
Turk J Elec Eng & Comp Sci

(2018) 26: 1081 – 1092

c⃝ TÜBİTAK
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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].
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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.

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 K1 , K2 , 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].

)(ti

)(tv

)(tv p

0f

clock

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 Tm is set and tx 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
Tm = k Tr (1)

Thus,

Tr = Mn T0 (2)

Substituting Eq. (1) in Eq. (2) results in

Tm = kMn T0 (3)

Otherwise, we have

Tm = M T0 (4)

Using Eqs. (3) and (4), we obtain

k =
M

Mn
(k : Constant), (5)

where
Tm : The time of the first integration slope.

Tr : The period of electrical network.

T0 : The clock period.

M : Number of impulses counted during the time Tm .

T0 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 Tr , the time Tm 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:

• The first slope : 0 ≤ t ≤ Tm

At the output of the integrator we have

VDS−ADC1 = − 1

RC

Tm∫
0

vx(t) dt (6)

• The second slope: t1 ≤ t ≤ t2or 0 ≤ t ≤ tx

At the output of the integrator, the voltage VDS−ADC2 can be written as follows:

VDS−ADC2 = − 1

RC

tx∫
0

Vref dt+ VDS−ADC1 , (7)

where Vref is the reference voltage.

At t = tx , we have

VDS−ADC2 = −Vref

RC
tx + VDS−ADC1 = 0 (8)
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Hence,

Vref

RC
tx =

1

RC

Tm∫
0

vx(t) dt (9)

Substituting the values of Eq. (4) and tx = NxT0 into Eq. (9) we obtain

vx =
Vref

M
Nx, (10)

where
Nx : the number of impulses counted during the time tx .

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

With:

{
vi(t) = Gi KHi Im sin (ωt+ φ)

vv(t) = Gv KHv Rm Vm sin (ωt)
(11)

i. If we close the switches K1 and K2 at the output of the multiplier we obtain the effective value of the

voltage, as shown in Figure 4.

( )
i
v t

( )
v
v t

( )
xv
v t

x
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2K
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Figure 4. Modeling of the measurement system of VRMS , IRMS , and P .

vxv(t) = v2v(t) = G2
v k

2
Hv kX [Vm sin (ωt)]

2
(12)

vxv(t) = kv V
2
m

(
1− cos 2ωt

2

)
, (13)

where
Gv : Gain of the voltage conditioner.

kHv : Scaling factor of the voltage Hall effect sensor.

kX : Multiplier constant.

kv = G2
v k

2
Hv kX

Thus, during the first slope of integration, we have

VDS−ADC1 = − 1

RC

Tm∫
0

vxv(t) dt (14)
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After calculation using Eqs. (7), (8), and (10), we have

V 2
m

2
=

Vref

M · kv
Nx (15)

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

V 2
eff = kt1 Nx, (16)

where kt1 =
Vref

M.kv

ii. Using Figure 4, if we close the switches K2 and K3 at the output of the multiplier we can have the

effective value of the current:

vxi(t) = v2i (t) = G2
i k

2
Hi R

2
m kX

[
I2m sin2(ωt+ φ)

]
(17)

vxi(t) = ki I
2
m

(
1− cos (2ωt+ 2φ)

2

)
(18)

with:
Gi : Gain of current conditioner.

kHi : Scaling factor of the current Hall effect sensor.

Rm : Current shunt resistor.

ki = G2
i k

2
Hi R

2
m kX

During the first slope of integration, we have

VDS−ADC1 = − 1

RC

Tm∫
0

vxi(t) dt (19)

After calculation using Eqs. (7), (8), and (10), we have

I2m
2

=
Vref

M · ki
Nx (20)

From Eq. (20), we obtain, at the output of the DS-ADC, the RMS value of the network current:

I2eff = kt2 Nx, (21)

where kt2 =
Vref

M.ki

iii. According to Figure 4, if we close the switches K1 and K3 at the output of the multiplier we can have

the power P :

vxy(t) = kx vi(t) vv(t) (22)

vx(t) = Gv kHv Gi kHi Rm kX [Vm sin (ωt)× Im sin (ωt− φ)] (23)
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We put vxy(t) = vp (t)

vp(t) = kp Vm Im

[
cosφ− cos (2ωt+ φ)

2

]
, (24)

where kp is noted the power which is written as follows: kp = GvkHvGikHiRmkX .

During the first slope of integration, we have

VDS−ADC1 = − 1

RC

Tm∫
0

vp(t) dt (25)

After calculation using Eqs. (7), (8), and (10), we have

VRMSIRMS cosφ =
Vref

M · kp
Nx (26)

From Eq. (26), we obtain, at the output of the DS-ADC, the active power:

P = kt3Nx, (27)

where kt3 =
Vref

M ·kp

From Eq. (27), we note that the active power is proportional to Nx .

If the load is nonlinear, we have

{
v(t) = V1m sin (ωt) + V3m sin (3ωt) + V5m sin (5ωt) + · · ·
i(t) = I1m sin (ωt+ ϕ1) + I3m sin (3ωt+ ϕ3) + I5m sin (5ωt+ ϕ5) + · · ·

(28)

The signal vp(t) is then applied to the DS-ADC. There, we take back the two main phases:

• The first slope : 0 ≤ t ≤ Tm

VDS−ADC1 = − 1

RC

Tm∫
0

vp(t) dt (29)
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VDS−ADC1 = − kp
RC

Tm∫
0



V1m I1m
2 [cosϕ1 − cos (2ωt+ ϕ1)] dt

V1m I3m
2 [cos (2ωt+ ϕ3)− cos (4ωt+ ϕ3)] dt

V1m I5m
2 [cos (4ωt+ ϕ5)− cos (6ωt+ ϕ5)] dt

V3m I1m
2 [cos (2ωt− ϕ1)− cos (4ωt+ ϕ1)] dt

V3m I3m
2 [cosϕ3 − cos (6ωt+ ϕ3)] dt

V3m I5m
2 [cos (2ωt− ϕ5)− cos (8ωt+ ϕ5)] dt

V5m I1m
2 [cos (4ωt− ϕ1)− cos (6ωt+ ϕ1)] dt

V5m I3m
2 [cos (2ωt− ϕ3)− cos (8ωt+ ϕ3)] dt

V5m I5m
2 [cosϕ5 − cos (10ωt+ ϕ5)] dt



(30)

It is noted that Eq. (30) can be decomposed into two terms, which are, respectively, the DC and AC

component of the power.

When selecting Tmmultiple of the network period, the AC components will be rejected.

Then for the first slope we have

VDS−ADC1 = − kp
RC

Tm

(
V1m I1m

2
cosϕ1 +

V3m I3m
2

cosϕ3 +
V5m I5m

2
cosϕ5

)
(31)

The synchronization is adapted using the PLL.

• The second slope : t1 ≤ t ≤ t2 or 0 ≤ t ≤ tx

VDS−ADC2 = −Vref

RC
tx + VDS−ADC1 = 0 (32)

The substitution of Eq. (31) into Eq. (32) gives

kp

(
V1m I1m

2
cosϕ1 +

V3m I3m
2

cosϕ3 +
V5m I5m

2
cosϕ5

)
= −Vref

Tm
tx (33)

Or in absolute value

kp (Veff1 Ieff1 cosϕ1 + Veff3 Ieff3 cosϕ3 + Veff5 Ieff5 cosϕ5) =
Vref .tx
Tm

(34)

thus,

kp (Veff1 Ieff1 cosϕ1 + Veff3 Ieff3 cosϕ3 + Veff5 Ieff5 cosϕ5) =
Vref

M
Nx (35)

Consequently, the power is

P =
∑

Pi =
Vref

M · kp
Nx (36)
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If we set h =
Vref

M ·kp
the measured power is given by the following equation:

P = h×Nx (37)

This technique is based on the use of a DS-ADC with a selected resolution of 20,000 measurement points,

which gives a high resolution. By counting the number of pulses Nx , we can directly deduct the powerP . The

consumed energy is then calculated based on the active power value for each frame of 1 s, which means

We = P ×∆t(During1s) (38)

The DS-ADC can be well exploited to measure power and any load because it constitutes a rejecter of harmonics

having a multiple period of the first integration. The method using the DS conversion technique also performs

the measurement of Veff and Ieff .

4. The smart energy meter implementation

4.1. Management algorithm

The measuring system using DS-ADC is built around a microcontroller PIC 16F877. It is a low-cost micro-

controller that has 8 analogue inputs. The microcontroller is programmed to calculate the active power (for

linear or nonlinear loads) and the energy and to display them on the LCD. Figure 5 shows the measurement

flow chart used to indicate the processing algorithm for the management and acquisition of the magnitudes and

experiment process.

4.2. Electronic design of the energy meter

The realized electronic circuit for conditioning voltage and current is shown in Figure 6a. The product result is

thereafter done by the analogue multiplier. Figure 6b depicts the electronic diagram relative to DS-ADC and

the PLL. Finally, in Figure 6c, we have the digital processing, which is composed by a microcontroller, followed

downstream by the LCD.

( )
i
v t

( )
v
v t

( )
xi
v t

xN×
1K

2K

3K ( )iv t

( )vv t

( ) ( )x pv t v t=

xN×
1K

2K

3K

Figure 5. Measurement algorithm management. Figure 6. Electronic diagrams of the energy meter.

4.3. Hardware implementation

The hardware design of the energy meter using DS-ADC, presented in Figures 7 and 8, has been implemented

and tested.

5. Metrological analysis and sources of errors associated with the energy meter

To evaluate the measurement error, Eqs. (10) and (36) are used, which constitute the conversion function of

the DS-ADC.
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Figure 7. Instrumental platform representing the energy

meter.

Figure 8. The active power and the energy values mea-

sured by PIC 16F877.

If Nmax = M = 20000 = 2n → nbits (39)

Eq. (10) can be written as

P =
1

kP
× Vref

2n
Nx =

1

kP
× Vref

2n

n−1∑
i=0

ai2
i, (40)

where a =


0

or

1

The measuring system can be modeled as shown in Figure 9 [9].
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iG

vG

x q

Figure 9. Metrological modeled diagram of the energy meter system.

The DS-ADC performs Nx samples of the signal at the output of the multiplier and introduces a noise

due to the quantization, which is represented in Figure 10.

)(tvp

)(tnADC

)(tvADC

Figure 10. Modeling of the DS-ADC.
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We used a DS-ADC of 15 bits with a reference DC voltage of 2 V. The quantum (q ) of the DS-ADC is

q =
Vréf

215
=

2

32768
= 0.061 [mV ] (41)

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

σp =

√(
∂p

∂q

)2

(σq)
2
+

(
∂p

∂kp

)2

(σkp)
2

(42)

From Eq. (42), which gives the variance of the error, we determine the uncertainty error due to the measurement

system:

σp

p
=

√(
σq

q

)2

+

(
σkHv

kHv

)2

+

(
σkHi

kHi

)2

+

(
σGv

Gv

)2

+

(
σGi

Gi

)2

+

(
σkx
kx

)2

+

(
σRm

Rm

)2

(43)

σp

p
(%) =

√∑(
σxi

xi

)2

× 100 (44)

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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