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[Name of Document} SPECIFICATION

[Title of the Invention]
Sampling Rate Converter
. [Claims ]

.1. A sampling rate converter for converting a first
signal of a first sampling rate into 2 second signal of a
second sampling rate, said sampliﬁg rate converter

- comprising:
a first data-generating circuit for generatzbng first

(which correspords 1o ,
data Y ratio of said second sampling rate to sax,d.fx,rst

sampling rate;

a second data-generating circuit for génerating second
data by cb:crecting said first data, using a @crrecpi%re'
datag ' ' .

. * .' . ) n -
a third data«generating eircuit for generating ; &aggd:said '

second data, third data which correspends o estimated . said second
¢ oulput iummg of *

signal ;
. & comparatox circuit for generating comparative data by
'c@mparm.ng said third data with fourth data which correponds -
te actual output timing: of - said sewnd sam@ 3

a cox:i’eéting circuit for generating said cori;ective
data,based on said comparative data; and

a second signalmgeneratirxg cirenit for generating said

second signal bssed nsaid first and third data.
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converter used in digital audio applications and other sim wiy
appl i cations. Prior Art Techniques Digital signals ulmwmmmﬂmmm
audir o applications and other similar applications are sanpl ed at rates s

whi ch .are

different anong different syst&ns. Therefore, in order to

1

&

exchange data among the different systens, it is necessary to convert one

sanpling rate into another. An apparatus which converts one sanpling rate
i nto another while maintaining the

2, The sampling rate cénvexter of claim 1, wherein
said comparative daﬁa is error data indicative of é
diifeﬁence between said third data and said fourth data.

3. The sampling rate converter of claim 2, wherein
said correcting circuit generates said corrective data by
rrauﬁﬁhgiying said error data by a factor of {1/constent value).

4, The sampling rate converter of claim 2, wherein
said coxrecting cizcuit genexates said corxsective data in
such a way that rate of increase of absoclute wvalue of said
corrective data with reépact to increase in absolute value of
said error -data increases as-absolute value of said error
data increases.

8. The sampling rate convertexr o£¢claim-2; wherein a

relation betweén said error data and said corrective datae is

based on such a functioﬁ that rate of increase oﬁ absolute:

value of said corrective data with respect to. increase in
absolute value of said error data increases as absolute value

of said erroxr data ihcreases, and wherein said correcting

" edreuit digitally appr@ximates saLd function and generates

said corrective data.
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wavefornms of audio signals or the like in this way is known as a sanpling
rate converter. - When the output sanpling timng is asynchronous with
the input sanpling timng, or when the ratio of the output sanpling rate
to the input sanpling rate cannot be expﬁ%ssed in ternms of a sinple

combi nation of integers, the ratio of the output sanpling rate to the

I nput sanpllng rate is accurately found, and then the sanpling rate is
converted ' :

Detajiled Deseription of the Invention

Industrial Field of Utilization
. The present invention ralates to a sampling rate
converter used in digital audio eapplications and otherx

similar applications.

Prior Art Technigues

Digital signals used in digital sudio applications and
other similar applications are sempled at xrates which are
different among different systems. Therefore, in order to
exchang&.data among the different systems, it is necessary to
caonvert one sam@ling méte into another. An—apparatus whlich "~~~
converts one sémpling rate into ancther while maintaining thé
wavefo%ms of audio signals or the like ig this way is known

as a2 sampling rate converter.

when the output sampling timing is asynchronous with the
input sampling timing, or when the zxatio of the output
sampling rate to the input .sampling rate cannot be expressed
in texrms of a simple combinatiﬂh'of integers, the ratio of
t.hﬂe- output sampling rate to the input sampling rate is
accurately found, and then the sampling rate is converted
into a different value, based on the accurately found ratio.

In the prior art techniques, both input sampling xate and
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into a different value, based on the accurately found ratio. In the pfior
“ar.t techni ques, both input sanpling rate and

2 output sanpling rate have beem averaged in order to
accurately find the sanpling rate rati®.

output sampling rate have been averaged in Order to

accurately £ind the sampling rate ratio,

However, in order to secure “high aecuracy, iﬁ is
necessary to make the averaging timing vely long. Therefore,
if the input and output sampling rates jitter at 2ll, then

. the number of items of data calculated is not coincident with
the number of items of data actuglly daliveyred., Ia this way,

a malfunction takes places.

It is an object of the present inventjion t© provide an

aecurate.sam?ling rate converter capable mf,opeynting stably.

Means for Sol§igg the Problems
The present invention lies in a sampling sate convertgr
for converting a-first signal of a first gampling rate into
a second signal of a second sampling rate, gajid sampling rate
converter comprising: a first data-genesrating cixrcuit for
g@ﬁezatiﬁg first data about ratioc of said gecond sampling
 rate to said first sampling xate; a second data-generxating
circuit for generating seccnd data by corrpecting said first
data, using o corrective data; @ thirg dntamgenerat;ng
clxcuit ﬁor'generating,&é;jgggid second data, third data which
g@msg’;@nds {s estfm‘te@j\iaid second signal | .

7
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Probl enms to be Sol ved by the Invention However, in order to secure
hi\gh accuracy, it is necessary to nmake the averaging timng very |ong.

Ther ef or e,

nunber

of

if the input and output sanpling rates jitter at all; then

items of data calculated is nots coincident with the nunber of

itens of data actually delivered. In this way, a malfunction takes plac

a ceﬁparator éircuit for generating comparative
data by comparing said third data with fourth data whid,
corespards 1 actuad outpit timing of szd  second .sigmﬁ. ; a
ccm:ectiﬁg circuit for generating said corrective détj.a, based -on
séid comparative date; and
a second signal-generating circuit for generating said second

it
?L/

signal toSed "Said first end thirzd data.
Enbodimerits
A first embodiment of sampling rate converter according

to the present Iinvention is hereinafter described by

referring to Figs. 1, 2, 3, and 4. Fig. 1 is a block diagram

" showing the whole structure of the sampling rate convertex.

Fig@ 2 is a block diagram, particularly showing the structure
of a timing data-generating block 16 shown in Fig. 1. PFig.
3 is a timing chaxrt illustrxating the bperation of the
structures shown in PFigs. 1 and 2. Fig. 4 is a diagram

illustrating an interpolation operation pexfomed by the

sampling rate converter.

First, the structure of the first embodiment is

described by referring to Figs. 1 and 2.

A~ caleulation circuit 11 on the input side and an

caleutation circuit 12 on the output side mainly act to

T
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It is an object of the present invention to provide an accurate sanpling
»rate converter capable of operating stably. . Means for Solving the

Pr obl ens . The present invention li.es in a sanpling rate converter for
converting a first signal of a first sdmpling rate into a second signal of
a second sanpling rate, said sanpling rate converter conprising: a first
data-generating circuit for generating first data about ratio of said
second sanpling rate to said first sanpling rate; a second dat a-generating

perform arithmetic operations £or interpolation, These
arithmetic operations for interpclétion are described i}y
referring to Fig. 4. The sampling rate converter of the
described embodiment converts input data Din of sampling
freguency £, into output data Dou of sampling frequency £,.
During the conversiog, arithmetic operations for
interpolation (hereinafter referred to as the arithmetic
operations on the input side) are performed about sampling
p@ints‘Pin cozrespﬁnding to the input data Din by digital
filtering techniquése' In this manner, interpolated points
Cl, €2, and C3 are found. However, the interpoléted poeints
€Ci, C2, and C3 on the time axis t &0 not generally agree with
the sampling points Pou corxespondiﬁg to:-the ocutput data Dou.
Accordingly, arithmetic- operations for an interjpolaﬁion
such as a linear interpolation (héreinafter referred to as
the arithmetic operations on the output side) are carried out
for adjacent ingerpolated points to find oﬁtput data Dou
.cairesponding to the sampling points Pou on the output sidé.
The arithmetié_cixcuit'll oﬁ'the input side mainly sexves to
pexrfoxrm £he arithmetic operations on the input side. * The
arithmetic circuit 12 on the output side-principally acts to |

perform the arithmetic operations on the output side.

A segquence control circuit 13 controls the whole

ocperation of the sampling rate converter. This control
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circuit for generating second data by correcting said first data, using a
corrective data; a third data-generating circuit for generating, based on

sai d second data, third data which corresponds to estimated output timng
of said second 7 3

circuit 13 receives input word clock pulses LRCI having a
frequency of £, coxresp@ndiﬁg to the input sampling rate and
system clock pulses SCL having a frequency of 128 £,, and
produces a starting signal to a calculation control circuit
14. Also, the control circuit 13 produces data m on a

reference time to a& comparison-and-coxrecting circuit 17.

" The data m on the refsrence time indicates a reference time
on which tha whale eystg~ s based. Various kinds of timing

data ara created from this reference time data.
The calculation control' circuit 14 controls the
cofendoation  ecircuit 11 on the input side. BAncther calculation
-~ -+ - control circuit 15 controls the arithmetic circuit 12 on the

output side.

The individual components of the timing data-generating
block 16 aré now described. Fixsﬁ, the main functions 6f the
timing dataugenerating block 16 are described. The output
data Dog are produced in synchronism- with the output wé?d‘
elock puises LRCO having a frequency of £,, corresponding to
the‘outgut sampling rate. %Therefore, aﬁithmetic'operétions
perﬁom@;d by the caleulstion circuit 12 on the output side for
generating the output data Dou are préferabyy carried out,
based on actual output timing data yrgduced when the output

woxd clock pulses LRCO are produced, ;ae., based on the data
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a conparator circuit for generating conparative data by conparing said
sthird data with fourth data which corresponds to actual output timng of
sai d second signal; a correcting circuit for generating said corrective
data, based on said conparative data; &nd a second signal-generating

circuit for generating said second signal based on said first and third
dat a. Enbodi nment s

m on the reference time when the output word clock pulses
LRCO are produced. However, in order to create the @utput 
data Dou, some calculational time is needed. For thié
reason, it is impossible to perform the calculation, directly

using the data m on the efezenee time. Accordingly, actual

¢ estimated ,

} QS&IH‘&..
output timing l.s“'{forec:.sted} emd (Icrecastedj ocutput timing data

g is created by the timing data-generating block 16. ‘The
cidendation cizcuit 12 on the output side pezrforms the
! %’*’Lﬂm.;.su.,s '
caleculation, based on the(ﬁoxecastad}output timing data g.
It feollows that a differemce, or an error, is produced
vestimgted
between the'(forecasted) output timing data g and the actual
output tim&ng data, i.e., the data m on the reference time.

- - .- --- As deseribed later, the timing data«generatlng block 16 makes-

this error infinitesimal.

The sampling rate'ratio;generating circuit 17 éreates
data d about the ratic of the output sampling rate to the
input sampling rate. Since the data d is used to generate.
EE@QEE&eCastéd)output timing data g which is required to be .
guite acéur@t@, the data d is generated with high éccuxacy.
Counters 31, 32, a pulse generator circuit 33, and a latch 34
shown in Fig. 2 principally correspond to thg sampling :ate'

ratio-generating circuit 17.
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A first enbodi-nent of sanpling rate converter according to the present
‘invention is hereinafter described by referring to Figs. 1, 2, 3, and
4. Fig. 1 is a block diagram show ng the whole structure of the sanpling

rate converter. Fig. 2 is a block dia8ram particularly showing the
structure of a timng data-generating block 16 showmn in Fig. 1. Fig. 3
Is atimng chart illustrating the operation of the structures shown in
Figs. 1 and 2. Fig. 4 is adiagram illustrating an interpolation

operation perfornmed by the- sanpling rate converter.

A fine adjustment circuit 18 corrects the data d, using
-corrective data p éescribed later, and generates more
accurate data e, An adder 35 shmm. in Fig. 2 mainljr
corresponds to this fine adjustment circuit 18.

(estimating

AY(EOxecastlna, circuit 1% receives the data e and
. qestimated”,

generates the' (forecastsd)output timing data g under the

control of an output side caleculation end signal k from the
calculation control circuit 15. The cutput side calculation
end signal k s & signal indicaling . - .- the end of
each calculation performed by the arithmetic circuit- 12 on
the output side. An adder 36 and a latch 37 shown in Fig. 2
mainly correspond to this forecasting circuit 1_9. .
A starting control circuit 20 creates an output side
caloculation starting request.signal 7 under the 'c.ontrol of
both an input side calculation end signal i from the
calculation control circuit 14 and the output side
calculation end signal k from the calculation controcl c"ircuit
15. The inpust. side calculation end signal i is a
signel  indicating the end of each calculation
performed by the .colcufation circuit 11 on the input side.
The output side .calculation starting reguest signal §
s a S‘Bjﬂwﬁ Aihe arithmetic circuit 12 on the output side,
./’Bjj@guﬁﬁnz a stat of coleubotion of |

1]
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First, the structure of the first enbodinent is descri bed by

referring to Figs. 1 and 2. A calculation circuit°1l on the input
side and an cal cuation circuit 12 on the output side mainly act to.
10

A subtractive counter 38 and
a gate 39 shown in Fig. 2 mainly correspond to this starting

control circuit 20.-

e“m*;fhg comparison-and-correcting circuit 21 compares the
Srimgle:

orecasted)output timing data g with the actual ocutput timing
-détap i.e., the date m on the reference timé, and creates
corrective data p from the xesults of the comparison {(also
referred to as the corrective data herein}). The timing éf
the compazrison opexatisn is synchronized t6 thé output word
clock pulses LRCO. An FIFO buffer 40, an adderx 41, a 1/N

eirocuit 42, and a latch 43 shown in Fig. 2 mainly correspond

to this cemparison«andmcorrectiﬁg circuiﬁ 21.

The operation of the embodiment shown in Figs. 1 and 2

is described next by referring to the timing chart of Fig. 3.

The counter 31 forwardly counts the output woxd cloék
pulses LRCO ‘nf the fx:egpencf £., and produces output a
whenev3202048 pulses are counted. The counter 32 forwaxdly
counts the system clock pulses SCL having the frequency'of.
128 £,. The pulse genérator circuit 33 receives the output
a fr@ﬁ tﬁe counter 31 and produces a latch pulse b on evexy
leading edge of the system ciock pulses SCL. On the leading

edge of this latch pulse b, the cowil.value ¢ of the counter

This Sheet Has Been laced
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4 performarithmetic operations for interpolation. These arithnetic
roperatlons for interpolation are described by referring to Fig. 4. The
sanpling rate converter of the described enbodi nent converts input data
Din of sanpling frequency f[err] intobbutput data Dou of sanpling

frequency f[err]. During the conversion, arithnetic oper ati ons
for

32 is latched in the. latg:h 34, On the trailing edge, the
count velue of the counter 32 is set to 1. As a result, the
output data d from the latch 34 is 2048 x 128 x (£,:/f,). In
conseguence, accurate data about the ratio of the output

sampling rate to the input sampling rate is dexived.

The adder 35 produces the sum of the data d from the
l_atch' 34 and the corrsctive data p from the latch 43,
Aith@ugh the data d itself is sufficilently accurate data, a
fine adjustment is made, using the corrective data p. In

this way, more accurate data e is obtained.

miﬁi The adder 36 calculates the sum of the data e and the
° &T('fﬁ@z’eeasted) output timing data g £from the latch 37 and
produces 22-bit data f. The lower s;grnifg.cant 19 bits of the

data £ are latched in the latch 37 in response to the output

- side calculaticn end signal k. The upper 3 bits are preset

. ~into the subtzaétive countﬁer 38, which is decremented by
every application of the input sz.de calculation end signal I.

When the output k2 from the subtractive cmmter 38 decreasets

down to 0, the gate 39 produces the output side calculatz,on_
starting request signal j, so that the cofculation circuit 12

on the output side starts a sequence of calculations on the

output side. When this sequence ends, the output side

calculation end signal k becomes active. In this way,

This Shee: Has Been R mced
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i nterpol ation (hereinafter referred to as the arithnetic operations on the
input side) are perfornmed about sanpling points Pin corresponding to the
input data Din by digital filtering techniques. In this manner,

i nterpol ated points Cl, C2, and C3 ar&4 ound. However, the i nt er pol at ed
points Cl, C2, and C3 on the tine axis t do not generally agree with the
sanpling points Pou corresponding to the output data Dou. Accordingly,
arithnetic operations for an interpolation such as a l.i near interpolation

(hereinafter. referred to as the arithmetic ope&&ﬂggﬁéiga t he out put side)
are garn<§hen§ver the signal k becomes active, the'{focrecasted) output
timing data g from the latch 37 is replaced by successive new
data.
estimaied
The' (forecasted) output timing data g is successively

éccept@d inte the FIFO buffer 40 in response to the output

side calculation end signal k and successively delivered fro

H

the buifer 40 in response to the output word clock pulsés
LRCO. Output data "1" from the FIFO buffer 40 .is gpplied to
the negative input terminél cf the adder 41, while the data
m on the reference time is applied to the positive input
terminal of the.adder 41. That is, the(forecasted)putput
timing data ¢ is compared with the data m on the reference
time“(c0§responding to the actual output timing) at the
timing of the output word clock pulses LRCO. Data égout the
resulting exror {referred to as the error data herein) is
.produce@ from the adder 41: Tﬁe error data n from.the adder -
41 is reduced by a factor of 2048 by the 1/N circuit 42. The
reduced data o is latched in thg latch 43 in response to the
output word clock pulses LRCO. The ountput from the latch 43
is applied as the corrective data p to the adder 35. The
error data n is diminished by the 1/N circuit 42, because if
the corrective data p is too large, then the effect of evexry
instantaneous variation becomes great, thus risking the

stability.

T



for adjacent. interpolated points to find output data Dou corresponding to
the sanpling points Pou on the output side. The arithnmetic circuit 11 on
the input side mainly serves to performthe arithnmetic operations on the
i nput side. The arithnetic circuit 12 B the output side principally acts
to performthe arithnetic operations on the output side.

sequence control circuit 13 <controls the whole operation of the-
sanpling rate converter. This contro

In the pressnt embodiment, the data d itself ébomt the
ratio of the cutput sampling rate toc the input sampling rate
is sufficiently accurate. However, if the embodiment relies
‘only on this, and if the ,nnut and output sampling rates

o estmated
jitter at all, then the error between thef{forecasted)output
timing and the actual output timing might be accumulated.
Ther_ef@r@, the data d is finely adjustegt, iuflng the
corrective data p. Thus, accurate and stéﬁ%gﬁi%g&ecasted)

cutput timing data g is generated.

A second embodiment of sampling rate converter according
to the present invention is ﬁescxibed next by referring to

Pig. §..

As can be seen from Figs. 2 and 5, the second embodiment
is similar to the first embodiment except that a nonlinear
correcting circuit 42a is provided instead of the 1/N circuit

42 (linear correcting circuit) of the first_embodiment.

In the first embodiment shoéwn in.Fig@ 2, toc prevent
malfunction due to variations in the input and output
sampling rates, corrections are made by using the 1/N circuit
42 (linear correcting circuit) in a coxrecting cirxcuit. In

order to carry out the corrections, the coxrections must be

TR



5 circuit 13 receives input word clock pulses LRCI having a frequency

of flerr] corresponding to the input sanpling rate and system clock pul ses
SCL-having a frequency of 128 f[err] anf4

highly accurate for minute variétions in the input and ocutput
sampling rates. The corrections must show good response to
great variations in the input and output sampling rates.
However, in the 1/N circuit éz_of the first embodimeﬁt, if
the wvalue of N is increased,'the carxection accuracy is
improved but the response to varxatlons in the s&mn?Lng rates
deteriocrates. Conversely, Lf the vaelus of X is reduced the
response to variations in the sampling rates is improved but
the correction accuracy is deteriérated. To satisfy these
two requirements, it is necessary to switch the value of N
according to the amounts of change in.the input and'output
sampling rates or to increase the number of stages of the

FIFC buffer 40.

Accordingly,- in the second embodiment, accurate
corrections are made in response to minute variations.in the
input and output sampling rates. Coriections are made with
good response to great varidtions in the input and output
sampling rates; For this purpose, the nonlinear corrécting
circuit 42a shown in ?ig. 5 is provided as a correcting
gircuit. This correcting cixéuit 42a creates an odd power
{e.g., the third power) of the input data n as output data o.
The relation of thé output to the input, which corresponds to
the relation of the error data n to the corrective data p, is

‘shown in Fig. 6. In this nonlinear correcting circuit 42a,
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produces a starting signal to a calculation control circuit 14. Al so,
control circuit 13 produces data mon a Teference tine to a

conpari son-and-correcting circuit 17.
i ndicates a reference tine

kinds of timng data are created fromthis reference tine data.

The

The data mon the reference tine
on which thkSwhol e systemis based. Various

t he

cal culation control circuit 14 controls the calculation circuit

11 on the input side. Another calculation control circuit 15 controls the
arithnetic circuit 12 on the

minute error data n close to the origin of the graph of Fig.
& aze further reduced to create the corrective data p. This
is because if the corrective data é is too great compared
with the error data »n, the effect of every instantansous
erzor variaticn becomes greaﬁ; ‘This might deteriorate the
stability. In the nonlinear correcting circuit 42a, great
error daﬁé n remote from the origin of the graph of Fig. 6
are amplified, thus creating corrective data p. This is
intended to make corrections with good respense to great
variations in the input and o@tput sampling rates. .in the
nonlinear correcting circuit 42a, the corrective data p is
cfeated, for example, according to a cubic curve. Therefore,
just when the error begins to increase, the amplification
factor does not increase rapi&lyg Rather, the circuit can

smoothly follow the errox.

Generally, input data .» supplied to the nonlinear
correcting circuit 42z and cutput éata o £rom it take digital
form. Therefore, the relation of the output to the input to
the nonlinear correcting circuit 42a can be expressed by bent
lines as shown in Figs. 7 and 8. Generally speaking, this
nonlinear correcting cixcuit.éza'acts to generate output data
o {corresponding to the corrective data p) in such a way that
the rate of incﬁease of the absolute value of the ocutput data-

o {corresponding to the corrective data p) with respect to

3 This Sheet Has Been RﬁMﬂ
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out put si de. The individual conponents of the timng

dat a-generating block 16 are now described. First, the main functions of
the” timng data-generating block 16 are described. The output data Dou
are produced in synchronism wth the outgygut word clock pul ses LRCO havi ng
a frequency of f[err] corresponding to the output sanpling rate.

Therefore, arithmetic operations performed by the calculation circuit 12
on the output side for

increase in the absolute value of the input data 2 (the error
data n) increases as the absclute value of the imput data n
{the ezzér data n} increases. Alternatively, the relation of
the output data o {corresponding to the corrective data b) to
the iaput dat§ n, or ﬁhe error data n, is based on such a
funéticn that the rate of increase of the absolute value of
the output data ¢ (corresponding to the co#rective data p)
with respect to increase in the absolute value of the input
data n (the error data n) increases as the absoiute value of
the input'data n (the error data n) increases, and the
n@nlinear correcting circuit digitally -approximates the

funetion and creates corrective data.

In the present second embodiment; thé_data-d about the
ratié of the ocutput sampling.rate té the input sampling rate
is sufficieﬁtly accuxéte, in the same way as in the first
embodiment. Howeverxr, if the embcdimeét relies only on this,
and 1f the anut and cutput sampling xates 4ittexr at all,

| . then the difference, or an error, between ﬁﬁﬁg%ggiecasted)
| output ﬁiming and the actual output timing might be
‘accumulated. When either the input oz outpﬁt sampling clock
is varied to thereby’induce great variations, there

arises a possxbillty'that a very great difference is groduced
betweent%%é%%%%égasted)output timing and the actual output

timing. Thus, the data d is adjusted, using the corrective

This Sheet Has Been R]inaced
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generating the output data Dou are preferably carried out, based on actual
output timng data produced when the output - word clock pulses LRCO are
produced, i.e., based on the data ] m on the reference tinme when
t he out put word cl ock pul ses LRCO are pivpduced. However, in order to create
t he out put

L estimated |,

data p. The forecasted) output timing data g showing accurate
and stable characteristics for small variations in the input
and output sémpling rates and exhibiting guick and smooth
response to great variations in the input and output sampling

rates is created.

Effects of the Invention
The present invention perxrmits fabrication of an accurate

sampling rate converter capable of operating stably.

Brief Description of the Drawings

Fig. 1 is a block diagram showing the whole structure of
& sampling rate converter according to the present invention;
Fig. 2 is a bl@ck diagram of a first embcd;ment cf the
inventlon, partlcularly showing a m,m,ng datamgeneratlng
bleck 16 shown in Fig. 1;

Fig. 3 is a timing chart illustratiﬁg the apex:étion of
the converter shown in Figs. 1 and 2;

I?{ig._ 4 is a diagram illustrating an interpolation
| operation perfoi:méd by the sampling rate converter shown in
| Fig. 1; -— .

Fig. 5 is a block diagram of a second embodiment of the

invention, particularly showing the timing data-generating
block 16 shown in Fig. 1;

Fig. 6 is a graph showing an input-output characteristic

BT ——




data Dou, sone calculational time is needed. For this reason, it is
l-mpossible to performthe calculation, directly using the data m on

. the reference tine. Accordingly, actual output timng is estimted
(forecasted) and estimated (forecasted) output timng data g is created by
the tining data-generating block 16. TH& calculation circuit 12 on the

out put side performs the cal cul ati on, based on the estimated (forecasted)

output data g. It follows that a difference, or an error, is produced
between the estimated (forecasted) output timng data g and the actual
output timng data, i.e., the data mon the reference tine. As described

| ater, theaf m|%Pﬂ%ﬁﬂ?%ﬂﬂﬁ9¥ﬁ$¢@#m§o@er@iﬁnﬁhQW@h&Q &igor Sisnfini tesimal .
The sanpllng rate ratio-generating circuit 17 creates data d about the
ratio of the outF&uﬁe safipl £6g Rat @xe@Eh heshowping s ARPLERGEr ati®put-gutguit he
data _d is_usedt
chaza@teristic cf the nonlinear co*rectlng cizcuit shown in
Fig. 5; and

Fig. 8 is a graph showing a fuxther input-output

characteristic cf the nonlinear correcting circuit shown in
Fig. 5.
Legendse

12: Cofeudolion cizcuit on the output side (second signal-
. generating circuit) | | .

17: sempling rate iaﬁiOmgenerating circuit (first data-

generating circuit) | . '

18s . £ine adjustment circuit (second data-generating circui‘jl;)

19: estimating . gixcuit (third data-generating ciicu;t).
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generate the estimated (forecasted) output timng data g which is required
t-o be quite accurate, the data d is generated wth high accuracy. Counters
31, 32, a pulse generator circuit 33, and a latch 34 shown in Fig. 2
principally correspond to t he sanpling rate ratio-generating
circuit 17.. ' i9 7 A fine adjustnent
circuit 18 corrects the data d, .

[Name of Document] ABSTRACT
[Summaxzy]

. SAMPLING RATE '
[Object] - CONVERTER

The invention is intended to provide an. a¢curate
sampling rate converter capablé of operating stably.
EConfiguxaﬁien]_ '

The converter comprises a saxpling rate ratio-generating
circuit 17 for creating data d about the ratio of the euntput
sampling xate £,, to the input sampling rate £, & fine
adjustment circuit 18 for finely adjusting the data d, usiﬁg
corrective data p, a forecasting cixcuit 19 for génexating
forecasted output timing data g about the timing at which -
ocutput data Dou is delivéxed according to cutput data e gxom
the fine adjustment circuit 18, a“compaxisonaandacoirecting
circuit 21 for comparing the data g with data m and creating
corrective data p from the results of the comparison, and an
arithmetic circuit 12 on the output side. -‘I‘h.e data m
indicates the timing at which the output data Dou is actuaily
delivered. The arithmetic eircuit 12 creates the output data

Dou fram both input data Din and data g.

. [Selected Figure] Figﬁre i

This Sheet Has Been Reﬂimd
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using corrective data p described |later, and generates nore accurate data
€. An adder 35 shown in Fig. 2 mainly corresponds to this fine adjustnent
ci.rcuit 18. An estimating (forecasting) circuit 19 receives the data
e and generates the estimated (forecasted) output timng data g under the
control of an output side calculation ?qq signal” k fromthe cal cul ati on
control circuit 15. The output side calculation end signal k is a signal

i ndicating the end of each calculation performed by the arithnmetic circuit
" 12 on the output side. - An adder 36 and a latch 37 shown in Fig. 2 mainly

correspond to this forecasting circuit 19. A starting control "circuit
20 creates an output side calculation starting request signal j under the
control of both an input side calculation end signal i fromthe

FIG. 1

input side output side
caleulationt—_19 92+ = calculation Dou
J 1 ' - '
Din - . 15
- calculation |
k\% control
~ _ - o= - ‘x
I j e ] ¥
calculation] i : 1. starting _jcomparisory |
control QQ control | || corr‘g‘ctiﬂg
1 20 1 1 fpy 1 |
_ = estimating §
M= . ‘- f i
1? k 197. ¢ :
Sequence 18~ fine .
control |~ ~ |adjustment :
_ 1 | ling s
LRCI _ ] 2ONPUNG
(1si) | 17— rate ratio
sCL I - e _
(1281si) 16~ |
LRCO ——
{fso)
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cal cul ation control circuit 14 and the output side calculation end signal
k-fromthe calculation control circuit 15. The input side calculation end
signal i is a signal indicating the end of each cal cul ati on perfornmed by

the calculation circuit 11 on the input side. The output side cal culation

starting request signal j is a signal requiring a start of calculation at
the arithnmetic circuit 12 on the output 2ifde.

FI1G2

32 3 3
a T \
counter b g:rii)%?ator ?; counter
= vl By | [
SCL 4 - SCL LRCO
(128fsi) | 1 (128 1si) {fso)
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i : L
A | ) g""‘ .n \/
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A subtractive counter 38 and a gate 39 shown in Fig. 2 mainly correspond to

this starting control circuit 20. - The conpari son-and-correcting
circuit 21 conpares the estimted (forecasted) output timng data g with
the actual output timng data, i.e., the data mon the reference tine, and

creates corrective data p fromthe results of the conparison (also
referred to as the corrective data herei®f7 The tinming of the conparison
operation is synchroni zed to.the output word clock pul ses LRCO An FIFO
buffer 40, an adder 41, a 1/N circuit 42, and a latch 43 shown in Fig. 2
mai nly correspond to this conparison-ang=cqrregti circuit 21.° . The
operation of the enbodi nent shown in F?%Z.?l d:§§is descri bed next by
referring to the timng chart of Fig. 3 .

LR;:O 1 1 ]
counter 2047X [4] A1
a_ | ' A\

b 7

¢ XN-IANXXIX2X3X4X5X6 X7 X
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S| el
f X A
h A2 A 1 AORXR3
i 1 Il
T T
LRCO __ T - T |
X X—
LRCI __ S
m X X X Y X XXX XX
p___X A
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The counter 31 forwardly counts the output word clock pul ses LRCO of the
frequency f[err], and produces output a whenever 2048 pul-ses are count.ed,
The counter 32 forwardly counts 'the system cl ock pul ses SCL having the
frequency of 128 f[err]. The pul se generator circuit 33 receives the
output a fromthe counter 31 and produces_a |latch pulse b on every | eading
edge of the systemclock pul ses SCL. on e | eadi ng edge of this latch ~
pul se b, the count value c of the counter ) '

F1G4

Din 3

‘&? o 2

S B o

T R

[} J | | O Dou

| g % g § C3
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9 32 is latched in the latch 34. On the trailing edge, the count val ue of
t-he counter 32 is set to 1. As a result, the output data d fromthe latch.

34 is 2048 x 128 x (f[err] / f[err]). In consequence, accurate data abqut
the ratio of the output sanpling rate to the input sanpling rate is
derived. The adder 35 produces the sumof the data d fromthe |atch

34 and the corrective data p fromthe Igygh 43. Although the data d itself
is sufficiently accurate data, a fine adjustnment is nade, using the
corrective data p. In this way, nore accurate data e i s obtained. . The
adder 36 cal culates the sumof the data e and the estimted (forecasted)

out put timng datagfromthe Fi G 5

32 - 33 3

AN ) S,
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latch 37 and produces 22-bit data f. " The | ower significant 19 bits
of the data f are latched in the latch 37 in response to the output side

cal.cul ation end signal K. The upper 3 bits are preset into the
subtractive counter 38, which is decremented by every application of the’
input side calculation end signal i. .Wen the output h fromthe

subtractive counter 38 decreases down t6/@, the gate ‘39 produces the

out put side calculation starting request signal j, so that the cal cul ation
circuit 12 on the ou tﬂfsﬁﬂb#ﬁiarts a sequence of cal culations on the

out put side. Wen thisise ends, the output side calculation end
signal k becones active. In this way,

QUT(0)
A

= IN {n)

FIG7

O%ﬂ?'(o)
0

- IN(n)
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10 whenever the signal k beconmes active, the estimated (forecasted) output
Fimng data g fromthe latch 37 is replaced by successive new dat a.

The estinmated (forecasted) output timng data g is successively accepted
into the FIFO buffer 40 in response to the output side «calculation end
signal k and successively delivered fromthe buffer 40 in.response to the
out put word ¢l ock pul ses LRCO CQutput ddf7a "1" fromthe FIFO buffer 40 is
. applied to the negative input term nal of the adder 41, while the data m on
the reference time is applied to the positive input termnal of the adder
41. That is, the estimted (forecasted) :

FlG8

'OEJT(O)

= IN{n)
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5
output timng data g i s conpared wrth the data mon the referenc®®Y7 e
.(corresponding to the actual output timng) at the timng of the out put
word cl ock pul ses LRCO Data about the resulting error (referred to as the
error data herein) is produced fromthe adder 41. The error data n fromthe
adder 41 is reduced by a factor of 2048 lay the 1/N circuit 42. The reduced
data o is latched in the latch 43 in response to the output word clock
pul ses L% | atch 43 is applied as the corrective data
p to the & “The errofr data n iszdimnished by the 1/N circuit 42,
because if the corrective data p is togﬁ Iarge then the effect of every

Iindustrial FPield of Utilization

The present invention relates to a sampling rate
converter used in digital audio applications and other

similar a2pplications.

Prior BArt Technigues
. Digital signals used in digital audio applications and
other similar applications are sampled at rates which are
different among different systems. Therefore, in order to
- exchange data among the diffezent‘ systems, it is necessary to
convert one sampling rate into ancther. .An—-apparatus w}iit;ﬁh TR
converts one sémpling rate into ancthexr Whjfl.e maintaining the
wavefoﬁns of audio signals or the like in this way is known

as a sampling rate converter.

%hen the cutput sampling_t;ming is asynchronous with the
input sampling timing, or %hen the ;:atio of the output
sampling rate to the inp'u.t -sampling rate cannot be expressed
in terms of a simple combination of integexrs, the ratio of
the output sampling rate to _t;he input sampling rate is
accurately found, and thénx t:he. saméling rate is converted
into a different value . based on the acc_ui:ately found ratio.

In the prior art techniques; both input sampl;.ng rate and
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In the present enbodinent, the data d itself about the ratio of the output
sanpling rate to the input sanpling rate is sufficiently accurate.
-However, if the enbodinent relies only on this, and if the input and

out put sanpling rates 5

output sampling rate have been averaged in ozxder to

accurately £ind the sampling rate ratie.

Problems to be Solved by the Invention
However, in oxder to secure high accuracy, it is
necessary to make the averaging timing very long. Therefore,
if the input and output sampling rates jitter at all, then
R the number of items of data calculated is not coincident with
the number of items of data actually delivered. Ia this way,

a malfunetion takes places.

It is an cbject of the.presént invention to provide an

accurate .saméling rate converter capable of ocperating .si:ably.

Means for Sol%ing the Problems _

The preseat invention lies in a sampling rate convextgt
for converting a first signal of a first sampling rate into
.a second signal of a second sampling rate, sald sampling rate
cenverter comprising: a firat data-generating circuit fox
g@n@z&tiﬁg first data about ratioco of said second sam@iing'
rate to said first sampling rate; a second data-generating
ceircuit for generating second data by correcting said first
data, using a. corrective data; a third datamgenerat;ng

circuit for generating, based on said second data, third data

which corresponds to estimated cutput timing of said second
signal: h -
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jitter at all, then the error between the estinmated(forecasted)output
ti-mng and the actual output timng mght be accunulated. Therefore, the
-data d is finely adjusted, using the corrective data p. Thus,
accurate and stable, estimated (forecasted) output timng data g is _
g€ener at ed. A second enbodinen% of sanpling rate converter according
‘to the present invention is described™next by referring to Fig. 5.

a coﬁparatar circult for generating comparative
data by comparing said third data with fourth data which.
corresponds to actual cutput timing of said second signal; a

correcting cirecuit for generating gaid corrective déga, based on

sald comparative date; and

a second signal-generating circuit for generating said second

signal based on said first and third data.

A first embodiment of sampling rate cenverter according
te the present :aneﬁti.on is hereinafter described by
referring to Figs. 1; 2, 3, and 4. Fig. 1 is a bl@c%c diagram

" showing the whole strt::cture of the sampling rate converted. -
Fig. 2 is a block diagram, 'paﬁicularly showing the structure
of a timing datasgenexating block 16 shown im Fig. 1. Fig.
3 is a timing chart illustrating the operation of the
structures shown in Figs. 1 and 2. Fig. 4 is a diagram

illustrating an interpolation operation performed by the

sampling rate converterx.

First, the satructure of the first embodiment is
described by referring to Figs. 1 and 2.

A calculation circuit 11 on the input side and an

calculation cixcuit 12 on the output side mainly act to
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As can be seen fromFigs. 2 and 5, the second enbodinent is simlar to the
first enbodi ment except that a nonlinear correcting circuit 42a is

provi ded instead of the 1/N circuit 42 (linear correcting circuit) of the
first enbodirent. ' In the first enbodi nent shown in Fig. 2, to
prevent malfunction due to variationi in the input and output sanpling
rates, corrections are nmade by using the 1/N circuit 42 (linear correcting

circuit) in a correcting circuit. In order to carry out the corrections,
t he corrections nust be

‘perform arithmetic operations for interpolation. These
arithmetic operatiocns for interpolation are described by
referring to Pig. 4. The sampling rate converter of the
described embodiment converts input data Din of sampling
fregueney £, into cutput data Dou of sampling freqguency f£...
During the conversion, arithmetic cperations for
interpolation (hereinafter referred to as the arithmetic
operations en the input side) are perfozmed about sampling
p@ints Pin c@zresponéing to the input data Din by digital
filtering tschniques.' In this manner, interpolated points
Cl, €2, and C3 azé found. However, the interpoiéted peints
Cl, C2, and C3 on the time axis t @o not generally agree with
the sampling points Pgu.coxrespondiﬁg to:-the output data Dou.
Accordingly, arithmetic operations for - an " interpolation
such as a lipear intexpolaﬁion (hereinafter referred to as
the arithmetic operations on the ocutput side) are carried out
for adjacent interpolated points to £find cﬁtput.data Dou
- _caﬁresp@ndimg to the sampling points Pou on the output sidé..
The arithmetie @ixcuit.ll on the input side mainly sexves to
perform éhe arithmetic operations on the input side. The
arithmetiec circuit 12 on the output side.principally acts fo .

perform the arithmetic operaticms on the output side.

A sequence control circuit 13 controls the whole

operation ©f the sampling rate converter. ‘This contxol
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12 ~highly accurate for minute variations in the input and out put
sanpling rates. The corrections nust show good response to gr eat
variations in the input and out put sanpling rates. .

S

circuit 13 rxeceives input word clock .pulses LRCI having a
freguency of £, corresponding to the input sampling rate and
system clock pulses SCL having a freguency of 128 £, and
produces a starting signal to a calculation centz:él' cizxecuit
i4, Also, the control circuit 13 produces data m on a
reference time to a compariscon-and-correcting cirecuit 17.
The data m on the refzrence time indicates a reference time
on which the whéle system is based. Various kinds of timing
date are created from this reference time data. .
Thé caleunlation control circuit 14 controls the
calculation ©ircuit 11 on the input side. Anotherx calhulatian

control circuit 15 controls the arithmetic circuit’'l12 on. the
output side.

The individual coméonents of the timing data-generating
bleek 16 are now described. First, the main functions oﬁ the
timing data-generating blcck 16 are described. Thg output
data D@‘g are produced in synchronism. with the output wm:‘d .
clock puiges LRCO having a frequency of £,, corresponding to
the output sampling rate. Therefore, arithmetic operé.tions
performed by the calculation circuit 12 on the output side for
generating the output data Dou are pxefex:ablzy carried out,
based on actual output timing data prgducedl when the output

word clock pulses LRCO are produced, i.e., based on the data
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However, in the 1/N circuit 42 of the first enbodinent, if t he val ue of

N is increased, the correction accuracy is | nproved but the response to
variations in the sanpling rates deteriorates. Conversely, if the value
of Nis reduced, the response to variations in the sanpling rates is

| nproved but the correction accuracy is deteriorated. To satisfy these
two requirenents, it is necessary to switch the value of N according to
t he amounts of change in the input and out put sanpling rates or to

i ncrease the nunber of stages of the &1 FO buffer 40. :
m on the reference time when the output word clock pulses
LRCO are produced. However, in order to create the cutput
data Dou, some calculational time is needed. For this
reason, it is impossible to perform the calculation,
directly using the data wm on the reference time.
Accordingly, actual output timing is estimated
(forecasted) and estimated (forecasted) output timing
data g is created by the timing data-gemerating bleck 16.
The calculation ecircuit 12 on the output ide performs
the calculation, based on the estimated (forecasted)
output data g. It follows that a difference, or an
error, is produced between the estimated (forecasted)
ocutput timing data g and the actual ocutput timing data,
i.e., the data m on the reference time. As described

later, the timing data-generating block 16 wmakes this

exrror infinitesimal.
o

- The sampling rate raﬁicsgenerating circuit 17 creates
data d about the ratio of the output sampling rate to the
input sampling rate. Since the data 4 is used to
generate the estimated (.forecasted) output timing data g
which is required to be quite accurate, the data d is
generated with high accuracy. Counters 31, 32, a pulse
generator circuit 33, and a latch 34 shown in Fig. 2
principally correspond to the sampling rate
ratio-generating circuit 17. '
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Accordingly, in the second enbodi nent, accurate
response to mnute variations in the I nput and out put sanpling rates.
Corrections are made with good response to great variations in the

i nput and out put sanpling rates. For this purpose, the nonlinear
correcting circuit 42a shown in Fig. 5 is provided as a correcting

circuit. This correcting circuit 42a cfeates an odd power . (e.g., the
third power) of the input data n as output data o.

corrections are nmade in

A fine adjustment circuit 18 corrects the data d,
using corrective data p described later, and generates
more accurate data e. An adder 35 shown in Fig. 2 mainly
corresponds to this fine adjustment circuit 18.

an estimating (forecasting) circuit 19 receives the
data e and generates the estimated (forecasted) output
timing data g under the control of an output side
calculation end signal k from the calculation control
cireuit 15. The output side calculation end signal k is
a signal indicating the end of each calculation performed
by the arithmetic cixguit 12 on the output side. An
adder 36 and a latch 37 shown in Fig. 2 mainly correspond
to this forecasting circuit 19. |

A starting control circuit 20 creates an ocutput side
caleculation starting request signal J undér the control
of both an input side calculation end signal i from the
calculation control circuit 14 and the oﬁtput side
calculation end signal k from the calcu;atién control
eireuit 18. The input side calculation end sigmal i is
a signal indicating the end of each calculation performed
by the calculation circuit 11 on the input side. The
output side ealculation starting request signal § is a

signal requiring a start of calculation at the arithmetic
circuit 12 on the output side.
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The relation of the output to the input, which corresponds to t he

relation of the error data n to the corrective data p, is shown in Fig.
6. In this nonlinear correcting circuit 42a,
13 m nute error data n close to the origin of the graph of Fig.

8

A subtractive counter 38 and a gate 39 shown in Fig.
2 mainly correspond to this starting comtrol circuit 20.

The comparison-and-correcting circuit 21 compares the
estimated (forecasted) output timing data g with the
actual output timing data, i.e., ‘the data m on the
reference time, and creates corrective data p from the
results of the comparison (also referred to as the
corrective data herein). The timing of the comparison
operation is synchroﬁized.to the output word clock pulses
LRCO. An FIFO buffer 40; an adder 41, a 1/N circuit 42,
and a latch 43 shown in Fig. 2 mainly correspond to this
comparison-and-correcting circuit 21.

The operation of the embodiment shown in Figs. 1 and

2 is described next by'refexring to the timing chart of
Fig. 3.

The counter 31 forwardly counts the cutput word clock
pulses LRCO of thelﬁreQuency f..r and produces output a
whenever 2048 pulses are counted. The counter 32
forwardly counts the system clock pulses SCL having the
frequency of 128 £,;. The pulse generator circuit 33
recelves the output a from the counter 31 and produces a
latch pulse b on every leading edge of the system clock
pulses SCL. On the leading edge of this latch pulse b,
the count value ¢ of the counter
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6 are further reduced to create the corrective data p. This is because if
the corrective data p is too great conpared wth the error data n, the

ef fect of every instantaneous error variation beconmes great. This m ght _
deteriorate the stability. 1In the nonlinear correcting circuit 42a, great
error data n renote fromthe origin of the graph of Fig. 6 are anplified,
thus creating corrective data p. This Bs intended to nmake corrections

with 900d, 250005 dfed” S8 tHE" 18ELENS4 N SHCHI UrdDT 0 Rge B0
count value of the counter 32 is set to 1. As a result,
the ocutput data 4 from the latch 34 is 2048 x 128 x (f,,
/ £5) . In consequence, accurate data about the ratio of

the ocutput sampling rate to the input sampling rate is
derived.

The adder 35 produces the sum of the data d from the
latch 34 and the corrective d@ta p from the latch 43.
Although the data d itself is sufficiently accurate data,
a fine adjustment is made, using the corrective data p.
In this way, more accurate data e is obtained.

The adder 36 calculates the sum of the data e and the
estimated (forecasted) output timing data g from the
lateh 37 and produces 22-bit data €£. The lower
significant 19 bits of the data £ are latched in the
latch 37 in response to the output side calculation end
signal k. The upper 3 bits are preset into the
subtractive counter 38, which is decremented by every
application of the imput side calculation end signal i.
When the output h. from the subtractiva counter 38
decreases down to 0, the gate 39 produces the output side
calculation starting request signal 9§, sc that the
calculation ecircuit 12 on the output side starts a .
sequence of calculations on the output side. When this

sequence ends, the output side calculation end signal k
becomes active. In this way,
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nonl i near cofrecting circuit 42a, the corrective data p is created, for

exanpl e, according to a cubic curve. Therefore, just when the error begins
to increase, the anplification factor does not increase rapidly. Rather,
the circuit can snoothly follow the error. CGeneral ly, input data n

supplied to the nonlinear <correcting circuit 42a and output data o fromit
take digital form Therefore, the relation of the output to the input to
the nonlinear correcting circuit 42a %Ef be expressed by bent

vhenever the signal k becomes active, the estimated
{forecasted) output timing data g from the latch 37 is
replaced by successive new data.

The estimated (forecasted) output timing data g is
successively accepted into the FI¥O buffer 40 in response
to the output side calculation end signal k and
guécegsively delivered from the buffer 40 in response to
the cutput word clock pulses LRCO. Cutput data "i® from
the FIFO. buffer 40 is applied to the negative input
terminal of the adder 41, while the data m omn the
reference time is applied to the positive input terminal
of the adder 41. That is, the estimated (forecasted)
ocutput timing data g is ecmpared with the data m on the
reference time (corresponding to the actual output
timing) at the timing of the output word clock pulses
LRCO. Data about the resulting error (referred to as the
error data herein) is produced from the adder 41. The
error data n from the adder 41 is reduced by a factor of
2048 by the 1/N circuit 42. The reduced data © is latched
in the latch 43 in response to the output word clock
pulses LRCO. The output from the latch 43 is applied as
the corrective data p to the adder 35. The error data n
is diminished by the 1/N circuit 42, because if the
corrective data p is too large, then the effect of every

instantaneous variation becomes great, thus risking the
stability.
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lines as shown in Figs. 7 and 8. Generally speaking, this nonlinear
correcting circuit 42a acts to generate output data o (corresponding to
the corrective data p) in such a way that the rate of increase of the

absol ute value of the output data o (corresponding to the corrective data
p): Wi th respect to ' 11 14

In the present embodiment, the data d itself about the
ratio of the ocutput sampling rate to the input sampling rate
is suffieciently accurate. However, if the embodiment relies
only on this, and if the input and output sampling rates
jitter at all, then the error betwesen the estimated(forecasted )adtput
timing and the actuel output timing might be accumulated.
Therefore, thé data d 4is <finely adju_s;te@, using the

corrective data p. Thus, accurate andistable, estimated
(forecasted) output timing data g is generate@.a

A second embodiment of sampling rate converter according

L4
te the present invention is described next by referxring to

Filg. 5.

.As can be seen from Figs. 2 and 5, the second embodiment
is similar to the first embodiment except that a nonlineax
correcting eiréuit 42a is provided instead of the 1/N circuit

42 (linear correcting circuit) of the first embodiment.

In the first embodiment shown in 'Fig. 2, to prevent
malfunction due to variations in the input and output
sampling rates, ccrr:ections are made by using the 1/N circuit
42 (linear correcting circuit) in a correcting circuit. In

order tc caxrry out the corrections, the corrections must be
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increase in the absolute value of the input data n (the error data n)
increases as the absolute value of the input data n (the error data n)
increases. Alternatjively, the relation of the output data o (corresponding
to the corrective data p) to the input data n, or the error data n, is
based on such a function that the ratey@f increase of the absol ute val ue
of the output data o (corresponding to the corrective data p) wth
respect to increase in the absolute value of the input

highly accurate for minute variations in the input and output
sampling rates. The corrections must show good response to
great variations in the input and output sampling rates.
However, in the 1/N circuit 42 of the first embodiment, if
the value of N is increased, the correction accuracy is
improved but the response to variations in the sampling rates
deteriorates. Conversely, if %he valus of N is reduﬁedi the
response to variations in the sampling rates is improved but
the correction accuracy is deteriorated. To satisfiy these
two requirements, it is necessary to switch the value of N
according to the amocunts of change in the input and output

sampling rates or to increase the number of stages of the

FIFDC buffer 40.

Accordingly,- in the second embodiment, accurate
é@rrections are made iﬁ response to minute variatioms.in the
input and output sampling rates, Coriections are made with
good response to great varistions in the input and output
sampling rates. For this purpose, the nonlineax correcting
cirenit 42a shown in f‘ig. "5 is provided as a coxrecting
eircuit. This correcting circuit 42a creates an odd power
(e.g., the third power) of the input data n as output data o.
The relation of the output to the input, which corresponds to
the relation of the error data n to the corrective data p, is

shown in Fig. 6. .In this nonlinear correcting circuit 42a,
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data n (the error data n ) increases as.the absolute value of the input
data n (the error data n) increases, and the nonlinear correcting

circuit digitally approximtes the function and creates corrective data.
In the present second enbodi nent, the data d about the ratio of the output
sanpling rate to the input sanpling rat Is sufficiently accurate, in the
sane way as in the first enbodi nent. wever, if the enbodinent, relies
only on this, and if the input and output sanpling rates jitter at all,

minute error data n close to the origin of the graph of Fig.
& are further reduced to create the corrective data p. This
is because if the cérrective data é is too great compared
with the error data n,-the effect of every instantaneous
error variation be;@mes great. This might deteriocrate the
stability. In the nonlinear correcting circuit 42a, great
error daﬁé n remcte from the origin of the graph of Pig. 6
are eampiified, thus creating corrective data p. This is
intended to m@ke cbxrecticns with good response to grest
variations in the input and output sampling rates. In the
nonlinear correcting circuit 42a, the corrective data p is
ereated, for example, according to a cubic curve. Thexefore,
- just when the exror begins to increase, the amplification
factor does not incrxease raplidly. Rather, the circuit can

smoothly follow the error.

Generally, input data .» supplied to the nonlinear
'c@xre@ting.cixcuit 42a and output.éata o from it take digital
form. Therefore, the relation of the output te the input to
the nenlinear correcting circuit 42a can be expressed by bent
lines as shown in Figs. 7 and 8. Generally speaking, this

- nonlinear correcting circuit 42a acts to generate output data
o {corresponding to the corrective data p) in such a way that
the rate of increase of the absoclute value of the cutput data

o {(corresponding to the corrective data p) with respect to
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then the difference, or an error, between the estinmated(forecasted) output
timng and the actual output timng mght be accumated. Wen
either the input or output sanpling clock is varied to thereby

i nduce great variations, there arises a possibility that a very great
difference is produced between the estinted(forecasted)output timng and

the actual output timing. Thus, the dal® d is adjusted, using the
corrective

increase in the absoclute value of the input data n (the error
data a) increases as the absoclute value of the input déta n
{the error data n) increases. Alternatively, the xelation of
the @utpuﬁ data o {corresponding to the corrective data p) to
the input daté &, or the error data n, is based on such a
funéti@n that the rate of increase of the absolute value of
the output data o (corresponding to the corrective data p)
with respeect to increase in the absclute value of the input
data n (the erzor data n) increases as the absolute value of
the input data n (the error data n) increases, and the
nonlinear correcting circuit digitally 'appréximates the
function and créates corrective data. .

In the present second embodiment; the data d aboﬁt_the
ratio of the output sampling rate to the inéut sampling rate
is suﬁficieﬁtly accurate, in the same way as in the fixst
@mﬁ@dimente However, if the emb@dimgﬁt relies only on this,
and if the input and output sampling rates jigter'at all,

. then the differénce, or an error, between fhe estimated!forecastad)

| osutput ﬁiming and the actual output timing might be
‘accumulated. When either the input or outpﬁt sampling clock

| is varied to thexeby'induée great variations, thexe

arises a possibility that a very great difference is produced
between the estimted(f@recastéd)mtpu‘t timing and the actual outbut

timing. Thus, the data d is adjusted, using the corrective
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data p. The estimated(forecasted)output timng data g show ng accurate and
stabl e characteristics for small variations in the input and output
sanpling rates and exhi biting quick and snboth response to great
variations in the input and output sanpling rates is created.

15 -

data p. The estimaﬁed(f@zecasted)wtput timing data g showing accurate
and stable characteristics for small variations in the input
and output sampliing rates and exhibiting guick and smooth

response to great variations in the input and output sampling

rates is ecreated.

Effects of the Invention

The present invention permits fabrication of an accurate
sampling rate converter capable of cperating stably.
;B;_;r;i;i Dascrigt_icnl of the Drawinos _ |

Fig. 1 is a block diagram éhowing the whole structure of
a sampling rate converter according te the present invention;

Fig. 2 18 a block diagram of a first embodiment of the
inventian,‘ particularly shoﬁing a timing détaggenerating
block 16 shown in Fig. 1; -

| Fig. 3 is a timing chart_illustratiﬁg the pperétion of
the converter shown in Figs. 1 and 2;

Fig. 4 is a diagram illustrating an interpolation
operation performed by the sampling rate converter shown in
Fig. 1; |
| Fig. 5 is a block'diagram of a second embodiment of the
invention, particularly showing the timing data-generating
block 16 shown in Fig. 1;

Fig. 6 is a graph showing an input-output characteristic
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Effects of the Invention The present invention permts fabrication of
an accurate sanpling rate converter capable of operating stably. -Bri ef
Descri ption of the Draw ngs Fig. 1 is a block diagramshow ng the
whol e structure of a sanpling rate ceonverter according to the present

I nvention; Fig. 2 is a block diagramof a first enbodi mrent of the
invention, particularly showing a timng data-generating

aﬁ a nonlinear coxzetting ciréuit shown in Fig. 5;

Fig. 7 is a graph showing another input-output
characteristic of the nonlinear cerrecting cizcuit shown in
Fig. 5; and _

Fig. B is a graph showing a furthér ‘inputaoutput
characteristiec of the nonlinear corrscting circuit shown in

Fig. 5.

Legendss

12: calculation éircgit on the output side (second signala
, generating cixcuit) - .

17: sampling rate ratio-generating circuit (first data-

generating cirecuit) -

18s . fine adjustment circuit (second data-generating ci'z:cuig)

1§s-ggtimating circuit (thixd data-generating cixcu;t).

21s E@mparis@noandacorracting circuit

Bins £irst signal

Dous second signal

de first data

es S@céndedata

gs third data

ms ° fourth data

ns error data

b corrective data
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bl ock 16 shown in Fig. 1; Fig. 3is atimng chart
operation of the converter shown in Figs. 1 and 2;

- MR D

|II
.

diagram illustrating an interpolation operation eF T~ he sanpllng
rate converter shown in Fig. 1; Fig. 5is azliégksﬂffﬁ mEéN
seecond enbodi nent of the invention, particularly ow nBERIAEERiI M ng

dat a-generating block 16 shown in Fig.17

Claims

1. A sampling rate converter for converting a first
signal of a first sampling rate intoc a second signal of

a second sampling rate, said sampling rate converter
comprising : |

a first data-generating circuit for generating first
data which corresponds to ratioc of sald second sampling
rate to said first sampling rate;

a second data-generating ecircult for generating

second data by correcting said first data, using a
corrective data,

a third data-generating circuit for generating, based
on sald second data, ‘third data which corresponds to
estimated output timing of said second sigmal;

a comparator circuit for gemerating comparative data
by comparing said third data with fourth data which

corresponds to actual output timing of said second
gignal; )

a correcting circuit for gemerating said corrective

data, based on said comparative data; and

a second signal-generating circuit for generating
gsaid second signal based on said first and third data.
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Fig. 6 is a graph showi ng an input-output characteristic l"" uﬂ I“”"ﬂ
16 of a nonlinear correcting circuit shown in Fig. 5;

is" a graph showing another input-output characteristic ‘of ‘thé
nonl i near correcting circuit shown in

18 THIS SHEET HAS BEEN
' REPLACED

2, The sampling rate convezter of claim 1, wherein
said comparative data 15 error data indicative of a
difference between said -third data and said fourth data.

3. The sampling rate converter of claim 2}'wh@rein
said correcting circuit'genggates said corrective data by
ﬁmltgﬁging sald error data by a factor of (1/constant value).

4, The sampling rate converter of claim 2, wherein
said correcting circuit generates séid corrective data in
such a way that rate of increase of absolute value of said
corrective data with respect to increase in absclute value of
‘said error -data increases as.absclute value of said exxor
data increases.

5. The sampling rate convertexr qfwclaim-z} wherein a
relation batween said éxﬁor dété and saild corrective dgta*is
based on such a function that rate of increase oﬁ.abéolute-
value of said corréctive data with“respect'to.increasé in
absolute value of said erxor data increases as absolute value
of sald error data iﬁcxeaseg, and wherein said corxrecting

" eireuit digitally approximates said function and génexates

said corrective data.

S
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Fig. 5;

and Fig. 8 is .a graph showing a further input-output

characteristic of the nonlinear correcting circuit shown in Fig. 5.

Legends: 12: calculation <circuit on the output side (second signal
generating circuit) 17: a sanpling rate ratio-generating circuit
dat a- 19

ABSTRACT

SAMPLING RATE CONVERTER

The invention is intended to provide an. adécurate

sampling rate converter capable of operating stably.

The converter comprises a sampling::ate ratio-generating
cirecuit 17 for creating data d about the ratio of the output
sampling rate £, to the input sampling rate £,, a £fine
adjustment circuit 18 for finely adjusting the data d, usiﬁg

corrective data p, a forecasting circuit 19 for génerating

(first

forecasted output timing data ¢ about the timing at which-

output data Dou is delivéred according to sutput data e gx@m
the fine adjustment circuit 18, a”comgaxisQnaandacd%ze@ting
cireuit 21 for comparing the data g with data m and creating
corrective data‘é from the results_éf the comparison, and an

arithmetic circuit 12 on the output side. The data =

f . Iindicates the timing at which the cutput data Dou is actua}ly

delivered. The arithmetic circult 12 creates the output data

Dou from both input data Din and data g.

¥Figuxe 1
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generating circuit) - 18: fine adjustnent circuit (second data-generating

circuit) .19: estimating circuit (third data-generating circuit) 21:
conpari son-and-correcting circuit Din: first signal Dou: second
si gnal d: first data e: second dat a g: third data m

fourth data 1/7

FI1G.1

input side output side

calculation—_q4 12~  calculation Dou

J 4 : ]

Din —= 15
calculation |/
k™ control
T &
14 : - 21|
: bR
calculation b= Starting COMPAriso
control 1 - control | | cor,-g*ctm
7 oS | TR T
estimating ’
1%3 . . 19 e ﬂ
sequence| | . 18~ fine

control |~ adjustment u

¥ A - t . ?/dﬁm“

o - lin u
LRCI . SOPNg. i
(si) 7] rate ratio
LT Lt
(1281si) 16 ~ | S
_ LRCO -

(fso)

REPLACEMENT SHEET
|

20 MOV 996
i




n: error data p: corrective data
17 Clainms 1. A sanpling rate converter for converting a first S|gnal of a
first sanpling rate into a second signal of a second sanpling rate, said

sanpling rate converter conprising:

2/7

FI1G2

32 3 : 31
§ . %
i .
counter o géﬁ.ﬁmcr -9 counter
rt i ' L
scL {1 °°© s | LRCQ
(128fsi) | {128 fsi) {fso)
latch -

3

!
2N
e’y i
36@@ Nt/ 9 P
. 3
(- MR

SUbtmctﬂve . Eaich
38~ counter -

- LRCO Aé
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a first data-generating circuit for generating first data which corresponds
to ratio of said second sanpling rate to said first sanpling rate, a
second data-generating circuit for generating second data by correcting
sai'd first data, using a corrective data, a third data-génerating
circuit for generating, based on said second data, third data which
corresponds to estimated output tim ng Bfzsaid second signal; a
conparator circuit for generating conparative data by conparing said third

data with fourth data which
FI1G3

LRCO ___J - I
counter Z057X 0 Al
a__ [ | \

& A

¢ XK NXXIXZX3X4XBX6 X7 X
128%si LI f"’UL;”LﬂF LﬁILfL

d X N
p X X
e XX X
k- n
X X
h X X X o X3
i T I
j I
LRCO __ T 1 1 |
1 X ' X
LRCI _ | _ I
mTX X X X XXX XXX
p X X
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corresponds to actual output timng of said second signal; a
correcting circuit for generating said corrective data, based on said "

conparative data; and - a second signal-generating circuit for
generating said second signal based on first signal and said third data.
477
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18 2. The sanpling rate converter of claim1, wherein said
conparative data is error data indicative of a difference betwen
said third data and said fourth data. . 3. The sanpling rate converter
of claim2, wherein said correcting circuit generates said corrective data
by. multiplying said error data by a factor of 1/constant val ue 4.
The sanpling rate converter of clain125,%herein '

FIGS5

32 33 _ _ 31
) ) D
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ictch
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said correcting circuit generates said corrective data in such a way that
rate of increase of absolute value of said. corrective data with respect to
i ncrease in absolute value of said error data increases as absol ute val ue
of said error data increases. 5. The sanpling rate converter of
tlaim?2, wherein a relation between said error data and said corrective
data is based on such a function thatgyjpte of increase of absolute value
of said corrective data with respect to increase in absolute value of said

error data incr easF'?s'G@ngte val ue

O?T(c)

= IN (n)

FIG7

OleT(Q)

e IN()
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of said error data increases, and wherein said correcting circuit
digitally approxi mates said function and generates said corrective data.

77
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Claims -
i. A sampling rate converter for converting a first
signal of a first sampling rate into a second signal of
a second sampling rate, said sampling rate converter
comprising : |

a first data-generating circuit for generating first
data which corresponds to ratio of said second sampling
rate to said first sampling rate;

a second data-generating circuit for generating
second data by correcting said first data, using a
corrective data,

a third data-generating circuit for generating, based
on said second data, ‘third data which corresponds to

estimated output timing of said second signal;

a comparator circuit for generating comparative data
by comparing said third data with fourth data which
corresponds to actual output timing of said second

signal;

a correcting circuit for gemerating said corrective
data, based on said comparative data; and

a second signal-generating circuit for generating said

seccnd signal based on first signal and said third data.
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2, the sampling rate cénverter of claim 1, wherein
said comparative data is error data indicative of é
difference between said third data and said fourth data.

3. The sampling rate converter of claﬁm'z} wherein
said correcting circuit generates said corrective data by
maltiplying ®a&id error data by & factox of 1/constant value .

4. The sampling rate converter of claim 2, wherein
said correcting circuit genexates said corrective data in
such a way that rate of increase of absolute value of said
corrective data with respect to increase in absolute value of
said error -data increases as.absclute value of said error
data increases. |

8. The sampling rate converter oﬁ*claim-z; wherein a'
relation between said érror déta and said corrective déta*is
based on such a function that rate of increase of_abéolute-
value of said corréctive data with respect to. increase in
absolute value of said exrror data increases as absolute value
of said error data increases, and wherein said correcting
. circuit digitally approximates said function and génerates

said corrective data.
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