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ent when R is non-rational. In that case the required filter coefficients
for each output sample must be calculated separately.Filter coefficient
generators A. BACKGROUND OF THE INVENTION                      that can
fuffil this task have been descibed exten- 5   sively in references 7 and
8. More particularly, ref- A(1) Field of the invention.
erence 7 describes a decimator, whereas refer- ence 8 describes an
interpolator. Each filter coeffi- The invention relates in broad outline to
an ar-   dent generator used therein comprises a deviation rangement for
changing the sampling frequency fi     circuit to which on the one hand
clock pulses occur- of a discrete-time signal into a sampling frequency
10  ring at a "low rate [err](hereinafter referred to as low- fu. An
arrangement of this type will hereinafter be  rate dock pulses) and on the
other hand clock puls- referred to as sample rate converter and the ratio
es occurring at a "high" rate fh (hereinafter re- [err] will be referred to
as the conversion factor.   ferred to as high-rate clock pulses)are
applied. The invention particularly relates to a sample rate  Each time
after a low-rate clock pulse has oc- converter in which the conversion
factor is non-ra-   15   curred, this deviation circuit supplies a
deviation d tional (for example, 42 or 1N2).                    whose
magnitude is proportional to the ratio be- tween the time interval Td
between this low-rate A(21 Description of the prior art.
dock pulse and the immediately subsequent or imme- diately preceding
high-rate dock pulse and the time Sample rate converters have been
generally   20  interval [err] between two consecutive high-rate known for
many years. They are used to increase      dock pulses. In a mathematical
form this is: or decrease the sampling frequency of a discrete- time
signal. In the former case, the converter is                [err] sometimes
referred to as an interpolator, in the lat- ter case as a decimator. For a
general background   25  The deviation d thus obtained is applied to a cal-
about interpolators and decimators, reference is     culation circuit
which, starting from the predeter- made to the references 1-6 in section C.
mined pulse response h(v), calculates the required A sample rate converter
generally comprises a      filter coefficients. When the [err] filter
coefficient to signal processing circuit. The discrete-time signal is  be
calculated is symbolically represented by a(m), applied thereto as an input
signal whose sampling   30  there applies that: frequency must be changed
and furthermore it re- ceives so-called filter coefficients. It supplies
the          [err]    (2) desired discrete-time signal as an output signal.
Each sample of this discrete-time output signal is    If the sample rate
converter is a decimator, as in equal to the sum of a number of, for
example, M    35   reference 7, [err] is equal to the sampling frequency
[err] samples of the discrete-time input signal In which   reference 7
[err] is equal to the sampling frequency [err] each of these input samples
is weighted with a filter  of the input signal and [err] is equal to the
sampling fre- coefficient.                                         quency
fu of the output signal. If the sample rate To calculte an output sample, a
group of M filter  converter is an interpolator, these equalities are re-
coefficients must be principally available. These fil-  40   versed ter
coefficients are supplied by a filter coefficient generator and, as Is
known, they represent samples of the finite pulse response h(v) of a
predetermined  B.OBJECT AND SUMMARY OF THE INVENTION. filter (v is a
continuously variable in the interval [err]
45     The deviation circuits as extensively described in If the sample
rate converter is a decimator and if  the said references 7 and 8 are found
to require a the conversion factor is 1/R, with R being an inte-
considerable amount of hardware in practice. ger, it does not supply an
output sample until after it  It is therefore an object of the invention
accord- has received R input samples. For the calculation of  ing to Claim
1 to provide a simpler embodiment of a each output sample the same group of
M filter coef-  50   deviation circuit of this type. ficients is used. A
memory in which the M filter co-   According to the invention the deviation
circuit efficients are stored may be used as a filter coeffi-  comprises
dent generator.                                      - a phase detector to
which the low-rate dock puls- If the sample rate converter is an
interpolator    es are applied on the one hand and to which synthet- and if
the conversion factor is equal to R, it sup-   55  ic low-rate dock pulses
are applied on the other plies R output samples whenever a new input sample
hand and which supplies a discrete-time phase dif- has been received. For
each of these R output sam-   ference signal; ples the filter coefficient
generator must supply an  - a counter circuit adapted to receive a
reference appropriate group of filter coefficients. Also in this  value
which circuit receives the high-rate clock case a memory in which the
required (for example,  60   pulses as counting pulses and supplies a
synthetic RM) filter coefficients are stored may be used as a  low-rate
clock pulse for the phase detector each filter coefficient generator.
time after receiving a number of high-rate clock When, as in the above
described cases, the         pulses which is equal to the reference value;
and quantity R is an integer, the required filter coeffi-  - a processor
circuit which receives the discrete- dents are invariable. The situation is
entirely differ-  65  time phase difference signal and in response there- 2



3                  EP 0 227 172 B1                 4 to supplies deviations
d at the low rate fi as well as  E.P. Stlkvoort; reference values for the
counter circuit.          Published European patent application no.
0,151,829 Functionally, this deviation circuit constitutes a  (PHN 10 899).
phase-locked loop in which a generator is used as a voltage-controlled
oscillator supplying a sawtooth   5   D. BRIEF DESCRIPTION OF THE FIGURES.
signal, the height of the sawtooth being determined by the phase difference
signal and the slope being   Fig. 1 diagrammatically shows the general
struc- constant.                                         ture of a sample
rate converter; The implemented phase-locked loop as defined       Fig. 2
shows the theoretical model of the phase- above does not, however, actually
supply this saw-   10  locked loop shown In Fig. 1; tooth signal in a
complete form. On the other hand   Figs. 3, 4 and 5 show some diagrams to
explain the processor cirucit supplies a reference value   the operation of
the filter coefficient generator which indicates how many high-rate clock
pulses fit  shown in Fig. 1; into one period of the sawtooth signal and
this peri-  Fig. 6 shows the flow chart for programming the od must be
equal to the period with which the low-   15   processor shown in Fig. 1;
rate clock pulses are applied to the phase detector.  Fig. 7 shows an
embodiment of a loop filter; and The processor circuit which is used in
combination   Fig. 8 shows an embodiment of a digital phase de- with the
counter circuit for generating the synthetic  tector. clock pulses is also
used for calculating the devia- tion d so that no extra hardware is
required for this  20   E. DESCRIPTION OF THE EMBODIMENTS. purpose. E(1)
General structure of a sample rate converter. C. REFERENCES. Fig. 1
diagrammatically shows the general struc- 1. A Digital Signal Processing
Approach to Inter-  25  ture of a sample rate converter having a non-ra-
polation;                                          tional conversion
factor. It is provided with an input R.W.Schafer, LR.Rabiner;
buffer 1 through which the Input samples x(q) which Proceedings of the
IEEE, Vol. 61, No. 6, June 1973,  occur at a rate [err] are applied to a
signal processing pages 692-702.                                     device
2 supplying output samples y(n) at the de- 2. Arrangement for Converting
Discrete Signals  30  sired rate fu. For calculating each output samples
into a Discrete Single-Sideband Frequency Divi-    y(n) the signal
processing device 2 also receives M sion-Multplex-Signal and Vice Versa;
filter coefficients a(0), a(1), ... a(M-1) from a filter T.A.C.M.Claasen,
W.F.G. Mecklenbrfuker;            coefficient generator 3. United States
Patent Specification No. 4,131,764.    The buffer 1 has a write input W and
a read input (This Patent Specification is equivalent to Nether-  35   RE.
The write input WR receives a dock signal [err] lands Patent Application
No. 77,03,633 (PHN 8731)).  consisting of clock pulses di(.) occurring at
the in- 3. Low Pass Nonrecursive Digital Filter;         put sampling
frequency fi. The input sample x(q) is M. Bellanger, G.G. Lepagnol, J.
Daguet;          stored in this buffer in response to a dock pulse United
States Patent Specification No. 3,928,755.  [err] The read input RE
receives a clock signal [err] (This Patent Specification is equivalent to
Nether-  40 lands Patent Application no. 74,00,761 (PHN 6883))  consisting
of clock pulses dh(.) which occur at a 4. Interpolating Digital Filter;
frequency fh and will be referred to as high-rate LD.J.Eggermont, H.A. van
Essen, P.J. van Ger-      dock pulses. Whenever such a high-rate dock wen,
W.A.M. Snijders;                              pulse dh(.) occurs, the
contents of the buffer are United States Patent Specification no.
3,988,607.  45  transferred to the signal processing device 2 and (This
patent specification is equivalent to Nether-  the buffer is also reset.
Thus It is achieved that if lands Patent Application No. 74,12,224 (PHN
no input, sample is stored in the buffer between two 7733)).
consecutive high-rate clock pulses, a sample hav- 5. Interpolating Digital
Filter with Input Buffer;  ing the value zero is applied to the signal
process- H.A.   van    Essen,   N.A.M.   Verhoeckx,  50  ing device 2. This
situation occurs when the sample W.A.M.Snijders;
rate converter is an interpolator. United States Patent Specification no.
3,997,773.    The signal processing device 2 may be implement- (This patent
specification is equivalent to Nether-  ed in known manner. For example, in
the manner as lands Patent Application no. 74,12,225 (PHN 7729)).
described In reference 7 when the sample rate con- 6.
Interpolation-Decimation Circuit for Increas-  55   verter is a decimator
and in the manner as de- Ing or Decreasing Digital Sampling Frequency;
scribed in reference 8 when it is an interpolator. R.E.Crochiere,
L.R.Rabiner;                          The clock pulses [err] occurring at
the input sam- United States Patent Specification no. 4,020,332.  pling
frequency fi are supplied by a clock pulse gen- 7.Decimation Filter
Arrangement;                 erator 4. It will be assumed that there is
also a clock E.P. Stikvoort;                               6o   pulse
generator 5 supplying a clock signal consist- Published  European  patent
application  no.      ing of the clock pulses clu(.) occurring at the
output 0,099,600 (PHN 10 394).                            sampling
frequency fu. Since a sample rate convert- 8. Interpolating Filter
Arrangement with Inrational  er is concerned in this case, the output
sampling Ratio between the Input and the Output Sampling    frequency will
be either higher or lower than the in- Frequencies;
85 3  



5                  EP02271 B1                       6 put sampling
frequency. The previously mentioned     E(2) Theoretical background of the
invention. clock signal clh consisting of the high-rate clock pulses dh(.)
is now formed by one of the two clock     The embodiment of the
phase-locked loop shown signals [err] and [err] more specifically by the
clock sig-  in Fig. 1 is a pratical embodiment of the theoretical nal whose
clock pulses occur at the highest rate.   5   model shown in Fig. 2. In
addition to the phase detec- For the purpose of simplification of the
following,  or 301 and the loop filter 302, this model comprises the other
clock signal will be indicated by [err] and. its  a sawtooth oscillator 305
and a differentiating net- clock pulses with ci(.). The rate at which these
work 306. The phase detector 301 again receives clock pulses occur will be
indicated by [err] and they  the low-rate dock pulses [err] and [err] and
sup- will be referred to as low-rate clock pulses.   10   plies in response
to each low-rate clock pulse a dif- The clock pulses clh(.) and ci(.) are
applied to the  ference signal sample u(.) which is a measure of the phase
difference between the last received low- filter coefficient generator 3
and utilized therein for  rate clock pulse [err] and the immediately subse-
calculating the deviation d on the one hand and the  quent or immediately
preceding low-rate clock pulse required coefficients a(m) on the other
hand. To this  15   [err] After filtering of the phase difference sam- end
this filter coefficient generator 3 is provided with a phase-locked loop 30
and a calculation de-    ples by the loop filter 3021, a control signal
sample vice 31. In response to each low-rate clock pulse    H(.) is
obtained which controls the sawtooth oscilla- [err] the phase-locked loop
30 supplies a deviation  tor 305. All sawteeth supplied by this oscillator
d(.) which is applied to the calculation device 31 (for  20   have the same
slope. Their tooth height is, howev- example, a microcomputer). The latter
is adapted to  er, equal or proportional to the actual control signal
calculate the required filter coefficients at the giv-  sample H(.).
Whenever the sawtooth has reached en value of d(.) in accordance with
expression (2).  this tooth height, a new sawtooth starts and the dif- The
phase-locked loop 30 comprises more partic-   ferentiating network 306
supplies a low-rate syn- ularly a phase detector 301, a processor circuit
302   25 and a counter circuit 304, a processor circuit 302     When the
loop is not locked, there is a phase dif- and a counter circuit 304. In the
embodiment shown   ference between two low-rate clock pulses. This sit- the
processor circuit 302 is constituted by the cas-  uation is shown for
completeness' sake in Fig. 3. cade arrangement of a loop filter 3021 and a
proces-  More particularly Fig. 3 shows at A a number of low- sor 3022. The
phase detector 301 receives the low-   30  rate clock pulses [err] at B a
number of synthetic rate clock pulses di(.) at one of its inputs and syn-
low-rate dock pulses [err] and at C the output sig- thetic low-rate dock
pulses [err] at the other input,  nal z(t) of oscillator 305. which latter
pulses are supplied by the counter cir-   When the loop is locked, there is
a minimum phase cuit 304. This phase detector supplies a discrite-
difference between the two low-rate clock pulse sig- time  phase difference
signal u in which each phase   nals [err] and [err] This situation is shown
for complete- difference sample u(.) is a measure of the time inter-  ness'
sake in Fig. 4. More particularly this Fig.4 val between a dock pulse di(.)
and the immediately   shows at A again a number of low-rate clock pulses
subsequent or immediately preceding synthetic        [err] at B a number of
low-rate clock pulses [err] clock pulse cd'l(.). The discrete-time phase
differ-  and at C the output signal z(t) of oscillator 305. ence signal
thus obtained is subjected in the loop fil  40  As is shown in Fig. 2, the
output signal z(t) of the ter 3021 to a discrete-time filter processing
opera-  sawtooth oscillator 305 is first sampled in the sam- tion. As a
result of and in response to each low-rate  pier 307 for calculating the
consecutive deviations clock pulse [err] this loop filter supplies a
control  d(.), the high-rate clock pulses clh(.) being used as signal
sample H(.) which is processed in the proces-  sampling pulses. A number of
these high-rate clock sor 3022. This processor is programmed in a man-   45
pulses is shown at D in Fig. 4. In response to these ner to be described
hereinafter so that on the one   clock pulses the sampler supplies the
sawtooth sam- hand it supplies the deviation d(.) and on the other  ples
z(.) shown at E in Fig. 4 of the sawtooth signal hand a number N(.) which
indicates how many high-    z(t) shown  at C in Fg. 4. In the diagram shown
at E rate dock pulses fit into one period of a hypotheti-  the original
sawtooth signal is shown in broken lines cal sawtooth signal having the
same slope in each   50  for completeness' sake. These sawtooth samples
period but whose sawtooth height and thus also the   z(.) are furthermore
applied to a calculator circuit actual period is proportional to the actual
control  308 calculating a new deviation d(.) whenever a con- signal sample
H(.) supplied by the loop filter. This  trol pulse SP has occurred and
applying this devia- number N(.) is applied to the counter circuit 304.
tion to its output. To indicate how this deviation d(.), This crcuit 304
also receives the high-rate clock   55   which is mathematically formulated
in expression (2), pulses via a cock pulse input and supples a syn-   is
calculated by using the sawtooth samples z(.), the thetic clock  pulse
cli(.) when N(.) high-rate clock  part of the diagram shown at E in Fig. 4
between the pulses have  been received. Therefore this counter   points P
and Q is enlarged in Fig. 5. In this Figure a circuit 304 may
advantageously be designed as a      number of points have been indicated
by a, b, c, e, presettable down counter                     60   g, k, m.
In accordance with expression (2) there ap- It is to be noted that the
phase detector 301 sup-  plies that: plies a control pulse SP
simultaneously with a phase difference sample u(.), which pulse is applied
to the                [err] processor circuit for its initialisation.
65 4  



In this expression [err] represents the distance  the desired quantity but
also N as an unknown quan- between the low-rate clock pulse [err] the
immedi-  tity. In order to be able to calculate the desired saw- ately
subsequent high-rate clock pulse [err] or  tooth sample s(q) It should be
considered that the immediately preceding high-rate dock pulse [err] The
starting point hereinafter will be that   5        0 [err] s(q)<incr
(7) [err] is the distance between [err] and [err] so  and hence that this
distance corresponds to the line section go. The reciprocal value [err] of
[err] represents the dis-        [err]    (8) tance between two consecutive
sawtooth samples   10 and thus corresponds to the length of the line sec-
while N [err] 20(9) ton ab. Furthermore the line sections gk and em
correspond to H(q-1) and the length of the line sec-  In other words, if a
number P can be found which is tion ec corresponds to z(n+1). Since each
sawtooth   equal to, for example, the difference has the same slope, the
difference between two   15 consecutive sawtooth samples within one and the
p - -N + s(q)fincr same period is constant This constant has the mag-
nitude incr. Since the line section eb represents   and which consists of
the sum of two numbers Pi such a difference, the length of this line
section  and [err] in which, for example, [err] < I and [err], then
corresponds to incr. In accordance with the known    itholdsthat rules of
planimetry it then follows that .           d(q) = z(n+1)/incr.        (3)
[err] It follows that for calculating the deviation d(.) it is  25   Such a
number P exists indeed and can be calculat- sufficient to know the value of
the first sawtooth   ed. sample taken from a sawtooth. In accordance with
expression (6) The present invention is based on the recognition that this
sawtooth sample can be calculated and that
-N+s(q)/incr={s(q-1)-H(q-1)/incr=P the consequence thereof is that the
sawtooth oscil- 30 lator 305 shown in Fig. 2 is no longer physically
E(3)The processor3022. present in the sample rate converter according to
the invention. More particularly z(n+1) can be         The quantity P
indicated in expression (1 1) is cal- derived from z(n-4). In fact, as is
apparent from    culated by the processor 3022 which may be a mi- Fig. 5:
35   crocomputer. It may be, for example, a microcomput- er of the MAB 8000
family in which the steps shown z(n+l) z(n4) + 5 incr. - H(q-1)      (4)
In Fig. 6 are carried out. A calculation cycle starts some time after the
phase detector 301 has supplied In this expression the number 5  indicates
that z(n+1)  a control pulse SP. After the last supplied phase is the fifth
sawtooth sample after z(n-4). To gener-  40   difference sample has given a
contribution to the alise expression (4)m it is to be noted that a new
new control sample H(q-1) which is supplied by the sawtooth does not start
until after a difference sig-  loop filer, this sample H(q-1) is read by
the proces- nal sample u(.) has occurred, whilst the qth sawtooth  sor and
stored in a work register intended for this commences after the [err]
difference signal sample  purpose (step 302(0)). Subsequently the last
calcu- u(q) has occurred. When the first sawtooth sample  45  lated
sawtooth sample s(q-1) stored in a storage lo- taken from the [err]
sawtooth is represented by s(q)   cation intended for this purpose and
referred to as and when furthermore the number of high-rate         S store
is transferred to a further work register clock pulses occurring within the
period of this qth  (step 302(1)). These two data are subsequently sub-
sawtooth (or, identically, the number of sawtooth   tracted from each other
in a step 302(2) and divided samples from this [err] sawtooth) is equal to
N, there   50   by the number incr. As a result the desired number
generally applies that                           P is obtained which is
stored in a P-register (step 302(3)). In a step 302(4) the bits of P having
a sig- s(q) s(q-1) + N incr- H(q-1)       (5)           nificance which is
larger than or equal to 20 and thus represent the number N are subsequently
ap- so that                                        55   plied to the
counter drcuit In a further step 302(5) the bits of P having a significance
of less than [err] and thus representing the deviation d(q) are applied to
the calculation device 31. Subsequently the devi- In this expression the
quantities s(q) and N are un-  ation d(q) is multiplied by the number incr
in a step known. The quantity incr is fixed and known by   60   302(6) so
that the number s(q) is obtained. Finally choice. The quantity H(q-1) is
supplied by the loop  the sawtooth sample s(q-1) is replaced by s(q) in the
filter, the quantity s(q-1) is known because this is   S store in a step
302(7) the result either of a preceding calculation or be- cause it is a
known initial value. In spite of all these known quantities expression
(6)comprises s(q) as   65 5    



9                   EP 0 227 172 B1                  10 E(4) The loop
filter.                                ously mentioned control pulse SP
starting, inter alia, the program shown in Fig. 6. Fig. 7 shows an
embodiment of a loop filter 3021. It is of the discrete-time type and
comprises coun- ter circuits 30211 and 30212, three delay circuits   5
Claims 30213, 30214 and 30215 each having a delay period Ti and three
multipliers 30216, 30217 and 30218 with   1. An arrangement for changing
the sampling fre- the respective multiplication coefficients [err]
quency of a discrete-time signal having a value [err] in- and C2 supplied
by a coefficient generator 30219.   to a value [err] one of said two
sampling frequencies These elements are interconnected in the manner   10
being equal to fi and the other being equal to a high- shown in the Figure
such that a transfer function is  er frequency fh, said arrangement
comprising: realised which is equal to:                            a) first
means for supplying low-rate clock pulses [err]
occurring at the said rate fi; 15     b) second means for supplying
high-rate clock In a practical embodiment the multiplication coeffi-
pulses occurring at the said rate [err] cients were chosen as follows:
c) a filter coefficient generator (3) comprising: c1) a deviation circuit
(30) to which the low and [err]                              high-rate
clock pulses are applied and which 20       supplies a deviation d which is
equal to the product of fh and a time interval Td between a (13)
low-rate dock pulse and the immediately subse- quent or the immediately
preceding high-rate W is a number to be chosen in the range of 10-2 to
clock pulse; 10-7 in clusive. This number W need not be a fixed   25  c2)
means (31) to generate a predetermined number. In the embodiment shown the
coefficient          number of (M) filter coefficients in response
generator 30219 receives the phase difference sig-       to the supplied
deviation d, the filter coeffi- nal and based thereon it calculates a value
for W so     cient having ordinal number m being equal to as to calculate
subsequently the coefficients with       a(m) and being defined by the
relation this value for W in accordance with expression (13).  30
a(m) =h[(d+m)/[err]] The loop filter thus obtained is referred to as an
adaptive filter. As is known, the embodiment of the loop filter
wherein the function h[.] represents the pulse shown in Fig. 7 may also be
considered as a flow dia-    response of a FIR filter and m = 0, 1, 2, ...
M-1; gram for a software implementation. This means that   35  d) a signal
processing circuit (2) for generating at such a loop filter can also be
implemented in known    a rate fu the samples of the discrete-time signal
manner in software in the processor 3022.              having the changed
sampling frequency by multi- plication of samples of the original
discrete-time signal by selected filter coefficients and by add- E(5) The
phase detector.                        40    ing the products thus
obtained; characterized in that the deviation circuit (30) Fig. 8 shows an
embodiment of a digital phase de-    comprises: tector 301. It is provided
with a device 3011 to which   cl1) a phase detector (301) to which the low-
the low-rate clock pulses ci(.) are applied. After       rate clock pulses
are applied on the one hand having received a clock pulse [err] this device
sup-   45  and to which synthetic low-rate clock pulses plies a pulse in
phase with a high-rate clock pulse      are applied on the other hand and
which sup- [err] The output signalof this device 3011 as well as  plies a
discrete-time phase difference signal; the     outputic signal of this
device 3011 are as        c2) a counter circuit (304) adapted to receive
synthetic low-rate clock pulses [err] are ap-      a reference value, which
circuit receives the plied to a control circuit 3012 supplying an up com-
50  high-rate clock pulses as counting pulses and mand UP or a down command
DWN for an up-down             supplies a synthetic low-rate clock pulse
each counter 3013. The latter counter also receives the       time after
receiving a number of high-rate high-rate clock pulses clh(.) as counting
pulses. The    clock pulses which is equal to the reference contents of
this counter are transferred to the          value; and processor circuit
at the instant when the control  55    c3) a processor circuit (302)
receiving the dis- pulse SP occurs.
crete-time phase difference signal and in re- In the embodiment shown the
control circuit 3012       sponse thereto supplying the deviaton d to the
consists of 2 JK flip-flops 30121 and 30122 and an        means (31)
generating the filter coefficients as AND gate 30123 which are connected
together in           well as reference values for the counter cir- the
manner shown. The JK flip-flops are of the type   60  cuit (304) at the
rate fi. having a clock pulse input. The high-rate clock puls-  2. An
arrangement as claimed in Claim 1, charac- es are applied thereto.
terized in that the processor circuit (302) is adapted The pulse supplied
by AND-gate 30123 resets the    to perform a discrete-time filtering on the
discrete- two JK flip-flops and also sets a further flip-flop  time phase
difference signal for generating control 3014 which in response thereto
supplies the previ-  65   signal samples (H(.)). 6    



9                  EP 0 227 172 B1                 10 E(4) The loop filter.
ously mentioned control pulse SP starting, inter alia, the program shown in
Fig. 6. Fig. 7 shows an embodiment of a loop filter 3021. It is of the
discrete-time type and comprises coun- ter circuits 30211 and 30212, three
delay circuits   5   Claims 30213, 30214 and 30215 each having a delay
period [err] and three multipliers 30216, 30217 and 30218 with  1. An
arrangement for changing the sampling fre- the respective multiplication
coefficients [err]   quency of a discrete-time signal having a value [err]
in- and C2 supplied by a coefficient generator 30219.  to a value [err] one
of said two sampling frequencies These elements are interconnected in the
manner  10   being equal to [err] and the other being equal to a high-
shown in the Figure such that a transfer function is  er frequency fh, said
arrangement comprising: realised which is equal to:
a) first means for supplying low-rate dock pulses occurring at the said
rate [err] [err]                    b) second means for supplying high-rate
clock pulses occurring at the said rate [err] In a practical embodiment the
multiplication coeffi-  c) a filter coefficient generator (3) comprising a
deviation circuit (30) to which the low and [err]
high-rate clock pulses are applied and which 20      supplies a deviation d
which is equal to the product of fh and a time interval Td between a (13)
low-rate clock pulse and the immediately subse- quent or the immediately
preceding high-rate W is a number to be chosen in the range of 10-2 to
clock pulse; 10-7 in clusive. This number W need not be a fixed   25  c2)
means (31) to generate a predetermined number. In the embodiment shown the
coefficient        number of (M) filter coefficients in response generator
30219 receives the phase difference sig-    to the supplied deviation d,
the filter coeffi- nal and based thereon it calculates a value for W so
cent having ordinal number m being equal to as to calculate subsequently
the coefficients with     a(m) andbeingdefinedbytherelation this value for
W in accordance with expression (13).  30 The loop filter thus obtained is
referred to as an adaptive filter. As is known, the embodiment of the loop
filter       wherein the function h[.] represents the pulse shown in Fig. 7
may also be considered as a flow dia-  response of a FIR filter and m =0,
1, 2, ... M-1; gram for a software implementation. This means that  35  d)
a signal processing circuit (2) for generating at such a loop fitter can
also be implemented in known  a rate fu the samples of the discrete-time
signal manner in software in the processor 3022.            having the
changed sampling frequency by multi- plication of samples of the original
discrete-time signal by selected filter coefficients and by add- E(5) The
phase detector.                      40    ing the products thus obtained;
characterized in that the deviation circuit (30) Fig. 8 shows an embodiment
of a digital phase de-  comprises: tector 301. It is provided with a device
3011 to which  c1l) a phase detector (301) to which the low- the low-rate
dock pulses cli(.) are applied. After     rate clock pulses are applied on
the one hand having received a clock pulse [err] this device sup-   45  and
to which synthetic low-rate clock pulses plies a pulse in phase with a
high-rate clock pulse    are applied on the other hand and which sup-
dh(.). The output-signal of this device 3011 as well as  plies a
discrete-time phase difference signal; a counter circuit (304) adapted to
receive the synthetic low-rate clock pulses [err] are ap-     a reference
value, which circuit receives the plied to a control circuit 3012 supplying
an up com-  50  high-rate clock pulses as counting pulses and mand UP or a
down command DWN for an up-down           supplies a synthetic low-rate
clock pulse each counter 3013. The latter counter also receives the
time after receiving a number of high-rate high-rate dock pulses [err] as
counting pulses. The   time after receiving which is equal to the reference
contents of this counter are transferred to the        value and processor
circuit at the instant when the control  c13) a processor circuit (302)
receiving the dis- pulse SP occurs.
crete-time phase difference signal and in re- In the embodiment shown the
control circuit 3012     sponse thereto supplying the deviaton d to the
consists of 2 JK flip-flops 30121 and 30122 and an     means (31)
generating the filter coefficients as AND gate 30123 which are connected
together in         well as reference values for the counter cir- the
manner shown. The JK flip-flops are of the type   60  cuit (304) at the
rate [err] having a clock pulse input. The high-rate clock puls-  2. An
arrangement as claimed in Claim 1, charac- es are applied thereto.
terized in that the processor circuit (302) is adapted The pulse supplied
by AND-gate 30123 resets the  to perform a discrete-time filtering on the
discrete- two JK flip-flops and also sets a further flip-flop  time phase
difference signal for generating control 3014 which in response thereto
supplies the previ-  65  signal samples (H(.)).    11
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3. An arrangement as claimed in Claim 2, charac-     werte des
zeitdiskreten Signals mit der geander- terized In that the discrete-time
filtering is de-    ten Abtastfrequenz durch Multiplikation von Ab- scribed
by the transfer function                      tastwerten des ursprOnglichen
zeltdiskreten Si- gnals mit selektierten Filterkoeffizienten und [err]
5      durch Addition der auf diese Weise erhaltenen Produkte; wherein
[err]  and [err] are multiplication coeffi-    dadurch gekennzeichnet, daB
die Abweichungs- cients.
schaltung (30) die folgenden Elements aufweist: 4. An arrangement as
claimed in Claim 2, charac-       cl1) einen Phasendetektor (301), dem
einerseits terized in that the processor circuit (302) is further   10  die
Taktimpulse niedriger Geschwindigkeit und adapted to carry out the
following steps:                andererseits synthetische Taktimpulse
niedri- a) calculating a difference quantity (P) which is     ger
Geschwindigkeit zugefohrt werden, und equal to the difference between the
actual con-        der sin  zeitdiskretes  Phasendifferenzsignal trol
sample H(.) and an auxiliary sample s(.) divid-   liefert; ed by a fixed
weighting factor (incr);       15        c12) sine Zihlerschaltung (304)
zum Empfan- b) applying those bits of the difference quantity P   gen eines
Bezugswertes, die als Zlhlerimpulse that have a significance which is less
than [err] as a    die Taktimpulse hoher Geschwindigkeit emp- deviation (d)
to the means generating the filter co-  fAngt und die jeweils nach Empfang
einer dem efficients and applying the other bits of this dif-    Bezugswert
entsprechenden Anzahl Taktimpul- ference quantity as a reference value to
the   20      se hoher Geschwindigkeit einen synthetischen counter circuit
(304);                                 Taktimpuls niedriger Geschwindigkeit
liefert; c) calculating a new auxiliary sample s(.) by multi-   und
plication of the deviation d obtained in step b by    c13) eine
Prozessorschaltung (302), die das the weighting factor (incr).
zeitdiskrete  Phasendifferenzsignal empfingt 25       und in Antwort darauf
mit der Geschwindigkeit PatentansprOche
fi die Abweichung d zu den die Filterkoeffizien- ten liefemden Mitteln
(31), sowie die Bezugs- 1. Anordnung zum Andem der Abtastfrequenz ei-
werte fOr die Zahlerschaltung (304) liefert. nes zeitdiskreten Signals von
einem Wert f, zu ei-     2. Anordnung nach Anspruch 1, dadurch gskenn- nem
Wert fu. wobei eine dieser beiden Abtrastfre-   30   zeichnet, daB die
Prozessorschaltung (302) dazu quenzen dem Wert fh und die andere siner
hoheren     eingerichlst ist, zum Erzeugen von Steuersignalab- Frequenz fh
entspricht, wobei diese Anordnung die   tastwerten (H(.)) an dem
zeitdiskreten Phasendiffe- folgenden Elemente aufweist:
renzsignal eine zeitdiskrete Fiterung durchzufOh- a) erste Mittel zum
Liefem von Taktimpulsen      ran. niedriger Geschwindigkeit, die mit der
genannten   35  3. Anordnung nach Anspruch 2, dadurch gekenn-
Geschwindigkeit f auftreten,                      zeichnet, daB die
zeitdiskrete Filterung durch die b) zweite Mittel zum Liefem von
Taktimpulsen ho-  nachfolgende  Ubertragungsfunktion  beschreben her
Geschwindigkeit, die mit der genannten Ge-    wird: schwindigkeit fh
auftreten,                  42(1 .CoZ-')I(1 -zl)(1 -CiZ1) c) einen
Filterkoeffizientengenerator (3), der mit den folgenden Mitteln versehen
ist:               worin Co, Ci und C2 Multiplikationskoeffizienten c1)
einer Abweichungsschaltung (30), der die    sind. Taktimpulse niedriger und
hoher Geschwindig-      4. Anordnung nach Anspruch 2, -dadurch ge- keit
zugeffhrt werden und die eine Abwei-  45   kennzeichnet, daB die.
Prozessorschaltung (302) chung d liefert, die dem Produkt aus fh und el-
weiterhin zum Durchffhren der nachfolgenden Ver- nem Zeitintervall Td
zwischen einem Taktimpuls  fahrensschritte eingerichtet ist: niedriger
Geschwindigkeit und dem unmittelbar     a) das Berechnen einer
DifferenzgroBe (P) ent- folgenden oder dem unmittelbar vorhergehen-
sprechend der Differenz zwischen dem  Ist- den Taktimpuls hoher
Geschwindigkeit ent-  50     Steuerabtastwert H(.) und einem
Hilfsabtastwert spricht;                                          s(.)
geteilt durch einen festen Gewichtsfaktor c2) Mitteln (31) zum in Antwort
auf die geliefer-  (incr.) te Abweichung d Liefem einer vorbestimmten
b) das Zuf0hren dedjenigen Bits der Differenz- Anzahl (M)
Filterkoeffizienten, wobei der hl-     groBe P, die eine Signifikanz
aufweisen, die klei- terkoeffizient mit der Rangnummer m dern Wert  s5  ner
ist als 20 als Abweichung (d) zu den die Filter- a(m) entspricht und durch
die folgende Bezie-      koeffizienten erzeugenden Mitteln und das Zu- hung
definiert wird:                              f~hren der Obrigen Bits dieser
DifferenzgroBe als Bezugswert zu der Zahlerschaltung (304); a(m) = h E(d+m)
/ fhl                 c) das Berechnen sines neuen Hilfsabtastwertes so
s(.) durch Multiplikation der in dem Verfahrens- wobei die Funktion h [.1
die ImpulsstoBantwort    schritt b erhaltenen Abweichung d mit dem Ge-
sines FIR-Filters darstellt und m = 1, 2, ... M-1  wichtsfaktor (incr.).
ist; d) eine Signalbearbeitungsschaltung (2) zum mit einer Geschwindigkeit
fu Erzeugen der Abtast-  65 I IIIIIC L   1 J!IN I II f!I7    -EP 0 227172
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'-  Revendications                                        2. Systeme
suivant la revendication 1, caract6- ris6 on ce que le circuit de
processeur (302) pout offectuer un filtrage temporel discret sur 1a signal
1. Systbme  pour transformer la frequence        temporel discret de
difference de phase pour d'6chantillonnage d'un signal temporel discret
dcune  .5  produire des 6chantillons de signal de commando valeur fi en une
valeur fu, une des deux fr6quences  [H(.)J. d'echanfillonnage etant 6gale a
fi et I'autre, a une  3. Systeme suivant la revendication 2, caracteri-
frequence plus elev6e fh, le systbme comprenant:   s6 en ce quo le filtrage
temporel discrot est decrit a) un premier moyen pour foumir des impulsions
par la fonction de transfert: d'horloge a cadence basso se pr6sentant a ia
fr6-  10      02(l+CoZ4)/(lZ-1)(14) quence f;
C(  CZ)(Z)Ii1 b) un second moyen pour foumir des impulsions d'horloge a
cadence haute se pr6sentant a la fr6-  o Co, C1 at C2 sont des coefficients
de multiplica- que)e                                        15     4.
Syst~me suivant la revondication 2, caract6d- c) un gendrateur de
coefficients de filtrage (3)  s6 en es quo  l circuit do prooseseur (302)
east, n comprenant:                                       outre, A mime
deffectuer los op6ratlons sulvantes: cl) un circuit de deviaton (30) auquel
les impul-  a) calcul d'une grandeur deo diff6ronce (P) qui at smons
d'horloge A cadences basso et haute         6gale A la diff6rence entro
M'chantillon do corn- sont appliquees et qui fournit une deviation
deglaladfrncete  chblodeom sgalo au produiK de fh ot dun intrvallo de   20
mande reel H(.) et un 6chantillon auxiliaire s(.) di- bemps Td entre une
impulsion d'horloge a caden-  vise par unt facteusr do nda grandeur de
diffnren- ce basse et l'impulsion d'horloge a cadence      ce P qui ont une
signification inf6rieure & 20 en haute immediatement suivante ou immediate-
tant quo d6viation (d) au moyen qui produit les ment prmcpdente;
25     coefficients de filtrage et application des autres c2) un moyen (31)
pour produire un nombre pre-   bits de cette grandeur de diff6rence en tant
que determine de (M) coefficients de filtrage en r6-  valeur de r6f6rence
au circuit de compteur (304); ponse a la d6viation d foumie, le nombre
ordi-   c) calcul d'un nouvel 6chantillon auxiliaire s(.) par nal m du
coefficient de filtrage etant dgal a a(m)  multiplication do la deviation d
obtenue dons l'ope- et etant defini par r&quation:            30    ration
b par IB facteur do pond6ration (incr). a(m) - h [(d+m)Ifh] obi la fonction
h[.] repr6sente la r6ponse impul- sionnelle d'un fitre FIR et m = 0, 1, 2,
..., M-1;  35 d) un circuit de traitement de signaux (2) pour produire, a
une cadence fu, les 6chantillons do si- gnal temporal discret pr6sentant la
fr6quence d'6chantillonnage transform6e par multiplication d'echantillons
du signal temporal discret initial par  40 des coefficients de filtrago
s6lectionn6s et par addition des produits ainsi obtenus; caract6rise en ce
quo lo circuit do d6viation (30) comprend: c11) un d6tecteur de phase (301)
auquol lea im-   4. pulsions d'horloge a cadence basse sont appli- qu6es
d'une part et auquel des impulsions d'horloge synthetiques a cadence basse
sont appliqu6es d'autre part, et qui foumit un signal temporel discret de
diff6rence de phase;   so c12) un circuit de compteur (304) propre a re-
cevoir une valeur de r6ference, ce circuit re- cevant les impulsions
d'horloge a cadence hau- te a titre dimpulsions de comptage et foumis- sant
une impulsion d'horloge synthitique A   S5 cadence basso chaque fois qu'il
a recu un nom- bre d'impulsions d'horioge a cadence haute qui eat 6gal A la
valour do refersnce, et c13) un circuit de processeur (302) recevant le
signal tomporel discret de diff6rence de phase   60 et foumissant, on
reponse A celul-ci, la d6via- tion d au moyon (31) qui produit les
coefficients do filtrage, ainsi quo dos valeurs de r6ference pour le
circuit de compteur (304) a la fre- quenco fi.
65    


