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ACCUMULATORS FOR REDUCING FREQUENCY OF SAMPLES
AND RELATED APPARATUSES, SYSTEMS, METHODS

PRIORITY CLAIM
This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Patent Application No. 63/148,031, filed February 10, 2021, and titled “DUAL
ACCUMULATORS FOR DOWNSAMPLING AND RELATED ELECTRONIC
DEVICES, SAMPLING SYSTEMS, AND METHODS,” the disclosure of which is hereby

incorporated herein in its entirety by this reference.

TECHNICAL FIELD
This disclosure relates generally to enhanced accumulators for fast analog-to-digital
converters (ADCs), and more specifically to accumulators for reducing frequency of

samples.

BACKGROUND
In some electrical devices (e.g., microcontrollers), ADCs may be used for signal
processing. In some such electronic devices the ADCs may have sampling rates that
exceed the capability of the electrical devices to utilize all the digitized samples. As a
result, it may be difficult to take advantage of the high sample rates of ADCs (e.g.,
substantially 40 mega samples per second (MSPS), or above) without using a large amount
of processing power/bandwidth of a processing circuit (e.g., a processing core of the

processing circuit) to process the volume of samples from an ADC.

BRIEF DESCRIPTION OF THE DRAWINGS

While this disclosure concludes with claims particularly pointing out and distinctly
claiming specific examples, various features and advantages of examples within the scope
of this disclosure may be more readily ascertained from the following description when
read in conjunction with the accompanying drawings, in which:

FIG. 1A is a circuit schematic illustration of a dual accumulator, according to some
examples;

FIG. 1B is a signal timing diagram illustrating signals related to the dual

accumulator of FIG. 1A, according to some examples;
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FIG. 2 is a flowchart illustrating a method of operating a dual accumulator,
according to some examples;

FIG. 3 is a block diagram of a sampling system including the dual accumulator of
FIG. 1A, according to some examples;

FIG. 4 is a block diagram of another sampling system including the dual
accumulator of FIG. 1A, according to some examples;

FIG. 5 is a flowchart illustrating a method of processing a first latched total and a
second latched total from a dual accumulator, according to some examples;

FIG. 6 is a plot illustrating example signals of the sampling system of FIG. 3;

FIG. 7 is a circuit schematic illustration of a cascaded integrator-comb (CIC) filter
that may be implemented by the sampling system of FIG. 3, according to some examples;
and

FIG. 8 is a block diagram of circuitry that, in some examples, may be used to

implement various functions, operations, acts, processes, and/or methods disclosed herein.

MODE(S) FOR CARRYING OUT THE INVENTION

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof, and in which are shown, by way of illustration,
specific examples in which the present disclosure may be practiced. These examples are
described in sufficient detail to enable a person of ordinary skill in the art to practice the
present disclosure. However, other examples enabled herein may be utilized, and
structural, material, and process changes may be made without departing from the scope of
the disclosure.

The illustrations presented herein are not meant to be actual views of any particular
method, system, device, or structure, but are merely idealized representations that are
employed to describe the examples of the present disclosure. In some instances similar
structures or components in the various drawings may retain the same or similar numbering
for the convenience of the reader; however, the similarity in numbering does not
necessarily mean that the structures or components are identical in size, composition,
configuration, or any other property.

The following description may include examples to help enable one of ordinary
skill in the art to practice the disclosed examples. The use of the terms “exemplary,” “by

example,” and “for example,” means that the related description is explanatory, and though
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the scope of the disclosure is intended to encompass the examples and legal equivalents,
the use of such terms is not intended to limit the scope of an example or this disclosure to
the specified components, steps, features, functions, or the like.

It will be readily understood that the components of the examples as generally
described herein and illustrated in the drawings could be arranged and designed in a wide
variety of different configurations. Thus, the following description of various examples is
not intended to limit the scope of the present disclosure, but is merely representative of
various examples. While the various aspects of the examples may be presented in the
drawings, the drawings are not necessarily drawn to scale unless specifically indicated.

Furthermore, specific implementations shown and described are only examples and
should not be construed as the only way to implement the present disclosure unless
specified otherwise herein. Elements, circuits, and functions may be shown in block
diagram form in order not to obscure the present disclosure in unnecessary detail.
Conversely, specific implementations shown and described are exemplary only and should
not be construed as the only way to implement the present disclosure unless specified
otherwise herein. Additionally, block definitions and partitioning of logic between various
blocks is exemplary of a specific implementation. It will be readily apparent to one of
ordinary skill in the art that the present disclosure may be practiced by numerous other
partitioning solutions. For the most part, details conceming timing considerations and the
like have been omitted where such details are not necessary to obtain a complete
understanding of the present disclosure and are within the abilities of persons of ordinary
skill in the relevant art.

Those of ordinary skill in the art will understand that information and signals may
be represented using any of a variety of different technologies and techniques. Some
drawings may illustrate signals as a single signal for clarity of presentation and description.
It will be understood by a person of ordinary skill in the art that the signal may represent a
bus of signals, wherein the bus may have a variety of bit widths and the present disclosure
may be implemented on any number of data signals including a single data signal.

The various illustrative logical blocks, modules, and circuits described in
connection with the examples disclosed herein may be implemented or performed with a
general purpose processor, a special purpose processor, a digital signal processor (DSP), an
Integrated Circuit (IC), an Application Specific Integrated Circuit (ASIC), a Field

Programmable Gate Array (FPGA) or other programmable logic device, discrete gate or
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transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herein. A general-purpose processor (may also be referred
to herein as a host processor or simply a host) may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller,
or state machine. A processor may also be implemented as a combination of computing
devices, such as a combination of a DSP and a microprocessor, a plurality of
MIiCTOProcessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration. A general-purpose computer including a processor is considered
a special-purpose computer while the general-purpose computer is programmed to execute
computing instructions (e.g., software code) related to examples of the present disclosure.

The examples may be described in terms of a process that is depicted as a
flowchart, a flow diagram, a structure diagram, or a block diagram. Although a flowchart
may describe operational acts as a sequential process, many of these acts can be performed
in another sequence, in parallel, or substantially concurrently. In addition, the order of the
acts may be re-arranged. A process may correspond to a method, a thread, a function, a
procedure, a subroutine, a subprogram, other structure, or combinations thereof.
Furthermore, the methods disclosed herein may be implemented in hardware, software, or
both. If implemented in software, the functions may be stored or transmitted as one or
more instructions or code on computer-readable media. Computer-readable media includes
both computer storage media and communication media including any medium that
facilitates transfer of a computer program from one place to another.

2% ¢

Any reference to an element herein using a designation such as “first,” “second,”
and so forth does not limit the quantity or order of those elements, unless such limitation is
explicitly stated. Rather, these designations may be used herein as a convenient method of
distinguishing between two or more elements or instances of an element. Thus, a reference
to first and second elements does not mean that only two elements may be employed there
or that the first element must precede the second element in some manner. In addition,
unless stated otherwise, a set of elements may include one or more elements.

As used herein, the term “substantially” in reference to a given parameter, property,
or condition means and includes to a degree that one of ordinary skill in the art would
understand that the given parameter, property, or condition is met with a small degree of

variance, such as, for example, within acceptable manufacturing tolerances. By way of

example, depending on the particular parameter, property, or condition that is substantially
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met, the parameter, property, or condition may be at least 90% met, at least 95% met, or
even at least 99% met.

Some electrical devices (e.g., microcontrollers) may be pushed to their processing
limits or be insufficient to process samples from ADCs with high sample rates (e.g., 40
MSPS or above). One way to downsample a large number of samples so as to reduce the
number of samples processed by these electrical devices is to take averages of groups of
samples. For example, using simple (“boxcar™) averaging, for every number N of samples
from the ADC, the samples may be summed, and the sum may be divided by the number
N, reducing the number of samples to be processed by the electrical device by a factor of
N. By way of non-limiting example, where N is 10, only one tenth of a total number of the
samples from the ADC may be processed. Also by way of non-limiting example, where N
is 100, only a one hundredth of a total number of the samples from the ADC may be
processed.

Although such averaging to downsample samples from a high sample rate ADC
may provide average values of the samples, such averaging may not provide estimates of
the rate of change (e.g., the slope) of an electrical signal represented by the samples from
the ADC. By way of non-limiting example, estimates of the slope of the samples from the
ADC may be useful for analyzing electrical signals (e.g., current, voltage potential, without
limitation) of an electric motor.

Some examples disclosed herein may include hardware peripherals for
downsampling samples (e.g., from high sample rate ADCs), wherein the hardware
peripherals are independent from a processing core of a processing circuit. These hardware
peripherals may be implemented on the same processing circuit chip as the processing core
or as a separate standalone device. Some examples disclosed herein may include built-in
digital signal processing for high sample rate ADCs. Dual accumulators may be used to
support two non-limiting examples of downsampling options: (1) a cascaded integrator-
comb (CIC) filter option and (2) a linear least-squares estimation (LLSE) of offset and
slope option. Some examples disclosed herein enable use of a full ADC sampling rate with
slower software processes than would be required absent the downsampling.

Some examples disclosed herein may include dual cascaded accumulators and
double-buffering for ADC downsampling, which facilitate computation of CIC and LLSE
of slope/offset, by the performance of critical calculations at the ADC input sampling rate.

This may allow software to complete calculations for CIC or slope/offset LLSE at an
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output rate (e.g., a desired output rate) that is slower than the sampling rate, and which
achieve higher resolution than taking single samples at that output rate.

In some examples, an ADC may convert samples at 40 MSPS whether or not the
samples are actually used. The ADC may include 1-20 channels (e.g., register sets) for
specifying and storing sampled data. By way of non-limiting example, user software
executed by an electrical device (e.g., by a processing core of a device processing circuit)
may process samples at 10 kilohertz (kHz), and may set up an ADC trigger at 1280 kHz.
As aresult, 128x oversampling is used in this non-limiting example, which corresponds to
one output sample provided by the dual accumulator combining 128 raw ADC samples.

Non-limiting examples disclosed herein may provide one or more of: useful
downsampling features in silicon, improved utilization of high-speed ADCs, higher
resolution than decimation (e.g., subsampling at a desired rate), slope estimation,
maintenance of low hardware complexity, reduced manufacturing and operating costs,
allowing for low speed processing with high complexity computations left to firmware. In
some examples, an ADC and dual accumulator may be implemented on-chip in the
processing circuit, but as a peripheral to the processing core and separate from the
processing core. In some examples, an ADC and a dual accumulator may be implemented
as a standalone ADC and register device separate from the processing circuit.

FIG. 1A is a circuit schematic illustration of a dual accumulator 100, according to
some examples. The dual accumulator 100 may, by way of non-limiting example, be used
for CIC and LLSE. The dual accumulator 100 includes a first accumulator 118, a second
accumulator 120, a first output register 110, and a second output register 112. The first
accumulator 118 includes a first summer 102 and a first register 104. The second
accumulator 120 includes a second summer 106 and a second register 108. An output of
the first accumulator 118 (an output of the first register 104) is electrically connected to an
input of the first output register 110, to an input of the second accumulator 120 (to a first
input of the second summer 106), and to a second input of first summer 102. The first
register 104 and the second register 108 are clocked by a first clock signal CLK1 at a first
frequency fl1 (e.g., a sample frequency of samples x). An output of the second
accumulator 120 (an output of the second register 108) is electrically connected to an input
of the second output register 112 and to a second input of the second summer 106. The
first output register 110 and the second output register 112 may be clocked by a second

clock signal CLK?2 at a second frequency f2 that is slower than the first frequency.
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An ADC (a high sample rate ADC, by way of non-limiting example) provides the
samples x of an input signal (x(t) of FIG. 1B) to the dual accumulator 100, particularly to a
first input of the first summer 102. The samples x may be a series of samples acquired
from the input signal (an analog signal) by the ADC. The first summer 102 sums a current
sample value of the input x with a previous output (a previous value of a first total A;) of
the first accumulator 118 to generate a sum of the previous value of the first total A1 and
the current sample value x. The first summer 102 provides the sum to an input of the first
register 104. The first register 104 provides the first total A1 (e.g., the first
accumulator 118 provides the first total A1), which may be substantially the sum of the
current sample value x of the input signal and the previous value of the first total A1. The
first accumulator 118 provides the first total A1 to an input of the first output register 110,
which latches, at an end of an interval of time corresponding to a number N of samples x of
the input signal, responsive to an edge of the second clock signal CLK2, the first total A1 as
a first latched total S1. The first accumulator 118 also provides the first total A1 to a second
input of the first summer 102, and to a first input of the second summer 106. The edge of
the clock signal CLK2, occurs at the end of the interval of time, and thus second
frequency f2 defines the rate at which the first output register 110 and the second output
register 112 latch the respective first total A1 and the second total A>. While a single
predetermined edge may be utilized, in another example, each of the rising and falling
edges are utilized.

The second summer 106 sums the first total A1 with a previous value of a second
total Az provided by the second register 108 at a second input of second summer 106, and
provides the sum of the first total A1 and the previous value of the second total A2 to an
input of the second register 108. The second register 108 provides the second total Az,
which is substantially the sum of the first total A1 and the previous value of the second
total A2 to the second input of the second summer 106 and to an input of the second output
register 112. The second output register 112 latches, at the end of the interval of time,
corresponding to the number N of samples x of the input signal, responsive to an edge of
the second clock signal CLK2, the second total Az, as a second latched total S2. The first
latched total S1 and the second latched total Sz may be provided to a processing circuit, at a
downsampled rate f2 relative to a sample rate f1 of the samples x, for further processing.

An optional clear may be performed at a beginning of an interval of time. The first

output register 110 and the second output register 112 may latch the first total A1 and the
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second total Az, respectively, to provide the first latched total S1 and the second latched
total Sz, respectively, at an end of the interval of time. By way of non-limiting example, a
sample counter 114 may count a number N of the samples x and provide a clear

command 116 to the first register 104 and the second register 108 when the number N is
reached. The first total A1 and the second total A2 may reset to zero responsive to the clear
command 116, with the first total A; and the second total Az, prior to being reset to zero,
latched as the first latched total S1 and the second latched total Sa.

FIG. 1B is a signal timing diagram illustrating signals 122 related to the dual
accumulator 100 of FIG. 1, according to some examples. The signals 122 include the first
clock signal CLK1 used to clock the first register 104 and the second register 108
(FIG. 1A), the second clock signal CLK2 used to clock the first output register 110 and the
second output register 112 (FIG. 1A), and an input signal x(t) used to produce the
samples x. The samples x are values of the input signal x(t) taken at intervals of a period T
corresponding to the first frequency fl of FIG. 1. For example, FIG. 1B illustrates that
samples x of the input signal x(t) are taken, i.e., accumulated at first accumulator 118 by
first register 104 and at second accumulator 120 by second register 108, at rising edges of
the first clock signal CLK1 at times -T, 0, T, 2T, 3T, 4T, 5T, 6T, and 7T. FIG. 1B also
illustrates that the second clock signal CLK2 pulses about every eight pulses of the first
clock signal CLK1. It should be noted that the ratio of a number of pulses of the first clock
signal CLK1 to a number of pulses of the second clock signal CLK2 may be different (e.g.,
1:100, 1:128, any other ratio, without limitation).

FIG. 2 is a flowchart illustrating a method 200 of operating a dual accumulator,
according to some examples. At operation 202 the method 200 includes summing a current
sample of an input signal with a previous value of a first total to generate a first sum. At
operation 204 the method 200 includes storing the first total responsive to the first sum.

At operation 206 the method 200 includes summing the stored first total with a
previous value of a second total to generate a second sum. At operation 208 the
method 200 includes storing the second total responsive to the second sum.

At operation 210 the method 200 includes latching the stored first total at an end of
an interval of time corresponding to a predetermined number of samples of the input signal
to provide a first latched total. At operation 212 the method 200 includes latching the

stored second total at the end of the time window to provide a second latched total. At
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operation 214 the method 200 includes providing the first latched total and the second
latched total to a processing core of a processing circuit.

FIG. 3 is a block diagram of sampling system 300 including the dual
accumulator 100 of FIG. 1, according to some examples. The sampling system 300 also
includes a processing circuit chip 306 including an analog-to-digital converter (ADC) 304,
the dual accumulator 100, and a processing core 302 (sometimes referred to as
“CPU 3027). As a specific, non-limiting example, the processing circuit chip may be a
microcontroller, a central processing unit (CPU), a programmable logic device, or other
processing circuit. Also by way of non-limiting example, the first accumulator 118
(FIG. 1) and the second accumulator 120 (FIG. 1) of the dual accumulator 100 and the
ADC 304 may be implemented as a single hardware peripheral 308 to the processing
core 302,

The ADC 304 receives an input signal x(t), and samples the input signal x(t) to
produce the samples x. By way of non-limiting example, the input signal x(t) may be an
electrical signal (e.g., a current, a voltage potential, without limitation) of an electrical
motor. The ADC 304 may have a high sample rate (e.g., 40 MSPS) as compared to a
desired sample rate of a digital input to the processing core 302. For example, the
processing core 302 may in some cases lack sufficient processing power to process the
number of samples x provided by the ADC 304. As another example, even if the
processing core 302 has sufficient processing power to process the number of samples x
provided by the ADC 304 it may be desired to process fewer samples (e.g., to reduce
power consumption of the processing core 302, to reduce interruptions on other tasks
performed by the processing core 302). The ADC 304 provides the samples x of the input
signal x(t) to the dual accumulator 100.

The dual accumulator 100 receives the samples x from the ADC 304 and generates
the first latched total S1 and the second latched total Sa, as discussed with reference to
FIG. 1. The dual accumulator 100 provides the first latched total S; and the second latched
total Sz to the processing core 302 for processing.

The processing core 302 receives the first latched total S1 and the second latched
total Sz from the dual accumulator 100. The processing core 302 estimates an arithmetic

mean xo and a slope m of the samples of the input signal x over a time window to form an

(t—to)

samp

LLSE fit to the equation X = xy + mu, where m is a slope, u = L 1S time, fois a

center time of an interval of time, and #unp 1s a period of time between samples x (e.g., the
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period T of FIG. 1B). The signal u (which is a function of time #) may represent a
normalized time signal that is normalized to the input sample period fsump relative to the
center fo of the interval of time, and X may be an estimate of the input signal x(t) at time t.
The arithmetic mean xois determined as the first latched total S1 divided by the number of
samples represented by first latched total S1. In other words, the arithmetic mean xois
determined as the first latched total S1 divided by N, where N is the number of pulses of
the first clock signal CLK1 per pulse of the second clock signal CLK2.

A formula for the slope coefficient of a simple linear regression with independent

variable u and dependent variable x is

where N is the total number of samples x of the input signal x(t) over the time window.

The latched totals S1 and S2 may be shown to be equivalent to the following

51=Zxk

expressions:

N-1
S, =(N-1)S, + kx
k=0
The mean xo may be given by:
1
xo = ﬁSl

Starting from the above expression for the slope m, solving for the slope m yields the

following:

m=—2(s,-3%2s,).

Accordingly, the processing core 302 determines estimated values of an arithmetic mean xo
and a slope m of the samples x responsive to the first latched total S1 and the second
latched total S2. More specifically, the arithmetic mean xo may be determined responsive
to the first latched total Si, and the slope m may be determined responsive to the first
latched total S1 and the second latched total Sa.

The arithmetic mean xo may be used as a downsampled sample of the input signal
x(t) over the time window. By way of non-limiting example, if the processing core 302 is
to process downsampled samples at a rate that is 1/100 that of the sample rate of the

samples x, the time window may be set so that N = 100. Assuming that the input signal
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x(t) substantially approximates a straight line over the time window, the CPU may
extrapolate an estimate of a value of the input signal x(t) at any point of time, t, proximate
1o a center time, to, of the time window (e.g., any time within the time window, as well as
times outside but near the boundaries of the time window) responsive to the arithmetic

mean Xo and the slope m based on:

x(t) = x9 + @

samp
Accordingly, although the processing core 302 may accept a single sample (the arithmetic
mean xo) for the entire time window, the processing core 302 may estimate values for the
input signal x(t) at any point in time during the time window based on the arithmetic mean
xo and the slope m.

As previously discussed, the sampling system 300 may be useful for applications
that require a slope of the input signal x(t). The sampling system 300 is also useful for
correcting sample timeskew where it is desired to estimate a value of the input signal x(t) at
atime (fo + 6¢) different from the center time fo, as will be discussed with reference to
FIG. 6, according to:

x(tg + 6t) = xo + m(ty + 8t — to)/tsamp = Xo + Mt/ Egamp.

FIG. 4 is a block diagram of another sampling system 400 including the dual
accumulator 100 of FIG. 1, according to some examples. The sampling system 400 is
similar to the sampling system 300 of FIG. 3. For example, the sampling system 400
includes the ADC 304, the dual accumulator 100, and the processing core 302 discussed
with reference to FIG. 3. The sampling system 400, however, includes a processing circuit
chip 402 including the processing core 302, and a standalone ADC and registers device 404
that is separate from the processing circuit chip 402. The standalone ADC and registers
device 404 includes the ADC 304 and the dual accumulator 100.

FIG. 5 is a flowchart illustrating a method 500 of processing a first latched total and
a second latched total from a dual accumulator, according to some examples. At
operation 502 the method 500 includes determining an estimate for an arithmetic mean
value of samples of an input signal over an interval of time responsive to the first latched
total. At operation 504 the method 500 includes determining an estimate for a slope of the
samples over the interval of time responsive to the first latched total and the second latched

total. At operation 506 the method 500 includes estimating a value of the input signal at a
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point in time that is different from a center time of the interval of time responsive to the
mean value and the slope.

FIG. 6 is a plot illustrating example signals 600, including samples 604 (x) of ADC
readings (vertical axis) of the sampling system 300 of FIG. 3 and the sampling system 400
of FIG. 4 over an interval of time 608 of a sample time (horizontal axis). The example
signals 600 include a noiseless input signal x(t) representation 602 (solid line), samples 604
(circles), and an estimated fit 606 (broken line) of the samples 604. FIG. 6 illustrates the
arithmetic mean value 610 (xo0) and a center time 612 (to) of the interval of time 608. The
estimated fit 606 may be derived by the CPU 302 of FIG. 3 or FIG. 4. The slope m and
arithmetic mean value 610 (xo0) define the estimated fit 606. As illustrated in FIG. 6, the
estimated fit 606 closely approximates the noiseless input signal x(t) representation 602
and, therefore, serves as an accurate estimate for the noiseless input signal x(t)
representation 602 over the interval of time 608.

Since the estimated fit 606 closely approximates the noiseless input signal x(t)
representation 602, the arithmetic mean value 610 and the center time 612 may be used to
determine an estimated value 614 of the noiseless input signal 602 along the estimated
fit 606 at a point in time other than the center time 612. As a result, the arithmetic mean
value 610 and the center time 612 may be used to correct for timeskew.

FIG. 7 is a circuit schematic illustration of a cascaded integrator-comb filter (CIC
filter 700) that may be implemented at least partially by the sampling system 300 of FIG. 3,
according to some examples. The CIC filter 700 may be implemented between an input of
samples x to the CIC filter 700 and an output signal y provided by the CIC filter 700. The
CIC filter 700 includes a portion 702 that includes the dual accumulator 100 of FIG. 1 and
computational logic 704. The portion 702 includes the first summer 102, the first
register 104 (“ACC17), the second summer 106, and the second register 108 (“ACC2”)
discussed above with reference to FIG. 1. The portion 702 also includes a subsampler 706
(e.g., an N:1 subsampler), which may include the first output register 110 and the second
output register 112 discussed above with reference to FIG. 1 (e.g., only the second output
register 112 may be used). In some examples, the portion 702 may be implemented as a
hardware peripheral 308 to the processing core 302 (FIG. 3), and may be implemented on
chip (e.g., the processing circuit chip 306 of FIG. 3) with the processing core 302. In some
examples, the portion 702 may be implemented as a standalone ADC and registers

device 404 (FIG. 4) off of a processing circuit chip 402 (FIG. 4).
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In some examples, the computational logic 704 may be implemented in software
(e.g., software, firmware, or combinations thereof) executed by the processing core 302
(FIG. 3, FIG. 4). The computational logic 704 includes a first unit delay 708 (“DIFF1”), a
third summer 710, a first divider 712 (“1/N”), a second unit delay 714 (“DIFF2”), a fourth
summer 718, and a second divider 716 (“1/N™).

In some examples, the operations performed by the CIC filter 700 (and by the
sampling system 300 of FIG. 3 or the sampling system 400 of FIG. 4) may be continuously
repeating. In some examples, the number N of samples in the time window may be
constant. In the case of the CIC filter 700, no accumulator clear may be used (e.g.,
wraparound may be used).

It will be appreciated by those of ordinary skill in the art that functional elements of
examples disclosed herein (e.g., functions, operations, acts, processes, and/or methods)
may be implemented in any suitable hardware, software, firmware, or combinations
thereof. FIG. 8 illustrates non-limiting examples of implementations of functional
elements disclosed herein. In some examples, some or all portions of the functional
elements disclosed herein may be performed by hardware specially programmed for
carrying out the functional elements.

FIG. 8 is a block diagram of circuitry 800 that, in some examples, may be used to
implement various functions, operations, acts, processes, and/or methods disclosed herein.
The circuitry 800 includes one or more processors 802 (sometimes referred to herein as
“processors 8027) operably coupled to one or more data storage devices (sometimes
referred to herein as “storage 804”). The storage 804 includes machine-executable
code 806 stored thereon and the processors 802 include logic circuitry 808. The machine-
executable code 806 includes information describing functional elements that may be
implemented by (e.g., performed by) the logic circuitry 808. The logic circuitry 808 is
adapted to implement (e.g., perform) the functional elements described by the machine-
executable code 806. The circuitry 800, when executing the functional elements described
by the machine-executable code 806, should be considered as special purpose hardware for
carrying out functional elements disclosed herein. In some examples, the processors 802
may perform the functional elements described by the machine-executable code 806
sequentially, concurrently (e.g., on one or more different hardware platforms), or in one or

more parallel process streams.
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When implemented by logic circuitry 808 of the processors 802, the machine-
executable code 806 adapts the processors 802 to perform operations of examples disclosed
herein. For example, the machine-executable code 806 may adapt the processors 802 to
perform at least a portion or a totality of the method 500 of FIG. 5. As another example,
the machine-executable code 806 may adapt the processors 802 to perform at least a
portion or a totality of the operations discussed for the CPU 302 of FIG. 3 and FIG. 4, the
portion of computational logic 704 of FIG. 7, or combinations thereof. As a specific, non-
limiting example, the machine-executable code 806 may adapt the processors 802 to
determine an arithmetic mean value xo (FIG. 3 and FIG. 4) and a slope m (FIG. 3 and
FIG. 4) of samples x of an input signal x(t) (FIG. 1, FIG. 3, and FIG. 4) over an interval of
time responsive to a first latched total S1 (FIG. 1, FIG. 3) and a second latched total S2
(FIG. 1, FIG. 3, and FIG. 4). As another specific, non-limiting example, the machine-
executable code 806 may adapt the processors 802 to estimate a value of an input signal
(e.g.. x(t) of FIG. 3 and FIG. 4) responsive to the arithmetic mean value xo (FIG. 3 and
FIG. 4) and the slope m (FIG. 3 and FIG. 4).

The processors 802 may include a general purpose processor, a special purpose
processor, a central processing unit (CPU), a microcontroller, a programmable logic
controller (PLC), a digital signal processor (DSP), an application specific integrated circuit
(ASIC), a field-programmable gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, other programmable
device, or any combination thereof designed to perform the functions disclosed herein. A
general-purpose computer including a processor is considered a special-purpose computer
while the general-purpose computer is programmed to execute functional elements
corresponding to the machine-executable code 806 (e.g., software code, firmware code,
hardware descriptions) related to examples of the present disclosure. It is noted that a
general-purpose processor (may also be referred to herein as a host processor or simply a
host) may be a microprocessor, but in the alternative, the processors 802 may include any
conventional processor, controller, microcontroller, or state machine. The processors 802
may also be implemented as a combination of computing devices, such as a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more microprocessors
in conjunction with a DSP core, or any other such configuration.

In some examples, the storage 804 includes volatile data storage (e.g., random-

access memory (RAM)), non-volatile data storage (e.g., Flash memory, a hard disc drive, a
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solid state drive, erasable programmable read-only memory (EPROM), without limitation).
In some examples, the processors 802 and the storage 804 may be implemented into a
single device (e.g., a semiconductor device product, a system on chip (SOC), without
limitation). In some examples the processors 802 and the storage 804 may be implemented
into separate devices.

In some examples, the machine-executable code 806 may include computer-
readable instructions (e.g., software code, firmware code). By way of non-limiting
example, the computer-readable instructions may be stored by the storage 804, accessed
directly by the processors 802, and executed by the processors 802 using at least the logic
circuitry 808. Also by way of non-limiting example, the computer-readable instructions
may be stored on the storage 804, transferred to a memory device (not shown) for
execution, and executed by the processors 802 using at least the logic circuitry 808.
Accordingly, in some examples, the logic circuitry 808 includes electrically configurable
logic circuitry 808.

In some examples, the machine-executable code 806 may describe hardware (e.g.,
circuitry) to be implemented in the logic circuitry 808 to perform the functional elements.
This hardware may be described at any of a variety of levels of abstraction, from low-level
transistor layouts to high-level description languages. At a high-level of abstraction, a
hardware description language (HDL) such as an IEEE Standard hardware description
language (HDL) may be used. By way of non-limiting examples, Verilog™,
SystemVerilog™ or very large scale integration (VLSI) hardware description language
(VHDL™) may be used.

HDL descriptions may be converted into descriptions at any of numerous other
levels of abstraction as desired. As a non-limiting example, a high-level description can be
converted to a logic-level description such as a register-transfer language (RTL), a gate-
level (GL) description, a layout-level description, or a mask-level description. As a non-
limiting example, micro-operations to be performed by hardware logic circuits (e.g., gates,
flip-flops, registers, without limitation) of the logic circuitry 808 may be described in a
RTL and then converted by a synthesis tool into a GL description, and the GL description
may be converted by a placement and routing tool into a layout-level description that
corresponds to a physical layout of an integrated circuit of a programmable logic device,
discrete gate or transistor logic, discrete hardware components, or combinations thereof.

Accordingly, in some examples, the machine-executable code 806 may include an HDL, an
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RTL, a GL description, a mask level description, other hardware description, or any
combination thereof.

In examples where the machine-executable code 806 includes a hardware
description (at any level of abstraction), a system (not shown, but including the
storage 804) may implement the hardware description described by the machine-executable
code 806. By way of non-limiting example, the processors 802 may include a
programmable logic device (e.g., an FPGA or a PLC) and the logic circuitry 808 may be
electrically controlled to implement circuitry corresponding to the hardware description
into the logic circuitry 808. Also by way of non-limiting example, the logic circuitry 808
may include hard-wired logic manufactured by a manufacturing system (not shown, but
including the storage 804) according to the hardware description of the machine-executable
code 806.

Regardless of whether the machine-executable code 806 includes computer-
readable instructions or a hardware description, the logic circuitry 808 is adapted to
perform the functional elements described by the machine-executable code 806 when
implementing the functional elements of the machine-executable code 806. It is noted that
although a hardware description may not directly describe functional elements, a hardware
description indirectly describes functional elements that the hardware elements described

by the hardware description are capable of performing.

EXAMPLES

A non-exhaustive, non-limiting list of examples follows. Not each of the examples
listed below is explicitly and individually indicated as being combinable with all others of
the examples listed below and examples discussed above. It is intended, however, that
these examples are combinable with all other examples unless it would be apparent to one
of ordinary skill in the art that the examples are not combinable.

Example 1: An apparatus, comprising: a first accumulator to provide a first total,
the first accumulator including a first summer and a first register, the first total
corresponding to a sum of a current sample value of an input signal and a previous value of
the first total; a second accumulator to provide a second total, the second accumulator
including a second summer and a second register, the first register and the second register
clocked at a first frequency, the second total corresponding to a sum of the first total and a

previous value of the second total; a first output register to latch a first latched total
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responsive to the first total; and a second output register to latch a second latched total
responsive to the second total, the first output register and the second output register
clocked at a second frequency that is slower than the first frequency.

Example 2: The apparatus of Example 1, comprising an analog to digital converter
(ADC) to sample the input signal and provide the samples to the first accumulator.

Example 3: The apparatus of Example 2, wherein the ADC provides the samples at
the first frequency.

Example 4. The apparatus according to any one of Examples 2 and 3, wherein the
ADC and a dual accumulator including the first accumulator, the second accumulator, the
first output register, and the second output register are implemented as a standalone ADC
and registers device separate from a processing circuit.

Example 5: The apparatus according to any one of Examples 2 and 3, wherein the
ADC and a dual accumulator including the first accumulator, the second accumulator, the
first output register, and the second output register are implemented on a processing circuit
chip as an on-chip peripheral to a processing core of the processing circuit.

Example 6: The apparatus of Example 5, comprising a sample counter to count the
predetermined number of samples of the input signal.

Example 7: A system, comprising: a first accumulator to provide a first total and a
second accumulator to provide a second total responsive to samples of an input signal, the
first total corresponding to a sum of the samples over an interval of time, the second total
corresponding to a sum of the first total and a previous value of the second total; and a
processing core to generate estimates for an arithmetic mean value and a slope of the
samples over the interval of time responsive to a first latched total and a second latched
total, the first latched total responsive to the first total and the second latched total
responsive to the second total.

Example 8. The system of Example 7, comprising an analog to digital converter
(ADC) to sample the input signal and provide the samples to the first accumulator.

Example 9: The system of Example 8, wherein a sample rate of the ADC is faster
than a clocking frequency of output registers that latch the first latched total and the second
latched total.

Example 10: The system of Example 9, wherein the first accumulator, the second
accumulator, and the ADC are implemented as a single hardware peripheral to the

processing core.
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Example 11: The system according to any one of Examples 7-10, comprising. a
first output register to store the first total and provide a first latched total responsive to the
first total; and a second output register to store the second total and provide a second
latched total responsive to the second total.

Example 12: The system of Example 11, wherein the first output register provides
the first latched total and the second output register provides the second latched total at an
end of the interval of time responsive to a clock signal having a frequency that is less than a
sampling frequency of the samples.

Example 13: The system according to any one of Examples 7-12, wherein the
processing core generates the estimate of the slope of the samples over the interval of time
using a linear least-squares estimation of the slope at least based on the first latched total
and the second latched total.

Example 14: The system according to any one of Examples 7-12, wherein the
processing core generates the estimate of the slope of the samples over the interval of time
responsive to the first total, the second total, and a number of the samples in the interval of
time.

Example 15: The system according to any one of Examples 7-12, wherein the CPU
generates the estimate of the arithmetic mean value of the samples over the interval of time
by dividing the first total by a number of the samples of the input signal in the interval of
time.

Example 16: A method, comprising: summing a current sample of an input signal
with a previous value of a first total to generate a first sum; storing the first total responsive
to the first sum; summing the stored first total with a previous value of a second total to
generate a second sum; storing the second total responsive to the second sum; latching the
stored first total at an end of an interval of time corresponding to a predetermined number
of samples of the input signal to provide a first latched total; and latching the stored second
total at the end of the interval of time to provide a second latched total.

Example 17: The method of Example 16, comprising providing the first latched
total and the second latched total to a processing core of a processing circuit.

Example 18: A method of processing a first latched total and a second latched total
from a dual accumulator, the method comprising: determining an estimate for an

arithmetic mean value of samples of an input signal over an interval of time responsive to
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the first latched total; and determining an estimate for a slope of the samples over the
interval of time responsive to the first latched total and the second latched total.

Example 19: The method of Example 18, comprising estimating a value of the
input signal at a point in time that is different from a center time of the interval of time
responsive to the determined estimate for the arithmetic mean value of the samples and the
determined estimate for the slope of the samples.

Example 20: An electronic device, comprising: a first accumulator configured to
provide an updated first total, the updated first total corresponding to a sum of a current
sample value of an input signal and a previous value of the updated first total; and a second
accumulator configured to provide an updated second total, the updated second total
corresponding to a sum of the updated first total and a previous value of the updated second
total.

Example 21: The electronic device of Example 20, further comprising a first
register configured to latch a first latched total responsive to the first updated total.

Example 22: The electronic device of Example 21, further comprising a second
register configured to latch a second latched total responsive to the second updated total.

Example 23: The electronic device of Example 22, wherein the first register and
the second register are configured to latch the first latched signal and the second latched
signal, respectively, at a rate that is slower than a sample rate of the input signal.

Example 24: The electronic device of Example 22, wherein the first register and
the second register are configured to latch the first latched signal and the second latched
signal, respectively, at an end of a predetermined time window corresponding to a
predetermined number of samples of the input signal.

Example 25: A sampling system, comprising: a dual accumulator including a first
accumulator and a second accumulator, the dual accumulator configured to provide a first
latched total and a second latched total responsive to an input signal including samples of
an analog signal, the first latched total corresponding to a sum of the samples over a
predetermined time window; and a central processing unit (CPU) configured to generate
estimates for a mean value and a slope of the samples over the predetermined time window
responsive to the first latched total and the second latched total.

Example 26: The sampling system of Example 25, further comprising an analog to
digital converter (ADC) configured to sample the analog signal and provide the input

signal to the dual accumulator.
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Example 27: The sampling system of Example 26, wherein a sample rate of the
ADC is faster than a processing speed of the CPU.

Example 28: The sampling system according to any one of Examples 25-27,
wherein the dual accumulator is implemented as a hardware peripheral to the CPU.

Example 29: The sampling system according to any one of Examples 25-28,
wherein the dual accumulator includes: a first accumulator configured to generate a first
updated total responsive to a sum of a sample of the input signal and a previous value of
the first updated total; and a second accumulator configured to generate a second updated
total responsive to a sum of the first updated total and a previous value of the second
updated total.

Example 30: The sampling system of Example 29, wherein the dual accumulator
further includes: a first register configured to latch the first latched total responsive to the
first updated total at an end of the predetermined time window; and a second register
configured to latch the second latched total responsive to the second updated total at an end
of the predetermined time window.

Example 31: The sampling system according to any one of Examples 25-30,
wherein the CPU is configured to generate the estimate of the slope of the samples over the
predetermined time window using a linear least-squares estimation of the slope.

Example 32: The sampling system according to any one of Example 25-30,
wherein the CPU is configured to generate the estimate of the slope of the samples over the
predetermined time window according to:

12 N-—-1
m:N3—N<SZ_3 2 Sl)’

where m is the estimate of the slope, N is a number of the samples of the analog signal in

the predetermined time window, S1 is the first latched total, and S2 is the second latched
total.

Example 33: The sampling system according to any one of Examples 25-30,
wherein the CPU is configured to generate the estimate of the mean value of the samples
over the predetermined time window by dividing the first latched total by a number of the
samples of the analog signal in the predetermined time window.

Example 34: A method of operating a dual accumulator, the method comprising:
summing a current sample of an analog signal with a previous value of a first total to

generate a first sum; generating a first updated total responsive to the first sum; summing
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the updated total with a previous value of a second total to generate a second sum;
generating a second updated total responsive to the second sum; latching the first updated
total at an end of a time window corresponding to a predetermined number of samples of
the analog signal to provide a first latched total; and latching the second updated total at the
end of the time window to provide a second latched total.

Example 35: The method of Example 34, further comprising providing the first
latched total and the second latched total to a central processing unit.

Example 36: A method of processing a first latched total and a second latched total
from a dual accumulator, the method comprising: determining an estimate for a mean
value of samples of an analog signal over a predetermined time window responsive to the
first latched total; and determining an estimate for a slope of the samples over the
predetermined time window responsive to the first latched total and the second latched
total.

Example 37: The method of Example 36, further comprising estimating a value of
the analog signal at a point in time that is different from a center time of the predetermined

time window responsive to the mean value and the slope.

CONCLUSION

As used in the present disclosure, the terms “module” or “component” may refer to
specific hardware implementations to perform the actions of the module or component
and/or software objects or software routines that may be stored on and/or executed by
general purpose hardware (e.g., computer-readable media, processing devices, without
limitation) of the computing system. In some examples, the different components,
modules, engines, and services described in the present disclosure may be implemented as
objects or processes that execute on the computing system (e.g., as separate threads).
While some of the system and methods described in the present disclosure are generally
described as being implemented in software (stored on and/or executed by general purpose
hardware), specific hardware implementations or a combination of software and specific
hardware implementations are also possible and contemplated.

As used in the present disclosure, the term “combination™ with reference to a
plurality of elements may include a combination of all the elements or any of various
different subcombinations of some of the elements. For example, the phrase “A, B, C, D,

or combinations thereof” may refer to any one of A, B, C, or D; the combination of each of
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A, B, C, and D; and any subcombination of A, B, C, or D such as A, B, and C; A, B, and
D; A, C,and D; B, C,and D; A and B; A and C; A and D; B and C; B and D; or C and D.

Terms used in the present disclosure and especially in the appended claims (e.g.,
bodies of the appended claims) are generally intended as “open” terms (e.g., the term
“including” should be interpreted as “including, but not limited to,” the term “having”
should be interpreted as “having at least,” the term “includes” should be interpreted as
“includes, but is not limited to,” without limitation).

Additionally, if a specific number of an introduced claim recitation is intended,
such an intent will be explicitly recited in the claim, and in the absence of such recitation
no such intent is present. For example, as an aid to understanding, the following appended
claims may contain usage of the introductory phrases “at least one” and “one or more” to
introduce claim recitations. However, the use of such phrases should not be construed to
imply that the introduction of a claim recitation by the indefinite articles “a” or “an” limits
any particular claim containing such introduced claim recitation to examples containing
only one such recitation, even when the same claim includes the introductory phrases “one
or more” or “at least one” and indefinite articles such as “a” or “an” (e.g., “a” and/or “an”
should be interpreted to mean “at least one” or “one or more™); the same holds true for the
use of definite articles used to introduce claim recitations.

In addition, even if a specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such recitation should be interpreted to
mean at least the recited number (e.g., the bare recitation of “two recitations,” without other
modifiers, means at least two recitations, or two or more recitations). Furthermore, in those
instances where a convention analogous to “at least one of A, B, and C, without limitation”
or “one or more of A, B, and C, without limitation™ is used, in general such a construction
is intended to include A alone, B alone, C alone, A and B together, A and C together, B and
C together, or A, B, and C together, without limitation

Further, any disjunctive word or phrase presenting two or more alternative terms,
whether in the description, claims, or drawings, should be understood to contemplate the
possibilities of including one of the terms, either of the terms, or both terms. For example,
the phrase “A or B” should be understood to include the possibilities of “A” or “B” or “A
and B.”
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While the present disclosure has been described herein with respect to certain
illustrated examples, those of ordinary skill in the art will recognize and appreciate that the
present invention is not so limited. Rather, many additions, deletions, and modifications to
the illustrated and described examples may be made without departing from the scope of

5  the invention as hereinafter claimed along with their legal equivalents. In addition, features
from one example may be combined with features of another example while still being

encompassed within the scope of the invention as contemplated by the inventor.
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CLAIMS

What is claimed is:

1. An apparatus, comprising:

a first accumulator to provide a first total, the first accumulator including a first summer
and a first register, the first total corresponding to a sum of a current sample value
of an input signal and a previous value of the first total;

a second accumulator to provide a second total, the second accumulator including a second
summer and a second register, the first register and the second register clocked at a
first frequency, the second total corresponding to a sum of the first total and a
previous value of the second total;

a first output register to latch a first latched total responsive to the first total; and

a second output register to latch a second latched total responsive to the second total, the
first output register and the second output register clocked at a second frequency

that is slower than the first frequency.

2. The apparatus of claim 1, comprising an analog to digital converter (ADC)

to sample the input signal and provide samples to the first accumulator.

3. The apparatus of claim 2, wherein the ADC provides the samples at the first
frequency.
4. The apparatus of claim 2, wherein the ADC and a dual accumulator

including the first accumulator, the second accumulator, the first output register, and the
second output register are implemented as a standalone ADC and registers device separate

from a processing circuit.

5. The apparatus of claim 2, wherein the ADC and a dual accumulator
including the first accumulator, the second accumulator, the first output register, and the
second output register are implemented on a processing circuit chip as an on-chip

peripheral to a processing core of the processing circuit.
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6. The apparatus of claim 5, comprising a sample counter to count a

predetermined number of samples of the input signal.

7. A system, comprising:

5 afirst accumulator to provide a first total and a second accumulator to provide a second
total responsive to samples of an input signal, the first total corresponding to a sum
of the samples over an interval of time, the second total corresponding to a sum of
the first total and a previous value of the second total; and

a processing core to generate estimates for an arithmetic mean value and a slope of the
10 samples over the interval of time responsive to a first latched total and a second
latched total, the first latched total responsive to the first total and the second

latched total responsive to the second total.

8. The system of claim 7, comprising an analog to digital converter (ADC) to

15  sample the input signal and provide the samples to the first accumulator.

9. The system of claim 8, wherein a sample rate of the ADC is faster than a

clocking frequency of output registers that latch the first latched total and the second

latched total.
20
10. The system of claim 9, wherein the first accumulator, the second
accumulator, and the ADC are implemented as a single hardware peripheral to the
processing core.
25 11. The system of claim 7, comprising:

a first output register to store the first total and provide a first latched total responsive to the
first total; and

a second output register to store the second total and provide a second latched total
responsive to the second total.

30
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12. The system of claim 11, wherein the first output register provides the first
latched total and the second output register provides the second latched total at an end of
the interval of time responsive to a clock signal having a frequency that is less than a

sampling frequency of the samples.

13. The system of claim 7, wherein the processing core generates the estimates
of the slope of the samples over the interval of time using a linear least-squares estimation

of the slope at least based on the first latched total and the second latched total.

14. The system of claim 7, wherein the processing core generates the estimates
of the slope of the samples over the interval of time responsive to the first total, the second

total, and a number of the samples in the interval of time.

15. The system of claim 7, wherein the processing core generates the estimates
of the arithmetic mean value of the samples over the interval of time by dividing the first

total by a number of the samples of the input signal in the interval of time.

16. A method, comprising:

summing a current sample of an input signal with a previous value of a first total to
generate a first sum;

storing the first total responsive to the first sum;

summing the stored first total with a previous value of a second total to generate a second
sum;

storing the second total responsive to the second sum;

latching the stored first total at an end of an interval of time corresponding to a
predetermined number of samples of the input signal to provide a first latched total;
and

latching the stored second total at the end of the interval of time to provide a second

latched total.

17. The method of claim 16, comprising providing the first latched total and the

second latched total to a processing core of a processing circuit.
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18. A method of processing a first latched total and a second latched total from
a dual accumulator, the method comprising:
determining an estimate for an arithmetic mean value of samples of an input signal over an
interval of time responsive to the first latched total; and
5  determining an estimate for a slope of the samples over the interval of time responsive to

the first latched total and the second latched total.

19. The method of claim 18, comprising estimating a value of the input signal at
a point in time that is different from a center time of the interval of time responsive to the
10 determined estimate for the arithmetic mean value of the samples and the determined

estimate for the slope of the samples.
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—

STORE THE FIRST TOTAL RESPONSIVE TO THE FIRST SUM

206

SUM THE STORED FIRST TOTAL WITH A PREVIOUS VALUE OF A SECOND TOTAL

TO GENERATE A SECOND SUM
208
\——\ A 4
STORE THE SECOND TOTAL RESPONSIVE TO THE SECOND SUM
210

\ \ 4
LATCH THE STORED FIRST TOTAL AT AN END OF AN INTERVAL OF TIME
CORRESPONDING TO A PREDETERMINED NUMBER OF SAMPLES OF THE INPUT

SIGNAL TO PROVIDE A FIRST LATCHED TOTAL

212

LATCH THE STORED SECOND TOTAL AT THE END OF THE INTERVAL OF TIME TO
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214
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PROCESSING CORE OF A PROCESSING CIRCUIT

FIG. 2



PCT/US2022/070618

WO 2022/174247

4/9

€ Ol

<
4
HOLYINNNOJV
340D ONISS3O0Yd MNQ
< IS
¢0¢ 00}
dIHO L1INOHIO ONISS300dd

aav ]

f
v/ v0€

00€ \»

80€

90¢€



PCT/US2022/070618

WO 2022/174247

5/9

00 \»

¥ Ol

3400 ONISSIO0Hd

¢s

HOLYINNNOJY
wvna

f

¢0¢
dIHO 1INJYI0 ONISS300dd

B

4114

IS

S

00}

J0IA3A SH3LSI193H ANV 0AV INOTVANVLS

aav

f

v0€

f

14014



WO 2022/174247 PCT/US2022/070618

6/9

/ 500

502

DETERMINE AN ESTIMATE FOR AN ARITHMETIC MEAN VALUE OF SAMPLES OF
AN INPUT SIGNAL OVER AN INTERVAL OF TIME RESPONSIVE TO THE FIRS
LATCHED TOTAL

504

\ A 4
DETERMINE AN ESTIMATE FOR A SLOPE OF THE SAMPLES OVER THE INTERAL
OF TIME RESPONSIVE TO THE FIRST LATCHED TOTAL AND THE SECOND

LATCHED TOTAL

506

\ A 4
ESTIMATE A VALUE OF THE INPUT SIGNAL AT APOINT IN TIME THAT IS
DIFFERENT FROM A CENTER TIME OF THE INTERVAL OF TIME RESPONSIVETO
THE ARITHMETIC MEAN VALUE AND THE SLOPE

FIG. 5



PCT/US2022/070618

WO 2022/174247

79

009 \»

99Ol

JNIL I1dINVS

01

809

ONIaV3y Oav



PCT/US2022/070618

8/9

WO 2022/174247

L Ol

701 ¢0.
e ——
e e —
Ah x
Z LN Z z
b s oy g by F
E_of mmi_\éw%wf Noo<f |00V 201
0LL 901 vOl
47, 30/ 904 80}




WO 2022/174247 PCT/US2022/070618

9/9

802 / 800

PROCESSOR(S)
808

LOGIC CIRCUITRY

804

N

DATA STORAGE
805 DEVICE(S)

MACHINE-
EXECUTABLE CODE

FIG. 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/070618

A. CLASSIFICATION OF SUBJECT MATTER
INV. HO03M1/06

ADD. HO3M1/12

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO3M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X SARAMAKI T ET AL: "A modified comb filter 1-6,16,
structure for decimation", 17

ISCAS '97.,
YORK, NY, USA,IEEE, US,
vol. 4,
2353-2356, XP010236199,

DOI: 10.1109/ISCAS.1997.612795
ISBN: 978-0-7803-3583-7
figures 4,5

PROCEEDINGS OF 1997 IEEE INTERNATIONAL
SYMPOSIUM ON CIRCUITS AND SYSTEMS,
HONG KONG 9-12 JUNE 1997,

9 June 1997 (1997-06-09),

1997.
NEW

pages

|__K| Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 April 2022

Date of mailing of the international search report

29/04/2022

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Rocha, Daniel

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/070618

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

TURNER C: "Slope filtering: An FIR
approach to linear regression [DSP
Tips&Tricks]",

IEEE SIGNAL PROCESSING MAGAZINE, IEEE,
Usa,

vol. 25, no. 6, November 2008 (2008-11),
pages 159-163, XP011236248,

ISSN: 1053-5888, DOI:
10.1109/MSP.2008.929816

page 159, right-hand column, last
paragraph

page 159, middle column, last paragraph -
right-hand column, paragraph 1
Application Sections;

page 160

Equations (1)-(6)

figure 1

Royer Pablo ET AL: "Area-Efficient Linear

Regression Architecture for Real-Time
Signal Processing on FPGAs",

26th Conference on Design of Circuits and
Integrated Systems,

November 2011 (2011-11), XP055911800,
Portugal

DOI:
http://dx.doi.org/10.13140/2.1.2663.1685
Retrieved from the Internet:
URL:https://core.ac.uk/download/pdf/148661
212 .pdf

[retrieved on 2022-04-12]

Equations (9)-(10)

Section IV.A;

figures 3-7

7-15,18,
19

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report

