci 1 cal|y.,1e, i oxi ke sy g1, ) 080§ S S35 i B £,P% * 0

10 W THALEDA) ==3.0 Y0 = 6. 9040 (5) K&
x={ 6.9+ 3.0+ 1036.9) 138.25=7.56
&5,
B (7.56)—=DB" (8) =B (10)
15 SR 3 1 S E NN
B1o: (b0 =1, bl =-1, b2 =1, b3 = -1)
E18 %,

ThEFIG. L 0EMOTHEEYHE . MANRLICE-T
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20 WRIEROD Wb E QO URLVDARHEMNIBTH1G. | 0O
RO A R UR G §r o S TAAL TR 1 P A U
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and substitut ed in Bn of the equation (4), producing: px + g + AO = YO.

Ther ef or e, (YO - AO - q)/p. . (5)

Lost data can

be determ ne?%{qﬁ‘%g])the val ue of an integer which is cl osestfp%:ﬁg{ﬁpgoﬁg.} ution

to the eq An exanpl e which enploys the sane FIR
descri bed above with respect to the this nethod will be de-
First, the terns Bn are rearranged in order of magnitude as

er as
scri bed bel ow.
follows: B 0 =

BO = 1331 BU i —BJL_#)\' 17011 B '.2 4= 32/——— 0) 559 B”K%BB(‘L 'C 659 B 4L

= 643 -22- = B 6 = 13 B 8
= B10 = -13/aBJ9v£ {Bs_zl_ Ic ko9 E\lo_ﬁsilz/ﬁlﬂ)ziﬁjﬁ\ﬂtiéem&o)@é\&.m
B7 = -659 B'13 = B13 = -659 B 14 =z B14 = -701 B' 15 = B15 =-1331 A

pol ygonal curve 61‘"#( 4sl-s’ﬁown&a9‘ a’CS "@m FI G 10. Wen the pol ygonal curve:

I s approxi mated to, a strail e. et f | east
strai ght |ine |s—e3<3-r f;} G&M’L”ef' g’n? o g}ogﬁﬂshj??
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Therefore, p = 138.25 and q = -1036.9. The values of "p", "q" are
cal cul ated in advance based on the configuration (coefficients) of the
digital filter 4 that is used and the position where an erraor Jgortion is

est abl i sPEB 64t t he val ues of A0 = -3.0 and YO = 6.9, usifg’

(5), x = (6.9 +

Pﬁé‘”éﬁ]hati on
3.0 + 1036.9)/138.25 = 7.56. FromB (7.56) [err] B (8) =

B(10), B10 : (b0 =1, bl = -1, b2 1, b3 =-1) is finally obtained. -23-
The above pro&egdpilwd I B¢ 2ddscti HeRl Ybakaly Virt he-rigfifrenced to FIG £19.12Ad
poi nt of intersection between the straight line "b" in FIG 10 which has
been obt ai nedZusi Ayt K& dmék Hodl: oF I ekhish osalidéds and (a Y I.eYd, ,i,s , 'L it

det erm ned, and

a val ue corresponding or closest_to a point on the horizon-

tal axis of RG] Lot ¢h02 8¢ iespendk W dctdied pbiFitDdel likmt-ei-ilis&chli Hn

between the strajght [jne "R
i nterpol ation ddt 8. —Thelde&t f di me

. and &he 0 level is determ ned as
d iZnt"érlboI a- tion data are inserted in or

r epl a&; a portign_of the digi- tal signal where the error has occurred,

t here
correspond- ing
determ ned usin

i nt er pofat= q‘ng the digital signal. The interpolation data
th oi_nt ;on,the hqriyzoptal, axis of, FIG , may, b
X@ Corvér 5T oh § dbl e.CICin ) h’l?sgé&a'ﬁpls(e? lan‘F?F@lgi | Te ﬁa’v"i ng

Fesult difFeret Brom i hesr oi 61 Thd § 6 rorC iethod. Prbvevar) T8 §esufts

result differs
of the two netth

ds ecan he brought into agreenent wth each other in nost

cases by increasing the tape length of the FIR filter for higher
cal cul ati on accg-(racy gl n-the nethod according to the second enbodi nent,
as descri bed above, a graph is determ ned whi ch approxi mates
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a val ue produced by supplying all interpolation data, which an error
portion can have, to an arbitrary position of the digital filter. A value

whi ch approxi mates a point of in- tersection between the d?&?@%‘ﬁ%’graph

and a 0 MR t hen deternined, and interpolation data c ing to
the -24- determ ned value are obtained. |In this manner, the anmount of
cal cul ations needed is further reduced for well interpo- lating the digital

signal . The netkoe¢ dckordAng) toat he/Second enbodi nent may be- car (i @d out by
an arrangenent as shown in FIG 11. Thoseriarts shown in FIG 11 which are

i dentical to Ahose Bhowh T Fray & &b Bl derfored BY Tderbiocal Péfied SRCE hti
nunerals, and wil| not be described in detail below, As shown in FIG 11, a
val ue YO frofftirdfcal %;Uaat‘—i gl ek cai&: Sl??fté’l“ 2 hie Nj I‘Ftéﬂ'ﬁ'dl la’5t4 of Ydva
generating circyit 7. gnd a. value of AQ held by the register 74 are, supplied
to a cal cul ati ng @%’”’cgi& J%fgh&égg{lrgt“eggﬁé‘leqﬂaﬁ’oﬁ ’Fﬂ,‘f’b’rﬂtﬁe{g’eby
cal culating B, de- scribegd abgve. al ye .Bn..cl asesgt,\ta B' i eci ded, and
i nt er pol at i ortfdat® Ar ¥ ﬁr&d%‘:cgd %&Aﬁﬁé HS/"?@XHH “dféé’l}(Yéd/v%l%e B’ﬁ.}q’Tge

i nterpol ation,data gepnerated by thercakoulat- Lng.eircyit £8.0f. Lh

i nterpol ati or=dst ﬁeﬁe’r‘ai’tleﬁ’g “crrglbf"t':‘? are l%tﬁb ﬁlogdl’tcg 1féﬁ‘(i%‘(ia(’[—a/sggl)é’c{t’or

3. As with the ayrange- mment- showrsbp A1GH 9% g4uring an interval in which
an error- detécting signal” is supplied to the error-detecting signal input
termnal 5, the;

ndat @ sehiepl of 8 585 getis g -1t gERglia-patl qpy datrapt the

i nterpolation d"ét_a generating circuit 7 based on the control si gnaF rom
the control cirguid;64- 4s-aly Bl ti JidadaC ¢itput & epnrngl 2,8 aytpursidgta in

which the interpolation data fromthe interpolation data generating circuit
7 has](repl aced griibeed ilnfert éddi diithe) eb iBrrpand ftli-erd {5 iR 75 55 & {1 4 L
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- 25- A met hod according to a third enbodi nent of the present invention
Is an application of the nethod according to the first enbodi nent, and
di spenses with the cal culation of Yn according to the equation (2).

Speci fi caWgme/issce YO, Y1, Y2, ... are linearly interpol atral/Iroseids?
di fferences are constant as follows: YO- Y1 =Y1 - Y2 =k. If it is
assuned that YO - (cO - c1)*b0 + (c1 - c2)*bl + (c2 - €3)*b2 + (c3 -

4)*b3 AQ - .y Al f
gqﬁat i O-I"l- is shtisfi édoﬁé:‘%z’&ni Pg*%lﬁﬂ ég b2t +ﬁ%3 43=P "A” jtbhf %[‘([%%prﬁe
equation (6) oy hencn Q"Er/equ Mg Fi@’fj_'x ﬁ% Mtgfbym'hg Q7 hl, o

differenti al t €r Se"éoe nts arée r resente f'eren

bet ween t he cpgag—} Lc{’eﬂﬁ s ?\ IS spr;} grnals I_owxrpgqs shigls t{ﬁ:ﬁmt Qaﬁ —gr(le, gf]U]fﬁ,Fd

by one co- eft1¢ien poOSi nce YO, Y1 are | i nearl

terpol ated, thescoehf heient 3 af 1t he WikNMEIIOW RASH ﬂx.,l}t@r/»n@m wt xhe,
shifted by one coefficient position, but may be shifted by 1/2 of the tap

| engt hyof thezZpgiginal FIRfilter. An exanple of the coefficients of the
differen- tial filter is illustrated in Table 3 shown in FIG 12 and FI G
13. -26- The’edoat {003 06)LHH Jdfs dived $arie T oRf4 gurdt i o As—t hé e’@dﬂih}&bn
(3). It is possible to calculate A 0 usmg t he
(680 &7 —NERETOIMLITK - TTFOHIE X Z
DWMF —TwE LTHIEEINDLbDTH L, w5 — 4 Ak
P T OWERM M, TG, 1 5 TrkbkiEsE 7 nw 246 L CHRE
10 LTI, V7 02T THELTHDXD,
PTG, IOWEmPLwicknnil, V407 40y —% ALK
DYy TP o L TEDEW ST LENT VLT 4 s —& L
ol EIC KT N WwE X IINp UTRIUTIEF Y 9 i d
Wil % iTH> S ENTELHLDTH %,
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FLEDITLITFICHIM DD DM EIT D0 BICR U LI HREX
DT 40y =AU REEELTHNLEOT. FI1G., 1 61KRT
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— L OUBOHSIE—p. YURE—-qllEO, TN LN DULER
Mo (7)) N &EFEKIIC
x=(k—A'0—q) /p
(k—=A"1+aq) / (=p)
29 B ofnd, T okERLELT
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differential filter shown in Table 3 instead of the FIRTfil- ter shown in
Table 1, and to determne "k" by calculating the differential filter in the
vicinity of an error region as shown in FIG 14. As with the interpolation
usi ng thewatssuadPI R filter, data suffering an error can be PEFERSOR4Y ed
accord- ing to: x = (k - A0 - qg)/p. ...(7) In the

met hod according to the third enbodinent, it is not necessary to calcul ate

Yi di t at. n, th hod. ndi ] Ahird
embodi ment | a it Aot Caidf GoH =T bl BoF LS codt fi &1 ante/Aie & epr e-
ted by th dinf f f |’nf|/{,
tsﬁgt ear eyshl ?t eg‘ b Sr{sz t@? \g?;ﬁtjép 1 engt{]ﬂ' )C‘l'selrjlgstzgot her/gb%@?uftj’helre&
reduce the ampyphgt-calgugatigng Loy weul (1 of popstE | ﬂ@O%'ﬂfmﬂ'Lﬁ* Ly

signal. The nethod according to the third enbodi nent e carried

an arrangement %’51@%\@@1%%@ 357 Ehgsw part & shogwy zﬂvﬂﬁy 35 { @b iﬂe
identical to those shown in FIG 9 are denoted by identical reference

numer afs, and swi-+ T RYLAHE ey s Lcdet @ ko Bel-opk sAs- ghowt: 5n -FIsG7% 16, a

data signal fromthe nenory 2 is supplied to a differential digital filter
4’ having coebpicizent 9L, 4 .7 SA K aneh) fr 1l & detieds édiiinl @ dingh tal
signal sup- plied to the data input termnal 1 and an error-detecting -27-
signal is supptiRddtd &Hkidry ok vorvidett Ayl & ghd 4 Apad %lﬁﬁﬁ‘) nt abE 55 Jrhe
control circuit 6 supplles a control signal to the nmenory 2, from whi ch
data in the viitiini4 yvoF 1 he daraOJtHau%ﬁL ELfD di 6Tt Be Serv of 4ark 54 eaddaid

supplied to the dlfferentlal g_t I lter.4 . The differentjal digital
filter 4' extpPadP&Livdl é”“f'\ % 4&1‘6@&-%&/&%% & Kohen hEPE 1Y a

regi sagr 61 of g _unte; poI z:t |_J,o% daLa gelgggglﬂ: BONEOEDNF S &L T 4
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ing circuit 7. The control signal fromthe control circuit 6 is supplied to
the nmenory 2, fromwhich data preceding and fol- |Iowing the data that has

suffered the error are read and supplied to the differential digital filter
4' . The owbfoen7sdential digital filter 4' extracts a val ue JCTAPISPRISEr | bed
above, which is held by a register 62 of the interpol ati on data generating
circuit 7. The value of "k" fromthe register 61 and the value of A0 from

the register §2,Rue/supdl ked bosgsedh quoL 1AL ng ﬁ'-"—c&'" @90\,.}”"?‘%'1 bo

cal cul ates a val ue of accordi ng to the equation ue of Bn

which is closgsi- o4 treyvg} ge oty )"y is sdeci-defl; apd; tzlne_j_%cu)q@d/\vqj/ynel[(of
Bn is sup- plied to a nenory 64, for thereby generating interpol ati on data.

During an intéerMNak D, Wi dgb]‘h'tjbi‘e’ ovx gl et eetd Al LRI HENAIDI s Suppyiedttd the
error-detecting signal input termnal 5, the interpolation data generated
by the interpdatipe data, generating circuit 7 are s'el ected by the data
selector 3, and outputted fromthe out L put t erm nal The val ues of
Bn ar &) cal cul at &dii v GivaiRte& Based on Hhe \’é(ﬁ%f/\gdrgat\l o (c»éeﬁf’f‘rcbeat@‘) oof
the differential digi taI filter

error is estaf®iERed)? Jaﬁ@lzé 1*1$t£grte(!1‘—?3515f Q’&eg Tﬂé"—‘laﬁt E(O ')E&%dfmgﬁafg

generating circuit 7 Chh Cf onal,ly
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present invention effects calculations for interpolation, as described

bel ow, so that a value of "k" will not be calcu- |lated. Since the
differential coefficient filter illus- trated in the exanple is of a

confi gur atwomeaf44oi nt symme- try, the sanme interpolating prRBCEERISHA4SRI t h
the nethod ac- cording to the third enbodinent is carried out at two posi-
tions in point sym"retry as showmn in FIG 16. If an i nterpol ati ng straight

line has a gragient-qf "pr and %/},m;ds@,r -oeRh af 7 9 W g,hen@algo Tﬁé&l) Ky

i nterpol ating stralgh “line has™a gradi ent” of and a y-Inte

q". Fromthe respect iy si.r@*gh;y himes a&re Q’otayngd”,y =_&j<)z- ﬁﬁjqu)fp&
and x (k- A1+q)/ as wth the equation (7)

el i mi nati ng knmmne@t;:@ve BouakipTs 5t e, {4l tmagwemmayw Csfift 4 ok
obt ai ned: x (A1 - A0 - 29g)/2p. .(8) As shown in
HG17dma@ﬁ&y@&ﬂ%bﬁmwmaMMM#WUPmHm&&wmm
bet ween these two estinmated straight |ines, and data cl osest to the

esti mat 8d dat adar® Bk phit.t ed as i nterpol ation data. In the method accor di ng
to the fourth enbodi nent, a graph is determ ned which approximates a val ue
produced by suppl¥iag alliblnhtér‘@ohawli @nTddt =, Favki oh"@vk@i’bfu port bofD dars

have, to an arbltrary p05|t|o/Q of the differential taI filter, and a

first graph is®et & ny ned By Subsd vuli MYy o lﬁé?g?ha L vatue ﬂ?ddé’ée"d
by supplying the data.of ,the digi \ I nv\/mc “he rror portiQ
at an arbi- traty { éjﬂ% dm Janl /%r ?’1 gfpn? ‘I'ke 2t hbk v i bhG & ri'eﬁ'@n}‘ed ffo

t he dlfferentlal ital ter. u;t ‘ - ,gra term ned Wmch

appr oxi mat es a-‘vaéj {)roolttc)éd7 by ﬁqﬁl Epcﬁ;?“gﬂ data, which an
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filter at an arbitrary position of the differential digital filter, and a
second graph is determ ned by substituting, in the graph, a value produced
by supplyi ng the data of the digital signal, in which the error portionis

at a posty t) point symmetry of the di ffer ential digi t‘:‘iJcﬁJPbé@ﬁsﬁt an
t

arbitrar |on and fromwhich the error portion is re- nove he
differentlal dlgltal filter. A value mhlch apprOX|nates a point of

i ntersection between the first _and - second graphs is decided, and
|nterpolatl0ﬁ~daKé\CQU%égbéﬂd3)Fdd&P@kt%eadbdrdédlvél é/dhé‘détalhed T n

t hi s manner the anoynt_ of cal cul ati.qns_needed is further ced for well
i nt erpol at i n@‘f t)he éﬂ' t)al 3” dhal 7 1R éJZ’E tRdd aoczjﬁdr-ﬁg ¥t ﬁgﬁ l'(lil,rli?‘t»’f*t/—l—

enbodi ment artie t Nt whieh is th a

ar r angenent 79#%6%9}!5: %r‘ ex ' %ﬁe&”ﬁéaﬁ/l Y, t"é 'r‘me%r/griﬁ S
detected in L gp X t the data i'nput terminal 1 and an
error-det ectahglgliéﬁaﬁ %é“‘g{ﬁw)ﬂ‘éﬁ oﬁt"he error-correcti ng si gnal i nput
termpal 5, . OBt kol u+ 6. S I tral\ Al g -t @ nmeporYy,
from Whi ch dat pr;ttc%ﬂﬁt%‘i g{‘ o)\s/immr%g qﬁ‘ﬁ gt}g” S’e ?’eadglln % hg?e “2

deternine A % shown ix m']tbﬁ.ti'ﬁf f]ﬁrl_ exaprlzap /g (Suepli pds t? t'{'ﬁ& R g
i

differenti al dlgltal I'ter e differ- ential dlglta ter 4
extracts a vatyesofL A #i gessrd-bgd abQyer mhielf sksyiified hekdgby thg jrexi ster
61 of the interpo- lation data generating circuit 7 The control signal

fromthe confj &} g3i &bi (iBEkIUPPlE4T o the)imendry 8, 0fCam Hhj ch data
precedi ng and foI | ow ng the data are read |n a phase to determne A0
shown in FIG 12 fove B adpli &) sk JEWNpCitRdL D Y G er@ritlili) Sidilgictal
filter 4. The dlfferentlal digital filter 4 ex- tracts a value of A0 ‘
descii)bed abbVe, il dh % s held by the register 62 of the interpolation data
generating cirgcuit 7.
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The value of A1 fromthe register 61 and the value of A0 fromthe
register 62 are supplied to the calcu- lating circuit 63, which cal cul ates
a value of "x" according -31- to the equation (8). A value of Bn which
is closesfolfgnbiy@ val ue of "x" is decided, and the deci ded wetm®sobisBn is
sup- plied to the menory 64, for thereby generating interpolation data.
During an interval in which the error-detecting sig- nal is supplied to the
error-detectin g al i_nput ter hal. 3, the . te ol.ati qn dat rated
by the interpo?al f} #a’genérat fllgfkc’r‘r ult}t 7 sé’] erlct ed gy%tﬁi aﬁﬁﬁ
selector 3, a putputtegl o] tne, fu.nal 8. The above apparatus
deternines a 33 aph Lhith® d%) g}'ﬁl‘ﬁa es’ a ‘Bvﬁugn%r 8duced by supplying all
i nt erpol ation da;t I-Ch an error portion can have, to an arbitrary posi-
tion of the dlffer‘éﬁ digital filter, a first graph by substituting, in
t he graph, a valueypro ed py syppl |ng the data of 1t he (di gigt al gnal, in
whi ch the error pgortl Og‘{?s a ane'ar b?trary pos?tl on( and fogomGM| C I)the
error portion is remvedy topthegdifieyential digitaly {ilger,and ?urther-
nore, a graph which approxi mates a val ue produced by supply ing all
interpol ation data whi(chp angerror,  poriion canghave( [to & posli{i qn)of point
symmetry of the differential di gital filter at an arbitrary position of the
differential digital=fi{lger,(andla sécond grapl by tubstituytiing, in the
graph, a val ue produced by supplying the data of the digital signal, in
which the error pottsor{ 0s at & flosiflibn of poicnt= syrime- 1ty (bf, the
differential di gltal filter at an arbitrary posi- tion and from which the
error portion is removdd) Loltheldifflerential digithll £ilker.0 Thel apparatus
t hen deci des a val Et)Je whi ch aﬁ)pr oxi mat e)s a point of i ntersection be ween t he
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first and second graphs, and obtains interpolation data cor- responding to
the decided value. In this manner, the appa- ratus can reduce the anmount of
cal cul ati ons needed for well interpolating the digital signal. In any of

t he net howe saacapdi ng to the equations (5), (7), and (8) desaviPB#eR4sbove,
as many equations can be established as the tap length of the filter
dependi ng on the phase of the filter using a region sufferlng an error, in
which filter ,oajculatl 088 eatgabe are ut f foer t 0gs,

det ermi ned frioni’a pI‘uPaﬁ t{% f* equatﬁFdn/J @ﬂ J‘rerﬁre Al ({e B?g T nzglelrrpgl at%e\g}l

val ue can be gepepmned Ausi ngsk ke prA nciple of a ITB.] ority decision. In the
above descri pﬁ' onL {’hg I“g?gfh/') ?d'at{"é which are lost by an error is of 4
bits. Accordi ng-t@ thisznet hod: showex @ ykiingofarcas angipterpolakipge g
straight line is determ ned in advance depending on the length of an er-
ror, it is pogsibteste inurhphl] el eT 1ion] data ik e-a¥nbsh & he kangiaaount
of calculations. The digital filter which has | owpass filter

characd eri sti ts:H 8 @apad) e of = ok ér dollati g . didyid & 15i gl D a/ nimbed to
better match the hearing sensation. Actual exanples of interpolation with
respect to a B Befifivdld katk ﬁg4b/@aﬁp¥|lﬁgbﬂréﬁuerﬁﬁeﬁz 2.822 g, LaCdidgh nal
frequency of 1 kHz, and an_ anp e which is of - 50 dB fromthe full
scale are showndi & B &s.L 8D O—Qi/‘ &hé f kdedldsed ¥ nEvhéRdieldRpt e< Fslan

FIR | owpass filter conprising er moying filter wiih 64
taps in four Bver lappirép st &ges ")&G ‘i%gég\{ a‘e f'6r~ﬁ1 f“’aillﬁb%'t Dlerr]
signal corrected. Py [hol d| rlg/da/.ta whlﬁl} %h?ﬁede a, 4 bétoe“f Uc“lat\

At ik
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has occurred to the 1-bit [err] signal. FIG 19 shows a waveformof a 1-bit
[err] signal corrected by an interpol ati on process according to the pres-
ent invention after a 4-bit error has occurred to the 1-bit ]El; Jsp3dsgnal .
FIG 20 sWOWE'iM3aveformof a 1-bit [err] signal corrected %y ol é)r ng data
whi ch precede an 8-bit error that has occurred to the 1-bit [err] si gnal .
FIG 21 shows a waveform of a 1-bitﬂLerr1 signal corrected

i nt er pol at i on—pifodekkitadeer 69 g 7t o~ dkél) pfrxers-/J‘éH*tnul ﬁv@néld)rl_h/ﬂ{ érfoah‘ g-Git

error has occurred tomt he 1-bi t)Lerr signal, In these exarr&pl es, nor se_of a
| arge | evel i 5 B d 14 gh f%d Pt 6mohel ng rpleducEd adcor Hi kgt bt the pr dsdnts
inven- tion. Wi.h_fhe Nog:s RRar at, ,;,a.C.C,O,r, to,,I he_aboye . ,.
enbodi nents of’ {L‘nél gr - 9?‘1\@5’“ |/‘gr'? akégéﬂﬁl 4 "strf% Y&r & dn f;‘«oslt Y rom

i anal - producéd b g”iir%“’gpgﬁ L‘ﬁ? rorbekatpr ot Bt dof\a/f“«f o Uof {E'etd
at a{‘ﬁ?fssf'SPgW ok o W@Um hefof il 588 S%Sm au@ﬁlﬁ% Bt
conposed of aqsyyal - qufmtperz :Gf bij sy sushyas g tjge%“ gl %ngeépr Ogureﬁr?%uced)

[err] nodul ati'of, 1 o1 ex arrple can be transmt recor
wi t hout damag? % its characteristics. A nethod of interpolating a digital
si gnal ac- cordl ng to a fifth enbodi nent of the present invention will be

descri bed bel ows Ln st e ypgkped] ageprdifngat & #h8 5 Pt b anppgi pat - a [pr+]
signal which has suffered an error is interpolated in the formof a [err]
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no problens for the listener to hear the reproduced sound. Specifically, a
digital signal which has been digitized in an arbitrary small nunber of
bits is divided into digital signals each having a predeterm ned nunber of
bits, andwidw/pa@bability that the divided digital signals wétipdsmgener -
ated is determ ned. Based on the determ ned probability, an interpolation
table required for an interpol ation process is generated, and interpolation

data of an error, on,.are_prq referrlpgt |nterpolat|on
table. It is é‘ééuﬁ%h“tlha‘t e d >a§(‘§g %a%li Lpit f[’e’ffr 9 gngl aseYrepfedent ed

£ brtS from an b ok g gost oo OF A o b Sk S U
o). tor oxapiet ras: U M PERRCE B RS T RO e

0), then it np:f/,be— exxpj\e,ssectrby BO = 0*2[err] + 1*2[err] + 1*2 + 0 =
which is cal cuf at ed accord’ng to the hexadeci mal notation. In this manner,

the abgve 4-bit {63 signalocanibe paguedag IINALE Yahues. (9ybel Bz

ranging from"0" to "f" according to t he “hexadect ma representation.
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An exanpl e of hexadeci mal representations of the data of a [err] signal
produced when an actual nusic signal is inputted is illustrated in Tabl e 4
shown in FIG 22. As can be seen from Table 4, the data of a {Wér; si gha
produced W@/ dii%ctual nusic signal is inputted con- tal n ECHIEY %657data
of "0" and "f", but nostly data of "5", "a", "6", and "c". This is because
the [err] signal expresses the original nusic signal vmth the density of

1-bit values 0i='>3}o§@d*@§<,o>a®d:t berd@t@wﬂ ]@m@& i es)nmsremmw
negative and positive maxi num | evels which do not often ap- pear in the

actual nusic gigRab.8 36, i {tivg Leffd 7 Enat (it gpeeserI s a nusic signal,
then there appears to be a correlation between synbols of the [err] signal.
An exam nation @f & he IprOkdbi|+ty Lhat Ot boxsiickkes- HsEy & &ywbd I (2 vaihsl of
symbol s) will be generated indicates that the symbols have a distribution
as illustrated ith Tablie & {$hsiws 1uv/Ailidi] 23— Vabt 8 B thro 5 4 at 67 P dt & Mo
indicate the prob- ability of a transition froma certain synbol to a
certai b synbol¥ Fof )éxanﬁbl e, kaﬁtjé’frbkacsﬁlnf}oflh Hig o ‘aﬁ’si'if‘rﬁol_ Btz &pY peadr d)

with a probability of 50 and a synbo " ap ear opabl I| y of
31 % The appld ¢atian <§)f'nt’%ﬂle> abd{rer coné’eﬁi "fef ntleropcsi /JI‘E'l iﬁl#.gt ldatla %h

are | ost due to ngise . or,..a ;n a d ,$$l0n_¢gircui nj fies
that if a syntﬂfbl"gmi‘l d- i gﬁg}ﬁfhs‘{ ' éﬂg‘m ‘theJI dfst” ’{/H@égllc be
estlrratedtoaqer ee | anS|t| rg,b 3Y t g,lgnown
symbol . In the abd e&dﬁ% 7t ﬁg&)tgn‘éo dc i’“n@Ja_—'l "%%ﬁé“’]% ¢ gl
then a synbol y\,g%cg OfiES after the sym boI of "1" is considered to be n a"
of a highest pr |I|1!’y’ and can be used as |nterpol ating data. Based on
the oggurrence REQHARIHLEY SEOMYIA JBx 5 — k3 DN D 8 E v b (2 ¥ ¥
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ble 5, an interpolation table can be created by gathering a synbol of a

hi ghest probability which are generated imedi - ately after a synbol. Wth
respect to all the synbols hav- ing an occurrence probability of "0" in
Tabl e 5, 'vedoensd a" indicative of "0" for the [err] signal porypésm2useed as
i nterpo- -37- | ation data. An exanple of such interpolation data is il-
lustrated in Table 6 shown in FIG 24. In FIG 25, a digital audio signal

supplied to afq a,lprLt, rguqa (?30}4,%' SyPaL pj )_Lag V’ailn Yd?l CI I‘CUI t 102

havi ng a del a corr ond| ng “eA digital

si g_nal fromthe Qe}ﬁa\tgh_gl I\Cdjl :[9]0 Js’sgp@ Afﬁ 40,8 d%tg sel 6859F #‘{39_ The

digital signal fro ata’ |np term na s supplle e 104

whi ch successiyely: skofes &"C%i NPy OR @) /‘Sj]g FS0% m"f’; }fdl'glﬁ’tv\z, e

signals stored in the nmenory are supplle to a bl"e” 105
tains the integpplaty op jddpiasiur ;b @ & jilaRi oot a 'ﬁ!ﬂ’rL OﬁL;S f@@the”RO'V'

table 105 are successively supplied to the data sel ector

error-detecting signalfE Sdrcatiive @fhl}/mﬁﬁhe*ﬂhefad{’;gmfg’fwuﬁlu@ maﬂﬁil L

supplied to the data input termnal 101 is correct or not is supplled from
an error-det ed{lirgch reuktH{(dok Shown) to an error-correcting signal input
ter- mnal 106. The error-detecting circuit detects whether an error has
occurred or not _hafed uﬂd)dﬁ@uoo-ﬁe@eﬂ Bn@ \hitichill & idad a7t bl tihelt d) ge tdal
audi o signal, when it decodes the d| taI audi o signal. The error-detecting

si gnal from t he 7Bridk- t@dhb@tﬂ’ﬂ EnBu® Lebricnal D61 4 @Mﬁﬂ)l"dréﬂ&to a
Che. dat a sel oot di B and £1te %Lyf 1%2 1*3@]@%2% or o FEhyer e e i P ne
di gi teio audi o /.s agnal %ppl Leﬂ }O_Jt”b d&t% 57nputL tC.eLCnblT%_l “llQl ag,d)b%_i_ _ﬁJ_rOS)r- ‘
AT D EMNZID LT ZRZ0M T — T vk L. €O
WKWIBRETH s — T v WO T4 L o &
EORP[PHITDOTHTORAEHIELTF I G, 2 9% )T
Wid %, 8. FIG., 29Tl I1G. 25 &Jkdlid 5bENIIC
15 DNWTCRE—DRRTSENEILODET L,
JRHEHLHBFIG., 290V T, ROMF—=720 105 a., |
05 bR, ENETNUNLBLIHMOEALEESDT — 4% b &I
W L0 OEMMHIKHRLILHEKI0HF -7 odidiianT
Voo MIAWKROMF -1 00a. 105DbIKHEZ2 I ¥y 7
20 WY e XHFEDOY ¢ VIVDRE DTS ESICF Y vt —5
A Lchill 7y — T g LAdidsnTnd
ADEGFL 0 6R T 7 —WibfEsSrADsn S & TRk |

L SLD

)
%

O 7OWMEMICL - CAEY 1L 0A4KIKTF VI NSO T — NI
TLUNMOMEDE » PDOF =4 L4 Ey T OF — 7 I
23 DiAELb, 2V 1 04IKEXoNALT—FIBEAROMT -

Jww105a. 105 bicidEdnd, ROMF—7n1 00
Ll o0oSs btk &gy — o, ROMF—7 01 05 a.
1 OS bOMIBTF =7 THT — 20N EN 5,



- 38- detecting signal is supplied to the error-correcting signal input
termnal 106, the control circuit 107 supplies a con- trol signal to the
menory 104, which holds 4 bits preceding the digital signal which has
suffered ti§o&{7:95. The 4 bits are supplied to the ROM t abl @CTE®5H345Whi ch
t he above interpolation table is referred to, generat- ing interpolation
data. The interpol ation data fromthe ROM 105 are supplied to the data
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of bits by [err] nodulation or the |ike, then the apparatus shown in FIG
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rangenent. The above apparatus for interpolating a digital signal which has
been digitized in a given small nunber of bits has an interpol ation table
generated based on the oc- currence probability of digital signals each
havi ng awa@sdsi7ass rary nunber of bits, divided froma digitBETEPYNASS7 neans
for referring to the interpolation table to obtain interpo- |ation data of
an error portion of the digital signal if the digital signal suffers an

error, and ngans,for replagi g EUROA: 1 oL tyi, on fj--t- di-gjptyayl =S wth
- B o, PHR 00 LB )BOR O 00k 41, ON RN RGO 5 Jy

the interpol'&tioiv d from'the t'nt erpolation and oufputting

the digital %ﬁ@'ﬁg 4}“?{ @PF&WJ@W?{& e & W%g ! 'l;ﬁl':;’%i [P €5 a8y -jcrangenentqf ar

i nterpol ati ng 1gital signal very well. In the above ‘descri ption and

the fifth enbogi { gent 3 iterpohati onAdats Bre @lel grnhngdsfnom# Pi ysul1
sym bol) preceding an error portion. However, nore accurate interpolation

data may be gbtafhed:by; EhhsidediRd. data £ oy —Iiwiing he &r-0T poHt +-oft as
wel|l as the data preceding the error portion. Mich nore accurate
i nterpol ati offt data{vEy ! bés obtlRIEED /by thAks ng 1 dildkcbnBi Ber afi onyditt by gf 8
bits (2 sym bols) preceding and followng the e”orbBOUi.Oﬂ- FIG 26 shows
an arr angemeft luhdfedr di g% ¢t 4 ¢ xR dabibdl 8 Ko LBHaE# NG Y nder pSI &t i on
data by taking _into considerati o&_dat 1 0f 8 bits “%rr21 si/nbol S’Elﬂﬁr ecedi ng and
fol - |owi ng &h& et POIR port Hbrk \TRede Isak S Mddv irnl Fl Gl el bhitad e
identical to _those shown .in FLG. 25 are denpted,by ~40- . identigal _,
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tion. After elapse of a tinme corresponding to 8 bits after the end of the
error portion, the nenory 104b is supplied with a control signal fromthe
control circuit 107 for hold- ing 8 bits follow ng the error Tportion. A ROM
tabl e 103%0@@HM4? ns an interpol ati on tabl e generated from PSP 16
bits including the 8 bits pre- ceding and followi ng the error portion.

I nterpol ation data generated by the ROM table 105x are supplied to the data

sel ector 103, ,whi %ngsﬁ gontrolled by a control signal fromthe control

circuit 107. The ay €1 rthit 102 has a delay time corresponding to 12

bits of a train.of dayar fior- exams=pley Ln-t:his amnner.. ntenps) at i opy gat a
of 4 bits (1 syfbdl) %:I?Ar)] be ogl%(di)n)ed/b{/ cgﬁsfdogrfmgp?r%%afa%'}ggfbi ?g 12

symbols) precading gnol, 1ol el gt RELARNBILAOCIST Bk £F 1okl JINLTDR! i o)

table is created fromthe train of data (16 bits in total) conposed of 8

bits preced- gng and followi ng the error portion, then the size of the
interpolation table is 2[err] = 65536. Since the interpolation table

contaifs trai nsgofs gatla FWF eh Jerdg tSulbdiaitt | (@l & Motz pededakkdr 1D, ag” acyual
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FI G .28 shows the waveforminterpolated using 8 bits preced- ing and
followng the errors according to the sixth enbodi- nment of the present
invention. A corIFari son of the wave- forms shown in FIGS 27 and 28 clearly

shows t ha¥VORpight

evel noise is prevented from being produc®&THF?¥MdShet hod

accord- ing to the present invention. In the above description and the
fifth enbodi- nent, 4-bit data are interpolated as a 1 synbol. However,

anot her value as with the sixth e

| ength of data go-be 'pnqe(;pﬂol at e)dr/T\Ls., Qog%r%%{& Iﬂ?@f;@&?/)@iﬁt&h ;b?ten{m‘%, @g:of

odi - of "Ta’diffe en

can sim | arl yilg knhenp: 5 & ed ;by- genertatd ng{am- GRter pol ghigns tabies 4
corresponding to the different length. In the above description and the
fifth and sixthzeBbiad] nMPh&sid &h i 6 er BolZati ¢nsk ablle 5 $C of edat.pds bdseq, on
data of a [err] signal produced when a nusic signal shown in Table 4 -42
above is inputtbd, bHowevar | @i tf ér ént davia Dray dpds ST ki 7 be 4prioducEdiviben a
signal_representative of a recorded conver- sation or the like is inputted.
Conseduent | y,o i BterPot ati on *t @bed bobr &8 pbititng to Ut Re I dipeddiN ety pes of
original signals of digjtal signals mgy be generated, and may be switche
| o) & & oo Vahr

dependi ng on

Yhée e bli di fal

sevent h enbodi.nent diregted, tq such different int gépol ation taples wll,

descri bed bel’dw th Tebereficd th FrG7 2L These

4 &7 shofwr- ich "B A 29

whi ch are identical ta those shqwy,in.FLG,. 25 are dengted by, iden- tical
reference nu rﬁa{f@.ﬁl T 29, “R@\/I@&E?JS%" 105a° JIOBb%S?‘gI}JH a'rir‘ft%i'éﬁ’}ﬁo- | at
tabl es generated ac

acconrdi ng-to.t heqfifth I "rept, Rased;- he ;dat.a, o
[err] signals of TS é’nt% tyb’egf‘i'*f‘:f‘)'?" "es a%?‘g,‘ f‘ﬁgk%fgréggégqidsgf— 4l(éb
stor g nter papay a0t 4 PlIES SPEF RPRILG ke Mt ok Sye gak . BasRd-0

di f f erent

20

?-

8o Tids WK T — LRI HN—ZX P27 =T LTHIA
NI TEFLEDIC, F—FIA 74— —THOMMN A 94
CEbEZ oD,

EHICHAENy F130RREK->TLhaD#ExT—712 91iTad
MERNLESAY LI D, STOLFANI N Ry T EE
B L o LIC S, LBDOTOITIEF S Po Py iIZK-THY
TENiTbh il Py w{T NIy sl &L,
COBOITLENRARUENL s SIC, Lo 5 — i
N b,

COWLEENALTFT I NESNLEDT s AL 0 2 T
AT Y 10 4ickinandssdeic, wlahio s — ROl 0
T EE 1 0 TN, THITE->Tx o — i o0
mEaNnL &L WML 0 7TorodBES AT Y 10 43
INENT, 25— R IULEF IV WESDUNDO 4y bR
Xti, 2OD4E FAOAROMTFTF—7 1 0 5 &S X1 Caii i)

F =M ENDL, COROMTFT =71 0 500Dl —

¥

“g’é

-

gHF—g L2y | 03RS EN, =7 ML SAIEL &

i & FICHIT — 2B BEBINENT, Wil ey —5 807

36

th

t he

d

A éh K O detluad B T npl td” A

be

i on

n

(



types of nusic information such as classical nusic, jazz, etc. Wen an
error-detecting signal is inputted to the error-detecting signal input
term nal 106, the control cir- cuit 107 controls the nmenory 104 to store
data of awpredessoterm ned nunber of bits, e.g., data of 4 RGEIPIHPESEJi ng
an error in a digital signal. The data stored in the nmenory 104 are
supplied to the ROM tabl es 105a, 105b. Fromthe data supplied to the ROV

t abl es 105a, 10%by: intefpdl & i$HAC ddtia (Brd {geher at ed based on the
interpolation tables stored in the ROMtables 105a, 105b. -43- The

i nterpol ation dat @ dutpll ted tk opmt e (RO A%aB] & LIbE, 11T5AL &t & Suppki ed to
a data selector 109. Based on a type decision _s.iﬁal supplied to_an ;nﬁt
term- nal 11 id b 303t 4 SBLEEK db 1409 Bele?ts @i hdrdt fedi Hi &t pola® &1 &
data outputted fromthe ROMtable ] or, the |nferpo- |lation data

out put t ed fr oft fhel KL tabf & Ebéb,fﬁﬁg{ﬁg@"‘l DT %ﬁg‘eﬂe% %’dgi mt er pol ati on
data to the data selector 103. _The_digital sji.gnal inputted i he. Lnp L
tmmﬁlwlwﬁ&@ﬂé%é%hﬁ%%ﬁ&ﬁ%&éﬁé&ﬁ&%&@ M he
signal, e.g.,, informatian indicatiye.of a ougic gen ch.as, ¢ a3si gak:
musi c or j azz#‘—i‘“ﬁ%he Hi lgint gfﬂ/’csﬁgn)gﬁ‘l ¢ & dig {t“a% 'a‘L% %HSi gnal 7/ Tﬁéj ?‘y )
deci si on signal represents .g-deterined resuld, Ehe &S ORIBL oM i 4 i

i ndi cative of t H‘ee’{)ypé?d#' /Jt ﬁé§§iz§n§q@mﬁibhi1% kéje)tierjm' n%lgjgig’ a lgfgé{ s:j oiﬁlp
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Wth the arrangenent shown in FIG 29, an inter- polation table depending
on the type of an original signal of a digital signal is selected for
producing optinuminter- polation data depending on the type of the
original wob9gatrss9An ei ghth embodi ment of the present inventycqyypyéhlssPe
descri bed below with reference to FIG 30. Those -44- parts shown in
FIG 30 which are identical to those shown in FIG 25 are denoted by

i dentical reference nunerals. Accordi :}9 o.the, ei Eht h enmbodi mrent shown in
FIG 30, an interpol ation tabl e i§‘ge erat’%d %co Hi ng to a sup- plied

digital signa —(} 30 ad I, tha_lnpt L er.m nal

101 is suppllld té' J L cﬁfrt ngﬁdb % E1crnd dyd"aﬂ*%@o a
cal cul ating cirgui My i nes t he occurrence probability of the
di gital signal J)—:Accor'ﬁ/ln\é]\,gt(?)(h g\c%rrence probability, an int er- pol ati on

table is creat edF?&q fw AL %ynﬁ;twr@q}a'um o wﬁf)%ﬁeclf ZUEE £§l RAM

for exanple. e an efror 1s not being

error-5detect|ngf\_q\] Auft [ sh - & ol gi jal e i utted t:0 the
data input term nalslr 101L|JsLogut pmd ?{hr 08%1 thgug/eletail g‘:;lr%%& t%pi'02 éLndBt he

data sel ector HO03F{f &app the” tayasneofji putd hEsm—ngtz;_:tQﬁ,f-mgpmq_e Kory ei)pg
detected, a calculating circuit 111 cal cul ates the occurrence prob ability
of the data of Vhe i giafltdudi @ B} gndil 74 fipdt tedk ¥y dmiid Peiila gL ipoputy &
termnal 101 to generate an interpola- tion table, based on a control

signal from t held@ntr® Tcir=— bubl J.l(b]/\_ he) Brhiel DY & HpRI GAbt & s A tlt en
in the storage unit 105% Thereafter when an error is detected by the er-
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for exanple, are supplied to the nenory 104. The data read -45- fromthe
menory 104 are supplied to the storage unit 105y, and interpolation data
are generated based on the interpola- tion table in the staorage unit_105y
and suppWedé1®4? he data sel ector 103. Since the data sel et O Rhs been
switched to output the interpolation data fromthe storage unit 105y based
on the control signal fromthe control circuit 107, the interpolation data

repl ace or are jngegtigdy n e ef (or- pogfizenkeh the data of the digital

audi o signal inputted fromthe data input termnal 101, and then the
digital audio sigifed Esivtt Qud @d/f Conk GHEIGatE JautpEt 't £rawi{pal; D08, FThe
calculating circuit 111 may not calcul ate the occurrence probability as
shown in Tabl e & it Unky ko ifpati o) ok _hridcedy ng 7t 4ol fvilinig: &yibol s
of the inputted digital audio signal. In this manner, a interpolation table
i s gener- ated defieddithy’ ohda/eoppt ived’ didlitial LsTdhab $wo'dit &in dpid 85 #um
interpolation data depending on the digital si gnal_,.,,/}h__ met hod of and the
appar dat us for idt&rforati Agtalidirgi®ar Bigraiitdedsnd g’i’tb’ ithe pr sény 1

i nvention are preferall sed.in the transmssion (recording.apnd,r oduc-
im)Madmﬁa%%&%t&%mﬁ%@£ébwm@% dﬁ%&&ﬁg&
(recording and fepraodycing) .a digital signal, the digital signal is divided
into digital si{y‘ﬁﬂlzﬁ%\éﬁ’ éh’/i‘ng a predeterm ned nunber of bits, and a
synchroni zi ng si g
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transm ssion. FIG 31 shows an apparatus for recordi ng and reproduci ng such
a digital signal. Those parts shown in FIG 31 which are identical to those
shown in FIG 25 are denoted by identical reference nunerals. In FIG 31,
an i nput mealvedié® signal froman in- put termnal 121 is sBEBHPEN28Hr ough
an adder 122 to an in- tegrator 123. A signal fromthe integrator 123 is
supplied to a conparator 124, which conpares the supplied signal with a

m dpoi nt potent;& of the inputted audio signal, and quan- tizes the
supplied signal”info a 1-bit quantized signal in each of sanpling periods.
The frequency of -+ bgssappbing; pentofs(appling:f reguensy)- s/,64. or A

ti mes the conven- tb?(fna éaﬂpljrﬁgtfgzaufng?o{‘w48 Jﬁ(‘}ll—?zJ o? 44.‘%%&2@%?

quanti zed si gnay i 9 qUREIL @) £ 05 a-dRZaYAURID /25, —whi th il Hys) Fhes 5
guanti zed signal by one sanpling pe- riod. The del ayed signal is then

suppl i ed through . k-4biil {REA lcobvhriedii A2& Aoltheiald@r 71227 #hilckh adds t he
del ayed signal to the audio signal inputted fromthe input termnal 121.
The cbnparator 1247i0ut guts & ZqWanii Qdd: %ignél OriddhET sefit 4t ilval gf Jt fie v
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shown in FIG 32A. As shown in FIG 32B, 12 data blocks Derr] ~ Derr],
for exanple, are grouped together as one block, and syn- chroni zing signals
S[err] - S[err] and error-correcting codes P[err] ~ Plerr] are added to
each of s\%@ P17esks. The apparatus thus allows a transm ssi @QTAPYSN2457

pr oduced |?e a signal is being recorded or reproduced to be detected and
corrected. The recording and reproduci ng apparatus may interl eave or

ot herw se pr oce&g#dﬁih%g %gégggﬁg 4 gfggjl}oyiﬂedﬂ%f%im ﬁ;n%‘lr%e%gl%i -@sq%e@ Q%)s;;;_

error gener at ed- 7 The 'Signal rec ont magneti c

tape 129 is reprogused; by playbagk-hiagd Lse riBerupmposused: i el 11 &

supplied to a synchionizing signal” separator and an error- correcting

circuit 131, whichgffects apigrigh Equiecsi Oy usl IO geresr orfiedr LoR 19
codes Pl[err] ~ Plerr] to obtain a repro- duced digital signal. If no error

correction is pgssi bt g1l 5t Reny vbey synehy quifti MoLsTodal Sehaiiptos Hg™ @i
error- correcting circuit 131 generates an error-detecting signal as
descriped above? TheR Hepk gdukad Hitgittal KiGhidl 2i ® &fdplR Bt & Ohal detialf]
circuit 102 and the nenory 104, and the generated er- -48- ror-detecting
signal is supplled toILHe TdontEdlildiFcui ¥ 20F Mndnst fielledt Bt &dét biedi gl
signal is supplied to the control circuit 107, the control circuit 107
supplies a cont Kol ¢ g &l & oF ths kRt DA | Ol ahidh@ d's P4 %0ik &5 pr 28U ng
a digi- tal sigpal that has suffered the error. The 4 bits are sup- plied
to the ROM tabl bil#88i 0 generate interpolation data. The interpol ation data

fromthe ROMtable 105 are.supplied to. the.data selectar 103 . which selects
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In this manner, an inputted audio signal is sub- jected to [err] nodul ation
and recorded, and a recorded digital audio signal is error-corrected. If
such error correction is not possible, the digital signal is interpolated

and re- pyedksede Since a digital signal to be recorded or peggeesioxdsced i s
divided into digital signals each of a predeter- m ned nunber of bits,
e.g., 4 bits, and an error is cor- rected in each of the divided digital

signals, an error T e erat,e _the Vi de
Si gnal s. Theref or Q’L? f‘bﬁﬂlg{ 'pvg(éé‘s‘ 'h é car ri e'%‘gtﬁ ?gégcﬁ of
t he divided di gri g/c‘r,{:srvg /smﬁﬁ.p 71 [t.e PQB?A?U]M ltzaﬂl EAg‘% 5be/::r,f,e}at{ed 2 n a

manner to match'e Vi ded"'dl siTgnals

i nt erpol ation prpﬁ(ﬁprpuc&ﬁ be carried out with a sinple arrangenent. -49-
Wth the above 0dS and apparatus, even in a signal portion is lost from

a digital audjg Swmailrapfrpg@eﬂ of_Lmrm lx gurber 0fybils. s anch fs—g)ilgbit

si gnal produced by [err] nodul ation, for exanple, due to a failure of the

transng ssion sygt eny: s} dufd [iBvels nos¢C ik preverped drdntibei Aoy pgo_ﬁqged

at the lost signal portion. Consequently, with the above nethods and
appara- tus accgf i pgiit 07 thel gt ¢S EMES I VERY-iTori 78 i tat iEWH % KiK-. nal
conposed of a small nunber of bits, sgch as a 1-bit srg nal produced b
[err] nodul ation, 3% & cedtbrple il darke B8 ik rdans i = B EnBobrbidtl $ind 4l %- ¥
r epr oduced) vvrthout damage to its charac- teristics. Wiile the present

i nvention has b2&h described with respect to an interpol ation process
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departing fromthe spirit of the present invention. -50- SCOPE OF THE
CLAIMS 1. A nethod of interpolating a digital signal, conprising the steps
of : supplying a digital signal digitized in a prede- term ned small nunber
of bits twodesh@btal filter; generating interpolation data dewmiresin24s7
interpolating an error port| on of the supplied digital signal, froma val ue
produced by supplylng a portlon of the supplled di gi - taI si gnal other t han

said error portjo plied.digital naI , d_i,, t al er and
a val ue produced BN ‘&p@ %ﬁséﬁd e’rg'or’ p’or’Ft é‘f-?* u'pgillfedl‘ 1—d Al
signal to the dLglt,al 1fb)| ,,_ [ lg&erpol ating the error portion with said
inter- polation dat &, 42 o'd}%\ ording to claiml1, further com

prising the step a U ey pol.at. at f. l.n ;

cal cul ati ons usi ‘é‘ﬁa‘l?’ugz bpgd cgjéi)m/ gjbp?&l‘hgﬂje{dpég %Aﬁ ; g A g
error portion o p—he supplied digital signal and a portion foIIovm ng said
error portion of tThe supplied digital signal to the digital filter, and a

val ue aproduced by- sw)m%q} agd3 g;a& ._i?”fl F?]ajerys ijon d‘?ﬂjl'ﬂ@? _sugapirl qd,z)caigvt Irn.

signal to the dlgltal ter. od accordln to clarm 2

com prising the § 2pcof Q'JJLPU} f’i’f mgdxal_s-ﬁad G 'IP@"H‘U@H'NS‘M f@tﬂw)d?‘{g' g

correspondi ng to an appr oxi mat ed val ue based on a re- sult of calcul ations

effected using A {yat-ue® B Pfuckd, by sup- plying a portion preceding said
error portion of the sup- -51-
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plied digital signal and a portion followng said error por- tion of the
supplied digital signal to the digital filter, and a val ue produced by
supplying said error portion of the supplied digital signal to the digital
filter. 4wWQoend#dod according to claim2, further com pri sPAYERE2EY eps
of : determ ning the sumof a val ue produced by sup- plying a portion of the
supplied digital signal other than said error portion of the supplied
digital signal tle tke Mdigiital- i{i{litigr SandCa, val FredpyoduEed ay Tsoppt i fg/ial |
inter- polation data which can be taken to interpolate said error portion
of the supplied ldigitad HijgrdliLitio] Ane" idi 5 el i £ filf 8y L detteiddiniding® B¢ whl ue
at which the value of said sum approxi mates a val ue produced

e produced by - . _
cal cul ati ons usingkadldélliliél:gkddused Bylllsdipd {4 figtaidbiat il thpréeﬂ} Ty <5 B d
error portion of the supplied digifal signgl and a_portian follow ing_ said
error portion ofdtHé sUpbliié J&%i@a‘i*iﬁ@?@”ﬂf’d the 4 b S:af’) ﬁ‘i [Iklfé'r,_ n& a
val ue produced by supplying said.etror. partian.of the. supplied_digital .
signal 9to the dﬁéi”ﬁa‘f ‘f’i‘i—-gté‘?]}!f : ‘g‘ gug’pﬂﬂt‘aﬁ%gglqow‘éfg%ﬁéﬁp%g%ata’gyt?w“

correspondi ng tQ,_t,ﬂ ,.@Lﬁgr,_.ox._i mated value. 5. A nethod according to claiml,
further com prigi é‘dt' e“dfeps of : determning a straight |ine

approxi mating,a val.ug ,pr.aducad. by supphy. | b Laterpal at kop- dat k 9%
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outputting the decided value as the interpolation data. 6. A nethod
according to claiml, wherein said digital filter conprises a digital
filter having | owpass filter characteristics. 7. A nethod according to

claiml, waekRhiyesaid digital filter conprises a differentiptrsiogiotal
filter whose coefficients are represented by the differences between the

coefficients of an original filter that are shifted by an arbitrary tap
length. 8. A method accarding,to,clai.m/.. further gcom -prising.the.step

of : determ ning“a if/‘?@r%ggjé[ﬁh L%tpf)rd(?)é‘lhm ing 4 @a‘itusél" H%&ucéﬂ“%yﬁwﬁ%ni{ig
all interpol ati on,da .;i_l-tc_h a l{be_-t,; gn to _i;_n]t;,e{ o) upad d_efror poegion
of the suppli edfdi/gi){ Z’r‘ﬁ@i gh’%ﬁi% 'é_r%”a b‘itkarLy‘Lpﬁt&tJf%@ﬁé‘f'fsai cf“"l— P

0Tt Myr apl R R o PR R R PRoRNG & A oY PR M %

said first graph; “a va ue ‘produced by 'Supplying data o 1" si gnal
|n which the ertor: RORLEQN: 1P BLiaR G KAl Vo Bos ] onsand sl sorm this i e
error portionis renoved to said differential digital filter; -53%
deternfning a thigd, graph approximating a val ue produced by supplying all
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of point symefry lofiidkid Hifkfiareritiial Xdight &1 A ¥l tlefs &f i ar bt IR gk Yk L
position of the differential digital filter; determning a fourth graph by
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section between said third graph and said fourth graph; and producing

i nterpol ati on data corresponding to the decided value. 9. A nethod
according to claim1l1, wherein said digital signal conprises a digital

si gnal suljoesgigdet 0 [err] nodul ation. 10. An apparatus for pdyfioReiadbi Nng a
digital sig- nal, conprising: a digital filter for being supplied wth a
digi- tal signal digitized in a predeterm ned small nunber of bits;
generati ng maans,for Latlng . .okerp Iat «based on an oy uf,

si gnal produced“f pﬁﬂd?@rtahﬂﬁ ’p#lﬁy‘gégpF Wiy @ YpPts ?ﬂhéu

di gital signal gtber, Iha q pqml n.qQf di.gi nal to said
digital filter gnd ‘éh’}fbu?bﬁp” éﬁal (sfg(:)ed/f}gw‘Sal’cﬁbgil éﬁﬁt‘gl‘ﬂﬂ g- - 54 -
nal by suppl ysmg ald, IjF OF f t h@irt aly: SA gnaly .4 ,be.cugt I
filter; and ou@ rreéﬁs ?orpgﬁtto%g?t}lar:g }ls) '|’q g‘rtr or>" A%F'Jgnggl& t'He dl)gl)t%al

signal based on:# ﬂae ¢ i zoharﬁ 9P 1 mgaé ay-f4om @bq..%fq%ﬁ@tme JERALS- 14, AN

appar at us accor éh ng to claim 10, erelrn Sal generatl ng neans conpri ses

first %ol di ng nmEphsgs ki ol 4 ng a val ue produced by supplying a portion of
the sup- plied digital signal preceding said error portion of the supplied
di gi tal signallangiy; podt ioni Gf ob e B upp) i ledd & gi - el si-ghal; (frabl D
said error portion of the supplied digital signal to said digital filter,
second hol di ng keans o6} hd)ILdkn@’ &3VARUE praduced HyLdiippligings saijlk Serit-or
portion of the supplied di gltal ignal to said di gh(t al_filter, and
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ing means to generate interpolation data. 12. An apparatus according to
claim 10, wherein said generating neans conprises first holding neans for
hol di ng a val ue produced by supplying a portion of the sup- plied digital
si gnal preagsimgisaid error portion of the supplied digital PETRY0245d a
portion of the supplied digi- tal signal follow ng said error portion of
the supplied digital signal to said digital filter, second hol di ng neans

for holding a v) ggé‘hggq\?cgd,b_y @W&L”%paf&b‘e&fq"p L||l*§’§|fj fg ?ﬁe% B aKs)

suppl i ed digital 6 said t &F & ca ans for

carrying out caligu. a5 @ns jsind -Quimkins 55= o skopale o 1O pakA Lirg st ¢

hol di ng neans ant secon ing freans and genérating i nt erpol ation

data correspondiNg=t.0 An,appProxi fMaye—vat gﬁe_]p@/syedioa\ ﬁ_%ﬁ%ﬂiﬁl siof | %I{@ A 5
cal cul ations. 13 “Ad apparatus according to claiml ereln sai

cal cul ating neans opnizges weany Aots {det ¢ i i oy{E B s (i) pfx ad- vialue) 1
produced by sup- plying a portion of the supplied digital signal other than
sai d egror portigrgof Hhe Suppkd edbdibilt &) JsByiatil ({2 e iyt dl € ik tdnliand
a value produced by supplying all inter- polatlon dat a whi ch can be taken
to interpolate shgisl Jerrob Motk &ott &f {4 hedsippl Ueth df g1 tak b gnal idbﬁh
diigital fil- ter; determning a value at which the value of said

approxi mates a vfzatl°meprLcﬁjEleS(egt Bhea Qukhbil o anS" dsiagl &) ¥Eued pﬂhﬁﬂiubéél dye
supplying a portlon recedin ajd, error rtion, of the supplied digital
signal and a por{)nn/énuf(ldl @ow—gl %g* shi & dr otd plé)@i'b[i—le*f"&tz "gu ﬁPlJed/cﬁ' dtt al
signal to the digita tﬂt and a val ue produced by supplying said error
portion of the éumal il ﬂi%‘aﬁi signal to the di gltal fil- ter; and

out put t0| ng |nt,er po ail; dﬁug %055_5‘—.5@/09%0%%?‘3‘ 2 X U4
9 TH 2 EaiiE L kOB EOT ¥ 7w

S DPBE y VETTF V4ol inicy
Y WIZBEN T OUBRE v FEKHE L.
15 DB LT VI NGy OR/EMGARD, kDI
LES O CHII L & 5T S fo b D il 7 — T wAa fE L.
Lt &N F VIGO0 7 — 089 Lic & SN
Litwifl sy — 7 Wil SO THIINR I %2 5T 5 & & e kit s 95
T g S O Hil ik
20 36. Eadaliliiki, LI T3 F v s u{isiis i —
MIE Licd S, LIl dhCnabaFvyIsniivdr i —
MIELE LT D EDDIE L EDTNTDIF YT D0 T Ll 4l
M5 — 7w KOHMFT — 7 &L I 5 &R & d DA R
DA H SN R DT ¥ 4 wid S Dulill Jiike
25 37. LaddifAikG, LT sbs 7y s wfinuiiz 7 —
RPE L& &0, LR ENTHhLF Yy niiuox i —
PRILELTHDEEDPOLIEL ESENMMTFURDLIZITLE T
TLAMINT - TN EDRINT - B EIRY A T &S

47 TR ) l|||j Il



t he approxi mated val ue.

sai d generating neans conprises cal culating neans for:

straight |ine approximat
dat a whi c\WWV@ G174 - 56 -
supplied digital signal

approxi mati ng a point of

14. An apparatus according to claim10, wherein
determ ning a
ing a value produced by supplying all interpolation
taken to interpol ate said errorPQDIPIS®RA43f t he
to the digital filter; deciding a value
inter- section between the determ ned straight

line and a O | evglZ it @tﬁtmcr_rzlmmmew@yrdedfvmpe 08 ki bpper pol ation

data. 15. An apparatus according to claim 10, wherel n sai d di

|taI filter

conprises a didgit ab- sfli#itiel Shdviing o Opllsgl 6 4t of schafpes ﬁi)ﬁt’) €sC ?—’@i:LA”

apparat us accordi ng to claim10, wherein said digital

differential dig&tdal/cfiil
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