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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 generati ng first

(which correspords 1o ,
data Y ratio of . said aecond sampling rate to sax,d first

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 -
to actual output timing: of - said sewnd s“am@ 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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2, The samnllng ratae converter of claim 1, wherein
sald comparative data is erxror data indicative of a
diifeﬁence between said third data and said fourth data.

3. The sampling rate convertér 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 absclute value 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 of¢claim-2; wherein a
relation between said érrox déﬁa and said corrective dgtaﬁis
based on such a function that rate of increase of abéolute-
value of said corxéctive 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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Detailed Descripticn of the Invention

Industrial Field of Utilization
The present invention relates to a sampling rate
used in digital audio applications and other

converter
similar applications.

Techniguses
i aigit

Digital signals used in

igit a2l audio applications and
other similar applications are sempled at xrates which are
in order to

different among different systems. Therefore,
exchang&.data among the different systems, it is necessary to
convert one sam@ling méte into another. An—apparatus wliich
converts one sémpl;ng rate into ancther while maintaining thé

waveforms 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
the-output sampling rate to the input sam@ling.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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output sampling rate have been averaged in Order to

accurately £ind the sampling rate ratio,

However, in order to secure high gecuvacy, it is
necessary to make the averaging timing very jong. Therefore,
if the input and output sampling rates jitter at 2ll, then

the nunber of items of data calculeted

fete

S not coincident with

the number of items of data actually d2livarag In this wa
red. Y

a malfunction takes places.

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

accurate .sam?ling rate converter capable of Qpe]'n’;ing s_ﬁ:ably.

Means for Solvinq 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 circuit for

g@ﬁezating first data about ratioc of said gecond sampling

 rate to said first sampling rate; a secong data-generating

circuit for generating seccnd data by corrpecting said first
data, using o corrective data; @ thirg dntamgenerating

Lo
circuit for generating, uased'saz,d second dnta +hird data which,

7

ﬁme@ﬂdS {s gs.,,mgied said seccmd signal .
F@u‘iﬁw! fammg a‘f '
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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

n .
signal kﬁ?é%"géid first and third data.

Enbodimerits

A first embodiment of sampling rate converter accbzdz;.ng
to the present imreﬁtion is hereinafter described by
referring to Figs. 1, 2, 3, and 4., Fig. 1 ié a block diagram
) showing the whole structure of the sampling xate converter.
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 operation 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



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 interpolated peointes to £ind oﬁtput data Dou
.carresponding to the sampl;ng points Pou on the output side.
The arithmetic circuit 11 on the input side mainly sexves to
pexrfoxrm the 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 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

eference time to a comparison-and-corxrrecting 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

This Sheet Has Been R Ti

MR



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

using the data m on the efe::ence 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
astimsled

caleculation, based on the (forecasted output timing data g.

It follows that a differemce, or an error, ' is produced
vestimoted

between the'(forecasted) output timing data g and the actual

output timng data, i.e., the data m on the reference time.

- As described latexr, the timing data«generatlng block 16 makes .

this error infinitesimal.

The sampling rate ratio-generating circuit 17 t;xeates
data d about the ratic of the output sampling rate to the
input sampling rate. Since the data d is used to genera.te.
E%re@astém 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 thc_a sampling r.;ate'

ratio-generating circuit 17.
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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.

( estimaling

AY(EOxecastlna‘ circuit 1% receives the data e and
. eslimated ™,

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 fxom the
calculation control circuit 14 and the output side
calculation end signal k from the calculation controcl circuit
15. The inpust. side calculation end signal J 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 the arithmetic circuit 12 on the output side.

./}i@%@«?ﬁnz a stort of coleubotion of

1]
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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 comparison-and-correcting circuit 21 compares the
estimgted
Wﬁ@recastad)output timing data g with the,actual ocutput timing
-da@ap 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 of
the compazrison opexatisn is synchronized to the output woxd
clock pulses LRCO. AaAn FIFO buffer 40, an adder 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
whenever 2048 pulses are counted. The counter 32 forwardly
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 count-vafue ¢ of the countex
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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.

: mmThe adder 36 calculates the sum of the data e and the
° &T('f@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 RE
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ostimated
whenever the s;gna] kX becomes active, t é’f@xecastedﬁoutput

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

H

side calculation end signal k and successively delivered fro
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 5@5 tive input
o, hafimmnt
terminal o©f the.adder 4;. That is, the'(f orecasted) output
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



13

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 adjastegt, usn&g the
corrective data p. Thus, accurate and stéﬁ%é???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

This Sheet Has Been R:ﬂ
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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 correctiocn accuracy is
improved but the response to variations in the sampling rates
detericrates. Conversely, if the vaeluse of X is redﬁced, 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 circuit 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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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

L



i6

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 ez:rér data n} increases. Alternatively, the relation of
the output data o {corresponding to the corrective data b) to
the iaput dat§ n, or the 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, the data d about the
ratie of the ocutput sampling rate té the input sampling rate
is sufficiently accurate, in the same way as in the first
embodiment. Howevex, if the embodiment relies only on this,
and 1f the input and output sampling rates jittex at all,
: . estimated ;- :

. then the difference, or an error, between the’ (forecasted)
output timing and the actual output timing might be
‘accumulated. When either the input oz outpimt sampling clock

is varied to thereby induce great variations, there
arises a possibility that a very great difference is produced -
estimated. , _ C .
between the'{forecasted)ocutput 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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1 _gsumﬁgd ,

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 inventicn pexrmits fabricaticn 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 ppexétion 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
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@f.a nonlinear correcting ciréuit shown in Fig. 5;

Fig. 7 is a graph showing another Iinput-ocutput
characteristic of the nonlinear cqxﬁectimg circuit shown in
Fig. 5; and .

Fig. 8 is a graph showing a fuxther .inputmoutput
chazacteristic of 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).

21s écmparisonmandmcarrecting circuit

Din: first signal

Dous second signal

ds first data

es secénd.data-

g:  third data

ms © fourth data

ns error data

jeH corrective data
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