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[Nam~ of Document] SPECIFICATION 

[Title of the Invention] 

Sampling Rate Converter 

[Cl~ims·] 

0 

1& A sampling rate converter for converting a first 

sign~l of a first sampling ratG into a second signal of a 

~eeond sampling rate, said samplin57 rate converter 

eompr!~ing: 

a first data~qeneratinq circuit for generating first 
~kic.~ C:?~ .. 
at~~~---~atio of .said second sampling rate to said first 

sampling ratei 

a second data~generating circuit for generating Becond 

data by correcting said first data, using corrective 

data; 
. ··-~ 

a third data~generating circuit for generating J basd s~id · 

second data_, third data ~ch. mrres~r.ds t@ esUtha.ted-A sai~ second 
. (output iimint or' . 

signal; 

a comparator circuit.for generating comparative data by . . . 

·comparing said third data with fourth data ~kh. correponds · 

t~ ttt.twd output 1Jmin~ of· s~kl sea;nd sspAl j . 

a correcting ~ircui t for ge:nerating said corrective 

dat.a,b~fd on 5aid comparative data; and 

a second signal-gene:ra:ting circuit for generating said 

~econd siqnal ~~sed m said first and third data .. 
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2,. The sampliirng rate converter of claim J,, wherein 

said comparative data is error data indicative of a 

diff~rence betwaen said·third data and said fourth data. 

3 o The sampling rate converter of claim 2 ~ wherein 

~~id correcting circuit generates said corrective dat~ by 

rr~ttiptyir.-g said error data by a factor of (l/consta:nt value) .. 

4 * The sampling rate convert.er of claim 2, wherein 

~~id correcting circuit generates s~id corrective data in 

~uch ~way that rate of· increase of absolute value of said 

corrective data with respect to increase·in absolute va~ue of 

Baid error·data increases as absolute value of said error 

data·lncreases .. 

5.. The sampling· rate converter of·.-·claim·2, wherein a 

relation between said error data and said corrective data.is .. 
ba~ed on such a function that rate of increase of absolute 

value of said corrective data with respect ·to. increase in 

abljolut.e value of sai(i error data increases as absolute value 

of Gaid error data increases, and wherein said correcting 

. circuit digitally approximates said functio~ and generates 

Baid corrective data. 
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!le~~~led Oescrintion of the Invent.ion 

Indu~trial Field of Utilizatiop 

The present invention relate~ to a sampling rate 

eonvel'.'t.nr used in digital audio applications and other 

~!Milar applications. 

Digital siqnals used in digital audio applications and 

other similar applications are 5ampled at rates which are 

d~fferent. among different system~. Therefore, in order to 

exchange d.ata among the d.if f er~nt.· systems, it i.s necess_ary to 

converts one ~amplingr rate into another while maintaining tlie 

wavef o:i:ms of audio signals or the llke in this way is known 

as a sampling rate convertere 

When the output. sampling timing is asynchronous with the 

input sampling timing, or when the ratio of the output 

sampling rate to the input.sampling rate.cannot be expressed 
.. 

in texms of a simple combination of integers, the r~tio of 

the output sampling rate t.o 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 rate and 



; 

out.put sampling :rate have been avernged in. order to 

accur~t.ely fi:nd t.h.e sampling rate ratio. 

Problems to be_ Solved bv t.he Invent.io_n_ 

However, in order to secure hi9D-a a.ccu ·racy, it is 

nec~s~ar.f to make t.h.e averaging t.iming v~n y long. The ref ore, 

if the input and output sampling ratcs jitter at all, then 

the :m.mwer of items of data calculat~ci is not coincident-with 

It is an object. of t.he preaent invealtion to provide an 

accurate .sa:m~ling rate converte?:~capable hf. opentt.ing s:tably. 

~~--f_or Solving :t;~ P~_o~l.ems. 

The present invention lies in a sampling i·ttt.e converter 

for conver-t;.ing a ·first signnl- of a f.irst sampl lng rate into 

a second signal of a second sampling rate, said ~ampling rate 

converter comprising: a first data~ge:ru·'Jra.tin~ circuit for· 

generating :first dlata about ratio of Si\id 1u~<mnd sampling 

rate to said first sampling rate; a second d~ta~generating 

circuit :for generat1ng second dlata by correctJug said first 

dat.a, usinq a. corrective da_ta; a thlrd d<'ta~generating 
. '--4~,, 

circu.i t for genera ting, ~c:.sed fS°aid second do t.a.J' th l rd data wki~ · 

-, 
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a comparator circuit for generating comparative 

data by comparing said third data with fourth data. wJ..i~ 

correcting circuit for genera.ting ~aid corrective dat;.a, ~lSe:i ·en 

~aid eomparative data; and 

a ~econd ~iqnal~generating circuit for generating said second 
~ . 

~ignal };as:d said first e.nd third data.. 

~=9J.iimjilits. 

A first e~.bodiment of sampling rate converter according 

to the present invention is hereinafter described by 

referring to Figs .. 1~ 2, 3 11 and 4.. Fig. 1 is a block diagram 
,• , 

~bowing the whole structure of the sampling rate converter·.· 

Fig.. 2 is a block diagram, particularly showing the structure 

of a timing data-generating block 16 shown in Fig. 1. Fig. 

3 i~ a t~ming cha~t illustrating the operation of the 

Fig.. 4 is a: diagram 

.. · i.llu.~trating an interpolation operation perfooned by the 

6ampling rate converter. 

First, the structure of the first embodiment iu 

~eaeribed by referring_to Figs. land 2. 

circuit 11 o:n the input side and an 

circuit 12 on the out.put slde mainly act to 

ililil 
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perfo.DlU arithmetic operations for interpolation. 

arithmetic operations for interpolation are described by 

The sampling rate converter of the 

dl~~ieribed embodiment converts input data Din of sampling 

During the conversion, arithmetic operations f o:r 

interpolation (hereinafter referred to as the arithmetic 

oper~t.ions on the input side) are performed about sampling 

point.~ Pin corre~ponding to the input data Din by digital 

f·ilt.er.b1q techniques o In this manner, interpolated points 

Cl, C2, and C3 are found. However, the int.erpola.ted poi1ats 

Cl, C2, and C3 on the time axis ·t. do not generally agree with . . . 

t.he ~allt1plin9 poin.ts Pou corresponding -t.o-the output data Dou .. 
.. 

Acc~:x:dingly, arithmetic operations for @:Pt. . interpolation 

ouch as a li~ear interpolation (herein~fter referred to as 

the ari thmet.ic operations on the output side) are carried out 

for ~djacent interpolated· poin~s to find outpu.t data Dou. 
·- . 

corresponding to the sampling points Pou on the output side. 

The arithmetic.circuit 11 on.the input side mainly serves to 

perfo~ the ari tmnetic operations on the input side.. ·. The 

arithmetic circuit 12 ori the output side principally acts to 

perform the arithmetic operations on the output side@ 

A sequence control circuit 13 controls the .whole 

operation of the sampling rate converter. Th.i.s control 

iiiiif 
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circuit 13 receives input word clock pulses LRCI having a 

frequency of £111 corresponding to the input samplin9 :rate and 

~yst:em clock pulses SCL having a frequency of. 128 fd. and 

produc~s a starting signal to a calculation control circuit 

14. Also, the control circuit 13 produces· data .m on a 

r~ference time to a comparison~and~correcting'circuit 178 

Th~ d~ta m on the refsrence time indi~ates a reference time 

on which t.ha whole system is ba~~d. Various kind~ of timing 

data ara created from thi~ reference time data. 

The calculation control circuit 14 controls the 

c~iion circuit 11 on the input side. Another calculation 

control circuit 15 control:ii the arithmetic circuit:i2 on.the 

output side .. 

The individual components of the timing d~ta~generating 

block 16 are now described. First., the main ·functions of the 

timing data~generating block 16 are describeds The output 

data Dou are produced in synchronism.with the output ~ord 

clock pulses LRCO having a frequency of f 9 0 corresponding to 

the output sampling rate. ~herefore, arithmetic operations 

per:fox:med by the CA!c.uhtion. circuit 12 on the output side for 

generating the output data Dou are preferably carried out, 

ba3ed on ·actual output timing data produced when th~ output 

word clock pulse5 LRCO are produced, i@e., based on the data 

iliiif 
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m on the reference time when the output word clock pulses 

LRCO are produced. However, in order to create the out.put 

dait.a Dou, some caleulat.ional time is needed. For this 

re~~on, it is impossible to perform t.he calculat.!on, directly 

~u~ing the data. m o~ the refer~n~e time. Accordingly, actual 
\·e$11~~-~J ~~t'.d ; 

o~tput tim.i~orecastedJ and1'Cfo:recastedj output. timing data 

g is created by the timing data~generat.ing block lS. The 

cti..lug.h.taoJt circuit. 12 ,9n . the output side perfo?::Ws the 
"~ne,;~d. / 

e~leul~tion, based on the· Cforeca~ted) output timing data g. 

It. follows that a difference, or an error, is produced 

~ between the(forecastedloutput timing data g and the actual 

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

. A~· de~cribed later, the timing dlata-gene:r.ating block 16 makes · 

this error infinitesimal~ 

The aa.mpling rate ·ratio~qenerating circuit 17 creates 

data d about the ratio of the output sampling rate to the 

input sampling rate. Since the data d is used to generate 
L ~?nut't~" . 
t~recastedl output. tbiil')g data g which is required t.o be 

quite accurate, the data d is generated with high accuracy. 

Counters 31, J2, a pulse generator circuit 33, and a latch 34 

~hO"..m in Fig. 2 principally correspond to the sampling r.ate 

ratio~gener~ting circuit 17. 

I 
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A fine adjustment circuit 18 corrects the data d, using 

-corrective data p described later, and generates more 

An adder 35 shown in Fig. · 2 mainly 

eorr~sponds to this fine adjus"t.!~ent circuit 18. 

control of an output ~ide c~lculation end signal k from the 

calcu:alat.ion control circuit 15. The output side ca.lculat.ion 

· the end of 

each cal.culat.ion perfo:nmd by the arithmetic circuit 12 on 

the output side. An. adder 36 and a latch 37 shown in Fig. 2 

nminly correspond to this forecasting circuit 19 • 
. . 

A starting control circuit. 20 creates a~ output side 

calculation starting request.signal j under the "control of 

both an input side calculation end oignal 1 from the 

calculation control circuit 14 and the output side 

calculation end signal k from_ the .calculation control ci:J:cuit 

15 .. The input oide calculation end signal· i. 

the end of each calculation 

perfon'fH:~d by the .aJ.r.c&atfon. circuit. 11 on the input side. 

The output side calculation otartinq request ~dgnal j 

i~ _ ~ -~~~~~A~u~ __ a~it~~~ic circu~t. 12 on the output. .sid.e .. 

. r;;1i,iuriPD1 a. ~~t of co!w.IAtion rJ. "\ 

~li10i 
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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 
';;~in-At~~-=' 

~c~sted)output timing.data gwith the.actual output timing 

dat~~ iee., the data m on the reference time, end creates 

c©rr~ctive data p from the result~ of the comparison (also 

referr~d to as the corrective data here~n)s The timing of 

the coniparison operation is synchroniz.ed t.o the out.put. word 

clock pulses LRCO. An FIFO buffer 40, an adder 41, a l/N 

circuit 42, and a latch 43 shown in Fig. 2 mainly corr~spond 

to tbi~ comparim:m.~and-coxrecting circuit 21. 

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

i~ de~cribed next by referring to the timing chart of Fig. J. 

The counter 31 forwardly counts. the output wo~d cloak 

pulue~ LRCO of t.he freq~ency £110 , and produces output a 

whenever 2048 pulses are counted. The counter 32 forwardly 

count~ the· sys_t.em clock pulses SCL having the frequency of 

12.8 f@~• The pulse generator cixcuit 33 receives the· output 

a from the counter 31 and produces a latch pulse b on every 

leading edge of the eyatem clock pu.lses SCL. On toe lea~ing 

edge of thiu latch pulse b, the ~t. yal,ue. c of the counter 

liiiilr 
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32 is latched in the latch 34. On the trailing edge, the 

(li}!Jf!t vatue. of the counter 32 is set to 1. As a result, the 

output data d from t.he latch 34 is 2048 x 128 x {f.df110 ).. In 

commque:~u:e, accurate data about t.he rat;io of the output 

~mtlpling rate to the input sampling r~te is derived. 

The adder 35 produces the sum of the data d frWil the 

latch 34 and th~ corrective data p from the latch 4:3. 

JLlthough the data d itself is sufficient!~ accurate data, a 

f;tne ~dju~tment is made, using th"e corrective data p. In 

thls way, more accu:cate data e is obt.a1ned. 

. -~-~The adder 36 calculates the ~um of the data e and the 
. ~i~==-' 

C:forec~u~tedJ output timing data g from the latch 31 and 

.. 

produces 22~bit data f. Tha lower significant. 19 bite of the 

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

side calculation end signal k. ~he upper 3 bits· are preset 

into the subtractive counter 38, which· is decremented by 

every ~pplica:t.ion of the input side calcul~tion end signal J. .. 

When the .output h from the subtractive counter 38 decreases 

down t.o O, the gate 39 produces the output side calculation 

starting request signal j, so that t.he c@.lc.tllD..tani;q circuit 12 

on the output slde starts a sequence of calculations on the 

When th.is 
. . 
sequence ends , t.h.e out.put side 

calculation end siqnal k becomes active. In this way, 

___ .. ____ ... ________________________ _ 
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~~Urna.t~ 
whenever the signal k becomes active, thf¥'Cforecast~d'output 

timing data g from the latch 37 is replaced by successive new 

dat~. 

~ The· (forecastedl output timing data g is ~uccessively 

~ccept.ed into t.he FIFO buffer 40 in response to the output 

~ide c~lculaticn end sicm.al k and successivelv delivered from 
~ = 

t.he buffer 40 in response to the output word clock pulses 

th~ negative input terminal cf the adder 41, while the data 

m on t.he reference time is applied to the posit.iv~ input. 
~~ terminal of the.adder 41. That is, the (foreca5ted)output 

timing 4ata g is compared with.the ~ata .m.on the reference 

time (corresponding t.o the actual output tiradng) at the 
·. 

timing of the output. word clock pulses LRCO. Data about the 

re~ulting error {referred to as the error data herein) is 

produce~ from the adder 41. The error data n from the adder · 

41 i~ rec;!uced by a fa.ct.or of 2048 by the 1/N circuit. 42. The 

reduced data o is latched in the latch 43 in response to the 

output word clock pulses LRCO. The output. from the latch 43 

i~ applied as the corrective data p to th~ adder 35. The 

error data n is diminished by the l/N circuit. 42, because if 

the corrective data p is too large, then the effect of every 

instantaneou~ variation becomes great., thus ri::;kinq the 

~tability. 

----·····-·---··-------
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In the present embodiment, the data d itself about the 

r~tio of the output sampling rate to the input sa..~pling rate 

i5 sufficiently accurate. However, if the embodiment relies 

only on thi5, and if the input and output.sampling rates 
· " e~~im1.T.ed. ,, 

jitter at all, then the error between the{forecasted)output 

timing ~nd_ the actual output tL,ing might be accumulated. 

d is finely adjusted, using the 
t. elt·y-ted.=-' 

Thu~, accurate and stable, (forecasted) 

output timing data g is genera:ted. 

A se_cond embodiment of sampling rat~ converter. a.cc.ordlng 
.; 

to the present invention is aescri~ed next by :referri~g to 

As can be seen from Figs. 2 airnd 5, the second embodiment 

is similar to the f i:rst embodiment except that a nonlinear 

cor:r~cting circuit 42a is provided instead of the 1/N circuit 

.42 (linear cor.rectinq circuit) of the first embodiment. 

In the first embodiment sh.own in Fig.@ 2, to prevent 

malfunction· due to variatioirns in the input and output 

sampling rates, correc:tlons are made by using the 1/N circuit 

42 {linear correcting circuit} in a correcting circuit. In 

order to carxy out the corrections, the corrections must be 
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highly accurate for minute variatiom~ in t.he input and output 

sampling ratese The corrections must show good response to 

qre~t. variations in the input and output sampling rates. 

However, in the l/N circuit 42 of the first embodiment, if 

the v~lu~ of N is increased 1 ·th~ correction accuracy i~ 

improv~d but the :response to variations in the sampling rates 

d~teriorates. Conversely, if the valu: of N is reduced, the 

re~pon~e to variations in th~ sampling rates is improved but 

-the correction accuracy is deteriorat~d. To satisfy these 

two r~quirements, it is necessary to ~witch the value of N 

according to the mutounts of change in the input and output. 

S~mpling rates or to increasG the numne:r of st.ages Of the 

FIFO buffer 40 .. 

Accordingly,. in the second embodiment., accurate 

correct.ions·are ~de in response to minute·variat.i?ns.in the 

input and output sampling rates. Corrections are made with 

good response to great variations in t.he inp~t and output 

~amplin9 rates. For this purpose, the nonlinear correcting 
. . 

circuit 4 2a shown in Fig. 5 . is provided as a correcting 

circuit.e 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 

Uu~ 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 Fige 

6 are further reduced to create the corrective data p. This 

is because if the corrective data p is too great compared 

with the error data n, t.he effect of evecy instantaneous 

error variat.i9n becomes great." ·This might deteriorate the 

~tability. In the nonlinear correcting circuit 42a, great 

error data n remote from the origin of the graph of Fig. 6 

are ~plified, thus cr~a:ting corrective data pe This is 

in:tended t.o make corrtlct.ions with good response t.o great 

variations in the input and cut.put 5ampling rates. In the 

nonlinear correcting ci:rcui t 4 2a, the correct! ve da.ta. p is 

cre~ted /1 for example /1 a.ccording to a cubic curve. The.ref ore /1 

just when the error begins to increase, the amplification 

factor does-not increase rapidly. Rather, the circuit can 

smoothly follow ~he error. 

Generally 11 input data. . n supplied to the nonlinear 

correcting circuit 42a and output data o from lt take digital 

fox-mo Therefore, the relation of the output to the input to 

the nonlinear correcting circuit ~2a can be expresse~ by bent 

line~ as shown in Figs. 1 and 8. Generally speakinq, this 

nonlinear correcting circuit 42a·acts to generate output data 

o (corresponding to the corrective -data p) in 3uch a way that 

the rate of increase of the absoi~te value of the output data· 

o ( cmrre"sponding to the corrective data p) wi t.h respect to 

ilif1iiliT . 
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!~crease in the absolute value of the input data n (th~ error 

dat.a n) increases as the absolute value of the input data n 

(the error data n) increases. Alternatively, the _relation of 

t.he output data o (corresponding t.o t.he corrective data p) to 

the input data n, or the error data n, is based on such a 

function that the rate of increase of the absolute value of 

the output data o (corresponding to the corrective ~ata p) 

with re~pect to increase in the absolute value of the input 

data n (the error data n) increases as the absolute value of 

t:he input data n (the error data n) incxeases, and the 

nonlinear correcting circuit digitally approximates the 

function and creates corrective d~ta. 

,· 

In the present second embodimen:t; the data d about the 

ratio of the output sampling rate to the input sampling rate 

is md:f iciently accura:te, in .the Game way ·as- in the fiX"st 

enbod.lment@ However, if the embodiment relies only on t.his, 

arid if the input and output sampling rates jitter at all, 
~t.d._J· . 

. then the difference, or an error, between the Cforecasted) 

output tbliing and the actual output timing might be 

· ace::mmulated. When either the input or output sampling clock 

is varied to thereby induce qrea t varia:tions, there 

~rises a possibility t.bat a very great difference is produced 
\.esti~~ . . . 

b~tween the(forecaated)output timing and the actual output 

timing. Thus, the data d i.s adjusted, usi:nq the corrective 
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data p. The (forecasted} output timing data g showing accura:te 

and ~table characteristics for small variations in the input 

and output sampling rates and exhibiting quick and ~mooth 

The present invention permits fabrication of an accurate 

~ru&lpling rate convert.er capable of operating st.ably. 

Bri~f Pe~cri'Qti~n of the Drawings 

Fig~ 1 is a block diagram showing the whole structure of 

a smlitpling rate converter according to t.he pr~se:nt. invention; 

Fig. 2 is a block diagram of a first embodiment of the 

invention, particularly showing a timing data~genera:tinq 

bloek 16 shown in Fig. 1; 

Fig e 3 is a timing chart illustrating the opera:t.ion of 

t.he converter shown in Figs. 1 and 2; 

F;g. 4 iB a diagram illustrating an interpolation 
. 

operation performed by the sampling rate converter shown in 

Fig. 1; 

Fig. 5 ls a block diagram of a s~cond embodiment of the 

invention, particularly showing t.he timl:ng data-generating 

lb.lock Hi shown in Fig. l; 

Fig. 6 is a graph showing an inpurt-out.put characteristic 

iiiiiillT 



18 

of .a nonlinear correcting circuit shown in Fiq. 5; 

Fig. 7 is a graph showing another input-output 

charaet~ristie of the nonlinear correcting circuit shewn in 

Figr~ 51 and 

Fig. 8 i!!i a graph showinq a further input-output 

char~cteri~tie of the nonlinear correcting circuit shown in 

Fig. 5. 

Legends: 

12:: cnlttd.@.ifo!'l circuit on the cm.tput side (second sign.al~ 

generating circuit) 

17: sampling rate ratio-generating circuit (first d~t.a­

generating circuit) 
. . 

Uh . fine adjustment circm.lt. (second data=generat.ing circui~) 

circuit ( th.ird da:ta~generating circuit) 

21: comparison-and-correcting circuit 

Din: first signal 

Dou: second signal 

t::h first data 
. 

e: second data-

g: third data 

m~ f ourt.h data. 

lU error data 

p: corrective data 

iiiiif 


