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ABSTRACT

Accuracy of energy meters directly effect to both customers and the Provincial Electricity
Authority (PEA). Thus the accuracy of energy meters needs to be evaluated regularly. According to
the PEA regulations, there are two methods that normally use in the evaluation: using stopwatch
work with clamp-on power meter that provides some errors. Another using the standard energy
meter installed at the working site compared to the meter under testing. This technique provides
a good accuracy evaluation but it is inconvenient in the installation and has to spend a lot of time
during the test. From these problems, it inspires to investigate a novel technique as a research.

This thesis presents a digital image processing associate with the standard power meter to
calculate the real power from the LED on-off status of the energy meters. Image processing
techniques, subtraction thresholding, are applied to the LED images captured from web camera and
pass to the designed algorithm in order to provide the real power. Then compared to the real power
obtains from the standard power meter for evaluating the energy meter under the test.

As the experimental results both in the laboratory and on installation site, it is found that
the proposed method give a better accuracy than the stopwatch method with the mean error of
0.54%. In the comparing to the standard energy meter, in term of accuracy results are almost the
same. However in term of testing time, it is found that the proposed method spends much less time

and more convenient than the standard energy meter method.

Keywords: electronic energy meters, image processing, standard energy meter
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EDMI

Mk6 GENIUS

Transform the way people think about
Electronic Metering Solutions
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EDMI is more than a meter supplier.
We provide total energy measurement &
management solutions

Providing total Energy Measurement Solutions
EDMI 15 a technology company founded in Brisbane, Australla. We recognised the market needs
for an electricity metering and monitoring system which catered for the rapidly changing

deregulating markets. We have developed the next generation of Electronic Energy Meters - Mkf GEMIUS.

EDMI defined the features for the meters of the future:
+ Sustained accuracy and rellability;

= Systems approach leading to energy management;

* Measurement of all electrical parameters;

+ Data intergrity and data security;

Flezdbility in the display and analysts of data;
= Easy remote aocess;

* Provision for future field upgrades of software;

Compatibility among all meters in the ranges;
* Reduction of stock levels by allowing wide voltage and ourrent ranges:

* Readily adaptable to special applications.

EDMI has worked in close collaboration with its customers, to develop modern and innovative
products. Through the combination of “state of ant™ hardware and speclalised software modules,
EDMI has created a range of electricity meters which are quite unparalleled in terms of functionality,

accuracy, Installation, communication, and data analysis.




G eneral

FO1CI04 001D
c1BI0T100T0-

Through innovative design, EDM! engineers
were able fo provide hardware that exceaded
all existing sfandards, and easily remains
within itz accuracy clazs, degpife the above
infiuences.

Deregulation challenges the traditional thinking

of metering engineers

All over the world, the Producers and Distributors of electric
energy are confronted with the challenges of hberalization and
dereguilation.

Demands from customers and the challenges of new commesncial
stratagies are forcing the producers and suppliers of electricity
to be more flexihle and competitive in thelr transactions with
customers by offering innovative tariffs and value added
sarvices.

There are greater demands for improved quality and the
quantity of information from metering systems to mest the needs
of: -

= Caneration utilities
* Transmission wtilities
= Distribution wutilities
+ Regulators
= Hlectricity retalling companies
= Customers

Genius MK6G:

Meters planned for the changing market place
From experience gained in countries that have pnderstond the
Issuses associated with deregulation, the EDMI MEG energy
meters have been adapted to cater for the needs of both uilities
and customers, without sacrificing relisbility, sccuracy or secu-
rity.

We offer features that are unparallelad in the market place.
Inorder to take full advantage of all of the advanced features of
the: MES energy meters, it 1s important to understand our gen-
eral approach.

Meter:

Hardware:

Following the analysis of existing metering, it was found that
severe metering ingocuracies could oocur during the following
conditions.

« Rapidly changing load conditions. Eg._ spot welding plants
= Presence of high bevels of harmondcs. Eg.. Traction metering
« DT offsets caused by half wave rectified loads.

« External magmnetic felds.

Through innovative design, EDMI engineers were able to pro-
vide hardware that exceeded all existing standands, and easily
remains within its accuracy class, despite the above influences.

3
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Once again, the Ausfralian dezign feam ex-

ceeded expectafions.

HARDWARE SOFTWARE

Firmware:

The pre-programmed software within the meter.

The challenge given here was to write software that not
only met the existing standards. but would also provide a
platfiorm for easy set-up of meters to sult the customers”
Individual requirements. A further requirement was to
allow secure field upgrading of the meter to prevent the
meter from becoming obsolete as market standards and
requirements changed.

Once agaln, the Australlan design team exceeded
expectations.

Customer interface

PC Software:

The challenge here was to provide an interface that was
user friendly and versatile enough to be able to set-up and
Interrogate the entire range of meters.

The result was the ExiView software.

EziView software: Planned for the Future:

The software ExiView provides a number of possibilities
for conflguring meters, reading and analysing the data from
meters as well as setting up security systems for a range of
meters.

At entry level ExiView can be supplied with the minimam
of features, allowing easy famillarisation of the software,
and as the customers” requirements change, ExiView can
e re-configured to add extra functions,

Also avallable for use with EziView Is a scripting
“Toolboee.™ This toolbox 15 used to add special functions
to the Mk GEMIUS meters, talloring the meter to suit both
industry and customer specific requirements.

We can represent the meters schematically:

@ Measurement

Class 0.25, 0.ES and
Cless 1

1A To BA
EDSED Hz

[ Anaiysis

Load Serveys
Sag swell logs
Waveloms
Harmonlcs

Vollage / Curents

Ry - AN . il :
%munlcatmns  Inventory control
Ezi¥iew
one
MVE0 =
EDIS/DEIS e e
EziView
DUMS
Oplicom
IEC 1107
RSZ3Z / 4E5 b
Madem
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L] L ]
Description
Essential functions of the MKG Energy Meters:

Basic functions

» Energy measurement, well within the lmits of the
Class of accuracy

Instantanems Parameters

Surveys

Tariffication

Diata Storage

Intermal clock

Alarms

= Security

Parameterisation

* Programmable CT &VT ratios

« I Element /3 Element

» Customised LCD display

» Customer specific Alarms

= Seripis: standard or © to order ©
= EzxiView software

75

Communication Possibilities
« EDIS / OBSS

= R5-232

= R5-4B5

= SCADA

+ Modems

= ExiPort

= MV 00

= TCP/TP

= Master - slaves configuration

Complementary functions

= Instrument transformers loss compensation
= Quality of Supply

= Waveform Capture

= Sag and Swell Analysis

= Harmonic Anabysis

Measurements

The heart of the meter 15 an analogee to digital converter (ADC) used to sample the voltage and current signals. To
calculate the energy and other system parameters, advanced digital signal processing (D3F) techniques are used. Any of
these quantities may also be stored as a profile fior future analysis
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Availahle measurements inchide:

« RMS. Voltage = Active Power

« RMES. Current * Reactive Power

« Power Factor *+ Reactive Energy

« Frequency = Apparent Power

« Active Energy = Maximum Demand (Block or Rolling



Surveys
The Survey function allows for different channels
Meter Type MK& MK3
Number of channels 30 per survey On Request
Surveys 11 OR
Integration Period | Progmmmable OR
Motes Additional avadlable using scripts.
Tariffication

The MES metars are eguipped with & very advanced tariffication
module. In MEE, Upto 200 Tariff Periods of up to B Rates can
be programmed into the meter, induding daily, weskly, yearty
and special one-off periods. Perodicity can be daily, weekly,
yearly or special. The meter stores energy, maximum dermand
and time of maximum demand for the cument billing period,
previous billing period and cumulative totals with complete
fexibility to display over twelve months of previows resdings.
The meters can also survey external pulse Inputs Le. water and
gas meters.

Data Storage
Al critical data, including calibration, configuration and time of
use, 15 stored in battery backed up RAM and in non-volatile
FlashRAM, which will retain the data indefinitely even when no

axliary supply 15 available.

Internal Clock

The internal clock of the MES meters is fitted with & Real time

Clock/Calendar chip (RTC) used for tariff control and for time
stamping of lozd survey data. This chip istilises a Lithium Battery
o provide backup supply to maintain the time during power
outages. This Lithium battery is capable of presarving the meter
clock for up to 5 years continsously in absence of power. As an
option, during normal operstion, the clock can be maintained
from the mains frequency.

Alarms
Aasto-diagnostic alarms are used in the MES meters (loss of
ry. problems with b 1. Oher progra d al
are avallable, including VT failuretolerance, unbalanced power

and advanced tampering.

Security
The security of the meters is managed acoording to categories of
users. Thus, the use of the meters 15 protected and guarantees a
direct and exclusive access to the menus determined by the
securty level

Liquid Crystal (Back lif) Dizplay
Twao lines of 16 alpha-numeric charscters.
The scrolling of the information can be wsar programmed. The
MHKE meaters can display a very large mnge of pre-programmed
registers but also allows user defined options to be displayed.
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Communications options

IEC1107 FLAG™
The energy meter is fitted with an optical port that is hard-
ware compatible with 1 E C 1107 F L A G™. User aocess Is
categorised into several levels to provide user configurable levels
of read only and configuration modes and incorporates
usar identification and passwords to prevent unauthorised access.

Arcess to the meter knoemn & command Hee mode uses simgle
protocol and message strecture to ensble the meter registers to
be remd by an external program. Stxteen-bit CRC's are used
on &l communications for high reliability. The command line
protocol can be used by third party for AMR applications.

R5-232 and RS485
The MES Mater has an optionsl second Interface, which can
be ordered as either RS485 or R5232. This pont can serve as a

modem interface connect ing to & standard data modem, which
allovws remote access to the units via the PSTN or other
communications networks including Power Line Carrder, G5M
radio modems. The connection between the meter and the
muodem is via a fully isolated R5232/ 485 port.

Comamunication speeds up to 19200 basd are available.

SCADA
The Mkf meter has provision for an optional special SCATMA,
port that enables connection with SCADA system and a second
simultaneous connection with PC or modem.

EziPort

This port 15 und-directional infrared port. which continuously

outputs ‘straam’ of data. This data is fully programmable throsgh
FziView. The data can be displayed with the EziPort software

and the ExiPort read head designed to connect to a PC R5232
port. The protocol and format of the ExiPort output are freely
avallable and are designed for easy connection to load

management and SCADA systems.

MVS0

Miany of the meters functions are accessible with the EDRI
VDD TIMES.

TCPAP

Interneat access to EDMI meter is possible using Port DMrectors and
ExiView.

Master - Slaves Configuration

Thi MEE meter permits multiple meters to connect to & fibre optd
ring. The master meter can be connected to a single PC or modem

thus allowing remote access to &ll the individual meters on the ring



Parameterisation

CT and VT ratios
The CT and VT ratios are fully programmahle.

MES meters are operational between 45 to 200V (Line to neutral)

Voltage, current and energy can optionally be displayed & a
primary or secondary value, this making the meters ideally
salted for LV, MV and HV installations.

2 Element / 3 Element

The meters can be configured for either 2 or 3 element modes.
Mo internal modification to the meter is necassary.

Meters can be pre-configured via ExiView before installation

Customer specific alarms
There are numenos pre-programmed alarms, plis the possibility
of user defined alarm conditions (via scripts). These can be used
o () tnern oncan alarm LED, (b displayed on an LCD scresn, (©)
entered into an error log for remote access, (d) rigger an event
suchas a remote alarm or dial an emergency number (via scripts
in MkE GEMIUS), and (8} tiern onoff a relay outpat.

Scripts: standard or “to order™
The scripts are programs downloaded to the meter acoord ing to
the needs of the market; either the customer or EDMI can develop
these, according to the customer's choice. Scripts allow many
calbculations, management of the registers, and logical decisions
to e made sccording to predetermined criteria.

EziView software
EziView & a sophisticated, but user-friendly utility program that
enahles a PC to communicate with and set up the meter. The
EziView software has full security built in allowing
administrators o configure EziView installstions and allow the
oorrect level of acces to the right personnel.

Autvanced wavefiorm and harmonde display and analysts are part
of this software package.

Automatic Meter Reading via the recently rebeased schedular

madule. allvws ExiView to be configired to connect o and extract
metter readings for saving to files or forward ing to billing systems.

Optional Complementary Functions

Error compensation
The Mib meter (class 025, 0U55) incorporates & function for the
compensation of the energy losses caused by instrument
transformers as well as transformer & line losses. The meter
calculates all values of consumption, and calculates the
compensated values and makes both compensated and un-
compensated values avallable for analysis.
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Quality of Supply

The Mk& meters can be equipped with very sophisticated
software for the examination of quality of sapply (power queality).

Harmonic Analysis
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Basic Specification Sheet

Type of meter Class Standard
0.3 IEC GDBET
MES GENIUS 1 IEC §1035
Type Specifications Remark
Viltages Momimnal 5T to 2400V (Phasa to Meutral) The same meter
Min. to Max. 45 to 200V
Burden =10 WA / phase & Vn (3Phase)

(As per IECE2053-61, 1908)

Aamiliary Supply- 1w Others available on onder
Current MNomimnal 14 (C.T) 5A (CT)
Range Standard 005A - 124 0254 - 64
Short Time Owver- 20 times the wa for 0.5 second
Current
Starting Cuerrent =010 of I
Burden =0 5V A pheases
Measurement modes Single Phase {3 dircuiis) The same meter can be configured 2or 3E
3 Phasa 3 wire (2 Element)
3 Fhase 4 wire (2 Element)
Pulse outpiits Voltage S-280Wdc, 12-240Vac
Current 024 meaximasm
Pulse width Smes to 250ms
Polarity Programmahle
Pulse inpats Voltage 5,12, 48, 110, 240 AC/TXC
58 Yes
Temperature & Humidity Rangs Operating Temp -10to +60°C Storage Temp  -40 to +85°C

Relative Humidity  0to®5 % non condensing

Time keeping Type Mains synchrondsed or intemal
Accuracy (Intemal) =15 sec / month crystal {selectable). Mains syn-
Backup time 1 years without power chronised reverts to internal on
Backup type Lithium Battery loss of all Phase volts.
[ata storage Mon volatile FiashRAM, Indefinite stomage period.
(configuration and TOU data
Load Survey)
Commumications Local FLAG™ [TEC 1107 Standard
Local OPTICOM Optional
Isolated RS485 or R5232 Optional
EZIFORT Optional
SCADA Optional

The performance of these prochucts easily excerds those mentioned in the IEC standards.
The MEE metess offer acouracy, typically bao times better than those specified in the standards.
+ Oiptioral 7 Other values available

8



Advanced Specification Sheet

Technical Specifications

Accuracy Class

MkE GENIUS
1or05s

Remark

Caurrent range

CT 5A

Installation

2/3 element

Measured parameters

4 quadrants
Power factor
kWh

kvarh

v

A

Hz

Phaze Angzle
EVA

kW & kvar (Max. Demand)
KVA {demand)

Tariffs

2,4, 8 tariffs

EWh =01, Q2. 03, 0d

kevarh <01, 02, Q3. (4

kW

VA

Power factor st max. demand
Time of max. demand
Multiple pericds.

Inpuats

5, 12, 48, 110, 240% AC/DC
1,2 3,4, 6 inputs

' Ports

Optical  Flag
Optical  Opticom
RS-232

RS-485

{On Request SCADA RS-232
On Raquest SCADA RS-4B5
ExiPort to SCADA Systems

000 5|00 % %% % %% % 5|5 % %" % % % 5% §|</€

(Oiptionally availble with Gateway Card)
(Optionally svailble with Gateway Cand)

COhptions hardware

Extended Memory
Extended TOU

Chstpast relays

Electronic (BOSFET)
Mearcury wetted reeds
2.3, 4, 6or T outpasts

Qlo Qg

Cindy available on special ordar

Waveafonm capture
Voltage Sag & Surge
Harmonic analysls
TOU

Extended TOL

Modem Control
Surveys

Anti-frasd script

Pulse summation scripts
Frogramming script

OO0 *00% -+ =<lQg

Protection Degrag

P51

oY

 Siandard

O Dgtion

& Done by Exiview
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POWERVISA

Power Quality Analyzer

*HB

L L

T = o

s e

5
ATvar

Egmipped with 8§ independent chawnels, the 3-pbase Power¥isa® is the only advanced power mowniloring instrument
to incorporate a color towch screen into its lightweipht design. Automated setups provide instant detection of circuits and
confipwrations, enswring it the instrument i ready o succesghlly collect data. Users can seloct the length and mode of data collection, inciding
tromblestooting, duta lngying, power qualily surveys, energy and load balmcing. The PowerVisa collacls dala ai 256 sampiles/cycle/chamnesl, offers
remole communications nsing B-232, etbenal or USH options, and meeis [KEF 1159 and ibe newest Furopean siendands

Measured Parameters

14) deferential inputs, 1-500 Vims, AC / DC, 0.1% rog + 0.05% F5, 256 samples/cyde, 16 bit ADC
{4) Inputs with CTs 1-6000 Amns, CT ~dapendent, AC/DC, 256 samples/opde, 0.1% rdg + C, 16 bit ADC
Frequency range, 10 mHz resolution, 45-65 H

Phase lod: loop - standard PO mode

EEE 1159

EC 61000430 Class &

ENS0160 Cualtty of Supphy

Power Quality Triggers

Cycde-by-cyde analysls 256 smplesiopde; 1o AMS sipes

L-L, LM, N-G RMS varlations: sags/swells/intemuptions

RAMES recordings and Waveshape reaordings (30 pre-fault, 100 post -fault opdes)

Low and medium frequency transients - Val

Harmonics summary parameters

Croes trigger VaI channek

RAMAS event charactertzation (EEE or EC)

W, Vs, VAR, TPF, DFF, Demand, Energy, eic; Harmonks & interfharmonics per [EC 61000-4-7
THD/Harmaonic Spectrsm, TIDinterharmonic Spectrum (V. 1,-W) to 63rd

Crest factor, K facior, transioemer derating factor, telephone interfesence fackor

General Spedfications

Szp (HxWzD): 12" x 25" x 87; Weight: 3.8 |bs

Operating temperatures O to 50 degress C; Siorage termperature: -20 to 55 degreses C
Humidity: 10 - 903 non-condensing

Memory options {must have cnel: Up to 128M remiovable compact flashcard
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The PowerVisz unigue annuncizstor “report cand” provides instant

power quality answers in the Beld. A wide range of power monitoring
dats is collected, analyzed and tabulaied in color-coded catrpories o
quickly identify areas of concern, which are identified in red. Dl
down for more detailed information by simply tooching the intuitive
graphica] screen to troubleshoot problems, locate the sounce and
pinpaint the root case of power quality dishrbances.

ENerT |

The cost of energy is aftentimes a facility’s kargest operating expense.
Reducing energy consumpdion during peak times, shifting loads,
purchasing energy efficient equipment, or changing energy suppliers
can shave 10-30% annually off that cost. The PowerVisa & an
invaluahle tool for performing erergy surveys, including monitoring
af large loads to reduce electricity costs. Plus, the PowerVisa makes it
easy o frack and allocate energy costs by proces or depastment:

81

Harmonics

As the sensitivity of power elactronics incresses, equipment ranging
from. HYAL systemns, personal compuers and copiers o computerized
process equipment and manufachiring systerms are susceplible to
harmonic pallution. In Fact, harmonics can cause small, abmost
imperceptible variations in peformance that aggregate to effect
significant long-term damage. Current harmionics generated by a
sourre can pallude the entire power system without being affected
subhammonics o effectively troubleshoot the complex problems
cased by thes: events.

Eqquipment [ ;

Determining the mldn]ln' audnuupa‘.lbﬂrtfnlfﬂnhtjpmu
peior to the installation of new equipment i smplified nsing the
PowerVisa. The instrument incorporates advanced featires such as
RMS triggers, low/medium frequency transients, and cross
tmiggering between channels o demonstrate that power mitigation
devices such a5 UPSs are operating properfy. Real time readings
observed during mainienance and startop processes enshle wsers in
see results and iweak that eguipment during the testing proces.

Semar v 87 S BT 172 g L

el 7327573650 = fax 732 248.1834 = 1000 Now Durham Road = Edison, Mew Jorsoy [SS18 USA,

-m 1.800.372.6832 sales@dranetz-bmi.com
e “

M.ﬂm“nlﬂ—hdm_m Al

Poweruids,
Pritesd 1 tha Uniss . S

= et ) (e
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Grid

PW0E6: n1sdstenaldimalulalussutananiwsinduiafasinauaiwnmidsiwidssifunaniiugn
saaafasfandeou i fidnniadng

addnd infegTalsay daste anindana uazolgael Tansineafunyd

image processing, electronic energy meters, pow er quality instrument

PWO0B7: Vehicle to Grid (V2G) Control based on Frequency Droop Characteristic and Its
Capacity Reduction Effect on Battery for Frequency Contraol in Pow er System with Wind Farm
wiass fauwsd Sasedn o1uug 9967 Tyosssy uardndiay 1d51asddna

Frequency control, Plug-in hybrid electric vehicles (PHEV), Battery energy storage system
(BESS), Vehicle to grid (V2G), Droop characteristic, State of charge (SOC)

PWO068: szuuiuuiis faafuuul sendawdsau

fdwar 20a71In anla Sirean aufw Tyeedifu araa Tanfady nidnd assiwnl nowga
Fuan

museum guide, RFID, Energy saving

PW069: Haudadr2iyan sl wasnrutwihatelunu

auyie (Tougandu

Energy Meter, Television, Wireless Communication

PWO070: Computer Software Development for Automatic Distance Relay Setting of The Closed
Loop Transmission Line Protection for Provincial Electricity Autharity

fuIns LAgMa LAosdyns ndg o uaraudud WaNUE

Digital distance relay, DPL script Language, Distance relay setting, Transmission line
protection

PWO71: nrsfiasizdaunuvaudawsa srsuusmuie 22 kV Taef8auiaaduiuauy
wand@nd 1fuvas naualyuy naffadieg uaragsms dudaa
distance relay, fault location, Discrete Fourier Transform, ATP-EMTP

PWO072: Fault Type and Location ldentification by Artificial Neural Netw ork and Symmetrical
Component

q5ANE 80U uarANWS ATEITIURA

neural network, fault location, symmetrical component

PWO073: EMTP/ATP-Based Transient Short Circuit Fault Simulation for Percentage Transformer
Differential Relay Performance Testing:

Tawd 2aons uardud daiainedss

Percentage Transformer Differential Relay Testing, Magnetizing Inrush Current

PWO74: Maximum Pow er at Recelving Bus of Multiple Wheeling Transactions in a Deregulated
Pow er System

wiinw Jegeyuna

maximum real pow er at receiving bus, deregulated pow er system, multiple w heeling
transactions

PWO075: A Study on Short-Term Load Forecasting for Smart Grid Based on Multiple Regression
as1d Tufoag, andus waranlsd, Soo Asewmy
Multiple Regression, Short Term Load Forecasting, Smart Grid

PWO076: Critical Load Level-based Adaptive Load Frequency Contral under Rapid Demand
Fluctuations

Chanw it Boonchuay and Weerakorn Ongsakul

PWO077: Feasibility and System Impact Study of Integration Solar thermal pow er generation
afudns dnuurty, fadyl gaddnd, daddnd af1uddla, ¥ gundulul uasiad dundulm
solar thermal energy, possibility, technology

PW078: nisdfulseamaiwlviinasssuy i@ wasdmdulroneivia

YWMEWT LAIAANR UV T9aT Mousd

Pow er quality, Phase Multiplication

PWO079: Bee Colony Optimization of Battery Capacity and Location for Alleviation of Voltage
Rise Due to Photoveltaic Generations in Radial Distribution System

f530f 1yusssu Fasedu oung uasdiass faunsdn

Photovoltaic, radial distribution systems, battery, bee colony optimization

PWO080: Outage Cost of Commercial Sector in Thailand by Fuzzy Logic Methed

afdwvd auoan adand (oued wissWWaivy sayaT wazsday Jasidsens

Reliability of Pow er System, Fuzzy Logic Method, Outage Cost

PWO081: The Effect of Light Intensity from PV Pow er Generation on Pow er Quality Issue in
PEA System

Andy auy wsuadud eednd drare winTange 11 wugdulul Lasdio yugduin

light intensity, PV pow er generation, pow er quality
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Using Image Processing Technique Associated with Power Quality Instrument

for Accuracy Evaluation of Electronic Energy Meters
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Abstract

This paper presents a novel technique for accuracy
evaluation of electronic energy meters that uses image processing
techniques associated with the high accuracy power quality instrument.
The indicator (LED) images of meters are recorded by a web camera.
The images are processed subtraction and thresholding to detect the
LED status. Later the designed algorithm is applied to calculate real
power using time interval of the detected images then compared to the

power that obtained from the power quality instrument. As the

271

experiments, the satisfactory results are given with average error of

0.87% which within the standard of the provincial electricity authority.

Keywords: image processing, electronic energy meters, power quality

instrument

1. unin

Augndesvevniecfandeane it (Hudeid
anudiigediaseded 19 Iihgnie n1s ihdiugiansed
uloie ﬁﬂ:ﬁ'uﬁumsmswiﬂmmQnﬁ'mmmm?aﬁﬂwﬁmu
Tifhnnindos sl liihidosseudeaiIigenied Raund

: v
dana lFTanamiii o 1§ naaniniede duiuite

anssoznmmsliavuuezaiuninidededed 14 i 54
AP R\ 1 AR &
fufludesiiiniesile wiedinsdmsulfiauldediiasasis
o 3 3 a 9
53851 Waudwnasiinnugades
nsasavaeninTeaiandsain i vesnisilihdu
pimaluilegtiu flegdnenu 3 33fe 357 1 msastvdeuTaemsly

a_ v a W ¢a ¢
mwmwnmmnmuwqmﬂ?numﬂununmauﬂnaummﬂiumm

»
aas

(11 388 iz aufy IvaaiifinEalfounlas Taommzaauii

»

#3511 3 wla issninmsaieaeudeisilfifsaunauiesu

sa 17 & i
wnesiimesuuy 1 la Faldaseuaquaisiidaunanis
a - A aad R P
Ussiivszinannunalanaeu 351 2 msaaaslme sl sutiiou [1]
wldnalumsnFoufoumsan 24 $2Tus Sauilunsdimaden

. . 3
A1 nFpave niedina lifulvluransasivaen 33n1318

dodrfanaisiliznis Ae 1.4valdinTeafandaarulnihig

o -

L e
adnuuzmileuiu 2.decdantees Il uiedadliined

Wisuidsudainnudeaidesoinai i uundasiodinad

usasuliihed malaauaznisifeudessesmniinis 14 Tvaneg

% & LR . P = o = o
miﬂ'i:-qmmm'imﬂmnﬁu'l.vlvh AT 35 (EECON-35) 12 - 14 TUIAN 2555 uvmﬂmnun‘;aLWWLLa:quﬁtwﬂTuTaﬁmi‘inmﬂunﬁun:ﬂwmmn'fummm

&7

PWO066



' o ' W & J
szAoliiiadunsododil fiidcunasgunsalIiih 1R 44 2 534ide
awad axd

dhanamuasgiains Ifhdugimandan 4135 3 ms
) ; )
namounTesIandsa uih [1] FEmsiidesaniniosdalusing
§o , s a
nageulurieamaaosiidninamIngms Iuihdugiinn dedely
nalumsdamnaney uazdeatannes Tuihwui
HaguldinsfamunTesilodmivauasnaouanu
gndesveuniesfandsan llihlasldduvise (2] idesiiaise
¥ A A~ . Vet
msazfennavazasivaeuuazniodielistmgs deunlaling
' & a o o I o ¥
eonLLLYANATOLMANARIAINAOHYDIA laTndsine T Tauly
@ = aag & A (3 a 2 s
mstiufinnm3aleinumyu [3] iesningUnsainouiiamesiiiu
oo 91 - ' Y A @ A
gilnsaliin 1ddhonaziisiagn udnisnaaeudoaiinsdyiive
aaoumiesandaan iuas liga hiimsdunl#iunsesia
wdau i wuudidansedndde lddwannmsdsziiunannu

v 4 o o =g A 9 aa
gndesvauniosiandanu Iwihddanseiinddauitnsszunana

s o

' a 9 PR |
A [4]uaismsdndrifludivinsnaasanniy Tanhai
Iy 9 a 9 = 4 o 1t
dnaldnnnguinidiudeyenfivufouid ifransnaaes
& v s
fumslFauei

4 @ . i
itoanindegiiu ldimsdauuasesTandsam iy
- - . T, —
!ﬂulluuﬂ!%ﬂﬂiﬂuﬂi’f ﬁj“iul%’\l'I'Ll‘vlﬂ!L‘V‘u!ﬂiﬂ\l']ﬂwﬁ\lﬂTl—!'lvlﬁ'l
5
wuuuAMng unAnwiituitauenslszynaldmalulad ms
dszudananm Iufunsesianuaw ihdmsudszdbunanim

Ed e T ad a_ o A '
gndes neadandanuldfhwuudidnnseiind ileansiniy

4 T 4 aaa -
amamaeulusuasnaeufionnfadusmasesile Bmsasaaia
Ay ;
nazfasrnaen Tasluiiiiaznadunfesiandean iy
Sidnnseiindwansas ELSTER W A1800 1azHAAN M EDMI 4

; s
Mk6N tiieanniinisaadalfaedifiudaulug) unlszudanan
anugndssvounieaiandeain Tiiiiedlumuaiing = 2.5%
g
w3e'hi (1] Taoumanuilmiailemesnitiu 4 diu Tdud nénnssy
Auazugamanindsu i 3nsdszgnd1dmalulad
N\XUN
drzinananmasivreuniesiadmass i santsnadeunts
, 4
dszurananimiwiuniosiaguamifhuazqatodiuns

Y A4 Y 4 A o
ﬂiﬂﬂﬁ‘\lﬂﬂ VDLAYYBIITMINUUTUD

2. ndnmsTammasnuliih
@ 1 o o v A o
2.1 msFuamaznanswamndsnilidhdmsmaesia
o d
amasouliihuuudidonseding
nFasdandsnulfwousidanseindiizlununis
fraunazudenaszunsy degiii 1 usafuuaznszuavesszy
Tihozgnasanialaomues nssuauas 29 suiaus iy i
tHuszgniruimuazilszuaanalagisiammnizmeiiGond

Meter Engine #1 Meter Engine 921n15gauazn1sfiadug i

% & LR o
miﬂ'i:-qmmm'imﬂmnﬁu'l.vlvh ATN 35 (EECON-35) 12 - 14 TUNAY

&8

81U Meter Engine 9z1/52n0uda0 2035szunadynna (DSP)
uaz 1vsuladyauemasmiiudinea (ADC) dadygiaiiia g
lia miaeA7URY (Microcontroller) LAAIHAIDYMOONNISH 19D
LCD wazaiedynnuiadosnns waea LED Faiiawdiuisu
Adaiiiiel18 TnotuediusasvesdiduiaddedTatnd-
F2Tu9 193 1000 Impuls/KWH w1884 1a9a LED n3zniu

Som 1w Y oAt o o
1000 A$3 Jaamdsald 1 Aladad

Line 1 voltage 5V linear
power

supply

Non —
volatile
supply

»]
Wide Input
power supply

Line Z voitag

Line 3 voltage

Auxiliary
power supply

Resistive
divider

Resistive
divider
Resislive:
divider

T,
Power Fail

| 2xLine Ereq,,
: I
&

Meterengine | 3 5

Wh Del Microcontroller

Wh Rec
varh Det
varh Rec

Line 1
current
Line 2
current
Line 3. | Clock o
Current’

317 1 vdenlaezunsuvouniosiandsanih [s]

2.2 maTamndanulnihaannmesTandanulvh
wuudEnnseiinalasdsmsszaanann
dday v g ) 4 4 a0 d

Tunilindosdvunulumsiiuiinamnaouniddiam
SingyfeAniuisa (Frame Rate)

wlawsn Ao danmstiuiinnmIdluniiaui wu

v =1 o 1w = v o 2

ndvsfuunuiinuiiiy 30 mause nuneie ndesrmnsatiufinnm
18 30 nwde 1 5nit Hudu Geamsamawrarseninnin

, : »
Fuvrded 1 uazdumiai 2 1804 (3]

N (i) = Aumianmd 2 - dudanmi 1 (1)
eaa
msusa (Mmasdni)

L
Tt lindo sdunauiaumiim 30 wlauaa
o & \d /N . Ly o ¢
ANHUINBNUIYAIUANN (Microcontroller) Ay Iunas
e N P
08NN LED1 fifinwduiiusduaiida v fezauise

.
snumwdsau i idnnaunis dadl (1]

= 3600 X N x CT;MTI(J = PTRATI()

(Imp/ KWH)xT @

e b, fe mmdalwihesedin@nnmsfan @lated)
N fio $wiuseuveIn1siie (501)

CToumo A0 Sadmmdemlaanszua; Wil ldauiiu g

2555 uwninnatnannuscgudinaluladdiinniafinduazaauiiae i@

272



A v '

PTomo A0 OAmiaundesausedu; Tifiliauiiu 1

-

Imp/KWH fle $1nauseumsiauveuniesiadenlaing
- oo m a
T Ao vaiiald umn)

23 ma¥ammdsamdhiiheisnniesianamnvih

w3esfanuninlilih wiasdesl DRANETZ $u Power
Visa Haflanuazidun nazadnugndesgs aunsadsdfoyasonin
WM& Excel #20T1)5105% Dran-View 6

o , 4o o
dnvaznsandsmIesiaqumnliihnmaes dagiii 2

; g 4
311 2 msre nasnToaTagumn Inlih

e Cd d e m an o

amdan Wi signiuiudindlmawaumsdaii (1]

B. =V, 1,Cos8, +Vy\1,Cos6y + V1 .Cosq, (3

e lWihesen 1dnnmsia Gad)

E.
5
]

. fie
V79 usadula A (Ta)
v, D usadula B (Than)
v, fio usadule ¢ (Tha)
1, i nazuanla A woniluls)
1, fio nszuanla B wowilual$
I, fio nazudnla C owduls)
Cosf, fie Aummesurnimesina A
CosB, flo Aurnesuninesie B
Cos,, fio sunmesminiaesivla ¢

2.4 matlsmiivwannugndosveamiesandsailiih
s ihdauginn1dfimusmianunaininieuves
indostanden i dlidy £25% 00 Tagdnisiiem
wisa nfhAd el denns fuseunisiaivesmaen LEDI
wioufousuaihiasldfndedisald snaunisi @) uag 3)

)
aunsoiuiuaums 18&ai 1

% AnuAAIAAADY = [(P,,—P.)/P,]x 100 @

3.38mInsedeuindesiammasandliih

3.1 IEmInsrvmeuniesiandsnylnihimivaue

273

a - Y
1ipsnniimsasvasuintadanmdau liihlaons
w v A w a Y Za fHdq9 1
Funadwmnimivnanioususnavilesuminoiineiildey
flogifu fafideiFoaguarorlsznis 151 AnuaalandBuIN
1Y o 4
Ansrveeu msasanaeuluvaziilnamdounlas unauiloou
, ” ; )
mesimeiildiana 1dasanz e (Hudu moldidoului
: 5
Tiawisataalvaaiionaaounsodadunasosiiodalui
g 4 da N
Wiouion1d uaziaiesiiofldlumsasnasuinsesfandeanu
” y
Tihiisigaunn deinauideiisalddenmsiszgndina TuTlad
N 4 o
dszurananmiufuiniesinquainliiuiierdudi8iad
- 5 4. sx o .
dszifiudnnugndesveuniesiandsu wihuuudidansedind

3.2 msmmnalasmsdszaanann

Wumnihamiidudyau

et
Emslszuananin
3 & e as A g we v
owraen mauiudyauataen ieldlunisdszuionamiun
- 3 o . e
nowiiuaed daldndeaivuaniunmmaniinuueanieia
wia I mevasa LED1 fiflanuduiusfudmdeau i
2 2 7 ; 4
159 udnhdagnanmiiiu RGB naalhiilu Gray Scale 1l
" J oo, . .
wieuiisusdud 18 e aimiumdinadsszrdnmilagiudy
s v g ; o
nwdaldfeenswdumnisniwiivaea LEDI nszwsu iewana
v
LED1 nsgwsunassi 1 Tsunsuilszuranasimsutasmmiiunim
w-A1 wagiius naudawantisudu 1 mindwauiiawaiauiu 1
o | ot g P
1nuA1 Threshold Tuufindumuan v wiounaiimsianmaseu
. !
nnnsesiaguam i smiumeamasedwriavesnmming
5 4 i i w
fwamilunauade 1 eumsihanu veuasosiandsunihen
o . e - =
80371 Frame Rate s masey I wasnSeuifivud
; s
naaa liheSanninsesianunm i Taoflusufduasulu
myhauawrunmgli 3

AR ¥

S

Whaanadn (0
RGB 1T GRAY SCALE 36005 N x CTy 0 * Plogus
L (m p/ kW XT
148ms Subtraction i
ek Thucsfold dinan | M

Afilndn

il

shuwnlsvaen LeD ain

Lasidiunn

anugniae a

Lp3nain

AvaAN
il

Fmmtanng

vaoA LED &

3 . A
117 3 fumeunisilizgnaldmalizurananmasandeunieia

wda huusidansetind

% & LR . P = o = o
miﬂ'i:-qmmm'imﬂmnﬁu'l.vlvh AT 35 (EECON-35) 12 - 14 TUIAN 2555 uvmﬂmnun‘;aLWWLLa:quﬁtwﬂTuTaﬁmi‘inmﬂunﬁun:ﬂwmmn'fummm

&9



a o A o o
4. inSFIGWN‘l!ﬂﬂﬁ?%ﬂﬂﬂlﬂiﬁ]&’]ﬂﬂiﬁﬂ“ﬂﬂﬂ'I

a & A o LIS 1 &
4.1 ﬂ1§ﬂﬂﬂ\i!ﬂiﬂ\‘i')ﬂﬁ]ﬂlﬂ1W‘IﬂﬁTYJNﬂ'ﬂnﬂﬂﬂnﬂuﬂﬂlﬂﬂ

Uszananannugnioweunsesiandsauviih

: . = -
71t 4 nsasaeuniesiandaan MihuuuBidnnsetind

4.2 msdszaanamnlaglfinadianisavganin

(Subtraction) 482n15M 57952 VAT LAY (Threshold)

v
ANNTINVIIPAMN
PULSE | PULSE 1
° — —
”i Ai W k|

0 0 0 [ 0

n & 1 1 T

o 1 i i i

1 1 1 1 1

1 il 1 1 1

1 T 1 1 i
T T T T T

1 | 1 1 1

u 1 1 1 1

0 il 1 1 1

i T T T T

o 1 i i i

0 o | 1 |

[ 0 [ 1 1

i 0 i i 0

0 0 0 0 o

371 5 malszuaananmaiaea

13U 4 uag 5 uaAsdIHUINITUNIMI i TYeY
nesiandaauvih uagmsdszinanalsunsy iienasa LEDI
v
nsEnFuAsYR 1 Tdsunsulszananammsuasn il asmua-m
o PR | \ L\
wazsfuswauiinandandiu 1 windwouinesatisudu 1
o Yo < o ' gl A + 2N < T o
fmua ufindumisnmdiegludsuiinils wfewiainisda
. v
Amdsnunmaiociaquai llih ndsanugadunainiousis
nyan1siadmdsan sziudsufdswaufineaiiiu 1 fud
. Ny & , o T
Threshold 1AIMIMTEEZYIUNED finatve 1danarfinsesda
o A S & o WY o
wasa Wihasy 1 500 mntiuTahrida q insreduldundnan

uaztlszilunannugndesveunsasiandanuliih

5. wamsnagevIEmsUszadananinuazmsdunmdie

winul3sudisuiuniesTaguanivih

274

nnnsnaaes ldvamsnFoudoummndaIiingilas
. 5 5
iy Tnaansa 100 Sad faud 0- 1000 Sad 1n3Fnslszunananm
@ ¥ a = = o, A o 1)

uaznstunaoiEnulSouiteuiumasoaagunm liihmen
By o i Cowd v 4
ftamurummd T wasmnlesiduaianarannaunisi
(1)-3) l@damsnadi 1
mIni 1 1Bvudoumimdsiiihesaduiinmsinaey

mitialaniniesesiaqamn | mfilgnnisms | misennsunes
"Wivh dszaanamn Mennimdunm
usad | s | mdaliih | maeliih % maslviih %
o) | @owd) | 9Gne) | sfaciad) | wade | o3aciad) | masha
23579 | 04353 10245 102.86 040 101.64 0.7
23444 | 08869 | 20757 205.71 -0.90 201.23 305
23377 | 13132 30658 305.95 -021 299.00 247
23049 | 1759 404.80 408.32 087 30474 249
w22 | 2179 | 49320 499.23 122 480.64 255
23218 | 26624 | 617.20 623.08 087 588.24 47
23217 | 3079 | 71440 721.20 095 688.34 -3.65
23L10 | 39670 91630 92624 108 845.07 a7
230.20 4.8260 1,110.50 1,119.20 0.78 954.91 -14.01
22927 | 5309 | 121660 122530 | 072 110092 | -951
Aundedaysol 087 593

6. agwa
mrlszgndldimaTuTaglszurananmaisofani
maaliliheSefinssasuainnisuannaves LEDI ldgnAvania
38mstuna1doaiunt 110A13 190 1 waN1INARBINYIINT
o 9. - a £ A Y
asTunadsmemianuianatnuiniudiesisInaageiiudie
iosnnmgraludei 3.1 enFeufvufunsestaguam i
2 aq 4w
azfudinsszuananwamisansnaeuniefandsarn Tith
1dgndes 1o azain s3a52 wiud Tasiidsraimnasumnas

0.87 % Fagunsafiazii Il IdeduiissAninm

Y a
1PNANID NG
111 nesliaedTims ldihdauginn, “enaismseusunis
AsIvdeUiines” nuNNA: s lfhdaugdinin, 2540
[2] Unipower AB, “Verification equipment for electric meters
Unipower 3010” Sweden, available from www.eng.unipower.se access
on 21/02/2012.
3] dwae idisuguiy, ©  ganadouAInIAAIAIAGBUVE
a @ & sa o v @ 2 an -
Alainagniumes lagldmsiuiinnwia lefivunyu » msdszau
P/

FnmamadenssyTWihasei 34 (BECON-34), 2554

aw 1 a
[4] eTAnA m3enyia T30l wavame, “mmlszidiunaniugnieaves
nieaianda ihsidnnsetinddeitnnlszuaananme ms

o 4 o ' o4

szpinmsinioiiondsuudalssmalnonadi 8, 2555
[5] Forth Corporation Public Co.Ltd, “ﬂ:ﬁﬂﬁmﬂi’ TOU Naﬂﬁm%

ELSTER A18007,ngaimn : 13 fhaaugiiaig, 2551

% & LR . P = o = o
miﬂ'i:-qmmm'imﬂmnﬁu'l.vlvh AT 35 (EECON-35) 12 - 14 TUIAN 2555 uvmﬂmnun‘;aLWWLLa:quﬁtwﬂTuTaﬁmi‘inmﬂunﬁun:ﬂwmmn{ummm

90



91




AISUS:ENEBINSIASaUILWEDUILUNKUUSINATNE AsSLA 8

SUA 2-4 waunay w.e. 2555 ouASOMITIaIsSAIN

uFagnisam@RIIUNANN

Ll

I0La7. NALTNE LRETNEY
sa.a3. Piiad Wwiuuui
o § ar €
IR.AT. 03 Mavduunu
3797, WIUNT Tauna
9074915139 WINUIIA
76.07. Auz 8NN

I7.97.
9¢.93.
7.3
I7.973.
I€.93.

WE.Q73
NF.973
WNE.a3
WNA.A7
WA.a3
HA.a3
WA.a3
WF.a3
W3
WNE.a3

WNEL.a3

quLios® UsogriTng
aa £

afdn® wnnImNa

FUNUS oniias

Favinas WauLasegIuwn

LEIN Aunsany
. Auen wigwswadad
. 9@ sawIlszansit
- amnsol wyatlozws
. TIER AuFANNY

oz

. suig ATEne

o o £ a
. &lwéind Ayman

as & &
. doeed Lz inlsa
. UIR Yszhiunas

a oL

- U377 LAUFVSIRA
AT @esdgu

= o £ a
. TUA FIRALRT

wer. BNUIOE 1ITNIAN

WEL.@aT.
WA.a7.
W97,
WNA.Q7.
WF.A7.
WNF.973.
W7,
HA.a73.
WF.a7.

Tudy duald
o £ a P
dndIed 32308
@3 @Ins
ANTNE NTEITIIA
) € W
Awus inadae
Fuaws S5aEaansal
LIITYWT LRARDATUNT
uis Yunlsd
iana niszana
L u

W INUABEUATITTH
wdnenasinaluladuniues
wmIntdpinaluladnszaanindsuys
VAINLIRUTTTUFNENT
sontwnaluladwszasuindiingunmsananiziiv
wmIngainaluladinszoundsuyi
uwAneaealuladinszasuindouls

s Ingaumealulafinszaauinaswyi
URIINLIRBNAIRITANY

UPINLIRBURIRIIANN

ynAInap@sling
sontiwnaluladwizaauindnsgunnismensais
WA NEIRDATUATUNTI L@

UAINLINLVDUUTIU

UWANEIREUATI T

uwMnuaBguaTTil

YAANEABgUATI T

UrAneapdalng
wningasmalulabwszannaswys
wwaingrasmealulafinsziouina swyi
awingasmeluladwszaaunasuyi
awinenapmaluladwszeannssuyi
wwangnomaluladwszeeunasuys
NAINLIRENENTA Ing
wwansrapmaluladuniuns
NWTINENRETITN) QAT

YA IINERBIWBLIADT

UPIANLIRYULIADT
URIINLIRBAMIRITAN
UWIINEIRBUMIRI IO
UAAINBIRBURIFIIATN
NAINYRBURIRITAY

92



k)

- . M x
i% T'I"I".I‘IJT‘."I;I;I.I'il'I"Imimiﬂﬂﬂﬂﬂ;mmﬁ-ﬂ]ﬂlﬂﬂ‘ﬂﬂﬁTdﬂ a
:--.... ...-q..‘-rqi._.

Sufl 2.4 woenay WAL 2555 SamTRumamTenu

93

nﬁ:ﬂwlﬂnuanﬂugnﬁawm1H'%aai'ﬂ5aﬂu‘[ﬂ'ﬂﬁﬁtﬂﬂn1&ﬁnl[
mapitnTdszaamanIn
Ewvaluation Accuracy of Electronic Energy Meters Using Image Processing

- A . . P TR - F o - 3
BEANA Lﬁ1ﬂﬂf1411i'lk SAATED FINMWNNEANA LA LS TWR ‘I.HIJ#LT'EH'HTHTIT

mwirfimnrm i sosimrmrmead awndnesioona lulaBreusasdmd
38 w1 ousfifs-usmaonn aaramn 8.FyUT wamerd 12110
Tns 025402425, 083-701-2542 Trrrey (-2548-2429 E-mad : atisakrenrurgrole@hotmailoom

8
unARga
& - . o m . | . a
uﬂnﬁumﬂum:iﬂuﬂuammm_-nm‘mmnn'l.*ﬂun"lﬁﬁﬂiﬂa'u-n*:"i:uqnnammm-mrmnmrm
- - el - - o all  am A [ ™
TinEEnmTeiind  DWisasuazein TaT ussthivanind@sfiolwrwemisasy frontsiimalulad
- aal ]
drzamananiw uviwmTedmeinsrenaiesianduldi lambhnmwaduldsnndaniuuauan
- . ) S . .
Uszinanadamnailam T Subtractions uasYil Thresholding TniulEdaneluudssdnannwil 14 e
. aal » il -
dmanmuleddldnh WaduduBouwdoufnsissiandsnulianasss usslzuanasieany
e ol - L il
qnnmmaamma’mnﬂamu'lﬂﬂ'mﬁ‘m—lwﬂinuu

al -
drman: winriswssrulWihevu il nmseding, e lula@nsdeuaasantw

Abstract

This paper presents a technigua for evaluation accuracy electronic energy maters, to make the
method more simplify faster and imcrease raliability in Organization, by the image processing technology,
to analyze accuracy of elactronic energy meters. By the image from the web camera to processing with
subtraction and thrasholding techniques, and then usa algorthm to transform pictures to the real power
anargy consumplions to compare with the standard energy meter and evaluate accuracy of electronic
anargy metars
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