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Abstract: We have exploited the dual slope (DS) conversion technique to realize an intelligent system with high
resolution that ensures active power measurement and electrical energy consumption. The load power is suited by
two Hall effect current and voltage transducers, which are associated upstream with a precision analogue multiplier. A
DS analogue-to-digital converter (DS-ADC) performs the conversion by rejecting noise with a conversion time that is
multiple frequencies of the ADC’s first slope. The digital acquisition is made by a PIC 16F877 using a management
algorithm ensuring the control, acquisition, and treatment of information. Results are displayed on a 2-line and 16-
column LCD. The developed instrument is programmable, which gives it many advantages, such as speed of execution,

measurement reliability, and error correction.
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1. Introduction

Nowadays, new technology includes a lot of home equipment that is more sensitive to load power, such as
computers and electronic devices containing different kinds of power. It results in a deterioration of power
quality in distribution and affects the performances of this electric equipment. Therefore, an impact of the
expenses of customer invoice is needed, which necessitates measuring the true energy consumed [1-4].

Most of the developed techniques for measuring energy are theoretical and are insufficient in detailed
description [2,3].

Intelligent measurement systems contribute to optimizing maintenance, controlling the electrical energy
quality, and protecting the installations. This paper presents an interesting method using a dual-slope analogue-
to-digital converter (DS-ADC) with high resolution to measure the RMS value of the current, voltage, active
power, and energy for linear and nonlinear loads. We use quasisynchronous sampling with the first harmonic of
the voltage network. This method eliminates the discretization error and harmonics that are not isochronous
and it has high noise immunity [5].

This technique extracts the resulting true power of the product of isochronous currents and voltage
harmonics. The developed system is in fact a contribution to the realization of a high-resolution intelligent
measurement instrument. The prospects are directed towards energy management in smart houses and it is

simple in design [6].

*Correspondence: khlifi. kh@hotmail.com
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2. Proposed work

A functional block diagram of the energy meter prototype is shown in Figure 1. This system is designed based
on a PIC microcontroller, which acts as a data processing and transmission system.
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Figure 1. Block diagram of the measurement system.

The voltage line and the current load are obtained using voltage Hall effect transducers LV-25P and
current Hall effect transducers LEM LA25-NP, respectively. They are used to adapt the measuring power and
also to assure a galvanic insulation. Indeed, the signal at the output of a sensor is generally weak and it is
necessary to amplify it and condition it. An analogue multiplier device (model AD734) was used to measure
power, which assured the multiplication of the two conditioners. The output signal of this is applied to the input
of a DS-ADC. Digital information of the output of the DS-ADC is processed by a PIC 16F877 microcontroller,
which is followed by an LCD display.

According to Figure 1, the switches K7, K5, and K3 are used to obtain the effective value of the current,

the voltage, and the power.

3. Calculate the power and energy using the DS-ADC

In a general case, the adaptation of a sensor with an analogue output voltage to a system of digital instrumen-
tation via an ADC causes large systematic errors, especially when the difference between the two periods is very
low. The ADC accepts the element directly from an input sensor and provides a digital output proportional
to the physical quantity being read by the latter. We turn, then, towards more compact and more robust
converters. Consequently, the complexity decreases, which leads us to error reduction and increased reliability.
The DS-ADC needs only two integration times and it is one way of integrating ADCs, providing high resolution
and high noise rejection [5,7]. It can be found in many applications for digitizing low-bandwidth signals, such

as digital multimeters and panel meters, which require no high-speed operations. The voltage and current
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waveforms of the power network, however, are not strictly periodic, due to their lack of harmonic components
and stochastic variation.
The measurement method described in this work can be applied for measuring active power and consumed

energy. The synchronous method is based on DS integration performed according to the synchronization signal
of the network voltage. The DS-ADC procedure for the measurement of power is illustrated in Figure 2.
Analysis of this schema, which forms the basis of the designed measurement system, highlights the rejection of

undesirable waves during the conversion [8].

i)
- ] \4 (l’) Number of
P Number of
V(1) >< DS-ADC :,\\/ pulses N
clock
fo

Z.C.D P.L.L 1]

Figure 2. Block diagram of the power measurement using DS-ADC.

The first phase of integration is entirely synchronized with the input signal and its duration is also
measured. The output voltage integrator depends directly on the input signal and the time of the first phase of
integration. Figure 3 shows the operation cycle of the ADC, where T,, is set and ¢, is measured. We exploit
the phase-locked loop (PLL) technique to develop the real-time clock of the DS-ADC: the measurement signals
are synchronized to the network frequency. Indeed, a PLL realizes the elaboration of the clock to pilot the

ADC. The clock frequency is a multiple of the network frequency.

We have
T,, = kT, (1)
Thus,
T, = M, T, (2)
Substituting Eq. (1) in Eq. (2) results in
Ty = k M, Ty (3)
Otherwise, we have
T,, = M T, (4)
Using Egs. (3) and (4), we obtain
M
k= i (k : Constant), (5)

where
T : The time of the first integration slope.

T,: The period of electrical network.

To: The clock period.

M : Number of impulses counted during the time T, .

Tp is no longer in Eq. (5) and so the sampling error is eliminated. Indeed, with this method, we have solved the
problem of the discretization error and whatever changes in the grid period T, the time T,,of the first slope

is synchronized and is a multiple of the grid frequency. Thus the ratio is constant.
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Figure 3. The operation cycle of the DS-ADC.

The analytical operation principle of the DS-ADC is as follows:
e The first slope: 0 < ¢t < T,

At the output of the integrator we have

Vbs—apc, = — v, (t) dt

L
RC

o\;

e The second slope: t; < t<tyor 0 <t<t,

At the output of the integrator, the voltage Vps_apc, can be written as follows:

te
Vbs—apc, = —Rflc / Viepdt +Vps_apc,,
0
where V.7 is the reference voltage.
At t =t,, we have
Vbs—apc, = —‘ggf te +Vps—apc, =0
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Hence,
V 1 T"L
ref _
= g [ w0 9)
0

Substituting the values of Eq. (4) and t, = N, T, into Eq. (9) we obtain

V;’ef
M

Vy =

N, (10)

where
N, : the number of impulses counted during the time ¢, .

Using Eq. (10) and according to Figure 1, we can measure Viayrs, Irums, and the active power P:

With: {U() i L sin (8 + ) (11)

Uy (t) = Gy Ky Rin Vi sin (wt)

i. If we close the switches K; and K> at the output of the multiplier we obtain the effective value of the

voltage, as shown in Figure 4.

Figure 4. Modeling of the measurement system of Vrars, Irms, and P.

Ve (1) = V2(t) = G2 kY, kix [Vin sin (wt)]” (12)
1-— 2wt
walt) = V2 (22, (13)
where
G, : Gain of the voltage conditioner.
kp.: Scaling factor of the voltage Hall effect sensor.
kx : Multiplier constant.
k, = G2 k%, kx
Thus, during the first slope of integration, we have
L
VDS—AD01 = _ﬁ Vgo (t) dt (14)
0
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iii.
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After calculation using Egs. (7), (8), and (10), we have

Vi _ Veer
2 R (15)

From Eq. (15), we obtain the RMS value of the network voltage:

V2 = ki Na, (16)

(&

‘/7‘e.f
M. k.

where ki1 =

Using Figure 4, if we close the switches Ky and K3 at the output of the multiplier we can have the

effective value of the current:

vei(t) = v2(t) = G2 k%, R2, kx [Iﬁl sin?(wt + go)] (17)
1-— 2wt + 2
with:
G;: Gain of current conditioner.
kgri: Scaling factor of the current Hall effect sensor.
R,,: Current shunt resistor.
ki = G7 ky; R2, kx
During the first slope of integration, we have
T
1
Vps—apc, = e vgi(t) di (19)
0
After calculation using Egs. (7), (8), and (10), we have
I? Viey
- N, 2
2 M - k; (20)
From Eq. (20), we obtain, at the output of the DS-ADC, the RMS value of the network current:
12 = k2 Ny, (21)
where ki = ]\‘//[T ekf

According to Figure 4, if we close the switches K; and K3 at the output of the multiplier we can have
the power P:

Uzy (t) = kzvi(t) vo(t) (22)

V(1) = Gy kpy Gi ki R kx [Vin sin (wt) X I, sin (wt — ¢)] (23)
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We put vy (t) = vy, (t)

cos p — cos (2wt + @)

vp(t) = kp Vi I, 5 , (24)
where k,, is noted the power which is written as follows: k, = G,kgGikaiRnkx .
During the first slope of integration, we have
L
Vbs—apc, = “RC /Up(t) dt (25)
0
After calculation using Egs. (7), (8), and (10), we have
Ve
VrmsIrms cosp = 7 ip N, (26)
From Eq. (26), we obtain, at the output of the DS-ADC, the active power:
P = kN, (27)
where ki3 = ]\‘Z[ Ckfp
From Eq. (27), we note that the active power is proportional to N,.
If the load is nonlinear, we have
v(t) = Vi sin (wt) + Vi, sin (3wt) + Vi, sin (5wt) + - - - (28)
Z(t) = Ilm SiIl (wt —+ ¢1) + Igm, sin (3wt + ¢3) + I5m SiIl (5wt —+ d)5) —+ .-
The signal v,(t) is then applied to the DS-ADC. There, we take back the two main phases:
e The first slope : 0 <t < T,
L
VDS—AD6’1 = —@ ’Up(t) dt (29)

o
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We used a DS-ADC of 15 bits with a reference DC voltage of 2 V. The quantum (¢) of the DS-ADC is

Vg 2
= 515 = 33765 = 0061 [mV] (41)

The parameters involved in Eq. (40) are independent. Then we use an error propagation method.

o= (2) o+ (2) (o (42)
Jq Okp P
From Eq. (42), which gives the variance of the error, we determine the uncertainty error due to the measurement
2 2 2 2 2 2 2
op oq okHy okm; oG, oG; oky oR,,
- s —_— 43
p \/(Q)+<k‘Hv>+(kHz)+<Gv)+<Gz * ky * R, ( )

%(%) =X <“;)2 % 100 (44)

7

system:

A sensor with an accuracy of 0.1% and conditioner elements with an accuracy of 0.2% are selected.
After all calculations using an autocalibration system and each early data acquisition operation, the error

can be less than 0.2% for a voltage range of 230 V and a current range of 10 A.

6. Conclusion
A DS-ADC method for energy measurement has been presented in this work. The solution described is
used for the measurement of the TRMS of the voltage and the current, the active power, and energy for a
linear or nonlinear load. The synchronization of the ADC first slope with the network frequency removes the
discretization error. The developed instrument using a DS-ADC allows us to measure also the reactive power
and the deformation factor.

All the system can be connected via a wifi transmitter to send the data information to a measurement
station managed by PC. The developed instrument is programmable, which gives it many advantages, such as
speed of execution, measurement reliability, and error correction.

This instrument represents a smart energy meter using a new simple technique with high resolution.
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