(19)

US 20160282391A1

a2y Patent Application Publication (o) Pub. No.: US 2016/0282391 Al

United States

Quiquempoix et al. (43) Pub. Date: Sep. 29, 2016
(54) SYSTEM AND METHOD FOR RIPPLE-FREE HO3L 7/099 (2006.01)
AC POWER DETERMINATION HO3M 1/12 (2006.01)
HO3M 1/36 (2006.01)
(71) Applicant: Microchip Technology Incorporated, (52) U.S.CL
Chandler, AZ (US) CPC ... GOIR 21/003 (2013.01); HO3M 1/1245
. . L (2013.01); HO3M 1/36 (2013.01); HO3L 7/099
(72) Inventors: lecent Quiquempoix, Divonne l.es (2013.01); GOIR 23/165 (2013.01)
bains (FR); Michael Brumann, Bienne
(CH) 57 ABSTRACT
(73)  Assignee: MICROCHIP TECHNOLOGY A power metering circuit includes a current input path for
INCORPORATED, Chandler, AZ (US) .. . L
receiving an analog current input at a first analog to digital
(21) Appl. No.: 14/669,232 converter; a voltage input path for receiving an analog voltage
B ’ input at a second analog to digital converter; a multiplier
(22) Filed: Mar. 26, 2015 configured to multiply an output of the current input path and
the voltage input path; a notch filter configured to receive an
Publication Classification output of the multiplier, the notch filter having a stop band
based on a line frequency; and a control circuit for setting a
(51) Int.ClL sampling frequency of the first analog to digital converter and
GOIR 21/00 (2006.01) the second analog to digital converter to a multiple of the line
GOIR 23/165 (2006.01) frequency.
ANALOG : DIGITAL 200
202a 204a NOTCH FILTER
. I 2%
Niin e
1@ e © 212 ACTVEl 914 ACTIVE/ 16
— REACTIVE REACTIVE PULSE
POWER ] ENERGY QUTPUT
gl=N g Rl
v @ fline S G 2
/ /
. 20201 204b
PLLxN |
| }
| ACTIVE/
218 REACTIVE

POWER



US 2016/0282391 A1l

Sep. 29, 2016 Sheet 1 of 2

Patent Application Publication

¥3IMOd
JAILOVIY
ANILOV _ w‘m
« I
I —{ N1
a0¢ | 902 1
80¢ / [/
¢ ‘DIAd - e s
N\” ﬂ - o_n_< 2 i Ul & A
1nd1no _\,_\>>¢ RCENE] \ﬁ_ < ¥amod \ﬁ_ oLl “
357Nd JNLOVIY INLOVIY >
C  mnwov P mwiov g 0L uf‘Tl o_n_</\M% ol
10 I "N
~ ¥3L7l4 HOLON ev0c | ®ele
002 WLIDIA | OOTYNY
¥3IMOd
JNILOVIY
/ANILOY
y 4dH
a0l qcol
801 / /
'Ol R S S—
-~ B / QA
1ndLno _>_\>>n_  ADYINI \ﬁ_ ~ yamod \ﬁ_ EE_%%MF%_._&
357Nd INLOVIY JNLOVIY v
9Ll AnLoy  Phl ALy ¢kl 0Ll —[+ 20 oul, &
4d1 N S el
A B0l €0l
001 4dH



US 2016/0282391 A1l

Sep. 29, 2016 Sheet 2 of 2

Patent Application Publication

-

1Nd1n0O

WMd

3S1Nd

/
9le

WONENE N

INLOVIY O
AnLoy PLE

A
00

~4aIMOd

-

ALV )
[ANLOY omrm
"z ®

¢ ‘DIA
t3Mod 8LE ONISSOHO |
JAILOVIY / oy3z I 276
\M>H.O< ﬂ |, o“_Dﬁ\uG | 950 e
N _
_
goe | avoe 0% | azoe
£ sonanoaud —L<_
/U {a—s H -
\
90¢
¥3L4IHS 3SYHd
olE gl
N
ey 0¢e

431714 HOLON

"mmom
IVLIDIA | OOTYNY



US 2016/0282391 Al

SYSTEM AND METHOD FOR RIPPLE-FREE
AC POWER DETERMINATION

TECHNICAL FIELD

[0001] The present disclosure relates to power metering
and, in particular, to systems and methods for determining
active and reactive power.

BACKGROUND

[0002] In a simple alternating current (AC) circuit, if the
circuit is purely resistive, the current and voltage are in-phase,
and true or active power is given by P=V1, in watts. If the loads
are purely reactive, i.e., inductive or capacitive, then the volt-
age and current are ninety (90) degrees out of phase, and
reactive power is given in Volt-Amperes-Reactive. In this
case, there is no net transfer of energy to the load.

[0003] Practical loads have resistance, inductance, and
capacitance, so both true and reactive power will flow to real
loads. Even though the current associated with reactive power
does no work at the load, it heats the wires, wasting energy.
[0004] In power metering applications, the most common
way to measure active and reactive power is to convert current
and voltage to digital words or streams with an analog to
digital converter (ADC) and then apply a variety of process-
ing to derive active and reactive power. For AC power, the
current and voltage both have a fundamental frequency com-
ponent at the line frequency w. When doing the instantaneous
power calculation, a multiplication is necessary between volt-
age and current channels. The result of the multiplication
contains energy in DC (which is either active or reactive
power depending on what quantities have been multiplied)
and energy in the 2m) component, where w is the line fre-
quency. Usually, this result is low pass filtered (LPF) to
extract only the DC information but unless a large filter is
applied, the remainder ofthe 2w) is still large enough to create
large jitters if a PWM (pulse width modulator) output is
connected after the LPF.

[0005] Shown in FIG. 1 is an example conventional power
meter calculation block for AC active or reactive power. The
block 100 includes a pair of analog-to-digital converters
102a, 1024, for digitizing current I and voltage V, respec-
tively. The outputs of the ADCs 102q, 1025 are filtered by
highpass filters (HPF) 1044, 1045, respectively, to remove
offset components. Then the current I is multiplied at multi-
plier 110 with the voltage (switch 108 being closed) to obtain
the instantaneous active power or (switch 108 being open),
the voltage is applied to phase shifter 106 and then multiplied
with the current to obtain the instantaneous reactive power.
[0006] The instantaneous powers include a DC component
and a 2w) component due to the multiplication. The instan-
taneous powers are then lowpass filtered using one or more
LPFs 112, 114 to extract the desired quantity. Typically, the
filtering is implemented as a simple IIR (infinite impulse
response) first order LPF. As noted above, however, ifa PWM
116 is applied at the output of the filtering, then jitter can still
result from the 2m) component.

[0007] Accordingly, there is a need for an improved and
more stable output for power metering.

SUMMARY

[0008] According to various embodiments, the 2m) com-
ponent may be canceled using the systems and methods dis-
closed herein. A power metering circuit in accordance with
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embodiments includes a current input path for receiving an
analog current input at a first analog to digital converter; a
voltage input path for receiving an analog voltage input at a
second analog to digital converter; a multiplier configured to
multiply an output of the current input path and the voltage
input path; a notch filter configured to receive an output of the
multiplier, the notch filter having a stop band based on a line
frequency; and a control circuit for setting a sampling fre-
quency of the first analog to digital converter and the second
analog to digital converter to a multiple of the line frequency.

[0009] Insome embodiments, the control circuit includes a
phase locked loop configured to receive one of the analog
current input and the analog voltage input. In some embodi-
ments, the control circuit comprises a frequency detector and
a programmable oscillator configured to receive an output of
the frequency detector. In some embodiments, the current
input path and the voltage input path each including a high-
pass filter. In some embodiments, the voltage input path
includes a selectable phase shifter. In some embodiments, the
circuit further includes an output pulse width modulator.

[0010] A power metering circuit in accordance with
embodiments includes a first input path for receiving one of
an analog current input or an analog voltage input at a first
analog to digital converter; a second input path for receiving
another of the analog voltage input or the analog current input
atasecond analog to digital converter; a multiplier configured
to multiply an output of the first input path and the second
input path; and a notch filter configured to receive an output of
the multiplier, the notch filter having a stop band based on a
line frequency.

[0011] Insome embodiments, the circuit includes a control
circuit for setting a sampling frequency of the first analog to
digital converter and the second analog to digital converter to
a multiple of the line frequency. In some embodiments, the
control circuit includes a phase locked loop configured to
receive one of the analog current input and the analog voltage
input. In some embodiments, the control circuit comprises a
frequency detector and a programmable oscillator configured
to receive an output of the frequency detector. In some
embodiments, the first input path and the second input path
each including a highpass filter. In some embodiments, the
first input path includes a selectable phase shifter. In some
embodiments, the circuit includes an output pulse width
modulator.

[0012] A method in accordance with embodiments
includes receiving an analog current input at a first analog to
digital converter; receiving an analog voltage input at a sec-
ond analog to digital converter; multiplying an output of the
current input path and the voltage input path; notch filtering
an output of the multiplier with a stop band based on a line
frequency; and setting a sampling frequency of the first ana-
log to digital converter and the second analog to digital con-
verter to a multiple of the line frequency.

[0013] In some embodiments, setting the sampling fre-
quency includes using a phase locked loop configured to
receive one of the analog current input and the analog voltage
input. In some embodiments, setting the sampling frequency
comprises using a frequency detector and a programmable
oscillator configured to receive an output of the frequency
detector. In some embodiments, the current input path and the
voltage input path each including a highpass filter. In some
embodiments, the voltage input path includes a selectable
phase shifter.
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[0014] These, and other aspects of the disclosure will be
better appreciated and understood when considered in con-
junction with the following description and the accompany-
ing drawings. It should be understood, however, that the fol-
lowing description, while indicating various embodiments of
the disclosure and numerous specific details thereof, is given
by way of illustration and not of limitation. Many substitu-
tions, modifications, additions and/or rearrangements may be
made within the scope of the disclosure without departing
from the spirit thereof, and the disclosure includes all such
substitutions, modifications, additions and/or rearrange-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The drawings accompanying and forming part of
this specification are included to depict certain aspects of the
disclosure. It should be noted that the features illustrated in
the drawings are not necessarily drawn to scale. A more
complete understanding of the disclosure and the advantages
thereof may be acquired by referring to the following descrip-
tion, taken in conjunction with the accompanying drawings in
which like reference numbers indicate like features and
wherein:

[0016] FIG.1isadiagram illustrating an exemplary system
according to the prior art.

[0017] FIG.2isadiagram illustrating an exemplary system
in accordance with embodiments.

[0018] FIG.3 isadiagram illustrating an exemplary system
in accordance with embodiments.

DETAILED DESCRIPTION

[0019] The disclosure and various features and advanta-
geous details thereof are explained more fully with reference
to the exemplary, and therefore non-limiting, embodiments
illustrated in the accompanying drawings and detailed in the
following description. It should be understood, however, that
the detailed description and the specific examples, while indi-
cating the preferred embodiments, are given by way of illus-
tration only and not by way of limitation. Descriptions of
known programming techniques, computer software, hard-
ware, operating platforms and protocols may be omitted so as
not to unnecessarily obscure the disclosure in detail. Various
substitutions, modifications, additions and/or rearrangements
within the spirit and/or scope of the underlying inventive
concept will become apparent to those skilled in the art from
this disclosure.

[0020] As will be discussed in greater detail below,
embodiments provide an improved ripple-free calculation
block for determining active or reactive power, removing the
2m component. In particular, embodiments use a notch filter
to remove the 2w component. If the notch filter has a notch at
2m, the component is removed and after the filter, the output
contains only the desired DC quantity.

[0021] A difficulty can arise, however, because the 2w fre-
quency must be known in order to place a notch at the 2w
frequency. Typically, however, the line frequency is not
known and can move and change with time, temperature and
network inaccuracies.

[0022] Accordingly, embodiments are provided that
include a control circuit which can track the line frequency
and provide the notch at the correct 2w frequency. One such
embodiment employs a phase-locked loop (PLL) and is
shown, for example, in FIG. 2.

Sep. 29, 2016

[0023] The block 200 of FIG. 2 includes a pair of analog-
to-digital converters 2024, 2025, for digitizing current [ and
voltage V, respectively. The outputs of the ADCs 2024, 2025
are filtered by highpass filters 204a, 2045, respectively, to
remove offset components. Then the current I is multiplied at
multiplier 210 with the voltage (switch 208 being closed) to
obtain the instantaneous active power or (switch 208 being
open), the voltage is applied to phase shifter 206 and then
multiplied with the current to obtain the instantaneous reac-
tive power.

[0024] The instantaneous powers include a DC component
and a 2w) component due to the multiplication. The 2w)
component is filtered using a notch filter 212 in accordance
with embodiments. Active or reactive power signal is then
filtered at 214 and provided to PWM 216 from which a pulse
output is provided.

[0025] In addition, a phase locked loop 218 is provided to
receive and lock the line frequency. As shown, the PLL 218
outputs Nf,, ., which is used by the ADC as the sampling
frequency. Thus, the data rate of the ADC is a multiple of the
line frequency. If the converter is an oversampling converter,
then oversampling rate is Nf;,,, LOSR, OSR being the oversam-
pling ratio. In this case, all calculations are performed at the
data rate frequency Nf},,,.. The notch filter 212 may be imple-
mented as a first or second order sinc filter. In such a case, if
the data rate of the ADC is Nf},, , an oversampling rate or
averaging factor of N/2 can be used to get a notch at precisely
the 2fline frequency.

[0026] The N factor depends on the desired bandwidth of
the converter. For example, if the application requires convert
32 harmonics of the line frequency, N >64. Since the PLL has
to multiply OSRxN, where OSR is typically between 32 and
512, and N is usually between 8 and 64, the PLL might be a
relatively complex analog component.

[0027] Consequently, other embodiments may use a pro-
grammable master clock oscillator and digital processing
blocks as the control circuit. Such an embodiment is illus-
trated in FIG. 3. The block 300 of FIG. 3 includes a pair of
analog-to-digital converters 302a, 3025, for digitizing cur-
rent I and voltage V, respectively. The outputs of the ADCs
302a, 3025 are filtered by highpass filters 304a, 3045, respec-
tively, to remove offset components. Then the current I is
multiplied at multiplier 310 with the voltage (switch 308
being closed) to obtain the instantaneous active power or
(switch 308 being open), the voltage is applied to phase
shifter 306 and then multiplied with the current to obtain the
instantaneous reactive power.

[0028] The instantaneous powers include a DC component
and a 2w component due to the multiplication. The 2w com-
ponent is filtered using a notch filter 312 in accordance with
embodiments. Active or reactive power signal is then filtered
at 314 and provided to PWM 316 from which a pulse output
is provided.

[0029] Inaddition, a control circuit including lowpass filter
318, frequency counter 320, and oscillator 322 is provided. In
this embodiment, the line frequency is measured by LPF 318
(e.g., Ist or second order IIR) to avoid the noise and harmon-
ics to disturb the measurement, followed by a zero-crossing
detector and frequency counter 320. The line period is then
extracted with a number of clock cycles of the frequency
detector 320. The frequency of the oscillator 322 is then
programmed and adjusted as a function of'this line frequency
detection to be as close as possible to an integer multiple of
the line frequency calculated through the zero crossing path.
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[0030] In one embodiment, employing a relatively simple
notch filter (sinc with an N/2 averaging rate being a power of
2), the number of clock periods detected should be a power of
2 when the oscillator 322 is tuned so that the data rate can be
a power of 2 multiple of the f,,,.. In such a case the digital
processing needed to implement the notch filter is relatively
small (a first order sine filter can be implemented with a
simple adder) while the frequency evaluation block size
remains in most cases substantially smaller than the PLL of
the first case.

[0031] With both cases of the PLL and frequency evalua-
tion and tuning of the oscillator, the output result after the
notch filter is a DC-only component. The other advantage the
notch filter induces is that it cancels also all the 2w compo-
nents from all the harmonics of the power line. Therefore the
output signal is clean of any harmonics, as long as the fre-
quency tracker (PLL, or programmable oscillator with digital
processing) tracks correctly the £, frequency.

What is claimed is:

1. A power metering circuit, comprising:

a current input path for receiving an analog current input at
a first analog to digital converter;

avoltage input path for receiving an analog voltage input at
a second analog to digital converter;

a multiplier configured to multiply an output of the current
input path and the voltage input path;

a notch filter configured to receive an output of the multi-
plier, the notch filter having a stop band based on a line
frequency; and

acontrol circuit for setting a sampling frequency of the first
analog to digital converter and the second analog to
digital converter to a multiple of the line frequency.

2. A power metering circuit in accordance with claim 1,
wherein the control circuit includes a phase locked loop con-
figured to receive one of the analog current input and the
analog voltage input.

3. A power metering circuit in accordance with claim 1,
wherein the control circuit comprises a frequency detector
and a programmable oscillator configured to receive an out-
put of the frequency detector.

4. A power metering circuit in accordance with claim 1, the
current input path and the voltage input path each including a
highpass filter.

5. A power metering circuit in accordance with claim 4,
wherein the voltage input path includes a selectable phase
shifter.

6. A power metering circuit in accordance with claim 1,
including an output pulse width modulator.

7. A power metering circuit, comprising:

a first input path for receiving one of an analog current

input or an analog voltage input at a first analog to digital
converter;

ine
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a second input path for receiving another of the analog
voltage input or the analog current input at a second
analog to digital converter;

a multiplier configured to multiply an output of the first
input path and the second input path; and

a notch filter configured to receive an output of the multi-
plier, the notch filter having a stop band based on a line
frequency.

8. A power metering circuit in accordance with claim 7,
further including a control circuit for setting a sampling fre-
quency of the first analog to digital converter and the second
analog to digital converter to a multiple of the line frequency.

9. A power metering in accordance with claim 8, wherein
the control circuit includes a phase locked loop configured to
receive one of the analog current input and the analog voltage
input.

10. A power metering circuit in accordance with claim 8,
wherein the control circuit comprises a frequency detector
and a programmable oscillator configured to receive an out-
put of the frequency detector.

11. A power metering circuit in accordance with claim 7,
the first input path and the second input path each including a
highpass filter.

12. A power metering circuit in accordance with claim 11,
wherein the first input path includes a selectable phase shifter.

13. A power metering circuit in accordance with claim 7,
including an output pulse width modulator.

14. A method, comprising:

receiving an analog current input at a first analog to digital
converter;

receiving an analog voltage input at a second analog to
digital converter;

multiplying an output of the current input path and the
voltage input path;

notch filtering an output of the multiplier with a stop band
based on a line frequency; and

setting a sampling frequency of the first analog to digital
converter and the second analog to digital converter to a
multiple of the line frequency.

15. A method in accordance with claim 14, wherein setting
the sampling frequency includes using a phase locked loop
configured to receive one of the analog current input and the
analog voltage input.

16. A method in accordance with claim 15, wherein setting
the sampling frequency comprises using a frequency detector
and a programmable oscillator configured to receive an out-
put of the frequency detector.

17. A method in accordance with claim 14, the current
input path and the voltage input path each including a high-
pass filter.

18. A method in accordance with claim 17, wherein the
voltage input path includes a selectable phase shifter.
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