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(57) In a sampling rate converter which converts a sampling frequency of digital signals sampled at a first sampling
frequency 1nto a second sampling frequency, output clocks corresponding to the second sampling frequency are
counted 1n a cyclic fashion from an initial value to a maximum value based on periodicity of the first and second
sampling frequencies. Coefficient addresses are generated 1n accordance to the resulting count value and a coefficient
correction value 1n accordance with a number of counts of the maximum value and the periodicity of the first and
second sampling frequencies, the number of the maximum value which 1s a number of times of counting to the
maximum value. The sampling frequency of digital signals sampled at the first sampling frequency 1s thus converted
into the second sampling frequency with a sitmple construction of counting to the maximum value 1n accordance to the
periodicity of the sampling frequencies.
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ABSTRACT OF THE DISCLOSURE

In a sampling rate converter which converts a
sampling frequency of digital signals sampled at a
first sampling frequency inte a second sampling
{requency, output clocks corrgspondingltO'the second
samplfng frequency are counted in a cyclic fashion from
an initial value to a maximum value based on
peribdicity of the'first and second sampling
frequencies. Coefficient addresses are generated in

accordance to the resuliting count value and a

coefficient correction value in accordance with a
number of c¢ounts of the maxjmum vﬁlue and the
periodicity of the first and second sampling
Irequéncies, the number of the maximum value which is a
number Qf times of cbuhting to the maximum value.- The
samplingtrequency of digital Signals samp1ed at the
'firsf §ampiing'fre§ﬁency'is-thus converted intd the
p s§c§nd ngpling fréquency with a simple construction ot
counting fo the'maximﬁm value in accordance to the

periodicity of the"sampling'frequencies.
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- SAMPLING RATE CONVERTER FOR SIGNALS HAVING A
NON-INTEGER SAMPLING RATIO

BACKGROUND OF THE [INVENTION
—_— -7 SN VYAENLIION

This present invention relateg

to a Ssampling rate

converter, and g suitably applied to a"case where a

sampling'frequencxjof componen t digital video signals

based on D.-l(625/,-_*5-'0 ) format 1is converted to g sé.mpling

frequency corresbondinﬁlto composite digital]l video

Ssignals based on D-2 format, for example .

Heretofore, there used to he

converter which {g

converting digital signals, which are obtained by

sampling analog signals at frequency,

Such a sampling rate converter is constituted by a

high order Oversampling filter to strictly observe the

Nyquist [requency as a

conversion characteristic of the

transmission System.

In FIGS. IA-1D, roughly i1l lustrated ig an

H

operation of g sampling rate converter constructed by

&N oversampling filter having for eXample. In such an

Oversampling filter, input digital signals (indicated

by character in FIG. 1A) are inputted to the
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oversampling filter, the input digital signals being
provided by sampling imaginary analog signals S as8

VT
shown in FIG. 1A at a first sampling frequency fl.(FIG.

1B).

Subsequently, the-oversampling fiiter ovérsamples
input digital signalsatafreqUehcy111 11 times

larggr a8 shown in FIG. 1C aéngi és reSampIes.thém.af

asecon&samplingfrequencyf2(FIG.1D)to 6btain

Qufput digital signals whicech have ?alﬁesjindiéateﬁ by

characters d'in FIG. 1A gnd are rate édnverted into

ireQueﬁcy fq.

When a samplingfrequency oféomponentfdigital
'vidhé sighalsbasedonD~1(625/50)’tormatindigital
video tape recorder (DVTR) is converted into a sgmpling
frequencycorréspondingtOPAL‘compositedigital video

gigﬁalsjbasedontheD“z(PAL)tormat’itiSBOf

“ pds§iBl6‘£o di;bdtly.bonjert s§mpfihngréqueney'betweenz

. digital video signals since the sampling frequency Is

rate converted from a frequency 13.5 MHz to a frequency
17.734475MH3.Ifigyhusneceésarytobuild an
oversampling filter having approximately a lengthbf an
order of about 16500.
Aisb in the converse caSé'where a.sampling.

frequéncy of PAL composite digital video signals is
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converted into a sampling frequency corresponding to
6§268/50 component digital video Signals, it is necessary
to build an oversampling filter in the same circuijt
scale as the above described case since the sampiing
frequency is rate converted from a f;equency 17.734476
MHz to a frequency 13.5 MHz. It i8 thus inevitable
that the overall c¢circuit scale becomegs complicated and
large sizedr

To solve such a problem, a s@mpling-rate converter
has,been proposed in which a overSaﬁpling filter

reduced the circuit scale is built so that on the basis

0f the relationship of sampling frequencies 13.5 MHz

and'l?.734475 MHz between 825/50 component digital
video signals and PAL composite digital video sighalg.
a'ovgrsampling frequency 15 set, and filter
coeffiecients input chéngeably fo one multiplier
~ecorresponding to a magnification of the oversampling to
.weighf'thé sampling-dafa;

- FIG;'2-i11§stratéé a basic construection of =
sampling rate converter 1 having changeable
coefficient.‘ In a case where in a sampling rate .
converter 1 as shown in FIQ. 2, & sampling frequency of
625/50 component digital video signals is converted

into a sampling frequency corresponding to PAL

o

s £
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composite digital video signals, for example, 625/560

~component digital video signals'SINDI'and cutput clock
signals CKD1 corrésponding to.the sampling frequency
'fhereéf are iﬁpuited to the timing adjusting'cir¢ui£ 2 .
. This.timing adjuS£ihg circuif 2 outputs'data'of
thg 625/50 component digital video signals SINDI
'inputtedat therateof.the clbcksignaICKDI-at the
 fimin#_of.th¢ rate of the clock signal CKDé'ééés to
7ex§hﬁnge the cloeck as well as control the fiming 6f the
data transference described Bélow.
In addition to this, frame pulses Ppp,
eorrespondingtéone\frameof625/50 componen digital
video signals S,yng are inputted to reset terminals o f
A phase locked Io@D(PLL):ciréuif J and a-couhter 4.

'  The,output of PLL_circuit 3'is £eedbacked.through.

fT }&€§réqueqdy,divfder_5.wi£h a_dividing:ratio .

(= .1/709379) corresponding to the number of samples of

.~

. signals.

 This enables the PLL circuit 3 to correctly

fSanthnizg with fram?FPUISeS PFD1 95,625/50-00mp0weﬁt

digital.videb'signals; §nd th§ PLL éircuit 3 generates

.dukput clock Sighéls”Csz oorreSponding'to the'sampling

frequéncy.of-the PAL compOSifp digital‘?ideo-sighals
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and supplies them to a count input terminal of a
counter 4, the timing adjusting'circuit 2 and an
oversampling filter 6.
The'counter 4 is reset according to frame pulses

"PFDI’ and,counts butpui clock signals CKD2’ inputted
from the PLL circuit 3,.every ffame. Consequently,
 c¢unt.data DCNT'Which-ié-Zérd fp 709378 18 sequenfially'
sen}-to a;éoéfficientaddress_control cireuit 7.

'.The coefficientjaddpesg conffolcircuit (
generates ooefficient gddress datg-DCOE acqording to
the cpunt data Donep tp.read Qoefficiehts Corp:

'COEFB’ +¢«+ from coefficient generating éiréuits 94,
193, .,.‘which are ROM (féad‘bniy memorigs),.the

ooeffloients COEFA' COEFB....,.being §o fed to

 multipliers A, 8B, ... which are waighting means o

 thgbversampling;filfer6 01 Which.part.iS'illustrated

  _:-'The,relatiOnship.between‘éoef!icients.C

‘ ¢ Conra
Cogrp: - supplied to the multipliers 8A, 8B, ... and
.' the coefficient address data DnHgp isiliustrated
schematically in FIG. 4,. In'EIG.-4,a longitudinal®
axisreprésents the coefficient CoEFR @nd lateral axis
répresents.fhe édefficieh%.addréss data;DCOEr The

" lateral axis al'so:.b'e able to see_' as"a' time axis. ' "N



is the order of the oversampling filter and is derived

from the characteristic of the oversampling filtér
required. An impulse reSponse characteristic of the
overéamplingiilter is_formed by N groups'qf the
'coefficientiCOFF. llffis.hot that a practical impulsé
response characteristic 1 8 illustratediin FIG.'4, it i§
.illustra}ed schematically, |
1_“Mé_reprgsents numbersof:division betwggn

.8"a.mp. .]_ . n g' p o, i'.'n-g - t.o . t’hj e i:__np.u t SI gn . 1 q I.NI-_)i ’ t hg . -i s. . .' E
’resolﬁiion cgﬁability,b§ whichtﬁeoversgmpling
frequency is decided,  ThegroupSOf'eoefficient AT e
dividﬁd_begroups soaS toSf0r§:themLin:the
coefficient generating circuits 9A, 9B, ... fhe.number
"of which are M/N. The gddress Bgoe s an,.bo...'bh'are

 -dp6Lnted'with-a.coeffioien£ §ddress-data DCOE generated

' °fﬁadféid]édnftai §itéﬁi}jsb.thﬁf_the group9'of

theaddressofi{hecoeffieient‘generatingcircuits QA}
 ‘93;,A; apointed with the coefficient addressdata1DCOE
is illustrated in FIG. 5. In the case illustrated in '

'FtG{ 5, the oversampling,filter.IS-ébnstructed'with

: at the ra te o f the . c 10e k s i gna l CKD 2 | in t h e ' coe if i c i e n t S

orders N = 4554, M = 506. The coefficients which form
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the impulse response characteristic of the oversampling

filter are stored in sequence at the addresses from ao,

bO’ . & s i0 to BenE b505. In the under portion of FIQ.

6, the coefficient addresses DCOE which are generated

at the timings of each of the count data Doyp &Te

111ystrated. In FIG., &, with the count data DCNT

exchanged in sequence n, n+l1, n+2, ... at the rate of

Benerated so that the addresses a, 2505 bo = beoss

St

¢ 5 CEog ,..are;apointed in.sequenca [ao,'bo,

o ...].[a335. bass' °3g° --+1» [2y6g, Dygg,
Y

. The.apointment dt the address in sach of the

coefficient generating cirouit is performed on the

basis of the relathnship_between the,sampling period

5} 0§ 325/50'¢ompohent digital fideo signal and the
sampling period of PAL composite digital video signal

L so;agY¢Q shift by 388'addresses cyeliely among

,"éddreSses 0 ~ Sos{as iolloWing equation.
13.5 | | '.'i
BO6 % — — = 388 | o (1)
17.7
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The coefficients COEFA - COEFI generated in the

coefficient generating circuit 9A - 91 are multiplied

by the output data in the multiplier. When the count

data DCNT becomes predetermined values, for instance

DCNT becoming DCNT = n + 1 in FIG. 5, it is necessary

to multiply a coefficient ebrrespanding to DCNT = n + 1
by the same data as the flip~flop output data
multiplied at thé {fiming DCNT = 7. In this’case; the
'céefficient'address controi circuit 7 genetates a shift
conirol signal DSFT to stop the data transference in
the flip-flop circuits 10A - 10I(this means having

shifted one bloeck data) so as to be able to multiply in

the multiplier using the same flip~flop output data.

The shift control signal DSFT aléo is provided to
the.timing #deSting circuit{ This results in stopping
the exchange of thg'clock‘accordingtostoppingthe
operation of the data transference from the flip-flop
circuits 10A - IOI; Wheréas ihe exchange of'the ¢iock
continues in the timing adjusting ecircuit 2.
As'descrihed above, the timing:adiusting circuitiz
adjusts'timing'of inputtéd 625/50 component digital *
video signals SINDI to send Eo the oversampling filtér

6 according to the outpuf clock signals CKDI’ the

output clock signals CKp,, and the shift control data
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The oversampling filter 6 performs oversampling by

multiplying the 625/60 component digital video signals

SINDI thus inputied by coefficients OOEFA’ COEFBf

‘according to the shift control data DSFT and the
coefficient address data DCOE’ and provides outputs

according to output clock signals CKDZ‘ -In this

| .mgnner, output digital video.sighals SouTps &re

obtainéd by converting the sampling £requency of 625/50
component digital video signais t o a'sampling frequency
corresponding tq PAL composife digital video signals.
It is to be noted that in the oversampling filter
6 input d}gitai signals SIN are fed fo R series circuit
flinflops 10A, 10B, ... having a delay according to
| Qutputclbck signals CKDQ‘ .Delayeﬂ digital signalé
'Senf 0ut ffom each of the flip—-flops 10A, 10B, .;. are

 inpﬁ@£ed'to'éubsgqueht flip—fleops 10B, ... and to

':_  corrésponding mu1tiplierS'SA,'8B,..;.

Predetérmihed'coefficients COEFA"COEFBV

~ described above are inputted from the coefficient
generating circuits 9A, 8B, .;. to respective ®
multipliers SA, 88, ...,'and consequéntly, the delayed

digital signals are multiplied by respective

coefficients Coppar Coppn:

{e J“{
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Results of the multiplication are inputted to each
of adders 11A, 11B, ... for providing a total, and the
result of this addition is sent out as oudtput digital

video signals SOUT’

The sampling raie converter 1 with such a
‘oonstruction has a large scale circuit configuration in
Which the counter 4 counts a ?alue 0 fo-709378. _AIso,
the coefficient addresscontrolcircuit7inevitably‘
hés a large scale circuit'cOnfiguration fof proce§sing
count data DCNT irom the counter.4; Consequent]y,
there'is a problem in that the.sampling rate converter

1 becomes large sized.

SUMMARY OF THE INVENTION
' 3In.view of.the‘fpregoing,'gn object of this.

invention is {o provide a sampling rate'convérter which
.isoapgble of-OOnvertiﬁg asgmp1ing ffeQUency 0!
digital signals sampled at a first sampling fréQuency
fé'a-second sﬁmpifng'fréquéncy'with a'simple
consffuctionu'

.In accordaﬁ¢e with'a'firs£ gspect of this "

invention,'there 18 pfovided :] sampling rate.converter
20 for c¢converting a sampling fréquency Qf digital

signals sampled at a first sampling frequency to a

10
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second sampling frequency, the sampling rate converter
including an oversampling filter & having coefficient

generation means 9A, 6B for generating coefficients.

COEFA’ COEFB jo be provided to weighting means 8A, 8B

according to coefficient addresSés DOOEi’ there are
according to the preseht inveniion provided for solving
such a problem: counting means 21 for counting output
clocksOKD2 in a cyclig Eashion; correction value
geﬁeration.méans 22, 28 for generating a.coefficiént
correction value DHC in accordance with a number of
counts of a mgximum.value CHC and the periodicity of
~the !ifSt'and second sampling frequencies, the numbér

o f counts of the m#ximum jalue be}ng obtained by
-cdunting maximum value information SCO sent frbm the
counter means 21 every time the counter means cpunts,to
the maximum value; and coefficient address genéfation
'megné~23,:24,27 for generating'the coefiicient
addressesDCOElinaccordance wifh.tha counted vélue

. .'DCNT1f inpﬁtted fromthécounter means 21; and the
cbefficient correction’valua DHC inputted from the

correction value generation means 22, 20. v

fn thus construction, output clocks CKDz
corresponding to the second sampling frequency are

counted in the c¢cyeclic fashion from the initial value to

11
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the maximum value based on periodicity of the first and
second sampling frequencies. Coefficient addresses
DCOEI are generated in accordance to the-resultfng
coﬁnt'value DCNTI and the coefificient correction value
Dyc in'accordance'with the number of céunts_oi the
maximum value CHC and the periddicity of thé fifst and

second sampling frequencies, the number of the max imum

1o

yajug'dbunts'being the number of times of counting to a

maximum value. The sampling frequency of digital

signals sampled at the first samplingjfrequency is thus

cOnverted'to'the second sampling'frequency with a
-Simble construetion of counting from the initial value
'fd'the maximum vaIue;

The nature, principle and utility of the invention

- Wlll become more apparent from the following detailed

© .+ description when read in conjunction with the

. accompanying drawings in whieh like parts are

.  designdt6d*by'Iike rQIerence numerals or characters.

BRIEF DESCRIPTION OF THE DRAWINGS

_ In the accompanying”drawings:
CFIG. 1 is a timing chart i]lustrafing'the
OVersampling operation:

FIG. 2 is a block diangram showing the conventional

12
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sampling rate c¢converter:

FIG., 3 is a block diagram showing part of the

oversampling filter:

FIG. 4 is a graph showing the relationship between

the coefficient'and the coefficient address data;
FIG. b i a schematiec diagfam.showing the

relatiqnship.between the‘cquni data DCNTénd the

coefficieﬁt address data DCOE‘

‘ FIG. 6 is a block diagraméhowing.one embodimen t

of the sampling rate converter according to this

invention: and

FIG. 7 is a schematic diagram showing the shift of

the coefficient address data with the correctidn.'

  DETAItED'DESCRIPTION,OF%THE INVENTION
'  *Pr¢f§r}ed §m50dim§hté'ot this invention will,hg.'

'déscribgdejih“féference to.fhe”ac¢ompanying.drawings:

(1) Principle of the Embodiment

  In aSampfing'ratefcohvertef of this:embodimeht,'
the'sémpling ttequency'df_compbneht digitai #ideo
signals based on the D-1(825/50) format in digitai"
video fape recofder-(DVTR) is converted to a sampling
frequency corfesponding to PAL composite_digital video

signals based on the D-2(PAL) format.

13
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in practice, the sampling frequency of component
digital video signals based on the D-1(625/50) format
i defined to 13.8 MHz, and the number of samples per a
‘line of digital video signals is hence 864. The total
number-of samples of one frame amounts to 540,000.

The sampling frequency of PAL composite digital

W

video signals based on the D-2(PAL) format is 17.734475

 'MHZ1Whi0h is four'fimes the Sub—garriér frequen¢y fSC
ca1¢ulafed based on the following eQuatidn;.proyided

the horizontal frequency f, is 15.625 KHz:

1 50

= 4.43381875 (MHz) ... (2)

_ Ac£orHinf1y;;$hé:number'Of-samﬁles per a line of
    digi£hl.deéO‘signals is*1135;6064ﬂ.andgthe tbtal

numbéruof'Sampleé'of qné frame is 769379r

As,described,,théfrétio in nﬁmber of samples per a

line-o£ the 625/50 cOmpdnent digital video signals over

fhe PAL composite digital video signals is

.-864:1135;0084, and it is understood thét the'ratlo does

14
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not have an appropriate integer relationship.

When a sampling frequenecy is tonverted using an
oversampling filter with a sufficient length, the
oversampling filter may be of a coefficient switch type
conétruction. In this case, the combination of
coefficients given to the oversampling filter must
correspbnd to the phése between the pre—conversijion
sampling frequency and the pst—conversion sampling
frequency.

A already described, there is no relatively small
integer ratio between the pre—conversion sampling
frequency and the post—~conversion sampling frequency,
and it is hence ﬁecessdry to count sampling points per
& frame so as to generate a coefficient corresponding
to the count value.

The'sampling cycle of the 625}50 component dfgifal

video sigha1s'is'compuied.trom.the following equation:

C—— ——— = 74.074074 (nsec) ... {3)

13.5 (MHz) o ' )

The sampling cyecle of the PAL composite digital fideo

signals is computed from the following equation:

15



—————————— = §6.38734724 (nsec)

17.734475 (MHz)

.o (4)

By detectihgthe time'difference betiween the
 'samp1ing ﬁoint,corresandingt§ fhesampling,{fequgncy
Of 625/50 componen digi:al video signals and the
sampling point corresponding‘to theﬁs&mpling frequency
Qf.PAL.composite digital video sighals from the top of
-’ ffame, ihe nﬁmber of samples bf-the 625/50 component

| digitél video signals Bécomes a.value given as equation
below at a time point 6f'4233amp1es of PAL composite

_di'fg~'i.fal video sign'ail:s;i _'whe.n_-‘ counted from _the_. top of. 'the

7'W fr3m¢{ 

 56.38734724 (nsec) x 423

= 321.9999464
743074074'(nsec)' 

(5)

the.sampling poinfs of both become closer in timing.

Sampling points of both which correspond to the

16
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sampling c¢ycles of 625/50 component digital video
signalé and PAL composite digital video signals become

closer every multiple of 423 sample points.at the
gampling eyvyele of PAL ?omposite'digital video signals.
In this embodiment, coefficient addresses and the
dgta shift control are held between 428 sample points
wifh refgrence t o thé sampling cycle of the PAL
.bompOSite digital video'signals; In this-manner,
cofrécfion of time givén by the equétion below‘is
performed every 4283 saﬁple points at the samp1ing cycle

0f the PAL composite digital video signals,

068.38734724 (nsec) x 423
~ 74.074074 (nsec) x 822

= - 0.00396796 (nsec) ' cew  (8)

In phase shifting and generAtion of coeff&cients; the
correction above described is carried out by Dfoviding
adounﬁer WHiéh eounts'sampling‘within a'smﬁll range
betWeen.423sample'points; ,This qhables-thé'éampling
 £re§uen¢y to be converted at'a high accurady wfth_i'

simple conStruction;
(2) Sempling Rate Converter of the Embodiment

17



In FIG. 8, in which corresponding parts of‘FIG. 2
are givep the same reference numerais, 20 generaily
designates a sampling rate cohverter whiech coﬂverts a
s#mpling frequency of 6256/50 camponentdigital-video
signals o a sampling frequéncy dccording to PAL
composite digital video signals, for example. In this
". embodfment, f rame pul‘ses"P-FD’1 which corréspondtoevery

 .6n¢.frame of625/50,componen£-digital vid#o éignais
stNDl are inputted to aPLLdircuitS,dreset inpu't
terminal of a ocounter 21, and a réset términal of a
number“of“corréctionscounterzz.
The‘ counter 21 is adopted ‘ini]place of .'th.e.
QOHYen)ional counter 4-Which bduﬁtﬁ to 709878 éhd is

designed to count output cloeck Signals,Can in a cyclic

~ manner from zero to 422 on the basis of the principle

'  ”Stat§d'iﬁ'connecii6n withthé equations.(3).t0 (6)
during one frame of 625/50 component digital video
,2,Signals‘SIND1. - ‘
The counter 21 thus counts output clock signhls
'.CKDQ during'oneframg,._The counter 21 sgﬁ&s rgsulting
count data Doymy Which is from'zero'to 422 tp a,   - 
cOéfficient gddfessgeheratiqn cfréuit 23, and also
sends a carry signal 85,9, which is generated every +ime

the éounted value exceeds,422, to the corfection

18
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frequency counter 22.

The coefficient address generation circuit 23
generates an coefficient address.ADRCOE and shift data
DSFTl(this signal has the same function as the function
of shift control signal DSFT’ i.e. data transference
function and clock exchange stopping function) in
response to the inputted count data DonTpr 2nd sends
thém.to'an'adder 24 and a shift control circuit 25,
réspectively.

During one frame, the number—of-—-corrections

counter 22 counts inputted carry signals Sco to

genera%e number—~of—-corrections data CHC’ which is sent
io a8 corrected value multiplier 26.

The corrected value multiplier 286 calculates
number—-of—-corrections data CHC by multiplying the
corfectionvalue(= 0.00396795 (nsec)) deseribed in

~connection with the equation (6) with the number—of—-

-cqrre¢tions da#a:CHC, fhe-eorrected ?alue'dgta DHC

¢orréSponding to'correétion of the oéefficient address

ADRCOE based on the number of corrections. The

corrected value data'DHc is fed to the adder 24,  °
The adder 24 adds the coefiicient address ADRCOE

and the corrected value data DHC to produce a corrected

coefficient address ADRCOEl’ which is provided te a

19
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coefficient adjusting circuit 27 .

On the basis of the corrected coefficient address

ADRCOEI’ this coefticieht adjusting circuit 27

~ generates coefficient.addréss data DCOElzand sends it
'coefficient generating circuits 89A, 9B, ... of the
oversampling filter 6.

'Moreover tﬁe cogfficient gdeSting.circuit 27
deteeits whether or nétfheéoefficient address ADRCOEI.
18 in overflow chparing'With'ihe.cbefficiént addfess
ADRCOEbefore correction so as to sénd fhe fesﬁltant fo

the shift°contr01 circuit 29 as a overflow data Dop-

;Hénce;'the overflow means théf:act following. In FIG.

7, when the count,dafa DCNT‘iS'DCNT = n the address

PR is aﬁpointéd as'the addreSS'of the coefficient

~ generating cirecuit, subsequently when the count data

Donp beeomes Doyp = n + 1 the address ay s appointed
'” 5? m§ans”Q£ chredfion; _Oh;fhs contrafy;_When'the

CNT?ﬁ * 1, the address ag;g
- is appointed unless the address moves by means of ‘
‘eorrection. '
 The overflbwmeans,tha£ the address excéeds'a°
rbundwherethe'dcce$Ses:bf aréund is frdm[aO.to Bpok -

.If thus overfIOW‘generates,.if is needs to prooess'as'

fOJIow. That is,-ff there'is an address relationship

20
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as FIG. 7, the output data of the flip—-flop circuit 10A
to be multiplied by the coefficient having the address
2 9 needs to data itransfer afresh by one cloeck, unless
it is such data as stopped transfering the data which
is multitiplied by the coefficient. The operation "stop
of data transference” and "stop of clock exchange”

described above are put a stop to.

The shift control circuit 26 detects whether or
not there is need "stop of data transference” and “stop'

of clock exchange".  And sends the resultaht signals
as shift control signals SSFT2 to the timing adjusting
circuit 2 and the oversampling filter 6.

Consequently, the timing adjusting circuit 2
oontfols timing of sending inputted 6265/50 component
digital ?ideo signals S,ypny to the oversampling filter
. 6 acéofding‘tothe output clock signals CKDI’ the

6utDU£clock signals CKg,, and.the éhift ;ontroldata
Dgpry
Thé oversampling filter éjperforms oversampling.by

multiplying the 625/50 bompqnent digital video signals

Synpy thus inputted by coefficients Cogra' Coppmp: - -

‘according to the shift control data DSFTZ and the

¢coefficient address data DCOEI’ and conducts resampling

according to the output clock signals CKp, and oufputs

21



the resultant data. In {this manner, output digital
video signals SOUTDZ which are produced by converting
'ﬁhe'sampling frequency of 625/50 component,digital'
 video-signa1s t o the sgmpling Efequency of PAL
Qomposite digital video signals are obtained.
The oyersampiihg filtér 6_has coefficients equgl

- in number to 505 times oversampling filter,dnd hence
‘has'a.resolution.df_lfsos. ‘Ih fact,'the éorreétion ( =
0.003967956 (nsec)fstatddﬁbduf the equatiqn (6) is
.0.027068 timgs a8 large,as.the resolution. This value
_meanS that cqrrection is'carriéd out 45 times (that is,
j0;178'(nsec)) dt the trailing end:of one frame.  To.do'
this,the coﬁnter Zi #nd thenUmberﬂof—corrections
'§ounter 22 uré,controlled to be placed in initialized
statesbyresettingthemeveryframe.

.Aéhﬁfdihgtothe'foreéoihgconsiruction,sﬁmpling
points are sequentially counted in a small range of 423

~ sampling points, and the predetermined correction is

. ~ ] cayr}§ﬁ,dnf évéry 423 s£mijng poin£s;,EThe-samhling

".raté'¢0hYerter 20'is'reaii3dd Whieh'énables'fhe'counter 

cireuit to be built:wjth_aJsimp1e'éitcuit con9truct10n
:Which counts Zero to 422, and which'fs'capable_Of'
converting a sampling freQuency,o£.625/50'component

digital video signals to a'sampiihg frequency according -

22
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to PAL composite digital video signals at a high

accuracy.

Moreover, according to the foregoing construction,
the coefficient address generation circuit 238 is also
built with a simple c¢ircuit construetion by
constructing the counter 21 with a simple circuit
construction which counts zero to 422, A sampling rate
cohverter is thus realized which is capéble of reducing
in circuit scale to about 1/1677 of the conventional
sampling rate converter 1 (FIG. 2), reéulting in a

remarkable reduection in overall scale.
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(3) Other Embodiments

(83—1) In the embodiment above, a.case where a sampling
frequgncy of 825/50 component digitai video signals is
cqnvefted_to a sampling frequency according to PAL
compoéite digital video sigpalé is stated but this
invention is not limited to this. This invention is
guitably applied té g case where a sampling fréquency
qu PAL com§osite'digitaIvidgosignals isfoonverted to
a sampling frequency acéording tb 625/50-comp6hént‘
digital.video signals.

_It.isto be understood that in this case an effect
similar to that of the preceding embodiment.will be
achieyed by addihg the ddrrection,(=.0;00396795 (nsec) )

descfibed gbouf the'equation (6) every 322 sampling
. 'pd1nts qf‘asampling'¢Y¢le of 625/50-cdmponeht:digital

~video signals according to the principle of this

[. {ﬁy§njjoh Stated7aBQUf ihe.édUationS'(3)-to (5)}

f _(3~2)f1h the'pfedéding §mb§dimenfs,_cases whéré a

' ' ‘samblihg'freQuenQyVof PAL composite}digit31 video.

’_s-‘i'gn.a. ls or 82 5/5 0 | :c'd:r_:‘ip.dnje_'h ‘t d"i' g i fb.'l v i.d.eo ‘ si‘i gn‘a‘ Is 1is
'cohverfed\td a'gampling~{réquen¢? according to 625/%0.
'compdnent digitai-video_signa1s~or PAL composife '
_digitél video signals é:é'stated, but this invention is

not réstricted t o these.,-This:invention is suitably
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applied to various cases where a sampling frequency of

digital signals is converted to a new sampling
frequency which is not in a relationship of a simple
infeger ratio with the sampling'frequency.
~ (3~-3) In the préceding'émbodiments, a case where a
range among every 423 sampling points of a sampling,
 eyele pi PAL composife digital video signal is'pounted
isstated,bﬁtthisinvention is not Iimited to ihis.
-This invention is suitablyapplied to a case;wheré a
range among every sampling ppints being ihteger'fimeé
as many as 4238 is coun{ed;

~ While therefhas‘been‘dgscribed in connection with
thepréferrédembodimentsofthe‘invention,it.willbe
0bvious'to those skilled in the aft that varidﬁs'

‘chahges and modifications mQY;be made therein'without

| 0 d eparti n g.f. fr om th e"' in ven t 1 on','f“.' and it i 3 aime d,

.’ theré£ofg3 t6_cov§r'fn'}heﬁappendédpéléims all such
' fbhaﬁges and m0difi§a£idnSias'iail_within*thé'true”

°" Tép§:it~and soope Q£_thg inyention. '
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THE EMBODIMENT OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In a sampling rate converter for converting a sampling frequency of digital
signals sampled at a first sampling frequency to a second sampling frequency, and
which includes an oversampling filter having coefficient generation means for
generating coefficients to be provided to weighting means according to coefficient
addresses; the combination of:

means for generating clock pulses at said second sampling frequency;

counting means for generating count data by counting, in response to said
clock pulses, in a cyclic fashion from an initial value to a maximum value which is
chosen on the basis of the first and second sampling frequencies;

correction value generation means for generating a coefficient correction
value in accordance with a number of times said counting means counts said
maximum value, the value chosen as said maximum value, and the first and second
sampling frequencies; and

coefficient address generation means for generating each of said coefficient
addresses in accordance with a respective value of said count data and the
corresponding coefficient correction value generated by said correction value

generation means.

2. A sampling rate converter according to claim 1, in which said correction value
generation means includes:

detection means for detecting said number of times the counting means
counts said maximum value during a frame period; and

multiplication means for multiplying said number detected by said detection
means by a correction value based on said value chosen as said maximum value
and said first and second sampling frequencies, thereby generating said coefficient

correction value.

3. A sampling rate converter according to claim 2, in which said detection means
for detecting said number of times said maximum value is counted includes a counter
which is reset along with said counting means for counting said clock pulses by a

sighal representing a frame period corresponding to said first sampling frequency.

26
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4. A sampling rate converter according to claim 1, in which said coefficient
address generation means includes:

means for generating an initial coefficient address and means for providing
shift data based on said count data;

addition means for adding said initial coefficient address and said coefficient
correction value;

coefficient adjusting means having means for generating said coefficient
address based on an output of said addition means, means for detecting an overflow
from said addition means, and means for outputting said coefficient address delayed
for a cycle in response to detection of said overflow; and shift control means for

modifying said shift data on the basis of said overflow.

5. A sampling rate converter according to claim 1, in which, at each said initial
value of said count data, said digital signals sampled at said first sampling frequency

are in synchronism with digital signals sampled at said second sampling frequency.
6. A sampling rate converter according to claim 1, in which said first sampling

frequency is 13.5 MHz, said second sampling frequency is 17.734475 MHz, and said

maximum value is 423.
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