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Apparatuses and methods for processing power and true power factor (PF) in AC networks
TECHNICAL FIELD
The present disclosure relates generally to systems, processes and applications for determining total electrical power
conveyed by power signals, especially alternating current (AC) waveforms. It is useful in power quality and energy
analysis through power factor analysis, insulation, calibration and instrumentation management and correlative signal
modulation in telecommunications.
BACKGROUND
The invention discloses methods, processes and apparatuses for determining the output power through an energy
meter that produces the total power required by an electrical power network. An AC electrical power network
consists of voltage and current that flow with sinusoidal amplitude values. The network contains a source generator,
wiring, resistive load components and reactive load components. When the current and voltage waveforms are
injected into a power network with resistive loads only, then there is no phase shift between them, since the
impedance in homogeneous. However, when inductive loads are switched on, they start by lowering the average
active power significantly as they store energy in their magnetic fields. The ratio of active power to total power is
termed as power factor (PF). The PF corresponds to the value of the reactance in the network.
Normally, capacitors are used as reactors to reduce inductive reactance in order to ensure that maximum power is
delivered to the resistive loads. When more inductive loads are randomly injected into the network, power delivered
to the resistive load reduces and the power factor is also said to have reduced. When a low power factor is established
in the AC power network, power quality is lowered. A poor PF means that heat could damage insulation parts of
power equipment, reduction in useful power and an increase in conductor sizes since more current is required to
reach the loads in the network.
Power factor correction is performed by adding capacitive reactance to cancel the inductive reactance, and thus
improve power factor. However, it is expensive to install the capacitive reactors in the whole network. As a result,
power distributors end up in requesting for more reactive power from power producers to provide the sufficient
pressure required in order to support the full resistive load [1],[2],[3].[4].
In computing the additional reactive power required, the total power is estimated through energy meters and the
active resistive load is deducted appropriately.
However, the method of the prior art overestimates the average active power. The principle applied to derive
the active power in the prior art assumes that the impedance between the resistive loads and inductive loads is
homogeneous. This way, the average power is computed from algebraically additive power expression instead of a
phasor sum.
As aresult, an adjustment factor is required to compute the true active power. In order to do so, the total instantaneous
power derived using the same biased equation is required to compute the adjustment factor.
Moreover, more accurate principles are applied to show that the average active power is equivalent to the one
derived after the adjustment is made.
In summary, a measurement technique for the total amount of instantaneous power injected in an alternating current
(AC) power system is presented. It is shown that the power network consisting of reactances and resistances will
have covariance elements of voltage and current. A demodulator is used to reduce correlated current and voltage
waveforms into singular waveforms and the amount of power is accurately estimated from an analysis of 3-
dimensional (3D) complex sinusoids.

Several vallidation frameworks are disclosed to show that the total instantaneous power, Pr injected in an AC
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power network is an algebraic sum function of both the sine and cosine of the power factor (PF) angle, Pr =
f(cos8 + sin ), where PF = cos (0).

The proposed technique will find use in smart power meters to determine accurate amount of power generation
needed, amount of power stored, and amount of power consumed, power system quality and billing rates for
different classes of loads. The present disclosure will also find applications in signal analysis, measurements, asset
management and insulation systems.

The following table of keywords will be helpful in the succeeding explanations of the present disclosure.
Lrms Value of the root-mean-square of current

<

s Value of the root-mean-square of voltage

S Apparent power, S = \/WQ2 [V A]

P Average active power, VI cos (0) [W]

Q Phase shift Reactive power stored and returned to source, being at same frequency, [var]
Qa Distortion Reactive power stored and returned to source, being at different frequency, [var]
6° Conventional phase shift angle between correlated current and voltage waveforms

PF Power Factor, [cos ], which is apparent PF with reference to VI, PF = (P/V )

Q., Ps Correlative Reactive power stored and returned to source, [var]

v, Correlative variance factor, v, = 22,z = 2&% = 2(tan45 4+ 1 — 1/ cos45) = 2(2 — V2)
PF, Correlative power factors, o. = cos [(9_1/—%50)], 02 = cos (0 — 45°)

Sy, Py Total Apparent power that is able to sulgpon P, P; = 02\2VI = \/2VIcos (0 — 45%), [V 4]

PFp  Total true Power Factor, PFp = C;;\(/%) = ﬁczzs(ée_) 5 = s ((;(;Sigi)n @ =T +t;n(9)

ds...  Correlative distance detector for 0, ming<g, <goo <\/§ cos? (et;zmo) -7 [B]V_ ]Pn m— Vo
0; True phase shift angle, §; = cos™ (P Fr) = cos™! (#&?_4@)

PF; True power factor, cos (6;)

P True active power, VI cos (0;)

Qi True reactive power, VI sin (6;)

Si True apparent power, S; = S = \/m

These terms are considered: Power Factor, stored correlative power, correlative variance factor, correlative power
factor, Reactive power, Real power, Apparent power, Singular value decomposition (SVD), eigenvalues, demodu-
lation, elliptical flow components and complex sinusoids.

SPECIFIC PROBLEMS AND GAPS

In the conventional method, the total power is estimated as the power that flows in the network without considering
correlation ellipses of real and reactive components due to interactive impedance between resistances and reactances.
As a result, the average active power value in the prior art is not resolved in the direction of the load. Therefore,
the true average power delivered to consumers in the network is not accurately derived in the prior art.

Two principles may be used in power networks to determine active power.

In the first principle, the total current injected into the network is held constant and used to derive the average
active power, whereas quadrature reactive and resistive powers are left to vary through a phase shift angle.

If it is assumed that both reactive and resistive loads are algebraically additive, then this method requires an
adjustment for the true phase shift angle in order to determine the true power factor that incorporates the changes

in the direction of power through the load. In real sense, the power from the two fields should be added phasorially.
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In the second principle, individual currents for resistive load and reactive loads vary and they are used to derive
the power factor. In this second process, the quadrature resistive and reactive powers are balanced and set as equal.
The state-of-the-art applies the first principle, but no compensation is done for the average power. As a result, smart
meters in the state-of-the-art do not provide correct measurements of power, since they are based on the biased
expression for power that overestimates the PF, thus leading to erroneous charging for power delivered and low
quality power is delivered.

It is understood that based on the incidence of reactances in the power network, correlation occurs. The reactive
power is stored and returned to the source. However, the prior art does not incorporate the amount of power stored
at different levels of correlation. As a result, correlative reactive power is not considered in the state-of-the-art so
as to adjust for the true phase shift angle.

For example, when the phase shift angle is § = 45°, the power flow has a circular signature, which means both
active and reactive power are independent and maximum correlative reactive power will be stored. At other angles,
the power signature will be elliptical as will be described later on. The area of the power flow ellipse is given as
A = 7P x @, which means more reactive power is stored at § = 45°. As a result, the average power should be
half the apparent power, but the reactive power Q; should be more at § = 459, where P = Q. This is not the case
in the prior art.

Further still, the prior art shows that in cases of very low PF values, in order to compensate for reactive power in
a network that initially delivers current, I to active load, then the new current, ., drawn from the power source
approaches infinity i.e. [0, = m since cos (0) ~ 0,0 ~ 90°.

Estimation of reactive power involves shifting of the waveform by 90° and then integrating over a period. An
alternative way of computing the phase shift angle is needed to validate the methods in the prior art.

It was shown in [1], [2] that expressing the apparent power, S in the form S = P + j(J, where P = V/cos0,
refers to the active power and @) = V Isin 6, refers to reactive power, does not conform to principles of electrical
engineering. The prior art holds true only in the case of full correlation between current and voltage, i.e. when
¢} = 0. I refers to the root-mean-square (RMS) value of current waveform and V refers to the RMS value of
voltage waveform. ¢ is the phase-angle between V and /. The equation for S in the prior art satisfies Schwarz
inequality, but violates Plancherel’s relation [1], [2], which equates the average value of power to the frequency
spectrum of power.

MOTIVATION FOR NEW SOLUTIONS

Two approaches are presented in the present disclosure: Firstly, the first principle of constant current and varying
quadrature powers is applied to derive the average active power. Additionally, an adjustment factor is derived from
correlation analysis in order to rectify the bias in the prior art. Secondly, the principle of balanced power with
varying quadrature currents is used to derive an equivalent power factor.

Instantaneous power can be computed to derive more realistic values of apparent power. The instantaneous values
of the product of the voltage waveform and the current waveform have been used to compute power, but underlying
theoretical approaches are required to obtain true results.

For example, the voltage waveform was modified in [1],[2] to conform to Plancherel’s relation, but the Schwarz
inequality was rendered a constant equality. Furthermore, the results in [1] show that the power factor is limited to a
maximum of PF = %, even in a purely resistive power network and this is effectively similar to the conventional
scheme since apparent power in [1],[2] is given as P = V2V I. The results in [1],[2] were obtained by considering

only the voltage signal as a complex sinusoid, while the current signal is treated as a real function. The results for
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total power in [1] imply that no correlation was considered.

In the process of deriving the adjustment factor, it is noted when voltage and current waveforms are multiplied,
a frequency shift occurs and the output power expression will consist of covariance elements. This scenario is
consistent with mixed signals at the output of a modulator. That is, the effective value of power at the input of the
modulator is not equal to the power estimated at the output waveforms.

The solution to the problem is to insert a demodulator to shift the frequency back to its original position and
the waveforms appear with their singular frequency components. This decomposition is consistent with SVD for
principal components.

Two modulated waveforms will exhibit a covariance power matrix of the form C = [Q,A.Q,], whose effective
value may be determined through the determinant (det) of the matrix C' and eigenvalues, [\ ]. Here, @, refers
to the eigenvector matrix. However, the absolute value of matrix C' is not always equal to the effective value i.e.
det[QuAcQy] # det | C |. On the other hand, after the combined signal has been demodulated, it can be shown that

the powers of individual waveforms correspond to principal components, where det[Q,\.Q,] = det[A] =| Ac

>

which implies that the effective power at the output of the demodulator is equal to the power at the input of the
network [5], [6], [7].

The results obtained from the demodulator show that the total power in the network can be implemented through a
summer circuit in the energy meter that adds two power factor components and multiplies RMS values of current,
I, peak and RMS value of the voltage peak, V;,,. The power factor angle is computed from the phase shift between
current and voltage waveforms. The demodulator gives a total power output factor as the sum of the cosine of the
PF angle and the sine of the PF angle. It means that additional generator supply must incorporate the extra power
due to correlation. The total power factor is given as the ratio of cos(6) to the sum cos () + sin (6).
Interestingly, the new approach satisfies both Plancherel’s relation that presents only real values for the frequency
components and the Schwarz inequality, which shows that the average power is less than or equal to the product
of the RMS values of voltage and current.

Moreover, it is shown in the present invention that there is a correlative power factor, which is useful in measuring

power of AC signals in a laboratory set-up, without shifting the waveform and integrating over a period. The
(8—45")

given as the product of the square of the correlative power factor and the peak-to-peak amplitude of the effective

correlative power factor is given as PF, = o, = cos| ], where z = 2(2 —/2). The measured signal power is

power signal waveform.

When a current and voltage values in a network are calibrated using input power, an alternative way of measuring
the phase shift angle is provided by comparing the received power to the correlative reactive power to compute
the angle. The process for computing total power in AC systems is applicable in single-phase and multiple-phase
power systems.

The following logic has been applied in the present disclosure:

a) Using homogeneous power equation in the prior art, incorporate the stored power in computing average active
power through an adjustment factor,

b) Apply total instantaneous power computed from the homogeneous equation to calculate adjustment factor for
stored power,

¢) Apply the adjustment factor to adjust the average active power to the true average power value that incorporates
stored power.

d) Use the first principle with inhomogeneous equation to validate the results of the true average active power.
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e) Use the second principle to validate the results of the true average active power.

In summary, the teachings of the following arts are studied, where the present invention gives a modified value for
active power and reactive power for equal supply of apparent power:

1. Industrial prior art one: P, = VI, PF = cos(0)

2. Industrial prior art two: F; = \/§VI , PF= %

3. Decorrelated adjustment factors: P, = 022V I, PF = %\(/eg = cos (6;)

SUMMARY OF INVENTION

According to one broad aspect of the present invention, an energy meter is proposed that is able to measure the
total energy and total instantaneous power delivered by an AC power network of the homogeneous equation.
According to one broad aspect of the present embodiment, the energy meter consists of a demodulator and algebraic
adder circuit devices.

According to one broad aspect of the present invention, the energy meter consists of a demodulator and an algebraic
adder processes.

According to one broad aspect of the present invention, the energy meter is configured to measure total power in
an AC power network.

According to one broad aspect of the present invention, the energy meter is configured to measure phase shift angle
between current and voltage waveforms.

According to one broad aspect of the present invention, a meter is configured to measure correlative reactive power,
Ps.

According to one broad aspect of the present invention, a process is provided for experimentally measuring total
power, F;.

According to one broad aspect of the present invention, a process is provided for experimentally measuring reactive
power, Q.

According to one broad aspect of the present invention, a process is provided for computing correlative variance
for instantaneous power.

According to one broad aspect of the present invention, a process is provided for computing phase shift angle by
comparing correlative reactive power equation and the received effective total instantaneous power.

According to one broad aspect of the present invention, the energy meter is configured to measure total power
factor as a ratio of cosine of the phase shift angle and the sum of the cosine and sine of the phase shift angle
between current and voltage waveforms.

According to one broad aspect of the present invention, true power factor is derived based on varying quadrature
currents, while keeping quadrature resistive and inductive power equal in an inhomogeneous impedance network.
According to one broad aspect of the present invention, a process is provided for implementing correlative modu-
lation by mapping bits on different phase shift angles to convey information to a receiver, which then detects the
phase shift angle in order to decode the transmitted bits.

In some embodiments, the applications can be any of energy services in the power industry or signal processing
in telecommunication or computer systems.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail in the following text using one exemplary embodiment and with
reference to the drawings, in which

FIG. 1 shows a block diagram illustrating a 3-dimensional AC power flow,
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FIG. 2 shows a block diagram illustrating apparatus for the total power energy meter system,

FIG. 3 shows circuit transforms for AC power source,

FIG. 4 is an illustration of the results obtained from the total energy meter,

FIG. 5 is an illustration of comparison of power factor values with the present invention,

FIG. 6 is an illustration of comparison of total power value of the present invention and that of the prior art,
FIG. 7 is an illustration of decorrelated AC power signal waveforms,

FIG. 8 illustrates graphical method for estimating AC signal power,

FIG. 9 illustrates different methods for estimating AC power,

FIG. 10 illustrates bit error rates against signal-to-noise ratio for correlative modulation,

FIG. 11 illustrates a power triangle for decorrelated power system,

FIG. 12 illustrates correlation effects on shift angle between power and voltage or current waveforms.

FIG. 13 illustrates variation of adjusted phase shift.

DETAILED DESCRIPTION OF EMBODIMENTS

It is an aim of the present invention to overcome the weaknesses of the prior art that neglects variation in residual
return power due to correlation within the AC power network, to overcome the weaknesses of the prior art that
overestimates the true power factor. The prior art assumes that the network impedance is homegeneous across both
the reactances and resistances.

It is a further aim of the present invention to overcome the weaknesses of the prior art in computing the total power
factor that incorporates correlation between current and voltage signals through singular value decomposition, so
as to conform to principles of electrical engineering.

PRINCIPLE OF CONSTANT CURRENT AND VARYING QUADRATURE POWERS

In the first case, the approach of constant current is applied just as is the case in the prior art. However, adjustment
factors are subsequently derived in the present disclosure. The adjustment factors are useful in computing the true
average power in the network.

Consider an inductor with reactance X, in series with a resistor, R. The inductor will act to store energy in a
given phase period and return it in another phase. This means that the current through the network will consist of
the the source power and the storage power on average. If the source voltage is V;, voltage across the inductor,
V1, the current drawn by the network is given as,

Ip = (%), where V_ is the effective voltage supplied to R from storage.

The power factor is defined as follows, where I = I, for the series network:

PF = 3 = (5520

where the quadrature power ratio, v = (VLV—_LVC), then

PF =1 —7“;—; =1—~sin(6)

It was a problem of the present disclosure to derive the adjustment factor v, in order to deduct the effect of stored
power from the average active power. In a later description, it is shown that, v =
HOMOGENEOUS IMPEDANCE APPROACH FOR POWER

The following discussions show the steps taken in computing « through the approach of instantaneous power of

1
cos (8)+sin (9) -

the homogeneous expression of power.
A complex sinusoid is considered to describe the power flow in the AC network, where ¢/® = cos ® + j sin ®. The
flow can be represented as an elliptical motion in the 3D diagram of FIG. 1. Since the quadrature and in-phase

components of the complex sinusoids are symmetrical, we use the projection of the components on z-, y- and
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z-axis as shown and then apply simple sinusoids in the analysis.
Given that the current and voltage in the power network flow with a projected waveform such as V (t) = V;;, sin (wt),
for the voltage and I(t) = I, sin (wt — ), for the current with a phase shift of 0, frequency w and peak amplitudes,
Vin and I, respectively, we write the instantaneous energy, F(t) as,
E=V(@)I(t)xt W
= Vi, X t[sin (wt) ], sin (wt — 6)]
By the use of the trigonometric identity, sin (A — B) = sin (A4) cos (B) — cos (A) sin (B), (1) is re-written as,

E =V, x t[sin (wt) I, sin (wt — )]

2
= Vil m[cos (6) sin? (wt) — sin () sin (wt) cos (wt)]
Conventionally from (2), the average power is written as
1 [T 1 [T
Pay = VipIm|cos (0) = / sin? (wt)dt — sin ()= / sin (wt) cos (wt)dt]

T Jo T Jo

= —VmIm cos (0) ()

2
= VI cos(0)

where the average value of the second term reduces to zero.

The following is an explanation why the expression in (1) is a biased estimate of power in the reactive network.
From the prior art in equation (1), the power can be re-written as follows:

S = Viply, [sin (wt) sin (wt — 0)]

S = (Vx I, + VrIm) [sin (wt) sin (wt — 0)]

where, V,, = (Vx + Vg),

Vx, Vg is the voltage across the inductor and resistor, respectively.

The expression computes the apparent power as an algebraic sum of the real power, P = Vi1, and reactive power,
@ =VxI,, ie S =P+ (@ instead of the phasor form, where S = \/WQ2

Therefore, if equation (1) is to be properly applied, then it is more accurate to estimate the power factor as the
ratio of equation (3) to S = P + () rather than S = \/WQ2 as is the case in the prior art. This fact will be
proved in a later section, where total instantaneous power is derived.

As a result, since (P + Q) > (/P2 + Q2), a fractional adjustment factor is required to calculate the true power
expression. Moreover, the result implies that the average power derived here is higher than the true average active
power. It requires an adjustment factor to reduce it to the true value.

It would be necessary to adjust the formula to incorporate the variation of the correlation between the power
components by writing the energy as follows,

E=V({t)I(t)xt

= Vi X t[sin (wt) I, sin (wt — 6 — 6.)]

where 0. accounts for the effects of correlation due to the varying elliptical phasorial direction of current and
voltage, while 6 is the observed value for the lag or lead.

INHOMOGENEOUS IMPEDANCE APPROACH FOR POWER

Alternatively, the power across the resistor, which is the active load can be written directly from a resolved voltage

value (which takes care of changes in both voltage and current), i.e. tan (0) = %, I = V—]_lf = }/(—’;, Ve=V, —Vx
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Vi = Vin — Vrtan (0), Vg = 2
Pr = Vg sin (wt) I, sin (wt) = (H_‘{ﬁ) sin (wt) Iy, sin (wt)

The average active power then becomes,

_ 17T 1 Vilm . _ VI
P =z [y Prit=5(05%) = Tha®
The power factor becomes,

PF =% L

VI = Ttan ()
In order to derive parameters of measurement as observed from sensors of power waveforms, an estimation of the

shift angle, ¢ and direction angle 6., is required. The following, objective methods are disclosed in the teachings
of the present invention through decorrelation to compute these adjustment factors and the parameters of power
measurements.

INSTANTANEOUS POWER AT THE MODULATOR OUTPUT
We note that from (1), using cos (A — B) = (cos Acos B + sin Asin B), an alternative form of the energy flow

can be given as,

11y = 20 X o (9) — cos (20t - 0)] @
- W[Cos (0) — cos (2wt) cos (0) — sin (2wt) sin (0)]

The result in (4) consists of two waveforms and a constant power, namely a constant term proportional to the phase
angle, 0, a second term of P and the third term of ), which depict correlated components of power. It shows that
part of average power P is transferred to reactive component, ¢} as additional stored power.

Performing the average power computation at this point, as is the case in the prior art, means that the component
of P that is stored as reactive power has not been accounted for, since cos (2wt) is equated to zero value.

The correlated form of the waveforms is analogous to signals present at the output of a modulator. The modulator
is characterized by a mixed signal output.

Taking the RMS values of the carrier waveforms, we can write

Vindm X t

2 feos (0) + L cos(0) + —= sin (0)] 5)

V2 V2

However, note that taking the RMS values at the output of the modulator will give a wrong power value because of

E(t) =

the frequency shift. This is because the sinusoidal waveforms at the output are covariance wavesforms for power
and are not independent voltage and current waveforms.

Actually, (4) can be re-written as ¢ - [P + P cos (2wt) + @ sin (2wt )], when the current is resolved onto the voltage,
where the voltage is the reference. They possess covariance parameters between the two waveforms. In order to
evaluate power from independent signals, the energy equation is transformed into independent values that are similar
to SVD performed by a demodulator.

DEMODULATOR OUTPUT

We now apply the identities, sin (24) = 2sin (A) cos (4) and cos (24) = 2cos? (A) — 1, to perform SVD on the
carrier waves in order to obtain the singular waveforms such that,

E(t) = YuloXt[cos (0) — cos (2wt) cos (0) — sin (2wt) sin (0))]

= Yaluxtleos () — 2 cos (wt) cos (wt) cos (0) + cos (6) —2sin (wt) cos (wt) sin ()]

Vindm X T

B(t) =~

[[2 — 2cos (wt) cos (wt)] cos (0) — 2sin (wt) cos (wt) sin (0)] (6)
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It is now observed that the elements of the demodulator consist of singular decorrelated values in (6) that move at
the same frequency, w. Since the magnitudes of the powers of these waveforms are equal to the power at the input

generator in (1), the RMS values are estimated algebraically such that from (6), we write,

mdm X T
Yinlm x t 2 x ]005(0)+2x

2 2 - f NG f fsm(0>] )

The total output power is given as Pr = E/t, which measures the total injected power into the system within one

E(t) =

second, thus total power, Pr is written as,

Vindm
Pr= T

v
cos sin (8)
=7 \/—[ (0) + sin (0)]

= VI|cos (0) +sin (0)] = (P + Q)

[[2 — 1] cos (#) + sin (0)]

This result implies that in order to support an active load of P = VI cos(0) [W], then the total apparent power
required to be delivered at source will be equal to S = (P + Q).

That is, S = VI will support an active load P; = VI cos (0;) which is less than P.

This is because correlation will reduce the actual phase shift angle from 6; to 6. The total power is useful in
adjusting the true power factor as PF = cos (0;).

From (8), an adjustment factor of PiT = (m) is needed to adjust the power factor so as to incorporate the
effects of correlation, where the stored power acts as a source of to the load.

INTERPRETATION OF RESULTS OF THE PRESENT DISCLOSURE

Several interpretations can be produced from the power equation in (8). In order to retain conventional definition
of apparent power, then we consider FIG. 1, and write, Pr = 5 + S, = \/WQ2 + S, where S denotes the
apparent power, P = VI cos (0) is the active power dissipated and () = VI sin (0) is the reactive power, when Sg
is best defined as the excess power projected on the z-axis due to the assumption of a constant maximum current 7,
at the location that contains the circle of FIG. 1 and FIG. 11 as additional stored correlative power that is required

to support full load P, thus
Ss = VI[cos (0) +sin (0)] —

= VI[cos (0) + sin (6) — 1] ®

It is noted here that the power factor is well defined as PF = cos (¢), where, ¢ denotes the observed angle by
which the current and voltage leads or lags each other in their phases.
However, we introduce a new adjustment for total power factor, (PF7) being the fraction of real average power

and total power,
VIcos0 _ cosf

VI(cos® +sin®)  (cos® + sin6)

PFp = (10)

Further discussions on the newly proposed values of total power and PFr are presented later on in this disclosure.
What follows is a discussion on the non-violation of the principles of electrical engineering by the new value of
power as provided in this disclosure.

SCHWARZ INEQUALITY AND PLANCHEREL’'S RELATION

Here, Schwarz’s inequality and Plancherel’s relations are used to show that the result obtained for total power
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satisfies both of these theoretical principles.

Schwarz’s inequality for any two signals y(t) and x(t), is expressed as follows [1],

2 b b
< / w(t) d - / ly(t) 2 dt (1)

The LHS of (11) is equivalent to the square of the average value of power in a period on T' = 1[s], which is shown
in (3). Therefore, the LHS of (11) is given as [V I cos (0)]°.

The RHS of (11) is equivalent to the product of individual square of RMS values. From the SVD approach used in
this disclosure, from (8), the RMS value of the voltage may be written as V\/m , while that of the
current is given as [ \/m . As a result, the Schwarz inequality equivalent to one in (11) is given as,

b
/ x(t)y(t)dt

a

VIcos(0) < Vi/cos () +sin () - I/cos (0) + sin (0)

(12)
VIcos(0) < VI[cos (6) + sin (0)]

It is evident from (12) that equality exists only when § = 0°, otherwise the RHS is always greater than the LHS.
For the Plancherel’s relation, if a signal z,(t) is a square integrable function over one period, then the power in
the signal can be found in either a time or frequency description based on Parseval’s theorem. For two arbitrary

periodic signals, z,(t) and y(t), the relation is written as [1],

1 (7 >
7 | mtossod =Y Xy (13)

where () denotes the phasor conjugate.
Evidently, the LHS of (13) denotes the average power, while the RHS of (13) is given as,

oo fi
D VNI =d_VINr) (14)
f=—o0 —f1
It has been shown in [1] that the frequency spectrum of (14) results in real values of the components power, which
is similar to (8), where V' (¢) and I(t) are given according to (1). We note that in the prior art, the apparent power is
normally given as a complex value, i.e. S = P+ j@Q, which does not satisfy (13). It is observed that the proposed
function for total power as expressed in this disclosure satisfy both the Schwarz inequality and Plancherel’s relation.
The results of total power and total power factor are used to implement an energy meter. FIG. 2 is an illustration
of the apparatus for the total energy meter.
The supply power from the generator is passed through a bus (1) into an AC power network (2). A connector (3)
is used to connect an energy meter (4). The meter consists of a power factor demodulator (5), and an algebraic
adder (8). Device (5) computes the phase shift angle between current and voltage. The phase shift angle is then
used to compute two values of cosine and sine of angle theta. These values are passed on to the algebraic adder
(8) through outputs (6) and (7). The output (9) of the algebraic adder is used to calibrate the total power from
the product of the RMS value of voltage amplitude and current amplitude. The meter is configured to show newly
defined values for correlative power factor, correlative reactive power and display resultant power waveforms.
The following discussion is on the theoretical circuit analysis, which is exploited in order to provide further validation
of the results.
VALIDATION VIA CIRCUIT TRANSFORMATION

10
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Consider a system where a resistive load and a reactive load exist in an electrical network supplied by an alternating
current. Based on FIG. 3, the reactive load may be reduced to a voltage source since in the first half of the sinusoid;
power is returned to the source and delivered to the reactance in the subsequent duration of the wavelength. Let’s
express the current through the resistive load in a network that consists of two voltage sources; in the analysis, we
treat each voltage as short circuit, while the other source supplies the network:

Case (a): During power delivery to the reactance: (negative voltage source from reactance), we short-circuit the
generator source: V = 0, [y = (—V;)/R, then short-circuit the reactance voltage source : Iy = V/R.

Case (b): During power return: (positive voltage source from reactance), we place a short-circuit to the generator
source: V' =0, I3 = V/R, then we short-circuit the reactance voltage source : Iy = Vg/R.

Taking the average instantaneous powers for case (a) and (b), we have

% _Vg”);%(_V)JrVR};(VJr%gVJrVR};(V

Pp=

Vv Vv 15
:ﬁ[z‘/;JrQVR]:E[VerVR] (1)

= VI[cos (0) + sin (0)]

The result here in (15) underpins the validity of the algebraic sum and in fact, other graphical methods can also be
used to show that the total power in the network consists of the return power stored and the power delivered in the
form as presented in this disclosure. This analysis includes the supply from storage and it is equal to instantaneous
power derived in (8).

The stored power supplies the load as well. Therefore, the observed angle 6, consists of current derived from the
stored energy. In order to calculate the true average power, the amount of current from storage should be deducted
from the average power derived from 6.

VALIDATION AT THE MODULATOR OUTPUT

The covariance elements of power at the output of the modulator are considered, where (4) is re-written as,
Pr =[P + P cos (2wt) 4+ @ sin (2wt )] (16)

where Pr contains the covariance elements of real and reactive power, thus correlated components.

From FIG. 1, it can be seen that a complex sinusoid can be resolved into z-axis and y-axis of waveform components
that move in the direction of z-axis. Therefore, equation (16) implies that P is in the z-direction, while S’ is the
resultant RMS value of power as shown in FIG. 1. In order to obtain the (J-element of power in the z-direction,
then S’ = P’ + j@’, must be resolved back to the y-component of power, as S’sin (0) .

Equation (16) is now written as follows,
PT =P+ S/Sin (0)

ey Q']
=P+|(P +3Q)|'m=P+Q
The result in (17) is the same as that in (8) and (15). It is evident that () is resolved as a power element that is
already in the z-direction and the previous result of Pr = P + j does not hold true when the complex sinusoid
is considered for both current and voltage waveforms.

Furthermore, we apply sin2A4 = 2sin A cos A, to demodulate the power signal, such that Pr = P + P cos 2wt +

11
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@ sin 2wt is modified such that Pr = P + P(2coswtcoswt — 1) + 2Q sinwt coswt. This simplifies as Pr =
2P coswtcoswl + 2@ sinwt coswi. By taking the RMS values of the same frequent signals, we have Pp =
2[P%% + Q% %}, which simplifies as, Pr = P + Q.

CORRELATION SYNTHESIS

Consider V' and I to be two random variables, with mean V), and I,, and standard deviation, ooV and o./,
respectively. Then, [6], [7],

Covariance, Covy; = ooV I = E[(V — V,)(I — 1,,)]

Covy
ooVool

In the case of inductive reactance, X;, let the current lag the voltage (V,, = 0), so we have

_ BV -V = 1)] _ EV -0 = 1L,

Correlation, Corryy = p =

L ooVocl N ooV ool
_ E[(VI-VI,)] _ P-Q (18)
O’()VO’()I - P
Q= P(1—pp)

The total power delivered in the presence of Q(> 0)-component is given as,

From FIG. 1, an ellipse is the z-component of the 3D waveform. It follows from (18) that, p, = 1 — tan (0).
When p,, = 0, then there is no correlation and the z-component of power is circular as shown in FIG. 1. This means
that P = @, and R = X;,0 = 45° (resistance equals reactance). In this condition, maximum power is delivered

independently such that,

Pr,

m

w=Drlpp=0)=P+Q=P+P(l—-py)=2P

= 2V cos(0) = VI[cos (A) +sin (8)] = V2V I 0

Maximum correlation occurs when p = 1, which implies that only one of the power components exists. In this
case, Pr = P + P(1 — p,) = P. The ellipse projected on the z-axis will form a straight line. Other correlation
values, (0 < p, < 1), will result in power values that fall between P and 2P.

A function is derived that relates instantaneous power P and 2P under correlation conditions. The same function
is then applied to relate the average active power observed and the true active power dissipated under correlation
conditions over all values of 6.

ANALYTICS FOR POWER PRODUCTION AND DISTRIBUTION

An example of an initially resistive load with current I and volatge, V' ia considered. Let a reactive element be
switched on in the network. Then, an additional reactive power must be requested from the generator to overcome
the reactive power in the network in order to fully support the resistive load. Let, the new total power required
from the generator to supply the resistive load and overcome the reactive power be Porn.

The illustrations in FIG. 4 are best understood when it is assumed that all the compensation efforts have been
undertaken by adding the capacitive reactors in the network. The legend genV Apjsor refers to the total amount
of generation that will be required to maintain the same voltage in the network when the current increases, which
is given as

Vi
ph =" 21
GEN = 55 10) 2D

12
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The result of (21) means that there is a very high current demand from the power generator. However, (21) also
shows that if the reactive elements in the network increase to lower the power factor, then the current tends to
infinity. In the real sense, if the initial resistive load was supported by power that is equal to P = VI, and the
reactive load increases to power equivalent to P, then the generator should supply an additional power of P. This
means that the total power from the generator that will fully support the initial resistive load, plus the reactive load
is given as P = 2V 1.
genV Aproposedar refers to the total amount of generation required, as calculated from the algebraic meter, which
is given as

Phpn = VI[1 +sin ()] (22)

In this case, the amount of power generation required follows the requirements of the resistive load. When the
reactance drops power equal to (V' 1), no power exists across the resistive load, where the phase shift is 90°, then the
power required at the generator will only double to support the total wattage (V 1), i.e. PéE ~ = 2V 1, as depicted
in FIG. 4.

V Aphasor refers to the power initially delivered to the network through the conventional energy meter, S = P+ ;0.
It is a constant with a value equal to (V' I), throughout the range of the PF angles.
V Aproposedar, refers to the power initially delivered to the network through the proposed energy meter. It varies as
an arc over the range of PF angles. The power delivered shows a curve that starts at (V') but rises to a peak of
(V2VT) when reactance, X equals the resistive load, R and falls back to (V'I) at maximum reactance when the
phase shift is 90°.
Resistive Load refers to the variation of the dissipative load as it varies with the phase shift in the network. The
maximum load is supported when the phase shift between current and voltage waveforms is zero.
Reactive Load refers to the variation of the reactive load as it varies with the phase shift in the network. The
maximum reactance occurs when the phase shift between current and voltage waveforms is 90°. Extra demand
(watts) refers to variation of the resistive load required to be supported when there is reactance in the network. It
is determined as,

Pr =VI[1 — cos(0)] (23)

FIG. 5 shows comparisons for the proposed algebraic PF and that proposed by Ghassemi [1] and the one used in
the present industry, ConvPF, which always overestimates PE. It is observed that Ghassemi model has a maximum
PF value of ~ 0.7071, even when the network is purely resistive. However, the proposed algebraic PF one has a
maximum of unity at 0° of PF angle and a minimum of zero. In addition, there exists a point of inflexion that
potrays the behaviour of PF when there is a change in a more resistive network into a more inductive network. It
is noted that both the balanced power principle and balanced current principles lead to the same amount of PF as
depicted in FIG. 5.

INDUSTRIAL IMPLICATIONS

Table 1 compares the results of the new generation requirement to reduce the power factor to zero in the network
using the conventional phasor method and the proposed algebraic adder method.

The table shows that the phasor method, which is the industrial standard underestimates the total power required,
when the power factor is high, while it overshoots the requirement when the power factor is low. The underestimation
leads to delivery of low quality electrical power at lower prices to consumers with inductive loads. Normally,

operation at very low PF is avoided through the implementation of reactors that increase the PF by reducing the

13



450

465

470

475

WO 2022/106910 PCT/1IB2021/055349

TABLE 1
NEwW POWER GENERATION REQUIREMENTS

PF Angle, (Y) [Phasor Meter |Algebraic Me-
ter

=0 VI VI

0 =30 1.155V I 1.5VI

0 =45 1414V 1 1.707V I

6 =60 2VI 1.866VI

6 =80 5759V 1 L99VI

0 =90 00 2vI

total reactance in the network.

With the proposed meter, power producers will be required to provide more power to power distributors than that
of the current practice.

Furthermore, consumers with inductive loads will be correctly monitored and exact billing costs will be charged.
The demand charge will be accurately estimated for consumers at the correct power quality.

Adequate reactors will be implemented in the network since the prior art underestimates the total number of
capacitors required in the network.

Accurate energy loggers and energy analyzers will be produced for power system analysis.

More accurate insulation and shielding devices will be designed using the meter of the present invention.

FIG. 6 illustrates how the total power in the electrical power network is influenced by the power factor angle, 6.
As the reactance increases, 6 increases and the total power is given by the sum of the three components of power,
ie. P, Q and P, where Pr = /P2 + Q2+ P, = P + Q.

At maximum power,

S = Pv2,Pp=VI(cos0 +sinf) = 2VI,

P, .. =+2VI—-VI=0414V1I.
Similarly,
P, .. =P+Q—S=2P— Py2=0.586P.

In this disclosure, new parameters have been described that are useful in producing a new and smart energy meter
that is able to measure total power and new power delivery requirements. The variation of total power, generation
demand and billing requirements are key parameters that are used to bill consumers of power and must be determined
with accuracy.

A new theoretical PF model has been presented and it has been validated from various theoretical approaches
through an analysis of a complex sinusiod for both current and voltage waveforms. Thus, the total power injected,
Pr in an AC power network is an algebraic sum function of both the sine and cosine of the power factor (PF)
angle, Pr = f(cosf + sin ). As a result, the 3D power will be equal to or more than the product of RMS values
of the 2D, V and I.

CORRELATIVE PROCESS FOR DETERMINING PHASE SHIFT ANGLE

The expression for correlative reactive power in (9) can be used to compute the phase shift angle when the supply
power S = V[ is known, and Pf is evaluated from the waveforms. The correlative reactive power is given as,

P; = S|cos (0) + sin (0) — 1],

P,=Pf -5,

14
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Equating Ehe two, we obtain the following,
%(P P,) = VI[cos (6) + sin ()]

cos2 (9 éS ) = @%[CQS (0) + sin ()]

Then the following correlative distance detector is designed, where a minimum correlative distance is determined

over various angles from,

dming, = MiNo<g, <900 (\/50082 (97,:150) - -[(pi/fpn) [cos (0;) + sin (Qt)D
as follows,

dining, = MiNg<g, <900 (\/5 cos? (97,350) ‘[(PV 2 Ve)

where 0, is the test angle and angle threshold factor,V} is obtained as,
Vo = V2 cos? (9_1350) _[(PV 7y When 0 = 6.

E.g., at = 6; = 45°, 7T = 0.7071, dypin, = 0, since Vy = —7.117e™*.

The following code is an example showing various values of Vp, where 7T =1,

dininzo = 2/5qrt(2) * (cosd((39 — 45)/1.3726))* — pLpy — 0.4046
dmindo = 2/5qrt(2) * (cosd((40 — 45)/1.3726))2 ﬁ 0.4069
Amina1 = 2/5qrt(2) * (cosd((41 — 45)/1. 3726)) ~ Sptpy — 04008
Amina1 = 2/sqrt(2) * (cosd(41 — 45)) — ‘l(P P y — 0.4098

If d,ing, 1s minimum, then 0 = 0,.

In the case where 6 = 45°, the correlative distance detector for the phase shift angle is set as follows,
i, = MiNgcg, <900 (% cos? (945 — (va_]pn)>

then, find 6 for which,

INSTRUMENTATION, SIGNAL MEASUREMENTS AND ANALYSIS

It is easy to visualize a graph of power waveform when the value of voltage, current and the shift angle are known.

These measurements can be found in the prior art. The power waveform is represented by equation (1). However,
it is not easy to visualize the two components of power from the power waveform. A process of transforming
equation (1) into equation (6) will enable the measurement of power in an experimental set up. An example of
these waveforms are provided in FIG. 7. In order to perform a laboratory power measurement, the following steps
are provided in the present disclosure:

1. Compute the phase shift angle from current and voltage waveform to obtain the angle 6 or obtain
the shift angle through correlative reactive power, Ps
Determine the maximum peak value of the received power sinusoid, P, as Py
Determine the minimum peak value of the received power sinusoid, P, as P,
The average active power, P = P, is written as P, = (P, — P,,) cos (6)
Decorrelated total power, P; through peak RMS value as, P, = \_/z(ng —P,)=(Piz— Pip)
Compute the correlative power factor, o, = cos (—'“—), v, = (M) g =459, 0 <0 <900
By variance, the total effective power is: Pf = (P + Q), Pf = —20; (P —P,)=0X(Pry— Pin)

NS e W

Or, by scalar difference, power estimate is given as, Ptb =(Pz— Ptm) —2(1 = 0e)(Pizx — Pin)
Or, graphical power estimate is given as, Py = (P, ; — Pip) — 2(1 — 0.)(Qc + P)

Or vectorially by vector difference, Pf = [O’C X (Prz)—[1+ (1 —0c)] X Pyl
It is observed from the steps that the reactive power is expressed as follows: @ = P° — P,. This can be further

expressed as, Q@ = (P, — P, )[\/_ )]-

15
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The proof is to show the following, [2\(;5 — cos (#)] = sin (0),

2 cos? ( 6—45°

)

Then, T —cos (0) ] = sin (0), which holds true, for which v, = (2[2 — v/2])2.
The power measurement equations of the present disclosure are now presented:
e @ —2cos?® (9;;4”50) _ARO
Pf = (P+Q).Pr = 22 (P, - ) = cos? (S8 (P,, — Piy)
P, = (P, — P,) cos (0), active power
2 2 cos? (£=452
Q = (Ps — P)[%% — cos (0)] = (P: — P) (% — cos (9)) — (P, — Py)sin (0)

Ps=Pf - S =(P+Q)— +/(P?+ @Q?), correlative reactive power.
We note that o2 = cos (0 — 45°) as well.
GRAPHICAL PROCESS FOR EVALUATING TOTAL POWER

The graphical process is estimated using FIG. 8 as follows:
Q? = h% + bgz — 2bghg cos (£2)

o — I cos (45%)

7 CZOS @) 1 cos {45)
_ o _  lcos

lo = cos (®) ~ cos{P)cos ()

Q= (90 + )"

7. I cos (45° .
hQ = lcp SiIl (@) = W(COSZQ) S111 (@)
bg=10—-1lp, I =V x1I
In order to further validate the experimental results, the following is a description on how to use a power waveform

to estimate the total power injected in a network, by plotting the analytical expression in (16) in () and P.
Subtract the average value, P from the power waveform, to obtain Fy

Estimate the RMS value of P, through a division by %

Add P to P; to form P,

Determine the maximum peak value of the sinusoid of P; as P;
Determine the minimum peak value of the sinusoid of P; as P,

Compute the correlative power factor, o, = cos (9—;&), v, = (2135%)2, pg = 45%, 0 < 6 <900

I S

Total power is more accurately given as, P = 02 x (P, — P,)
Or, power estimate is given as, PP = (P, — Py) — 2(1 — 0.)(Px — Py)
Or, graphical power estimate is given as, P = (P, — P,) — 2(1 — 0.)(Q. + P)

Or vectorially as, Pf = [0, x (Py) — [1+ (1 — 0.)] X Py]
The results from analytical expressions confirm that the experimental results are correct and give the exact estimation

of power when the most accurate statistical error elimination is selected. These results are shown in FIG. 9. The
scalar variance estimation is the most accurate process for the experimental measurements, followed by the scalar
difference process even for the analytical estimation. The total power processed from the correlative variance show
very close match to the decorrelated value of total instantaneous power i.e. P, = o2v/2V 1.

APPLICATIONS IN SIGNAL PROCESSING

The present disclosure further presents a method of signal processing, where different phase shift angles are used
as sources of information bits. This kind of modulation scheme is referred to as correlative phase modulation or
power factor modulation, where a sets of PFs are used as sources of information. A preferable detector is used at
the receiver to detect the information conveyed by the received signal. Signals can be images or current or voltage
waveforms.

In a classic example of the present disclosure in signal processing, the following steps are used:
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Mapping: An example mapper is the following:

bit 0: z1 = sin (wt — #y), (this has single frequency, F')

bit 1: x5 = sin (wt) sin (wt — 02), (this has double frequency, 2F")

The received signal with additive noise is written as y = x; + n.

Fast Fourier transform is applied on y for form frequency-dependent values, Y (F)=fft(y)

For the detector, twice the product of the absolute value of Y (F') is checked if more than a threshold, § at respective
frequencies.

bit 0 : is decoded if 2|Y (F7)| > §,2|Y (F2)| < 6/2

bit 1 : is decoded if 2|Y (F1)| < §,2|Y (F2)| > 6/2

FIG. 10 is an illustration for bit error rates (BER) against signal to noise ratio (SNR). It shows that different
thresholds lead to different BER values. The signal with §; = 02 leads to similar BER rates. In the example
disclosed here, a threshold of 0.4 presents the best perfomance for the detector.

Several forms may be used for the detection of phase shift modulation. For example, minimum noise distance
among various RMS values of the received signal are detected in the following way:

dist; = rms(y) — rms(y(0,))

y(0;) = Vsinwt x Isin (wt — 6;)

The illustration in FIG. 11 shows that in order to support an average power equal to P = V' I cos@, then additional
reactive power is needed to adjust QJ to Q. This means that an additional apparent power is required to provide
enough pressure to support such a load. The initial apparent power S = VI, can only support an average power
of P, = VIcost;, where 6 < 6;, and computed through the adjustment factors disclosed in the present invention.
VALIDATION FROM PRINCIPLE OF CONSTANT POWER AND VARYING QUADRATURE CURRENTS
The second principle of constant quadrature power is now used to confirm the results obtained through the adjusted
power coefficients of the first principle. A network of parallel reactance and resistance is considered, where the
total current, [ is split into the current, I through the resistive load and the current [x through the reactance as
follows,

I=(Ir+Ix)

The voltage across the two elements, R and X, will be equal i.e. Vg = Vx,

IgrR=IxXp,

Ig=Ixtan(0), I=[Ix+ Ixtan(0)]

Now, deriving the power factor as a ratio of power dissipated to the total apparent power,

_ I2R _ 2R

Then, in order to exclude the stored power, apply equal quadrature powers such that, (7 %R =VlIx),

_ IZR _ 1
PF= VIx(l+tan(¢)) = 1+tan(8)

It is easy to see that this value for PF can be expressed as follows,

1 _ ( cos @ )
1+tan () ~ \cosf-+siné

The present disclosure can have several interpretations. For example, the inductive network becomes the power

supply such that,

_ Vulx _ (U—Ir) _ 1 _ 1
PE = Vil — 1 1- 1+C0t(9)> ~ I+tan(9)"

The validation framework shows that the true average power delivered is half of apparent power at § = 45%, when

the resistance is equal to the reactance in the network. This result is quite representative of the fact that there is no

correlation at § = 45°, and a half of the total power will be delivered to the resistive load before storage begins.
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FIG. 12 shows that in an elliptical network e.g. when 6 = 7Y, then the curves for V,I,S do not coincide on
one another. These are points of high correlation. However, correlation is lowered as the angle increases towards
6 = 45% p = 0, and the power curve for S coincides with either V or I. The adjusted shift angle shows a reduction
in the average active power. To compute the shifts between S and I, the difference in amplitudes of the two curves
is calculated at a point on the z-axis. Same is done for the shift between S and V curves as the shift angle is
varied. The effects of the changes in the coincidence of these curves of S, V, I are depicted in FIG. 13, where it

is observed that the shape of the product of the shifts is similar to the shape of the adjusted phase shift angle, 0;.
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CLAIMS:

1. A method for processing total instantaneous electrical power as a sum of consumed resistive
power, reactive power and stored correlative reactive power, in an alternating current waveform of
an electrical power network, which consists of resistive loads, reactive loads and apparent power,
wherein;

(a) ademodulation process is performed on current and voltage waveforms to obtain a phase
shift angle between current and voltage waveforms followed by determining a cosine
function of the phase shift angle and a sine function of the phase shift angle;

(b) an addition process is carried out after the demodulation process has been completed to
give an output sum value of the cosine and sine functions;

(c) the output sum value is used to multiply root-mean-square of peak voltage and peak
current amplitudes as a product, which results in the value of the total instantaneous
electrical power; and

(d) the total instantaneous electrical power is an algebraic sum of resistive power derived
from the resistive loads and reactive power derived from the reactive loads, while stored
correlative reactive power is a difference between the total instantaneous electrical power
and the well-known apparent power.

2. The method of claim 1, further comprising computing additional reactive power needed to be
generated in order to deliver full power to the resistive load in an electrical power network
whenever reactive loads increase in the electrical power network, wherein

(a) the additional reactive power needed to be generated is determined as a difference

between required generator power and the whole resistive load in the electrical power network;

and
(b) required power from generator is the sum of the total instantaneous electrical power and
a resistive load balance remaining to reach the full resistive load in the electrical power
network.

3. The method of claim 1, further comprises computing correlative reactive power, wherein the
correlative reactive power is determined as the difference between the total instantaneous
electrical power and the well-known apparent power in the network, where the maximum
correlative reactive power is determined when there is no correlation, in which the angle of the

phase shift degree is forty five degrees.
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4. A method of computing a true power factor value as a ratio of cosine function of phase shift angle
to the sum of cosine function of the phase shift angle and sine function of the phase shift angle,
wherein the true power factor value is a ratio of average active power to total instantaneous
electrical power.

5. A method for experimentally determining total instantaneous electrical power from a received
power waveform as a difference between maximum peak value and minimum peak value multiplied
by an effective correlative power factor variance, in steps where;

a) twice the amplitude of received power waveform is divided by a negative of the square-root of
two to form a reactive waveform;

b) twice average active power is subsequently added to the reactive waveform to form total power
waveform;

c) a maximum peak value of the total power waveform is multiplied by the effective correlative
power factor variance to form effective maximum peak value;

d) a minimum peak value of the total power waveform is multiplied by the effective correlative
power factor variance to form effective minimum peak value;

e) the total instantaneous electrical power is given as the difference between the effective
maximum peak value and the effective minimum peak value; and

f) the effective correlative power factor variance is a square of cosine of a deviation of the phase
shift angle from the angle where there is no correlation, which is forty five degrees, where the
deviation is divided by a correlative variance factor, and the correlative variance factor is given
as the square of twice the ratio of maximum correlative reactive power to the well-known
average active power.

6. A method for experimentally processing phase shift angle through a correlative distance detector,
where correlative distances are determined at various phase shift angles, and a minimum distance
is used to select the phase shift angle, given that apparent power and received power waveform
are known, wherein
a) the received power waveform is used to determine peak-to-peak power amplitude as a

difference between maximum amplitude and minimum amplitude; and
b) the correlative distance for each angle is determined as a difference between square-root of

two times correlative power factor variance and angle threshold factor.
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1.

10.

A method of signal processing where different phase shift angles are used as a source of
information to be conveyed to a receiver in a communications system through a transmitter,
wherein a detector at the receiver computes frequency of the received signal and compares it with
different frequencies according to a reciprocal mapper at the transmitter, then a threshold value is
used to decode information conveyed by different angles of the phase shift degree using
correlative power information.

A method of signal processing where different phase shift angles are used as a source of
information to be conveyed to a receiver in a communications system through a transmitter,
wherein a detector at the receiver computes phase shift degree of the received signal according to
a correlative distance detector and compares it with different phase shift degrees according to a
reciprocal mapper at the transmitter, then a threshold value is used to decode information
conveyed by different angles of the phase shift degree.

A system consisting of;

(a) a demodulator processor that measures a phase shift angle between current waveforms and
voltage waveforms in an alternating current electrical power system, which consists of resistive
loads and reactive loads, then applies singular waveform value decomposition such that power of
the waveforms is represented in terms of a cosine function of the angle of the phase shift degree
and a sine function of the angle of the degree of the phase shift;

(b) an adder processor that determines total value of instantaneous electrical power as a product of
root-mean-square values of peak current and voltage amplitudes and the sum of the cosine
function of the phase shift angle and a sine function of the phase shift angle; and

(c) an energy meter device that reads an amount of total instantaneous electrical power delivered
in electrical power network as a sum of power stored and returned to power source due to
reactance and power dissipated by the resistive loads in the electrical power network, as an
algebraic sum of cosine function of phase shift angle and sine function of the phase shift angle
times root-mean-square of peak voltage and peak current amplitudes.

The system of claim 9, further comprising computing true power factor value as the ratio of the
cosine function of phase shift angle and the sum of cosine function of phase shift angle and sine
function of phase shift angle, wherein the true power factor value is the ratio of average active

power and the total instantaneous electrical power.
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1.

12.

13.

14,

The system of claim 9, displays values for the true power factor, total instantaneous electrical

power, phase shift angle, the active power, the correlative reactive power, the reactive power and

apparent power.

An instrument for measuring total instantaneous electrical power from a power waveform in a

resistive and reactive power network as a difference between maximum peak value and minimum

peak value multiplied by an effective correlative power factor variance, in steps where;

g) twice the average active power is subtracted from the power waveform and twice the resultant
waveform is divided by a negative of the square-root of two to form a reactive waveform,;

h) twice the average active power is subsequently added to the reactive waveform to form total
power waveform;

i) maximum peak value of the total power waveform is multiplied by the effective correlative
power factor to form effective maximum peak value;

j)  minimum peak value of the total power waveform is multiplied by the effective correlative
power factor to form effective minimum peak value; and

k) the total instantaneous electrical power is given as the difference between the effective
maximum peak value and the effective minimum peak value.

A system for signal processing comprising a mapper at a transmitter and a detector at a receiver,

wherein the mapper is used to assign different phase shift angles is used as a source of

information to be conveyed to a receiver in a communications system through a transmitter,

wherein a detector at the receiver computes frequency of the received signal and compares it with

different frequencies according to the mapper at the transmitter, then a threshold value is used to

decode information conveyed by different angles of the phase shift degree using correlative power

information.

A system for signal processing comprising a mapper at a transmitter and a detector at a receiver,

wherein the mapper is used to assign different phase shift angles is used as a source of

information to be conveyed to a receiver in a communications system through a transmitter,

wherein a detector at the receiver computes phase shift degree of the received signal according to

a correlative distance detector and compares it with different phase shift degrees according to a

reciprocal mapper at the transmitter, then a threshold value is used to decode information

conveyed by different angles of the phase shift degree using correlative power information.
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