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Abstract

This paper presents the design and development of design
and development of the centralized electrical energy meter.
The electric signal, voltage and current, were captured with
integrated circuit (IC) AD77555 and processed by PIC
16F877 microcontroller to be displayed on LCD. The
prototype followed IEC 1036 standard for class 1 kilowatt-
hour meter with £ 1% accuracy. The system were connected
together via RS-232/485 networks controlled by a personal
computer. Therefore, there were comfortable to controlled
and monitoring.

Keywords: Energy meter, Microcontroller
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Design of Prototype for Centralized Electrical
Energy Monitoring via Mains Power Networks

Kowit SONGSEE*, Sawit TANTHANUCH and Manas KUEKOONKITJAKAN
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Songkhla, Thailand, 90112
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Abstract This paper presents the design and
development of the centralized electrical energy meter.
The electrical signals, voltage and current are captured
by integrated circuit (IC) ADE7755 and processed by
PIC 16F877 microcontroller to be displayed on LCD.
The prototype is followed by the IEC 61036 standard for
class 1 kilowatt-hour meter with + 1% accuracy. The
system were connected together via power line carrier
networks controlled by a personal computer. Therefore,
it is convenient for controlling and monitoring energy
usage.

Keywords: Energy meter, Microcontroller

1. INTRODUCTION

With the growth of home networks, there is an
ongoing need for an economical and reliable that can be
implemented in any communication systems. The
applicability of power line carrier constructing
communication techniques for home networking
communication is investigated. Pulses of electrical
energy from several electric energy meter in kW-hr will
be modulated with carrier signals before sending via the
electrical power lines to the personal computer as a data
locker.

For monitoring electrical energy, the instrument for
measuring the electrical energy are moving coil meters
which could be seen in every home in the type of
kilowatt-hour meter[1]. When considering on accuracy
of these meters which will depend on the quality of
material such as the saturated properties of magnetic
field on moving plate and coil axis, etc.

In order to increase the capability of the meter . The
meter in the form of solid state will be developed for
accuracy on measurement without material fatigue in
mechanism. Electrical energy meters not more than 256
meters will be connected to the network for sending data
through power line carrier (PLC) to the personal
computer for recording electrical energy usage, that will
save time and money and is better than the conventional
method by sending the man to record the electrical
energy usage from each kilowatt-hour meter.

Visual Basic is used for developing the program for
controlling and monitoring the centralized electrical
energy meter.

2. THE INSTANTANEOUS POWER
CALCULATION [1]

The electrical signals voltage and current are

measured in the form of sinusoidal, each of them is the

function of frequency (w), time(t), peak voltage (Vp) and
peak current (Ip), respectively. Current signal is lagging
voltage signal by power factor angle(0) as follows: [2]

v(it) = Vp cos(at + 6). @)

The current will also be sinusoidal with the same
frequency w, so
ity = Ip cos(wt + ¢ —6). (2)

The instantaneous power ;

v(t) i(t) (3)
Vplp cos(at + 6) cos(wt + ¢ — 6). “)

p(1)

The average power delivered to the load is given by

_ olplp
- 2
_Vplp
2

P

f(z)%) cos(wt + @) cos(wt + ¢ — O)dt
(%)

cos 6.

The rms value of a sinusoidal signal is equal to /f of
2

the peak value, independent of amplitude and frequency.
Therefore, the average power can be expressed as

v, I
P = L.7Pcoso
V2 V2 (6)
=V__ I __ cosé.
rms " rms

For non-sinusoidal signals, v(t) are made up of
sinusoids of different frequencies that can be expressed
in Finite Fourier series as shown: [4],[5]

N .
v =v,. +ﬁxh§0{ v, 51n(ha)t+ah)} , (7

Where:

v(¢) is the instantaneous voltage
v, 1isthe dc component



v, is the rms value of voltage harmonic 4
N s the phase angle of the voltage harmonic

[(t):[dc+\/§xhg0{Ihsin(ha)t+,8h)} , ()
Where:

i(t) is the instantaneous current

I, is the dc component

I, is the rms value of current harmonic 4

B, is the phase angle of the current harmonic.

The real power P can be expressed in terms of its
fundamental real power (P;) and harmonic real power

(P)[3] follow:

P = P+Py (9)
where:
P1 = V1><11cos¢1
h = oA
PH = %th[hcowh
h#l
oh = ah-ph

I )
Vrms—\/V det s+t V2, N. (10)

_ 172 2 2
Irms_\/[ dc+[ rms,l+"'+[ rms,N. (11)

Electrical energy in continuous time can be calculated
by :

E@) = [hp(r)dr. (12)

Electrical energy E(t) at the sampling instant t =kT(k =
0,1,2,...) are given by

E(kT) = g p(hT)T. (13)
h=0
Where: p(hT) is instantaneous power in the order h,
T is sampling period
3. PROPOSED ELECTRICAL ENERGY METER
121,131
There are three parts in design method as followings:
3.1 Part of energy meter using solid-state circuit.
3.2 Part of host computer using personal computer
connected to the system sending data through serial port.
3.3 Part of network interface which transform signal
from energy meters for sending data of detecting result
on power line carrier-PLC
In part of meter, processed circuit of Analog Devices
Company No. AD7755 was used to take current signal
V1 and voltage signal V2 to assess as pulse signals[3],
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then sending through microcontroller for calculation and
display as shown in Fig. 3.1

Current
Signal

Voltage
Signal

P

ADE 7755

'

PIC 16F877
V-1.0

| Push switch | | LCD Display |

Fig 3.1. Diagram of prototype energy meter

For designing of energy meter, the measured value
will be expressed in kWh, where a kWh is one unit of
demanded electrical energy. The specifications of the
design are 220 V., 50 Hz, 30 A., 6.6 kW., at 12,000
pulses for 1 kWhr (PPKWHR)

ADE 7755 is a high accuracy electrical energy
measurement IC, where its pin configuration is shown in
Fig3.2

Dves [* ] * [2#] 1

oz [] 5]

Avgg 3] [sz] cF
me 1] [#1] pano

VIP[2] ppeprss [EIREF
witi [3] rorwew [ e
WNE?HmnkmﬁEcwom

wzr [a] EE
FEEET [ [7#] e
REthTEE [2] @
Aamo [ [14] =0
scF [iz] 73] =1

NC = NO CONNECT

Fig 3.2. Pin configuration of ADE 7755

According to IEC 61036 standard for first class
meter, the range of measured current is shown in Fig 3.3

| - Rt viP
LI Lo
2 +470mV ViN
ﬁ Rbi} f GAIN "vl'
Ty
27 AGND Rf % ot

PHASE MNEUTRAL
Fig 3.3. Circuit diagram for current sensor

Current sensor for sampling current is made of
ferrite core with outer diameter of 28 mm. Ferrite core is
wound with insulated copper wire AWG# 42 of 500
turns for secondary winding, and measured power
current in run through the center of core is the primary
winding as ahown in Fig 3.4



Fig 3.4. Ferrite core with the secondary winding

Potential transformer was used to step down the
measured voltage 220 volts at the primary winding to 12
volts at the secondary winding. The resistive voltage
divider was used to meet to the specification of AD7755
as shown in Fig 3.5

| cT Af vzp
R Lo
” } =ss0mv T VEN
Rf
é’AGND ‘LC!
v

PHASE HNEUTRAL

Fig 3.5. Circuit diagram for voltage sensor

The component layout for diagram for voltage
sensor is shown in Fig 3.6

Fig 3.6. Voltage sensor

4. EXPERIMENT AND RESULTS
4.1 Part of energy meter

Voltage and current are detected for electrical
energy calculation. Voltage of power line is detected by
voltage transformer, and load current is detected by
toroid coil using induction of magnetic field.
Microcontroller V-10 of ETT company using PIC
No.16F877 is used for assessment of electrical energy.
Dot matrix LCD 16 characters and 2 lines module is used
for display circuit.

™

3
(vl
]

"

.
a
'

.

.

.

'

Fig 4.1. Part of measure energy meter

7

Fig 4.2. Energy meter

4.2 Part of host computer [6]

Software in kilowatt-hour meter is developed on C
language in the form of Objected-Oriented Programming
(OOP). When the count of pulse signal 1,200 pulses is
detected, and displayed for the increment of electrical
energy of 0.1 kWhr, and 12,000 pulses for electrical
energy of 1.0 kWhr, respectively.

count = count+

energy = energy

Fig 4.3. Flow chart counting pulse signal

4.3 Part of network interface

Recording of electrical energy, baud rate, check
parity, and status of receiving and sending data will be
shown on monitor of personal computer as shown in
Fig 4.5 . Software program is developed on Visual Basic
Programming.

| 1 KduwallHes Meles

. Emergy Monitoring

| 1+ Data Packnt Incomming

=

| = e

Z \IS5 |

O e e

| AxOn  TeOn Fromefn |

" ] s 7]
. I |
10 Devices
KILOWATT HOUR WETER: |Il B

Fig 4.4. Monitoring display energy meter



5. CONCLUSION

The comparison of electrical energy measurement
between the proposed electrical energy meter and
conventional electrical energy meter Holly type DOL-01,
was applied 2-kW electrical power for half an hour for
testing which is equivalent to the electrical energy of 1
kWhr.The results showed that the electrical energy of 1
kWhr on the proposed electrical energy meter and
conventional electrical energy meter were the same.
Furthermore, the protect circuit and data backup when
main power is black out will be added, and the fault will
be shown on the monitor of personal computer.
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OUTPUT OUTPUT DEM DEM  DEM END DEM END ELAPSED DEMAND V1 I P Q VA PF PA F Wh
DATE TIME START START DATE TIME TIME
DATE TIME

26/10/05  16:15:00  26/10/05  16:10:00  26/10/05  16:15:00 0:05:00 1 2.30E+02 2.05E+00 1.70E+02 4.40E+02 4.70E+02 3.60E-01 6.89E+01 5.00E+01 0.00E+00
26/10/05  16:20:00  26/10/05  16:15:00  26/10/05  16:20:00 0:10:00 2 2.28E+02 2.02E+00 1.70E+02 4.30E+02 4.60E+02 3.64E-01 6.87E+01 5.00E+01 0.00E+00
26/10/05  16:25:00  26/10/05  16:20:00  26/10/05  16:25:00 0:15:00 3 2.28E+02 2.01E+00 1.70E+02 4.20E+02 4.60E+02 3.67E-01 6.85E+01 5.01E+01 0.00E+00
26/10/05  16:30:00  26/10/05  16:25:00  26/10/05  16:30:00 0:20:00 4 2.29E+02 2.04E+00 1.70E+02 4.30E+02 4.70E+02 3.66E-01 6.85E+01 5.00E+01 0.00E+00
26/10/05  16:35:00  26/10/05  16:30:00  26/10/05  16:35:00 0:25:00 5 2.29E+02 2.02E+00 1.70E+02 4.30E+02 4.60E+02 3.67E-01 6.84E+01 5.00E+01 0.00E+00
26/10/05  16:40:00 26/10/05  16:35:00  26/10/05  16:40:00 0:30:00 6 2.25E+02 1.97E+00 1.60E+02 4.10E+02 4.40E+02 3.72E-01 6.81E+01 5.01E+01 0.00E+00
26/10/05  16:45:00  26/10/05  16:40:00  26/10/05  16:45:00 0:35:00 7 2.27E+02 2.00E+00 1.70E+02 4.20E+02 4.50E+02 3.70E-01 6.83E+01 5.01E+01 0.00E+00
26/10/05  16:50:00  26/10/05  16:45:00  26/10/05  16:50:00 0:40:00 8 2.27E+02 1.99E+00 1.70E+02 4.20E+02 4.50E+02 3.74E-01 6.81E+01 5.00E+01 1.00E+02
26/10/05  16:55:00  26/10/05  16:50:00  26/10/05  16:55:00 0:45:00 9 2.24E+02 1.96E+00 1.60E+02 4.00E+02 4.40E+02 3.76E-01 6.79E+01 5.01E+01 1.00E+02
26/10/05  17:00:00  26/10/05  16:55:00  26/10/05  17:00:00 0:50:00 10 2.26E+02 1.98E+00 1.70E+02 4.10E+02 4.50E+02 3.75E-01 6.80E+01 5.00E+01 1.00E+02
26/10/05  17:05:00  26/10/05  17:00:00  26/10/05  17:05:00 0:55:00 11 2.26E+02 1.99E+00 1.70E+02 4.10E+02 4.50E+02 3.74E-01 6.80E+01 5.00E+01 1.00E+02
26/10/05  17:10:00  26/10/05  17:05:00  26/10/05  17:10:00 1:00:00 12 2.22E+02 1.94E+00 1.60E+02 3.90E+02 4.30E+02 3.80E-01 6.76E+01 5.00E+01 1.00E+02
26/10/05  17:15:00  26/10/05  17:10:00  26/10/05  17:15:00 1:05:00 13 2.25E+02 1.97E+00 1.70E+02 4.10E+02 4.40E+02 3.76E-01 6.79E+01 5.00E+01 1.00E+02
26/10/05  17:20:00  26/10/05  17:15:00  26/10/05  17:20:00 1:10:00 14 2.23E+02 1.94E+00 1.60E+02 4.00E+02 4.30E+02 3.79E-01 6.77E+01 5.00E+01 1.00E+02
26/10/05  17:25:00  26/10/05  17:20:00  26/10/05  17:25:00 1:15:00 15 2.24E+02 1.95E+00 1.60E+02 4.00E+02 4.40E+02 3.78E-01 6.78E+01 5.00E+01 2.00E+02
26/10/05  17:30:00  26/10/05  17:25:00  26/10/05  17:30:00 1:20:00 16 2.20E+02 1.91E+00 1.60E+02 3.80E+02 4.20E+02 3.83E-01 6.75E+01 4.99E+01 2.00E+02
26/10/05  17:35:00  26/10/05  17:30:00  26/10/05  17:35:00 1:25:00 17 2.18E+02 1.89E+00 1.60E+02 3.80E+02 4.10E+02 3.86E-01 6.73E+01 4.99E+01 2.00E+02
26/10/05  17:40:00  26/10/05  17:35:00  26/10/05  17:40:00 1:30:00 18 2.19E+02 1.89E+00 1.60E+02 3.80E+02 4.10E+02 3.86E-01 6.73E+01 5.00E+01 2.00E+02
26/10/05  17:45:00  26/10/05  17:40:00  26/10/05  17:45:00 1:35:00 19 2.23E+02 1.95E+00 1.60E+02 4.00E+02 4.30E+02 3.79E-01 6.77E+01 5.00E+01 2.00E+02
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23:00:00
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23:10:00

26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05
26/10/05

26/10/05

21:30:00

21:35:00

21:40:00

21:45:00

21:50:00

21:55:00

22:00:00

22:05:00

22:10:00
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2.13E+02

2.15E+02

2.14E+02

2.18E+02

2.18E+02
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2.13E+02

2.18E+02
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2.60E+02
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2.60E+02
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2.70E+02

2.60E+02

5.50E+03
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2.70E+02
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5.38E+03
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1.20E+02

-9.00E+01

4.50E+02

4.40E+02

4.60E+02

4.70E+02

4.60E+02

4.60E+02

4.70E+02

4.70E+02
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4.60E+02
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-1.00E+02
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4.60E+02

4.80E+02
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5.40E+02
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5.50E+02

5.40E+02

5.60E+02

1.80E+02

5.49E+03

1.70E+02

1.70E+02

-1.00E+00

4.97E-01

5.02E-01

4.93E-01

4.86E-01

4.92E-01

4.93E-01

4.92E-01

4.89E-01

-1.00E+00

4.89E-01

4.83E-01

4.86E-01

4.95E-01

-1.00E+00
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7.74E-01

-9.99E-01

7.78E-01
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1.20E+02

1.20E+02

1.20E+02

1.20E+02

1.20E+02

1.20E+02

1.20E+02

1.20E+02

1.00E+02

9.00E+01

1.00E+02

-2.20E+02

1.00E+02

1.00E+02

1.00E+02

1.00E+02

1.00E+02

0.00E+00

1.00E+02

1.00E+02

1.00E+02

1.00E+02

1.00E+02

1.00E+02

9.00E+01

1.00E+02

9.00E+01

9.00E+01

1.00E+02

1.00E+02

1.80E+02

1.70E+02

1.70E+02

5.12E+03

1.80E+02

1.70E+02

1.80E+02

1.70E+02

1.70E+02
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1.80E+02

1.80E+02

1.80E+02

1.80E+02

1.80E+02

1.80E+02

1.70E+02

1.70E+02

1.70E+02

1.70E+02

1.70E+02

1.70E+02

7.77E-01

7.77E-01

7.71E-01

-9.99E-01

7.71E-01

7.75E-01

7.66E-01

7.74E-01

7.66E-01
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7.72E-01

7.70E-01

7.62E-01

7.61E-01

7.57E-01

7.72E-01

7.93E-01

7.77E-01
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7.68E-01

7.73E-01
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3.95E+01
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3.90E+01
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7.80E-01
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7.90E-01
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7.90E-01

7.90E-01

7.90E-01
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1.00E+02
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1.00E+02
1.00E+02
1.00E+02
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1.00E+02
1.00E+02
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1.00E+02
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1.00E+02
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1.00E+02
1.00E+02
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1.80E+02

1.70E+02

1.80E+02

1.70E+02
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1.80E+02
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1.80E+02
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1.80E+02
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-1.00E+00
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2.20E+02

2.24E+02

2.23E+02

2.21E+02

2.25E+02

2.27E+02

2.24E+02

2.21E+02

2.27E+02

2.25E+02

2.24E+02

2.25E+02

2.27E+02

2.26E+02

2.26E+02

2.25E+02

2.25E+02

2.25E+02

2.23E+02

2.19E+02

2.21E+02

2.22E+02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.20E-01

0.00E+00

0.00E+00

0.00E+00

0.00E+00
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0.00E+00
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0.00E+00
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0.00E+00

0.00E+00

0.00E+00

0.00E+00
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0.00E+00
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5.00E+01

4.99E+01

4.99E+01

5.01E+01

4.99E+01

5.00E+01

4.99E+01

4.99E+01

5.00E+01

5.00E+01

4.99E+01

4.99E+01

5.00E+01

5.00E+01

5.01E+01

5.00E+01

5.01E+01

5.01E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

6.00E+03
6.00E+03
6.00E+03
6.00E+03
6.00E+03
6.00E+03
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4:50:00

4:55:00

5:00:00

5:05:00

5:10:00

5:15:00

5:20:00

5:25:00

5:30:00

5:35:00

5:40:00

5:45:00

5:50:00

5:55:00
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2.20E-01
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2.20E-01

2.20E-01
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2.20E-01

2.20E+00

1.84E+00

1.85E+00

1.91E+00

1.91E+00
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2.20E-01

2.20E-01
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2.20E-01

1.91E+00
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0.00E+00
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1.50E+02

1.50E+02

1.60E+02
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1.60E+02

3.70E+02
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0.00E+00

0.00E+00

0.00E+00

1.60E+02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.20E+02

3.60E+02

3.60E+02

3.90E+02

3.80E+02

3.80E+02

7.80E+02
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0.00E+00

0.00E+00

0.00E+00

3.80E+02

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

4.90E+02

3.90E+02

4.00E+02

4.20E+02

4.20E+02

4.20E+02

8.70E+02

5.00E+01

5.00E+01

5.00E+01

5.00E+01

4.20E+02

5.03E-01

3.81E-01

3.83E-01

3.78E-01

3.80E-01

3.81E-01

4.29E-01

3.78E-01

5.98E+01

6.76E+01

6.75E+01

6.78E+01

6.77E+01

6.76E+01

6.46E+01

6.78E+01

5.00E+01

5.01E+01

4.99E+01

5.00E+01

5.00E+01

5.01E+01

5.00E+01

5.00E+01

5.01E+01

5.00E+01

4.99E+01

4.99E+01

4.99E+01

5.00E+01

5.00E+01
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5.00E+01

5.00E+01
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5.00E+01
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1.60E+02
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3.80E+02
3.80E+02
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4.00E+02
3.90E+02
3.80E+02
3.90E+02
4.10E+02
3.80E+02
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0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

4.30E+02

4.00E+02

4.00E+02

4.10E+02

4.10E+02

4.10E+02

4.30E+02

4.30E+02

4.40E+02

4.30E+02

4.30E+02

4.10E+02

4.20E+02

4.50E+02

4.10E+02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.76E-01

3.86E-01

3.87E-01

3.85E-01

3.83E-01

3.84E-01

3.79E-01

3.79E-01

3.79E-01

3.80E-01

3.82E-01

3.86E-01

3.84E-01

3.77E-01

3.86E-01

6.79E+01

6.73E+01

6.73E+01

6.74E+01

6.75E+01

6.74E+01

6.77E+01

6.77E+01

6.77E+01

6.77E+01

6.75E+01

6.73E+01

6.74E+01

6.78E+01

6.73E+01

5.01E+01

5.00E+01

5.01E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.01E+01

5.00E+01

4.99E+01

5.00E+01

5.00E+01

4.99E+01

4.99E+01

5.01E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.00E+01

5.01E+01

5.01E+01

6.10E+03
6.10E+03
6.10E+03
6.10E+03
6.10E+03
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6.20E+03
6.20E+03
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