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Description

[0001] The present invention relates to numerically controlled oscillators and, more particularly, to the correction of
cumulative approximation or round-off errors within numerically controlled oscillators.
[0002] The demodulation of a transmitted signal often requires down-conversion to baseband, which in turn requires
mixing with, or multiplication by, a locally generated sinusoidal signal having the same carrier or intermediate frequency
as the signal to be down-converted. In a digital channel demodulation system, this function is typically performed using
a numerically controlled oscillator (NCO). The capability of an NCO is desirable to digitally generate trigonometric
functions of a linearly varying phase angle. Exceptions are cases wherein the desired frequency is either a small integer
multiple of the digital sampling frequency such that the Nyquist frequency is reached, or a fraction whose numerator
and denominator are both small integers.
[0003] Digital channel demodulation often requires a free-running source of sinusoidal signals of a given frequency,
such as provided by a numerically controlled oscillator. Such an oscillator can be implemented using the successive
multiplication of a complex number by a complex constant that corresponds to the desired frequency. A well-known
problem with this method is that the amplitude of the resulting signal is unstable, and will either increase or decrease
as a result of cumulative approximation or round-off errors. A numerically controlled oscillator (NCO) synthesizes a range
of frequencies from a fixed time base.
[0004] Numerically controlled oscillators have conventionally been implemented either a look-up table or the CORDIC
(Coordinate Rotation Digital Computer) algorithm for complex phasor rotation. Problems exist with either implementation.
For a high degree of numerical precision, look-up tables can require large amounts of memory and CORDIC algorithms
can require numerous stages of digital hardware. One well-known method of implementing an NCO is to use a look-up
table having a digital memory addressed by the current phase angle of the oscillator, and the contents of the digital
memory are the numerical values of the desired sinusoidal function corresponding to each phase angle. The size of the
memory increases exponentially with the required phase angle precision (i. e. , it doubles in size for every additional
binary digit), and linearly with the precision of the sinusoidal value. If arbitrary values are required for the phase angle,
the size of the required look-up table can become very large, requiring a large area if implemented on an integrated
circuit device. A second well-known method of digitally generating sinusoidal functions is an iterative procedure that
uses the CORDIC algorithm, in which the desired sinusoidal function is successively approximated. In conventional
implementations, the CORDIC algorithm increases the precision by a factor of two every iteration that is performed. The
CORDIC algorithm can be implemented in software executed on a computer. The CORDIC algorithm can also be
implemented in a digital circuit, with one stage required per iteration of the CORDIC algorithm performed. The software
implementation requires resources in the form of computational overhead such as processor execution time, and the
digital circuit implementation requires resources in the form of area on an integrated circuit device. If a high degree of
numerical precision is desired, than a substantial amount of resources are required to implement the CORDIC algorithm.
[0005] From the foregoing discussion, it should be readily apparent that there remains a need within the art for a
numerically controlled oscillator that requires fewer resources than those currently available.
[0006] US 6 281 823 discloses a direct digital synthesis system architecture which employs a numerically-controlled
oscillator (NCO).
[0007] The invention provides a method as claimed in claim 1.
[0008] This invention addresses the shortcomings within the prior art where the amplitude of the resulting signal
becomes unstable and eventually increases or decreases as a result of cumulative approximation or round-off errors
by providing a simple and efficient method of correcting for such variations, so that the oscillator signal amplitude remains
constant. The invention employs successive complex multiplications to implement a numerically controlled oscillator
that requires a smaller amount of resources than either the use of look- up tables or CORDIC algorithms resulting in a
simple and efficient method of solving the stability problem. The invention can be implemented using custom-designed
discrete logic in an integrated circuit, a systolic or other reconfigurable processor array in which as few as only one
processor may be required for this function.
[0009] These and objects of the invention are provided by efficiently generating complex sinusoids of a desired fre-
quency by multiplying a current phasor by a predetermined value once every sampling interval to create a next phasor,
identifying if a zero value condition exist within either real or imaginary components of the next phasor and substituting
a complementary component of unity amplitude to complex phasor components that exhibit the zero value condition,
identifying if a condition of equality exits between real and imaginary components of the next phasor and substituting
an equal component for both real and imaginary components of the next phasor if the condition of equality is identified,
and if the zero value condition of the condition of equality are not found, determining an error factor for real and imaginary
components of the next phasor and correcting the real and imaginary components by removing the error factor.

FIG. 1a is a flow diagram illustrating the functions performed by the invention;
FIG. 1b is a flow diagram illustrating the functions performed by the invention;
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FIG. 1c is a flow diagram illustrating the functions performed by the invention;
FIG. 2 is a phasor diagram illustrating concepts of the invention;
FIG. 3. is a block diagram for a channel demodulator that can employ the flow diagram of FIG. 1a, FIG. 1b and FIG. 1 c.

[0010] It has been discovered that sinusoidal functions can be digitally generated using fewer resources for the rotation
of a complex phasor. In the complex domain, the rotation of a complex phasor by a given angle corresponds to a complex
multiplication by a second complex phasor whose value, having real and imaginary components, is determined strictly
by the phase angle increment.
[0011] A free-running oscillator in the discrete-time digital domain corresponds to a repetitive increase in the phase
angle by a constant amount during each sampling interval. Such an oscillator can be created by successive multiplications
of an initial complex phasor by the aforementioned second phasor. In this arrangement, the norm, or magnitude, of the
resulting phasor must always equal unity. Any variation from unity will result in either a progressive decrease in magnitude,
which will eventually become infinitesimal, or a progressive increase that will continue without bounds. It is well known
in the arithmetic of complex numbers, that if the magnitude of the second phasor exactly equals unity, the resulting
magnitude will remain constant indefinitely. However, this constant result is a condition that is only be guaranteed in an
abstract mathematical sense, which an actual digital signal processing system cannot realistically achieve.
[0012] Consequently, the generation of sinusoidal functions within digital systems require a mechanism for preventing,
or correcting, the aforementioned long-term increase or decrease in phasor magnitude.
[0013] Referring to FIG. 3, a block diagram of a digital channel demodulator has a digital front end 50. The present
invention is useful in the area of baseband conversion 55 within front end 50. These and conversion 55 receives a digital
input which is also received by the automatic gain control (AGC) 52. AGC 52 provides an analog output. The baseband
conversion 55 is typically by mixing signals. Sample rate conversion 53 provides adjustments to frequencies employed
by baseband conversion 55. Baseband conversion 55 as shown in Fig. 3 includes a function for carrier recovery to lock
in on the down converted frequency. Sample rate conversion 53 will adjust the clock rate to make the same as the
sampling rate.
[0014] Ideally, it is desired that the clock rate and the sampling rate should be the same.
[0015] The down conversion of a signal to base band results in the entire process being able to proceed at a slower
sampling rate. Another function of sample rate conversion 53 as simply to ensure that the clock rate and the sampling
rate are the same. Filter 59 will provide a Nyquist filter and decimation of the sample rate converted signal. The Nyquist
filter prevents aliasing. For example if you have a 20 MHz sampling rate and a signal having a frequency of less than 5
MHz, then many alternate samples can be removed, however, is necessary to filter the signal first to remove anything
above 5 MHz. Timing recovery 57 provides a feedback loop from filter 59 to sample rate conversion 53. Once signals
that have been baseband converted 55 and sample rate conversion 53, the filtered signal will be received by the channel
estimation and correction 60. The channel estimation and correction 60 will typically provide channel estimation, time
interpolation, and frequency interpolation. Channel decoder 62 will receive the estimated and corrected channel data
from channel estimation correction 60. Channel decoder 62 will typically provide an output interface for MPEG data that
has been the scrambled and decoded by channel decoder 62. System controller 64 typically provides control signals to
front end 50, channel estimation and correction 60 and channel decoder 62. The digital channel demodulator 49 illustrated
in FIG. 3 will demodulate a transmitted signal by down converting the signal to a baseband level by baseband conversion
55, which requires mixing with, or multiplication by, a locally generated sinusoidal signal having the same carrier or
intermediate frequency as the signal to be down-converted. In conventional digital channel demodulation systems, this
function is typically performed using a numerically controlled oscillator (NCO). The capability of an NCO is desirable to
digitally generate trigonometric functions of a linearly varying phase angle. The baseband conversion 55 will provide for
the mixing of sinusoidal signals in a manner that avoids problems within the prior art methods for conversion of signals
to baseband that implemented the NCO as a lookup table or CORDIC implementation. The baseband conversion 55
employed by the preferred by the invention is described below.
[0016] Referring to FIG. 1a, the present invention provides a simplified manner of detecting and correcting for the
aforementioned long-term variations. The present invention employs known properties of complex numbers to perform
the required compensations. The complex product of two complex numbers x + jy is given by the relationship a + jb and
c + jd as illustrated in Equations 1a and 1b below. 
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[0017] For an initial complex value c + jd successively multiplied by a second complex value a+jb n times, the result
is given by Equation 2. 

[0018] When this same multiplication is performed n+1 times, the result is given by the relationships shown in Equations
3a and 3b. 

[0019] A consequence of Equation 3b is that the desired result can be obtained by repeatedly multiplying the current
phasor value by a+jb once for every sampling interval. The algorithm 10 shown in FIG. 1 is run every sampling period
by the preferred embodiment. If the magnitude of a+jb is exactly unity, the result will be equivalent to a free-running
numerically controlled oscillator. Since it is very well known that any complex number can be expressed in the polar
form, Equation 4 below corresponds to a phase angle having unity magnitude. 

[0020] The value of this complex number for a given phase angle is determined as a function of the ratio of the desired
oscillator frequency to the digital sampling rate. The numerically controlled oscillator can be implemented by repeatedly
multiplying the complex phasor with this predetermined complex number during every sampling interval. This process
requires one complex multiplication, which in turn comprises four real multiplications and two real additions, as demon-
strated in the above expression for a complex product. Using current technology, the foregoing process requires fewer
resources than either a look-up table or a CORDIC implementation, but still requires that the magnitude of the complex
phasor remain at unity.
[0021] Satisfaction of the unity magnitude criterion, typically, requires determination of the complex magnitude of the
phasor (two multiplications, an addition, and a square root operation), followed by multiplication of the phasor by the
reciprocal of this magnitude (two division operations). The resources required for these operations would be prohibitively
expensive.
[0022] Referring to FIG. 1a, the desired determinations and corrections are performed using well-known properties
of complex numbers under appropriate conditions that will subsequently be described. The algorithm 10 of FIG. 1a will
begin 12 at predetermined periods which are determioned during the system design process. During the system design
process these parameters are determined by identifying how quickly the accumulated round-off errors that require
correction. Multiply Current Phasor by a predetermined value 14 will perform the complex operation of multiplying the
current phasor value by a+jb once for every sampling interval as shown in the relationship of Equation 3b. Zero value
condition 16 will determine if either real component is zero or if the imaginary component is zero. If the phase angle is
an even integer multiple of 90 degrees (0 or 180 degrees), the complex phasor is a pure real number, and its imaginary
component is zero. Consequently, the real component must equal unity under these conditions. It is a simple matter to
detect the condition of a zero for the imaginary component (or of any zero numerical value, for which all binary digits,
in the representation used for a digital signal processing system, equal logic 0). Whenever this condition is detected,
substitute component of unity amplitude 18 will replace the value of the real component with a value for positive or
negative unity, depending upon the sign of the original value. If the phase angle is an odd integer multiple of 90 degrees
(90 or 270 degrees), zero value condition 16 will detect that the complex phasor is a pure imaginary number, and its
real component is zero. Using the arguments given above, the imaginary component must equal unity (once again,
positive or negative), and thus substitute component of unity amplitude 18 will replace the value of the imaginary com-
ponent with a value for positive or negative unity, depending upon the sign of the original value. The resources required
for this procedure consist simply of two comparisons with zero to make the determination, and one substitution of a
complex number component with a constant value (i.e., unity). Clearly, this is much more reasonable for a practical
implementation than the direct methods of the prior art.
[0023] A variation of the above discussed implementation results in cases wherein the phase angle of the complex
phasor is an odd multiple of 45 degrees (the even multiples of 45 degrees are just the multiples of 90 degrees that were
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considered above). If complex phasor is an odd multiple of 45 degrees, the absolute value of the real component must
equal that of the imaginary component and this condition of equality 20 will be detected by the algorithm 10. In particular,
the absolute value of the real component and that of the imaginary must both have an absolute value of 0.70710678
(the square root of 1/2), this follows from a well-known property of complex numbers. Substituting equal components
24 insures that once the condition of equality is detected, each of the real and imaginary components are be replaced
by the positive or negative of 0.70710678, depending upon the sign of the original component. Once again, this is done
without regard to the actual values. The resources required for this procedure are simply one equality comparison to
make the determination, and two substitutions of complex number components with a constant value. Again, this is a
much more reasonable approach for a practical implementation than the direct method of the prior art.
[0024] Referring now to FIG. 1b and FIG. 1c, the various steps that are performed by the flowchart are performed in
two parts. Each of FIG. 1b and FIG. 1c represent the most preferred embodiments of the invention. In FIG. 1b, the
algorithm, generally referred to as 35, will perform multiply current phasor by predetermined value 34 as previously
described followed by testing for zero value condition 36, which is the identical test performed in FIG. 1a as previously
described. Substituting components of unity amplitude 38 will be performed if the zero condition is found to exist and
the condition of equality exit 39 will be performed if the zero condition is false as described in FIG. Ia. The algorithm
performed in FIG. 1b is the most preferred because it is the most efficient and requires the fewest resources. In most
applications, it is envisioned that the algorithm 35 shown in FIG. 1b will be sufficient because the round-off errors and
truncation errors do not have to be constantly fixed, periodic fixes are sufficient.
[0025] In FIG. 1c, the steps that were performed in FIG. 1a but not performed in FIG. 1b are performed. The reasoning
here is that in certain applications or systems, relying on the 45 degree adjustments alone as shown in FIG. 1b may not
trigger a sufficient number of corrections. The steps shown in FIG. Ic will provide corrections at predetermined interals.
Iterations of the algorithm 40 shown in FIG. I c will be performed every so often as determined necessary with begin 42
and perform multiply current phasor by predetermined value 44 in the same manner as described in the foregoing
discussion to FIG. 1a. Then determine error factor 46 will calculate the error factor as previously described in the
discussion to FIG. 1 a and remove error factor 48 will eliminate the calculated error factor. The predetermined interval
will be determined during the system design process and the algorithm of FIG. Ic will performed in accoradance with
the those parameters. The algorithm of FIG. Ie requires more resources than that of FIG. 1b but will insure that corrections
are constantly being made. The algorithm 10 of FIG. 1a provides the combination of both FIG. 1b and FIG. Ic and is
also envisioned by the invention.
[0026] The substitutions described above can be combined in a single system, resulting in eight possible conditions
under which the correction of the invention could be performed instead of just four. The detection points, according to
the above schemes, are illustrated in FIG. 2. In Fig. 2, y=0 is illustrated at 0 and 180 degrees. Other zero points are
illustrated for x=0 at 90 degrees and 270 degrees.
[0027] All the foregoing zero points will have unity components substituted within the phasor. At 0 degrees, a unity
value of x=I, y=0 ; at 90 degrees unity value of x=0, y=I; at 180 degrees unity value of x=-I, y= 0; and at 270 degrees
unity value of x=0, y=-1; will be substituted for the phasor components. Also shown in Fig. 2, integer multiples of 45
degrees for the phase angle will result in components having equal absolute value being substituted within the phasor.
At 45 degrees, a equal absolute value components of x=0.707, y=0.707; at 135 equal absolute value components of
x=-0.707, y=0.707 ; at 225 equal absolute value components of x=-0. 707, y=-0.707 ; and at 315 degrees equal absolute
value components of x=0. 707, y=-0.707 ; will be substituted for the phasor components.
[0028] For the above-described schemes to work properly, it is necessary that the conditions being detected arise
with some regularity; otherwise, the required corrections will never be performed. In order to best insure this, it is
necessary that the desired oscillator frequency NOT be too closely related to the digital sampling rate of the system. If
their ratio is a simple fraction consisting of small integers, it is possible, or even likely, that the complex phase angle will
only assume a restricted number of values during operation, and the above detection conditions might not be met. In
these cases, either a small look-up table, or discrete digital logic, can be used to implement the numerically-controlled
oscillator, so that there is not as great a need for more efficient use of resources.
[0029] In order to increase the frequency at which the required conditions are detected, it is possible to examine only
the higher-order binary digits, or bits, of the complex phasor components, for which these conditions will arise more
often. The number of bits thus examined can be chosen on the basis of the maximum acceptable "jump" in the amplitude
of the numerically-controlled oscillator that would be permitted during normal operation. The zero detection is performed
by ascertaining that all of the selected higher-order bits equal either logic 0 or logic 1 (the latter case corresponds to a
very small negative value); these comparisons require a single NOR function and a single AND function, respectively.
The equality comparison is performed by ascertaining that all of the corresponding high-order bits of the two complex
components (or the bitwise inverse of one component, in cases where the two have opposite signs) are equal; this
requires two exclusive -OR functions for each considered bit (one for the sign inversion of one component, when required,
and one for the actual comparison), and one AND function for the results of all bit comparisons.
[0030] The rate of amplitude variation will be fairly slow for any free-numerically-controlled oscillator in which the
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components of the complex phasor are represented by a reasonable number of binary digits. Accordingly, it is possible
to correct the phasor magnitude on a regular basis without need for the detection of special conditions, the arising of
which must be waited for. Although the proposed method to be described requires greater resources than the methods
described above, it nevertheless requires far fewer resources than the direct method, and is therefore much more practical.
[0031] If the magnitude of the complex phasor changes only a small amount over a period of time as a result of
accumulated round-off error, this change can be approximated, and the approximation can be used to perform the
required compensation. Equation 5 below gives the relationship for a phasor magnitude of r, with real and imaginary
components x and y, that is perturbed by an increment, ε, much smaller than unity. 

[0032] Therefore, the square of the phasor magnitude for r is represent by Equation 6. 

[0033] Accordingly, the increment of the squared modulus is given by the relationships of Equations 7a, 7b and 7c. 

[0034] Therefore, the increment, ε, is the error determination which can be represented by the relationship shown in
Equations 8a and 8b. Determine error factor 26 within the preferred embodiment will determine this error factor using
the relationships shown in Equations 8a and 8b. 

[0035] The correction factor for the x and y components of the complex phasor can then be represented by the
relationship of Equation 9, which is performed by remove error factor 28. 

[0036] The error determination can be performed using two multiplications, two additions, and one right shift operation
(division by 2).
[0037] Consequently, the corrected complex components x’ and y’ are given by Equations 10a and 10b. 
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[0038] The correction can be performed using one multiplication and one subtraction. Clearly, this is much more
efficient than the direct method, which requires the extremely expensive square root and reciprocal operations.
[0039] This invention is especially useful in the front-end portion of digital signal processing systems that perform
channel demodulation in which down- conversion of an input signal by an arbitrary frequency not closely related to the
sampling rate is required. It can be implemented in hardware using discrete logic on an integrated circuit, or in software
that is executed on a computer processor.
[0040] In particular, it lends itself to a very efficient implementation on a systolic array consisting of a multiplicity of
small processors running at an instruction rate that is not a very large multiple of the sampling rate. On such an array,
it can be implemented using one or at most a small number of such processors.

Claims

1. A method for generating complex sinusoids of a desired frequency comprising the steps of:

- multiplying a current phasor by a predetermined phasor (14) once every sampling interval to create a next
phasor,
characterised in that the step of multiplying comprises the steps of:
- identifying if a zero value condition exists (16) within either real or imaginary components of the next phasor
and if the zero value condition exists performing a step of substituting a complementary component of unity
amplitude (18) to complex phasor components that exhibit the zero value condition; and

- identifying if a condition of equality exits (20) between the real and imaginary components of the next
phasor and if the conditions of equality exists performing a step of substituting an equal component (24)
for both real and imaginary components of the next phasor with unity complex amplitude; and

if the zero value condition and the equality condition do not exist, then:

determining an error factor (26) for real and imaginary components of the next phasor which error ε factor
comprises approximately ε=0.5∆r2 where ∆r2is the change in the square phase magnitude between the
current phasor and the next phasor; and

- correcting the real and imaginary components by removing the error factor (28) using the relationships x’=x-
εx and y’=y- εy where x’ and y’ are the corrected real and imaginary components.

2. The method of claim 1 wherein the step of identifying further comprises examining a plurality of highest order bits
of the next phasor for the zero value condition or the condition of equality.

3. The method of claim 2 wherein the step of identifying further comprises examining the highest order bits of the next
phasor to determine the zero value condition by determining if all the highest bits are either a logical 0 or a logical 1.

4. The method of claim 1 wherein the step of substituting further comprises substituting a components of a square-
root of one-half unity amplitude for both real and imaginary components of the next phasor.

5. The method of claim 1 implemented within a systolic processor array.

6. The method of claim 1 implemented within a discrete logic device.

7. The method of claim 1 implemented as an algorithm running on a computer.

8. The method of claim 1 further comprising employing a sampling rate that is at least twice the desired frequency.
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Patentansprüche

1. Ein Verfahren zum Erzeugen von komplexen Sinuskurven einer gewünschten Frequenz aufweisend die Schritte:

- Multiplizieren eines aktuellen Phasors mit einem vorbestimmten Phasor (14) einmal jedes Abtastungsintervall,
um einen nächsten Phasor zu erzeugen,
dadurch gekennzeichnet, dass der Schritt des Multiplizierens die Schritte aufweist:
- Identifizieren, ob eine Nullwertbedingung innerhalb entweder realer oder imaginärer Komponenten des näch-
sten Phasors existiert (16), und wenn die Nullwertbedingung existiert, Durchführen eines Schritts des Austau-
schens einer komplementären Komponente von einer Einheitsamplitude (18) mit komplexen Phasorkompo-
nenten, die die Nullwertbedingung aufweisen; und
- Identifizieren, ob eine Bedingung von Gleichheit zwischen den realen und den imaginären Komponenten des
nächsten Phasors existiert (20), und wenn die Bedingung der Gleichheit existiert, Durchführen eines Austau-
schens einer gleichen Komponente (24) für sowohl die realen als auch die imaginären Komponenten des
nächsten Phasors mit einer komplexen Einheitsamplitude; und
wenn die Nullwertbedingung und die Gleichheitsbedingung nicht existieren, dann:

Bestimmen eines Fehlerfaktors (26) für reale und imaginäre Komponenten des nächsten Phasors, welcher
Fehlerfaktor ε ungefähr ε=0,5∆r2 aufweist, wobei ∆r2 die Änderung in dem Wurzelphasenbetrag zwischen
dem aktuellen Phasor und dem nächsten Phasor ist; und
Korrigieren der realen und imaginären Komponenten, indem der Fehlerfaktor entfernt wird (28), wobei die
Beziehungen x’=x-εx und y’=y-εy verwendet wird, wobei x’ und y’ die korrigierten realen und imaginären
Komponenten sind.

2. Das Verfahren gemäß Anspruch 1, wobei der Schritt des Identifizierens des Weiteren das Untersuchen einer Mehr-
zahl von höchstwertigen Bits von dem nächsten Phasor für die Nullwertbedingung oder die Bedingung der Gleichheit
aufweist.

3. Das Verfahren gemäß Anspruch 2, wobei der Schritt des Identifizierens des Weiteren das Untersuchen der höchst-
wertigen Bits von dem nächsten Phasor aufweist, um die Nullwertbedingung zu bestimmen, indem bestimmt wird,
ob alle höchstwertigen Bits entweder eine logische 0 oder eine logische 1 sind.

4. Das Verfahren gemäß Anspruch 1, wobei der Schritt des Austauschens des Weiteren das Austauschen einer
Komponente von einer Quadratwurzel von einer halben Einheitsamplitude für sowohl die realen und imaginären
Komponenten von dem nächsten Phasor aufweist.

5. Das Verfahren gemäß Anspruch 1, welches in einem systolischen Prozessorarray implementiert ist.

6. Das Verfahren gemäß Anspruch 1, welches in einer diskreten Logikvorrichtung implementiert ist.

7. Das Verfahren gemäß Anspruch 1, welches als ein Algorithmus implementiert ist, der auf einem Computer läuft.

8. Das Verfahren gemäß Anspruch 1, des Weiteren aufweisend das Verwenden einer Abtastrate, die zumindest zwei-
mal die gewünschte Frequenz ist.

Revendications

1. Procédé de génération de sinusoïdes complexes à une fréquence souhaitée comportant les étapes suivantes :

- multiplication d’un phaseur courant par un phaseur prédéterminé (14) une fois à chaque période d’échantillon-
nage pour créer le phaseur suivant,
caractérisé par le fait que la multiplication comprend les étapes consistant à :
- identifier si une condition de valeur nulle existe (16), soit dans la composante réelle soit dans la composante
imaginaire du phaseur suivant, et dans le cas où la condition de valeur nulle existe, réalisation d’une étape de
substitution d’une composante complémentaire d’amplitude unitaire (18) à la composante du phaseur complexe
qui présente la condition de valeur nulle, et
- identifier si une condition d’égalité existe (20) entre les composantes réelle et imaginaire du phaseur suivant
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et dans le cas où les conditions d’égalité existent, réalisation d’une étape de substitution d’une composante
égale (24) à la fois pour les composantes réelle et imaginaire du phaseur suivant avec une amplitude complexe
d’une unité ; et
si la condition de valeur nulle et la condition d’égalité n’existent pas, alors :

déterminer un facteur d’erreur (26) pour les composantes réelle et imaginaire du phaseur suivant, lequel
facteur d’erreur comprend approximativement ε = 0.5 ∆r2, où ∆r2 est la variation du carré de l’amplitude de
phase entre le phaseur courant et le phaseur suivant ; et
corriger les composantes réelle et imaginaire en supprimant le facteur d’erreur (28) à l’aide des relations
x’ = x-εx et y’ = y-εy, dans lesquelles x’ et y’ sont les composantes réelle et imaginaire corrigées.

2. Procédé selon la revendication 1 dans lequel l’étape d’identification comporte en outre l’examen d’une pluralité de
bits d’ordre le plus élevé du phaseur suivant pour la condition de valeur nulle ou la condition d’égalité.

3. Procédé selon la revendication 2, dans lequel l’étape d’identification comporte en outre l’examen des bits d’ordre
le plus élevé du phaseur suivant pour déterminer la condition de valeur nulle en déterminant si tous les bits les plus
élevés sont soit un 0 logique, soit un 1 logique.

4. Procédé selon la revendication 1 dans lequel l’étape de substitution comporte en outre la substitution d’une com-
posante d’une racine carrée d’une amplitude d’une demi-unité, à la fois pour les composantes réelle et imaginaire
du phaseur suivant.

5. Procédé selon la revendication 1 réalisé dans une matrice de processeurs systolique.

6. Procédé selon la revendication 1 réalisé dans un dispositif en logique discrète.

7. Procédé selon la revendication 1 réalisé en tant qu’algorithme sur un ordinateur.

8. Procédé selon la revendication 1 comprenant en plus l’emploi d’une fréquence d’échantillonnage qui est égale à
deux fois au moins la fréquence souhaitée.
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